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                        ORIGINAL ARTICLE    

 Hypoxia-regulated gene expression and prognosis in loco-regional 
gastroesophageal cancer      

    METTE     WINTHER  1  ,       JAN     ALSNER  1  ,       TRINE     TRAMM  1     &         MARIANNE     NORDSMARK  2    

  1 Department of Experimental Clinical Oncology, Aarhus University Hospital, Aarhus, Denmark and 
 2  Department of Clinical Oncology, Aarhus University Hospital, Aarhus, Denmark                             

  Abstract 
 Gastroesophageal cancers are heterogeneous diseases with a poor outcome. Prognostic and predictive factors are needed 
to improve patient survival. Hypoxia is an adverse prognostic factor and is associated with resistance to chemo- and 
radiotherapy in various cancers. However, knowledge on the impact of hypoxia in gastroesophageal cancer is limited. 
The aim of this study was to evaluate potential prognostic factors in terms of a subset of hypoxia-responsive genes and 
clinicopathological parameters in patients with gastroesophageal cancer.  Material and methods.  Ninety-fi ve patients with 
loco-regional gastroesophageal cancer treated with curative intent were retrospectively analyzed. Based on formalin-fi xed 
paraffi n-embedded diagnostic biopsies gene expressions of 15 hypoxia-induced and pH-independent genes from a previ-
ously described hypoxia gene expression classifi er was quantifi ed. The prognostic impact was evaluated for overall survival 
(OS) and disease-specifi c survival (DSS). Uni- and multivariate Cox proportional hazards model was used to identify 
hypoxia-responsive gene expression and clinicopathological parameters as prognostic markers.  Results.  An unsupervised 
hierarchical clustering of hypoxia regulated genes showed two well-differentiated patient clusters: One cluster of tumors 
with high gene expression and another with low gene expression, indicating a more hypoxic genotype versus a less 
hypoxic genotype respectively. As the group of esophageal squamous cell carcinomas (ESCC) alone showed intra-group 
heterogeneity this group was ranked according to the gene expression of the 15 genes. The most hypoxic third showed 
a trend towards a poorer outcome in terms of OS [HR    �    0.48 (CI 0.21 – 1.07), p    �    0.07] and DSS [HR    �    0.48 (CI 0.18 –
 1.24), p    �    0.13]. Treatment response was identifi ed as an independent prognostic factor for DSS in the group of ESCC 
[HR    �    0.21 (CI 0.05 – 0.95), p    �    0.04].  Conclusion.  Gene expression analysis of 15 hypoxia-responsive genes was identifi ed 
as a promising prognostic marker in patients with ESCC. Further studies confi rming these results in larger patient cohorts 
are needed.   

 Esophageal cancer (EC), esophagogastric-junction 
cancer (EGJ) and gastric cancer (GC) are malignan-
cies with a poor prognosis with a fi ve-year overall 
survival ranging from 15% to 25% [1,2]. Patients 
presenting locally advanced, but potentially curable, 
disease at time of diagnosis need multimodality ther-
apy in order to downstage the tumor, and thereby 
increase resectability rates, eliminate micrometastasis 
and prolong survival. Unfortunately, response rates 
to conventional therapeutic regiments vary between 
patients when treated identically. Hence, prognostic 
and predictive factors are needed to allow a tailored 
multimodality approach with increased effi cacy. 

 Clinicopathological fi ndings such as low cancer 
stage, pathological response and completeness of 

resection are recognized as prognostic factors in 
gastroesophagal cancers. Over recent years, mole-
cular biomarkers have been identifi ed as prognostic 
(e.g. EGFR/HER2, VEGF, p53, Bcl-X, E-cadherin) 
[3,4] and gene expression profi ling has been associ-
ated with sensitivity to treatment and survival in 
gastroesophageal cancers [5,6]. 

 Hypoxia is a hallmark of tumor formation and 
has been acknowledged to be an adverse prognostic 
factor in various cancers [7]. Intra-tumoral hypoxia 
is associated with an aggressive phenotype, resistance 
to chemo- and radiotherapy and decreased overall 
survival [8 – 10]. In addition, tumors are character-
ized by both diffusion limited and perfusion limited 
hypoxia and the hypoxic response leads to changes 
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in expression of genes involved in tumor cell prolif-
eration, angiogenesis and survival [7,11]. 

 Hypoxia-induced radioresistance is a major 
obstacle in the therapeutic management of cancers, 
but can be counteracted with hypoxia-targeted 
therapy in some cancer sites [12]. Thus, identifi ca-
tion of hypoxia is of major interest and has been 
studied using oxygen sensitive electrodes, exogenous 
and endogenous hypoxic cell markers, particular in 
relation to radiotherapy [13 – 16]. In addition, gene 
expression profi ling is a promising approach to eval-
uate the hypoxic impact on the biological behavior 
[17]. Based on in vitro, in silico and in vivo-derived 
studies on hypoxia responsive genes a few hypoxia 
gene expression signatures have been generated. 
These metagenes have proven successful in hypoxic 
classifi cation and have shown to be of prognostic 
relevance in head and neck, breast, cervical and lung 
cancer [18 – 20]. Recently, a 15-gene hypoxia gene 
expression classifi er has been developed [21,22]. 
In contrast to other gene hypoxia signatures this 
metagene consists of 15 hypoxia-induced and pH-
independent genes that were specifi cally identifi ed 
based on in vitro [23], in vivo and known tumor 
oxygenation status and showed to be of both prog-
nostic and predictive impact for the hypoxia-modifying 
therapy, nimorazole, in patients with head and neck 
squamous cell carcinoma (HNSCC). 

 Gastroesophageal cancers have been subjected to 
only few hypoxia-related studies and current know-
ledge about the clinical signifi cance of hypoxia in 
these malignancies is limited. Nonetheless, the high 
failure rate seen in gastroesophageal cancer after 
chemo- or chemoradiotherapy might be hypoxia-
related. 

 The aim of the present study was to evaluate the 
15 hypoxia responsive genes, clinicopathological 
parameters and therapy related variables as predic-
tors for survival in patients with loco-regional 
gastroesophagal cancer.  

 Material and methods  

 Patients and treatment 

 Ninety-fi ve patients with histological confi rmed loco-
regional EC, EGJ and GC treated with curative 
intent in the time period 1994 – 2004 and 2008 – 2011 
were retrospectively analyzed. 

 Patient medical records were reviewed and infor-
mation on clinicopathological parameters was placed 
into a research database after approval by the national 
ethics committees. The study was performed in 
accordance with the Declaration of Helsinki. 

 All patients underwent pretreatment diagnostic 
workup with physical examination, routine hema-
tologic tests, upper gastrointestinal endoscopy with 

histopathological diagnostic biopsy confi rming carci-
noma, computed tomography (CT) of the chest and 
upper abdomen, pulmonary-function tests and in 
some cases staging by transesophageal endoscopic 
ultrasonography (EUS). Selected patients underwent 
laparoscopic ultrasonography (LUS) and patients 
included since 2010 underwent diagnostic FDG 
positron emission tomography-computed tomogra-
phy (PET-CT). Preoperative staging was performed 
according to the TNM classifi cation of the Union of 
International Cancer Control 4th – 6th edition. 

 Patients with EC had received either preoperative 
chemoradiotherapy with concomitant 5-fl uorouracil 
and 45 Gy in 25 fractions (fx), 5 fx/wk in a phase II 
protocol (1994 – 2004, n    �    30) or preoperative con-
comitant cisplatin, 5-fl uorouracil and 45 Gy in 25 fx, 
5 fx/wk (2008 – 2011, n    �    26). All patients with 
EGJ and GC had undergone treatment with curative 
intent with perioperative chemotherapy ad modem 
MAGIC (three cycles of epirubicin, cisplatin and 
capecitabine before and after surgery) (2009 – 2011, 
n    �    39). After induction therapy a period of two to 
four weeks was mandated before surgery. This period 
included evaluation of resectability with a CT scan 
and in some cases gastrointestinal endoscopy or a 
magnetic resonance imaging (MRI) scan. 

 Based on diagnostic biopsies and tumor site, 
patients were characterized as either the EC or EGJ/
GC group. In the EC group 93% of patients were 
diagnosed with squamous cell carcinomas (SCC) and 
7% with undifferentiated carcinoma. This group will 
from here on be referred to as esophageal squamous 
cell carcinomas (ESCC). Eighty-two percent of 
patients in the EGJ/GC group had histologically 
proven adenocarcinomas (AC) and the remaining 
patients were diagnosed with adenosquamous carci-
noma, signet ring cell carcinoma and unspecifi ed 
carcinoma.   

 Treatment response evaluation and follow-up 

 In order to grade the response to therapy assessment 
of pathological response or radiographic response 
was performed. Pathological response was defi ned as 
either pathological complete response after neoadju-
vant chemoradiotherapy or chemotherapy (ypCR) 
with no evidence of vital residual tumor remaining 
in the resected specimen or non-pathological com-
plete response (non-ypCR) with presence of vital 
tumor. Radiographic complete response was defi ned 
as disappearance of all target lesions measured 
according to the RECIST-criteria, version 1.0. 
Radiographic response was only used as response 
evaluation to treatment in patients not undergoing 
surgery. 
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 Classifi cation of surgical resection was defi ned as 
ypR0 with more than 1 mm to resection margins, 
ypR1 with presence of vital tumor cells within 1 mm 
of the resection margin (microscopically positive) 
and ypR2 with macroscopic residual tumor. Patho-
logical response evaluation and resection classifi ca-
tion were carried out by experienced pathologists 
subspecialized in gastrointestinal pathology. 

 Patients treated in the phase II protocol were seen 
every three months until fi ve years after treatment. 
All other patients were seen only during the fi rst year 
after treatment completion at one, three, fi ve and 
12 months. Disease recurrence was evaluated with 
CT only when recurrence was suspected. All patients 
were observed for at least 18 months or until death. 
The last day of follow-up was on 22 March 2013.   

 Assessment of tumor hypoxia 

 Hypoxia was evaluated using gene expression on 15 
hypoxia-induced and pH-independent genes derived 
from the previously described hypoxia gene expres-
sion classifi er by Toustup et   al. [21]. Formalin-fi xed, 
paraffi n-embedded (FFPE) diagnostic, pretreatment 
tumor biopsies were used and presence of invasive 
carcinoma was verifi ed on Hematoxylin-Eosin stained 
section. Due to insuffi cient amounts of RNA, gene 
expression analysis was carried out in 89 of 95 
patients only. Briefl y, total RNA was extracted from 
7  μ m FFPE-sections with a silica bead-based, fully 
automated isolation method for RNA in a robotic 
Tissue Preparation System using VERSANT Tissue 
Preparation Reagents (Siemens Healthcare Diagnos-
tics, Tarrytown, NY, USA). cDNA was synthesized 
using the High Capacity cDNA Archive kit and pre-
amplifi ed using the TaqMan PreAmp Master Mix Kit 
(Applied Biosystems; ABI). Quantitative real-time 
polymerase chain reaction (PCR) was performed on 
an ABI Prism 7900 HT Sequence Detector sing 
TaqMan Gene Expression PCR mastermix (Applied 
Biosystems; ABI). Data analysis was carried out 
using RealTime Statminer (Intergromics).  Δ Ct val-
ues were generated by normalizing to the geometric 
mean of the three reference genes  RPL37A ,  ACTR3  
and  NDFIP1 . Measurements were dismissed if Ct 
values were above 35 or if SD were more than 0.3. 
Probe sets used are listed in Supplementary Table I 
(available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2013.818247).   

 Statistical analysis 

 Potential clinicopathological prognostic factors, 
including age, gender, tumor characteristics and 
treatment response were evaluated using univariate 
Cox proportional hazards model and Cox multivariate 

proportional-hazard analysis. Survival analysis was 
carried out with the Kaplan-Meier method. In addi-
tion, survival data was expressed as hazard ratios 
(HR) using a univariate Cox proportional hazards 
model. Survival was calculated from the date of diag-
nosis (histologically confi rmed) until death or last 
day of follow-up. Overall survival (OS) was defi ned 
as death from any cause and disease-specifi c survival 
(DSS) was defi ned as death from or with the primary 
gastroesophageal cancer. Statistical analysis was 
performed with STATA, Version 12. All p-values are 
two-sided with a 5% level of signifi cance. HRs are 
presented with 95% confi dence interval (CI). 

 Patient samples were fi rst ranked for each of the 
15 hypoxia-induced genes and the fi nal rank was the 
median of the individual gene ranks. Each gene was 
given the same discriminating weight as opposed to 
the hypoxia gene expression signature in which genes 
were given slightly different weights, for details see 
Toustrup et   al. [21]. Subsequently, tumors were 
divided into tertiles and correlated with OS, DSS 
and treatment response. As the middle and the lower 
tertiles were overlapping these two tertiles were 
combined in the statistical analysis. Survival and 
multivariate analysis were performed as described 
above. Correlation with treatment response was 
carried out by using the  χ  2  statistical test. For gene 
clustering analysis, data were analyzed with Gene 
Cluster (version 3.0) using Pearson ’ s correlation and 
complete linkage, and visualized using Treeview 
(Version 1.1.6r2)    

 Results  

 Patient and tumor characteristics 

 As patient and tumor characteristics were well 
balanced between the two ESCC populations the 
groups were analyzed together. Baseline characteris-
tics are presented in Table I. Seventy-fi ve percent of 
patients in the ESCC group were male whereas 85% 
were males in the EGJ/GC group. Median age was 
63 years and 62 years in the ESCC and EGJ/GC 
group, respectively. In both groups the median tumor 
length was 50 mm. Clinical T3 (cT3) stage was the 
predominant stage in the ESCC group with 75% 
whereas cT2 was the most frequent stage with 39% 
of patients in the EGJ/GC group. The clinical stage 
T3N1M0 was the predominant stage represented in 
the ESCC group with 35 cases. In the EGJ/GC group 
cT2N1M0 and cT3N1M0 was among the most 
frequent stages and were encountered in 10 and 
nine patients, respectively. One patient was staged 
T1N0M0 in the ESCC group. 

 Overall compliance to treatment was high in the 
ESCC group, but low in the EGJ/GC group. Among 
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56 patients in the ESCC group 47 patients (84%) 
completed all fi ve cycles of preoperative chemother-
apy and concomitant radiotherapy. In the EGJ/GC 
group 28 patients (72%) were able to complete three 
cycles of preoperative chemotherapy and only seven 
patients (18%) completed full course, including 
surgery and three cycles of post-operative chemo-
therapy. Reasons for not completing treatment were 
toxicity, death during treatment and post-operative 
complications.   

 Outcome analysis 

 The median follow-up was 29 months (range 3 – 175) 
in the ESCC group and 20 months (range 4 – 38) in 
the EGJ/GC group. The overall one- and three-year 
survival rates were 77% (CI 63 – 86%) and 51% (CI 
37 – 63%) in the multimodality group of ESCC 
versus 77% (CI 60 – 87) and 49% (CI 30 – 65) EGJ/
GC group. 

 Thirty-six patients (64%) had died in the ESCC 
group, 25 (69%) from ESCC, two from a second 

primary cancer (lung cancer), two from complica-
tions to treatment and seven from other causes. In 
the EGJ/GC group 18 patients (46%) had died, 14 
(78%) from EGJ/GC, one from complications to 
treatment and three from other causes. 

 In the ESCC group 46 patients (82%) underwent 
surgery as compared to 34 patients (87%) in the 
EGJ/GC group. Reasons for not undergoing surgery 
were disease progression (seven patients in the 
ESCC group and fi ve in the EGJ/GC group), death 
before surgery (two in the ESCC group) and patient ’ s 
decision (one in the ESCC group). 

 Treatment response and classifi cation of resec-
tion are presented in Supplementary Table II 
(available online at http://informahealthcare.com/
doi/abs/10.3109/0284186X.2013.818247). Patholog-
ical complete response was observed in resection 
specimens from 21 patients (37%) in the ESCC 
group. A radiographic complete response was not 
identifi ed in any patients in this group. Treatment 
response was unknown in two patients in the 
ESCC group due to death during preoperative 

  Table I. Pretreatment patient and tumor characteristics.  

Characteristic
ESCC (n    �    56) 

  No. (%)
EGJ/GC (n    �    39) 

  No. (%)

Histology
Squamous cell carcinoma 52 (93) 0 (0)
Adenocarcinomas 0 (0) 32 (82)
Other carcinomas 4 (7) 7 (18)

Sex
Male 42 (75) 33 (85)
Female 14 (25) 6 (15)

Age, years
Median 63 62
Range 45 – 76 32 – 78

WHO performance status score (PS) * 
PS 0 22 (39) 28 (72)
PS 1 33 (59) 10 (26)
PS 2 1 (2) 1 (2)

Tumor length ( endoscopy, CT or MRI) † 
Median (mm) 50 50
Range 20 – 140 20 – 100

Clinical T stage (cT)
TX 4 (7) 11 (28)
T1 1 (2) 0 (0)
T2 6 (11) 15 (39)
T3 42 (75) 11 (28)
T4 3 (5) 2 (5)

Clinical N-stage (cN)
NX 0 (0) 3 (8)
N0 11 (20) 7 (18)
N1 45 (80) 29 (74)

Clinical M stage (cM)
MX 3 (5) 2 (5)
M0 52 (93) 37 (95)
M1 1 (2) 0 (0)

     * WHO performance status scores on a scale from 0 to 5, with higher numbers     indicating poorer 
performance status.   
  † ESCC: n    �    53, EGJ/GC: n    �    29.   
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chemoradiotherapy or patient ’ s request. In the EGJ/
GC group all patients had a non-complete response 
to the preoperative chemotherapy. 

 An R0 resection was achieved in 43 of 46 patients 
(93%) who underwent surgery in the ESCC group 
whereas the remaining three patients (7%) had an 
R1 resection. In the EGJ/GC group 19 patients 
(56%) undergoing surgery had an R0 resection and 
15 patients (44%) an R1 resection.   

 Hierarchical clustering of patients and genes 

 An unsupervised hierarchical clustering with the 15 
genes could be performed on 89 patients. The analy-
sis showed two well-differentiated patient clusters 
(Figure 1A). Up-regulated gene expression indicated 
a more hypoxic genotype and down-regulated gene 
expression a less hypoxic genotype. Inter-group het-
erogeneity between the ESCC and EGJ/GC group 
as well as intra-group heterogeneity in the ESCC 
group was observed. Thus, only the ESCC group 
consisted of patients with a more hypoxic genotype 
and of patients with a less hypoxic genotype. In con-
trast, all patients with EGJ/GC (adenocarcinoma) 
were characterized by reduced expression of the 
hypoxia responsive genes, indicating that these 
tumors were less hypoxic compared to tumors in the 
ESCC group. The minimal inter-tumor variability of 
gene expressions in patients with EGJ/GC did not 
allow further analysis on the prognostic value of the 
hypoxia gene expression profi le in this subset of 
patients.   

 Correlation of hypoxia responsive genes and 
outcome in ESCC 

 In the ESCC group 51 patients were ranked accord-
ing to gene expression of the 15 hypoxia-induced 

genes, thus, patients ranked low represented more 
up-regulated gene expression and patients ranked 
high represented lower gene expression (Figure 1B). 
Based on the hypoxia gene expression data patients 
were divided into tertiles. The upper tertile repre-
sented more up-regulated gene expression indicating 
a more hypoxic genotype and the middle and lower 
tertile represented patients with intermediate and 
low hypoxic genotypes, respectively. Among the 51 
patients analyzed, 47 patients were diagnosed with 
SCC and four patients with undifferentiated carci-
noma. These four patients were characterized as 
being less hypoxic. Patients in the upper tertile suf-
fered a poorer outcome in terms of OS than patients 
in the middle and lower tertile [HR    �    0.48 (CI 0.21 –
 1.07), p    �    0.07] (Figure 2A). Similarly, when evalu-
ating DSS a trend towards worse outcome in the 
upper tertile was observed compared to the other 
two tertiles [HR    �    0.48 (CI 0.18 – 1.24), p    �    0.13] 
(Figure 2B). Multivariate Cox proportional hazard 
regression did not identify a signifi cant association 
between hypoxia responsive gene expressions and 
survival (Table II) nor did a  χ  2 -test on the correlation 
between the hypoxic status and treatment response 
in the ESCC group.   

 Clinicopathological parameters as prognostic factors 

 Potential clinicopathological prognostic factors, 
including age, gender, tumor characteristics and 
treatment response are evaluated in Table II. A fol-
low-up period of 36 months for overall survival and 
disease-specifi c survival is illustrated for both the 
ESCC group and the EGJ/GC group. Univariate 
analysis of patients in the ESCC group indicated that 
treatment response was associated with disease-spe-
cifi c survival [HR    �    0.17 (CI 0.04 – 0.73), p    �    0.02] 
but not overall survival (Supplementary Figure 1, 
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  Figure 1.     Cluster analysis of the 15 hypoxia-induced genes. (A) Unsupervised cluster analysis of 89 patients. Red colour corresponds to 
a high gene expression level and green colour corresponds to a low gene expression level. (B) Supervised cluster analysis of patients with 
ESCC according to ranking (n    �    51).  
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and treatment response in gastroesophageal cancer. 
The reason for applying the 15 hypoxia-induced and 
pH-independent genes developed by Toustrup et   al. 
was that this metagene was developed based on prior 
knowledge of the hypoxic status of the tumors and 
had proved to be of prognostic impact as well as 
predictive benefi cial effect of hypoxic modifi cation. 
In contrast other available hypoxia gene signatures 
are developed empirically based on the prognostic 
value [18 – 20]. 

 In the present study a cluster analysis successfully 
divided ESCC patients into two clusters of either a 
more or a less hypoxic genotype. In contrast, all 
patients in the EGJ/GC group were classifi ed as 
being less hypoxic and the homogenous gene expres-
sion did not allow for discrimination between 
patients. As expression of hypoxia-responsive genes 
varied substantially in the ESCC group subsequent 
data analysis on the prognostic impact of the hypoxia 
regulated genes was performed in this group only. 

 The 15 hypoxia gene expression signature along 
with the previously mentioned hypoxia metagenes 
were primarily developed in squamous cell carcino-
mas, but have been shown to be of prognostic sig-
nifi cance in non-squamous cell carcinomas (breast 
and lung cancer) [24,25]. Despite different develop-
mental approaches the signatures have shown over-
lap of a subset of genes with  NDRG1 ,  ALDOA  and 
 SLC2A1  being the most frequently represented, 
involved in the stress response and glucose metabo-
lism. The overlapping of genes indicates a rational 
of the use of gene expression to identify global 
hypoxic markers irrespective of the underlying 
approach. Thus, the diverse classifi cation between 
ESCC and EGJ/GC (adenocarcinomas) tumors 
might indicate that in gastroesophageal cancer 
hypoxia mainly plays a role in squamous cell carci-
nomas. This, however, needs further research to 
clarify, not only for gastroesophageal adenocarcino-
mas but for a range of other histologically distinct 
tumor types. 

 The data on patients in the ESCC group showed 
a trend towards a poorer outcome in terms of OS 
and DSS for tumors ranking as the most hypoxic 
third. There was no statistical signifi cant association 
between this subgroup and survival, but the results 
indicated that this tertile represented a poor-prognosis 
group which is consistent with hypoxia being an 
adverse clinical prognostic factor in various cancers. 
Similarly, there was no statistical signifi cant associa-
tion between the gene expression and the treatment 
response to chemoradiotherapy. The study popula-
tion was small and in order to determine the real 
magnitude of the poorer outcome seen in patients 
with a more hypoxic genotype a larger study popula-
tion is needed. 

available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2013.818247 and Table II). 
Similarly, multivariate Cox proportional hazard 
regression indicated that treatment response was an 
independent prognostic factor and signifi cantly asso-
ciated with disease-specifi c survival [HR    �    0.21 (CI 
0.05 – 0.95), p    �    0.04] in the ESCC group. In the 
EGJ/GC group age was signifi cant in a multivariate 
analysis on both overall survival [HR    �    7.94 (CI 
1.89 – 33.38), p    �    0.01] and disease-specifi c survival 
[HR    �    4.79 (CI 1.09 – 21.09), p    �    0.04]. All other 
covariates did not show any difference, neither 
for OS nor DSS. Thus, non-complete treatment 
response and advanced age are associated with a 
poor survival.    

 Discussion 

 This is the fi rst study to evaluate the hypoxic impact 
of a prognostic and predictive set of genes on survival 
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 As mentioned above other hypoxia gene expres-
sion signatures have proven to be of prognostic 
impact in HNSCC, breast, lung and cervical cancer. 
In a microarray study of 59 HNSCC Winter et   al. 
obtained a hypoxia signature by analysis of genes that 
by in vivo expression clustered with the expression 
of 10 well-known hypoxia-regulated genes. This 
99-metagene proved to be an independent prognos-
tic factor for treatment outcome when validated in 
independent data sets of head and neck cancer 
(n    �    60) and breast cancer (BC) (n    �    295) [19]. In a 
further study by Buffa et   al. a common hypoxia pro-
fi le was defi ned from three head and neck and fi ve 
breast cancer studies. The metagene was generated 
on the basis of co-expression networks of acknowl-
edged hypoxia-associated genes and was reduced 
from 99 genes to a signature of 51 genes. The prog-
nostic relevance was validated in four independent 
data sets of lung (n    �    216), breast (n    �    295) and head 
and neck cancer (n    �    60) and the common hypoxia 
metagene was more prognostic than several previously 

reported signatures [18]. By integrating dynamic 
contrast-enhanced MR imaging (DCE-MRI) and 
global gene expression data of cervical cancer Halle 
et   al. generated a 31-gene hypoxia profi le proven to 
be of prognostic impact in an independent validation 
cohort of 109 patients with cervical cancer. This 
result indicates the use of a non-invasively imaging 
technique to identify patients with hypoxia-related 
resistance to chemoradiotherapy [20]. 

 A few studies have addressed the impact of 
hypoxia in gastroesophageal cancer. Matsuyama 
et   al. evaluated the implications of hypoxia-inducible 
factor 1 α  protein expression in 215 resected ESCC 
specimens. The transcription factor  HIF1A  is known 
to be highly involved in the hypoxic response pro-
moting tumor growth, metastasis and angiogenesis 
and has been shown to be inversely correlated with 
survival in various cancers [9]. In the study a sig-
nifi cant association between HIF-1 α  protein and 
disease-free survival, but not OS, was observed [26]. 
Another study by Tanaka et   al. examined carbonic 

  Table II. Possible prognostic factors and relative risk.  

ESCC EGJ/GC  

Prognostic factors HR (95% CI) p-value HR (95% CI) p-value  

Univariate analysis
Risk of death from any cause

Age (median) 1.47 (0.69 – 3.15) 0.32 1.97 (0.77 – 5.00) 0.16  
Gender (male vs. female) 1.19 (0.48 – 2.96) 0.70 0.69 (0.23 – 2.12) 0.52  
Tumor classifi cation (T3 – 4 vs. T1 – 2) 4.35 (0.59 – 32.24) 0.15 1.31 (0.46 – 3.75) 0.61  
Nodal classifi cation (N1 vs. N0) 1.04 (0.40 – 2.77) 0.92 1.20 (0.35 – 4.20) 0.77  
Treatment response (CR vs. non-CR) * 0.50 (0.21 – 1.20) 0.12
Hypoxic status (less vs. more) † 0.48 (0.21 – 1.07) 0.07

Risk of disease-specifi c death
Age (median) 1.08 (0.44 – 2.67) 0.86 1.55 (0.54 – 4.43) 0.41  
Gender (male vs. female) 0.96 (0.35 – 2.66) 0.94 1.17 (0.26 – 5.26) 0.83  
Tumor classifi cation (T3 – 4 vs. T1 – 2) ‡ 1.08 (0.33 – 3.57) 0.89  
Nodal classifi cation (N1 vs. N0) 2.02 (0.47 – 8.73) 0.35 1.41 (0.31 – 6.37) 0.66  
Treatment response (CR vs. non-CR) * 0.17 (0.04 – 0.73) 0.02
Hypoxic status (less vs. more) † 0.48 (0.18 – 1.24) 0.13

Multivariate analysis
Risk of death from any cause

Age (median) 1.77 (0.72 – 4.34) 0.21 7.94 (1.89 – 33.38) 0.01  
Gender (male vs. female) 2.12 (0.68 – 6.62) 0.20 4.29 (0.50 – 36.96) 0.19  
Tumor classifi cation (T3 – 4 vs. T1 – 2) ‡ 2.00 (0.62 – 6.43) 0.25  
Nodal classifi cation (N1 vs. N0) 0.93 (0.19 – 4.50) 0.93 0.33 (0.07 – 1.57) 0.16  
Treatment response (CR vs. non-CR) * 0.50 (0.17 – 1.45) 0.20
Hypoxic status (less vs. more) † 0.46 (0.18 – 1.19) 0.11

Risk of disease-specifi c death
Age (median) 0.96 (0.34 – 2.71) 0.94 4.79 (1.09 – 21.09) 0.04  
Gender (male vs. female) § 1.67 (0.51 – 5.46) 0.40
Tumor classifi cation (T3 – 4 vs. T1 – 2) ‡ 1.73 (0.48 – 6.21) 0.40  
Nodal classifi cation (N1 vs. N0) 1.62 (0.19 – 13.53) 0.66 0.57 (0.10 – 3.33) 0.53  
Treatment response (CR vs. non-CR) * 0.21 (0.05 – 0.95) 0.04
Hypoxic status (less vs. more) † 0.51 (0.17 – 1.50) 0.22

    * No patients with CR in the EGJ/GC group;  † Analysis was not performed in the EGJ/GC group;  
‡ No events in the T1-T2 group of ESCC patients;  § No events in the group of females in the EGJ/GC 
group.   
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anhydrase 9 (CA9) protein expression, known to be 
induced under hypoxic conditions resulting in a neg-
ative impact on patient survival for various tumor 
entities, in 127 surgical specimens from ESCC 
patients [27]. CA9 was signifi cantly correlated with 
a poor cancer-specifi c survival and a malignant phe-
notype in these patients. However, CA9 expression 
was not identifi ed as an independent prognostic fac-
tor in multivariate survival analysis. 

 Whether single factors such as HIF-1 α  and CA9 
are capable of describing the infl uence of hypoxia 
adequately and, thus, function as suitable hypoxic 
and prognostic biomarkers in gastroesophageal can-
cer is unknown. It has been suggested that the cumu-
lative information of multiple hypoxia-dependent 
genes carries out more information on hypoxia than 
measuring only single gene factors [28]. Further 
studies are needed to elucidate the prognostic impact 
of hypoxia in ESCC. 

 Evaluation of clinicopathological parameters as 
potential prognostic factors was performed in 56 
patients with ESCC and 39 patients with EGJ/GC. 
There were no major differences in the clinical 
parameters in terms of age and stage between the 
present study and previous reports [29,30]. The 
results of univariate and multivariate analysis by Cox 
proportional-hazards models showed treatment 
response to be an independent prognostic factor and 
signifi cantly associated with disease-specifi c survival 
in the ESCC group. Complete remission of cancer-
ous disease is a strong prognostic factor and the role 
of treatment response in ESCC has been demon-
strated in previous studies [31,32]. In the EGJ/GC 
group age was shown to be an independent prognos-
tic factor in a multivariate analysis on both overall 
survival and disease-specifi c survival. The survival 
worsened in patients with advanced age at diagnosis 
(age  �    62 years). 

 In the ESCC group, R0 resection was performed 
in 93% of patients which is consistent with former 
studies on preoperative chemoradiotherapy with a 
mean R0 resection rate at 81.7% [31]. Similarly, the 
observed percentage of patients with complete remis-
sion of cancerous disease was in line with previous 
studies (37% vs. 25.9%) [31]. 

 In conclusion, the 15 hypoxia responsive genes 
successfully determined the hypoxic genotypes of 
patients with ESCC and EGJ/GC. However, only 
patients with ESCC showed heterogeneous gene 
expression whereas all patients with EGJ/GC were 
classifi ed as being less hypoxic, indicating that the 
hypoxic impact in squamous cell carcinomas is more 
profound. The study showed a trend towards a poorer 
outcome in terms of OS and DSS among ESCC 
patients with a more hypoxic genotype. However, this 

fi nding is preliminary and future studies are needed 
to validate these results.               
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