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The prognostic value of hypoxia-inducible
factor-1a in advanced cancer survivors: a
meta-analysis with trial sequential analysis
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Abstract

, Fenggang Hou, Liting Yao, Xiyu Wang and Xing Wu

Background: Expression of hypoxia-inducible factors (HIFs) has been observed, but their
prognostic role in advanced cancers remains uncertain. We conducted a meta-analysis to
establish the prognostic effect of HIFs and to better guide treatment planning for advanced

cancers.

Methods: Pooled hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated. Trial
sequential analysis (TSA) was also performed. The clinical outcomes included overall survival
(0S), disease-free survival [DFS), progression-free survival (PFS), cancer-specific survival
(CSS), relapse/recurrence-free survival (RFS), and metastasis-free survival (MFS) in patients
with advanced tumors according to multivariate analysis.

Results: A total of 31 studies including 3453 cases who received chemotherapy, radiotherapy,
or chemoradiotherapy were identified. Pooled analyses revealed that HIF-1a expression was
correlated with worse 0S (HR=1.61, p<0.001), DFS (HR=1.61, p<0.001), PFS (HR=1.49,
p=0.01), CSS (HR=1.65, p=0.056), RFS (HR=2.10, p=0.015), or MFS (HR=2.36, p=0.002) in
advanced cancers. HIF-Ta expression was linked to shorter OS in the digestive tract, epithelial
ovarian, breast, non-small cell lung, and clear cell renal cell carcinomas. Subgroup analysis
by study region showed that HIF-1a expression was correlated with poor OS in Europeans

and Asians, while an analysis by histologic subtypes found that HIF-1a expression was not
associated with 0S in squamous cell carcinoma. No relationship was found between HIF-2a

expression and OS, DFS, PFS, or CSS.

Conclusions: Targeting HIF-1a may be a useful therapeutic approach to improve survival
for advanced cancer patients. Based on TSA, more randomized controlled trials are strongly

suggested.
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Introduction

Cancer is still a major public health problem
throughout the world; cancer is a leading cause
of death and has high morbidity rates. According
to GLOBOCAN estimates, approximately
14.1 million new cases and 8.2million deaths
occurred due to cancer in 2012 worldwide.!
Although surgical techniques, chemotherapy/
radiotherapy, targeted molecular therapy, and
immunotherapy regimens have greatly improved
advanced disease management in recent years,

the 5-year survival rate of most advanced cancers
is still low.1> Combination treatments are com-
monly used to improve treatment outcomes for
most advanced cancers.*5 In clinics, current
management of cancer patients still relies mainly
on clinical staging assessments to guide treat-
ment and determine prognosis, which cannot
always be accurately used to classify disease
prognosis to target cancers.® Thus, an effective
indicator needs to be developed to better predict
the behavior of advanced cancer patients,
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enhance the selection of appropriate treatment
and management strategies, and guide necessary
clinical trial implementation.

Meta-analysis suggests that the development of
strategies against biomarkers may be a cost-
effective therapeutic approach in solid tumors.”
Solid tumors generally exhibit hypoxia, which
plays a central role in tumor angiogenesis and
cancer metastasis.®° Moreover, hypoxia is asso-
ciated with metabolism, differentiation, necro-
sis, rapid tumor growth, and other malignant
biological behaviors, leading to resistance to
radiotherapy and chemotherapy.!%11 Two com-
mon hypoxia-inducible factors (HIFs) (HIF-1a
and HIF-2a) have been identified as key regula-
tors of the response to hypoxic stress.!? HIFs
are involved in the regulation of angiogenesis
through vascular endothelial growth factor
(VEGF: a potent angiogenic protein) and plate-
let-derived growth factor, enhancing the tran-
scriptional activity of Notch signaling, mediating
cancer metabolic pathways (glucose, lipid, and
amino acid metabolism), and exerting a tumor-
promoting effect by immunosuppression.13-15
HIFs also may induce epithelial-to-mesenchy-
mal transition (EMT) via the PI3K/AKT/mTOR
pathway, regulate proto-oncogene c-Myc activ-
ity, and activate stem cell factors such as Oct4
and Nanog.16-18

Expression of HIFs in cancer cells contributes to
metastasis, but inactivation of HIFs decreases
metastasis of cancer cells.!” HIF-1a and HIF-2«
are most frequently reported. Their expression is
detected in various human cancers and may be
associated with a worse prognosis of many tumors,
such as gastric cancer, breast cancer, and non-
small cell lung cancer.!3:20 However, the clinical
outcomes of HIF-la and HIF-2a expression
according to multivariate analysis are still contro-
versial in advanced cancer. For example, HIF-1a
expression was not linked to OS in colorectal can-
cer,21,22 but was associated with shorter OS in
colorectal cancer by Wilson and colleagues.?3
Additionally, the prognostic impact of HIFs
expression in advanced cancers is still unclear
when investigated via meta-analysis.

Therefore, the purpose of the current meta-anal-
ysis is to investigate the relationship between
HIF-1a and HIF-2a expression and survival out-
comes for advanced/metastatic tumor patients
treated with chemotherapy, radiotherapy, or
chemoradiotherapy, thereby allowing more

effective and rational development of combina-
tion therapy strategies to optimize treatment.

Materials and methods

Search strategy

The electronic databases PubMed, Embase,
EBSCO, and the Cochrane Library were system-
atically searched to identify eligible papers pub-
lished before 23 February 2018. We used the
following search terms and text words: ‘hypoxia
inducible factor OR hypoxia-inducible factors
OR HIF OR hypoxia-inducible factor 1 OR
hypoxia-inducible factor 2 OR endothelial PAS
domain-containing protein 1 OR EPAS1’, ‘meta-
static OR advanced OR metastasized OR recur-
rent’, ‘cancer OR tumor OR carcinoma OR
neoplasm’, ‘survival OR outcome OR prognosis
OR mortality’ (Table S1). We also hand-searched
the reference lists of the eligible studies to identify
other potential articles. Three authors (S.H.,
T.H., and F.H.) independently evaluated the
publications, and discrepancies were discussed by
consensus. The present meta-analysis was con-
ducted based on the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
guidelines.?*

Study selection

Studies that fulfilled the following selection crite-
ria were included: studies recording patients with
advanced/metastatic cancer, stage III cancer, or
stage IV cancer; studies published in English
reporting patients treated with or without surgery
and chemotherapy, radiotherapy, or chemoradio-
therapy, etc.; studies reporting the prognostic
information of HIF-la, HIF-2a, and HIF-3a
expression regarding the hazard ratio (HR) with
the corresponding 95% confidence interval (CI)
for overall survival (OS), disease-free survival
(DFS), progression-free survival (PFS), cancer-
specific survival (CSS), relapse/recurrence-free
survival (RFS), or metastasis-free survival (MFS)
using multivariate analysis; in the case of insuffi-
cient information, such as only HR or 95% CI,
HR and 95% CI were calculated to evaluate the
prognostic data based on the described methods,
if possible,?32% or the corresponding author was
contacted by sending an email to request useful
information. If authors published multiple papers
using overlapping sample data, only the most
recent publication or the study with the largest
study population was included. Those with no
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relevant studies, case reports, animal studies,
reviews, and no prognostic value of HIFs in
advanced cancer for multivariate analysis were
mainly excluded.

Data extraction and study reporting quality

The quality of the included studies was assessed
using the Reporting Recommendations for
Tumor Marker Prognostic Studies (REMARK)
criteria.?’” The REMARK criteria reported 20
items for each eligible study (Introduction: 1
item, Materials and Methods: 10 items, Results:
7 items, and Discussion: 2 items), and each item
consists of three possible values (0, 1, and 2),
allowing for evaluation of the study objective,
method, data analysis, and relevant discussion,
with a maximal score of 40. The classifications
were as follows; an item was not defined or appli-
cable at all (0 score); an item clearly stated all
aspects (2 scores); and an item was incompletely
described (1 score). According to the overall
scores, studies were divided into two groups:
studies with a score of =24 (60% of the maxi-
mum score) were considered high quality, and
the study with a REMARK score of <24 was low
quality (Table S2). The following data were
extracted from the full texts of the eligible studies,
including the first author’s surname, year of pub-
lication, case number, study source, mean or
median age, tumor type, testing method, therapy
regime, study design, sample type, cut-off value,
survival status, adjusted variables, and clinical
outcomes. Any disagreements were resolved by
consensus.

Statistical analysis

The pooled HR and 95% CI were calculated to
estimate the effect of HIF-1a and HIF-2a expres-
sion status on advanced cancer survival (OS,
DFS, PFS, CSS, RFS, or MFS of multivariate
analysis). An observed HR >1 implied a worse
prognosis, whereas a HR <1 indicated a favora-
ble prognosis. The between-study heterogeneity
was determined using Cochran’s Q statistic.?8
The random-effects model (DerSimonian-Laird)
was applied in the current meta-analysis.?%30 For
substantial heterogeneity (p<<0.1) in =10 of the
included studies, we conducted subgroup analy-
ses based on some of the baseline features of the
eligible studies, such as the study region, tumor
location, and survival rate, to determine the
potential source of heterogeneity and the differ-
ence between subgroups. Publication bias was

examined using Egger’s regression model and
Begg’s test for the results with more than 10
studies.?1-32

A meta-analysis included a small number of par-
ticipants, the associated random errors may cause
spurious results.33:3% Trial sequential analysis
(TSA) was performed to avoid typel error rate
(o) and estimate the required sample informa-
tion.?> A typel error of 5% and type Il error (8) of
10% (1-B=90% power) were set. We used a
relative risk reduction (RRR) of 20% and the
optimal a priori anticipated information size
(APIS) method. A sequential monitoring bound-
ary was constructed to determine whether a trial
could be terminated early. A cumulative Z-curve
that crossed the trial sequential monitoring
boundary suggested that the statistical evidence
was conclusive. In other cases, additional studies
were needed to achieve sufficient evidence. Data
were analyzed using Stata software, version 12.0
(Stata Corp., College Station, TX, USA) and R
software, version 3.4.2 (The R Foundation for
Statistical Computing; Vienna, Austria).

Results

Study characteristics

Figure 1 describes the detailed steps for the litera-
ture search, and a total of 28 articles met the eli-
gibility criteria of this meta-analysis. All studies
using multivariate analysis were published from
2002 to 2017. Of these, 27 studies?1-23:36-59 eyalu-
ated the prognostic effect of HIF-1a expression
and included 3056 individuals. Four stud-
1es36:41,55,60 including 397 individuals assessed the
prognostic role of HIF-2«a expression. Most stud-
ies reported the 5-year survival outcome, and
HIF-1la and HIF-2a expression were mainly
detected using an immunohistochemistry (IHC)
method. The antibodies and staining procedure
used for the IHC method are listed in Table S3.
A total of 13 studies had quality scores =24, and
15 studies had a score of <24. The main charac-
teristics of the included studies are listed in
Table 1.

Overall survival of HIF-Ta expression

A total of 19 studies including 2342 cases were
identified in the analysis of HIF-1a expression
and OS. Multivariate analysis showed that HIF-
la expression was associated with worse OS in
tissue samples (=17 studies with 2027 cases,
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2819 Records identified through online electronic databases
17 Additional records identified through hand-searching

1276 Records after duplicates excluded

1028 Records excluded

Irrelevant title or abstract
Not human samples

248 Full-text articles assessed for eligibility

Records excluded
89 Not advanced cancer

83 Univariate analysis

39 No prognostic outcomes

9 Failure to get HR with 95% CI using
multivariate analysis

28 Studies reporting multivariate analysis

MFS)

27 Studies about HIF-1a (OS, DFS, PFS, CSS, RES,

4 Studies about HIF-2a (OS, DFS, PFS, CSS)

Figure 1. Flow diagram of the study identification process.

95% Cl, 95% confidence interval; CSS, cancer-specific survival; DFS, disease-free survival; HIF-1a, hypoxia-inducible
factor-1a; HIF-2a, hypoxia-inducible factor-2«; HR, hazard ratio; MFS, metastasis-free survival; OS, overall survival; PFS,
progression-free survival; RFS, relapse/recurrence-free survival.

HR=1.61, 95% CI=1.28-2.03, p<0.001), but
was not correlated with OS in blood samples
(n=two studies with 315 cases, HR=0.79, 95%
CI=0.15-4.07, p=0.774) (Figure 2).

Subgroup analyses were performed based on the
available information in tissue samples, and Table
2 lists the results of the subgroup analyses to
explain potential sources of heterogeneity for OS.
However, all p values for heterogeneity per sub-
group were not more than 0.1, suggesting that the
subgroup analyses failed to explore the heteroge-
neity sources.

Stratified analysis by study region showed a poor
OS for 12 studies with European subjects
(n=1566 cases, HR=1.39, p=0.002) and for five
studies with Asian subjects (=461 cases,
HR=2.14, p<<0.001). Stratified analysis by
tumor location indicated that a poor OS was
found for 12 studies with other cancer types
(n=1377 cases, HR=1.71, p<<0.001), but not
colorectal cancer (n=three studies with 423
cases, p=0.398) and cervical cancer (z=two
studies with 227 cases, p=0.122). Stratified anal-
ysis by histologic subtypes demonstrated that no
correlation was found between HIF-la

expression and OS in squamous cell carcinoma
(n=four studies with 375 cases), but HIF-1a
expression was linked to worse OS in other histo-
types (m=1652 cases, HR=1.67, »p<<0.001).
Subgroup analysis by survival status showed that
HIF-1a expression was significantly associated
with worse prognosis for 5-year OS (=10 stud-
ies with 1566 cases, HR=1.36, p<<0.001) and
<3-year OS (n=two studies with 95 cases,
HR=3.47, p=0.007) subgroups, but no relation-
ship was found between the HR of the 3-year OS
(n=four studies with 204 cases, p=0.064).

Stratified analysis by the study design determined
that HIF-1a expression had a negative prognostic
impact on patient OS in prospective and retro-
spective studies (HR=1.39, 95% CI=1.14-1.68,
p»=0.001, four studies, 734 patients; HR=1.79,
95% CI=1.25-2.56, p=0.001, 12 studies, 1149
patients; respectively), but no significant associa-
tion was noted among a randomized controlled
trial (p=0.422, one study, 144 patients). Stratified
analysis by age (years) showed that patients aged
less than 60 years had worse OS (HR=1.44, 95%
CI=1.21-1.71, p<0.001, eight studies, 1017
patients), and patients older than 60years had a
prognostic impact on OS (HR=2.10, 95%
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Study %
ID HR (95% Cl) Weight
I T
Tissue !
Schindl 2002 - 1.41(1.12,1.77) 7.96
Burri 2003 —— 1.57 (1.07,2.30) 6.88
Theodoropoulos 2006 | ——— 3.65(1.52,8.81) 3.61
Winter 2006 —_— 1.11 (0.63,1.98) 546
Koo 2011 — * 7.93 (0.88, 71.50) 0.89
Fraga 2012 * 1.01 (1.00, 1.02) 8.72
Xiang 2012 | —— 2.02(1.12,3.66) 5.32
Wan 2012 —_— 1.29(0.69, 2.40) 5.12
Wu 2013 1 —— 3.25(2.14,4.11) 7.30
Wilson 2013 ——— 3.47 (1.38,8.73) 3.42
Zhang 2014 —— 1.71(1.03,2.85) 5.92
Braicu 2014 —-_—— 2.51(1.25,5.01) 4.64
Berk 2015 : - 3.49(0.02, 47.74) 0.30
Goos 2016 —_—! 0.84 (0.54,1.31) 6.42
Beuselinck 2017 -~ 1.30 (1.06, 1.60) 8.10
Moreno-Acosta 2017 —_—— 0.94 (0.41,2.17) 3.85
Nystr?m 2017 —— 1.80 (1.00, 3.40) 5.18
Subtotal (I-squared = 85.0%, p = 0.000) O 1.61(1.28,2.03) 89.07
1
. 1
Blood X
Xie 2015 —_—— L 0.32(0.10,0.62) 3.46
Shultz 2016 —— 1.72(1.27,2.33) 7.46
Subtotal (I-squared = 91.5%, p = 0.001) <|>— 0.79 (0.15, 4.07)  10.93
. 1
Overall (I-squared = 85.5%, p = 0.000) o 1.53(1.23,1.91)  100.00
1
NOTE: Weights are from random effects analysis !
.0I14 1 71I.5
Figure 2. Forest plot for the relationship between HIF-1a expression and 0S.
HIF-1a, hypoxia-inducible factor-1a; OS, overall survival
CI=1.40-3.15, p<0.001, four studies, 285 HR=1.61, 95% CI=1.13-2.28, p=0.008),
patients). Subgroup analysis by treatment regi- gynecological (n=three studies with 502 cases,
men showed that HIF-1a expression was associ- HR=1.60, 95% CI=1.03-2.48, p»=0.035),

ated with worse OS in patients receiving surgery
and nonsurgical treatment (HR=1.40, 95%
CI=1.08-1.82, p=0.012) and patients receiving
the nonsurgical treatment such as chemotherapy,
radiotherapy, or chemoradiotherapy (HR=1.85,
95% CI=1.29-2.64, p=0.001). We also noted a
negative prognostic impact of HIF-1a expression
on patient OS in the other three features (center
design, sample size, and study reporting quality)
(Table 2).

0S of HIF-1a expression in various cancer
systems

Among various cancer systems, HIF-1a expres-
sion was associated with shorter OS in the diges-
tive tract (n=eight studies with 908 cases,

breast (n=one study with 206 cases, HR=1.41,
95% CI=1.12-1.77, p=0.003), non-small cell
lung (n=one study with 162 cases, HR=3.25,
95% CI=2.35-4.50, p<<0.001), and clear cell
renal cell carcinomas (n=one study with 104
cases, HR=1.30,95% CI=1.06-1.60,p=0.011),
but there was no association in nasopharyngeal
(n=144 cases, p=0.422) and head and neck can-
cers (n=140 cases, p=0.721) (Figure 3).

DFS, PFS, CSS, RFS, and MFS of HIF-Ta
expression

Data suggested that HIF-1a expression was also
correlated with worse survival in DFS (HR=1.61,
95% CI=1.32-1.96, p<0.001, six studies, 758
patients), PFS (HR=1.49, 95% CI=1.10-2.01,

journals.sagepub.com/home/tam
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Table 2. Subgroup analyses of HIF-1a expression with 0S in tissue samples.

Variables HR with 95% CI Heterogeneity [p) pvalue Studies Cases TSA

Study region

Asian 2.14 (1.40-3.28) 0.036 <0.001 S 461 More studies

European 1.39 (1.13-1.71) <0.001 0.002 12 1566 More studies

Tumor location

Metastatic colorectal cancer 1.70 (0.50-5.84) 0.021 0.398 3 423 More studies

Advanced cervical cancer 1.40 (0.91-2.13) 0.273 0.122 2 227 More studies

Others 1.71 (1.30-2.24) <0.001 <0.001 12 1377 More studies per
cancer type

Histologic subtype

Squamous cell carcinoma 1.38(0.87-2.17) 0.214 0.171 4 375 More studies

Others 1.67 (1.29-2.16) <0.001 <0.001 13 1652 No need

Survival status

Syears 1.36(1.18-1.57) 0.264 <0.001 10 1566 No need

3years 2.05 (0.96-4.39) 0.001 0.064 4 204 More studies

<3years 3.47 (1.41-8.52) 0.998 0.007 2 95 More studies

Study design

Randomized controlled trial 1.29 (0.69-2.40) NA 0.422 1 144 More studies

Prospective 1.39 (1.14-1.68) 0.263 0.001 4 734 More studies

Retrospective 1.79 (1.25-2.56) <0.001 0.001 12 1149 More studies

Age [years)

>60 2.10 (1.40-3.15) 0.192 <0.001 4 285 More studies

<60 1.44 (1.21-1.71) 0.315 <0.001 8 1017 No need

Not clear 1.40 (0.83-2.34) <0.001 0.204 5 725 More studies

Study quality

=24 1.66 (1.24-2.21) 0.015 0.001 8 1234 More studies

<24 1.54 (1.09-2.18) <0.001 0.014 9 793 More studies

Center design

Multicenter 1.50 (1.12-2.02) 0.008 0.007 7 1196 More studies

Single-center 1.80 (1.10-2.95) <0.001 0.019 8 609 More studies

Not clear 1.49 (1.07-2.06) 0.598 0.017 2 222 More studies

Sample size

>100 1.45(1.06-1.99) <0.001 0.019 8 1508 More studies

<100 1.89 (1.28-2.77) <0.001 0.001 9 519 More studies

Treatment regimen

Surgery and nonsurgical treatment  1.40 (1.08-1.82) <0.001 0.012 8 1209 More studies

Nonsurgical treatment 1.85(1.29-2.64) <0.001 0.001 9 818 More studies

Nonsurgical treatment such as chemotherapy, radiotherapy, or chemoradiotherapy etc. was used.
95% ClI, 95% confidence interval; HIF-1ea, hypoxia inducible factor-1a; HR, hazard ratio; OS, overall survival; TSA, trial sequential analysis.
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Study HR (95% CI) N
Digestive tract cancer '
Theodoropoulos 2006 ' —e 3.65(1.52,8.81) 92
Xiang 2012 O 2.02 (1.12,3.66) 69
Fraga 2012 s 1.01 (1.00, 1.02) 26
Wilson 2013 - + 3.47 (1.38,8.73) 42
Zhang 2014 —_—— 1.71 (1.03,2.85) 69
Berk 2015 € -+ > 3.49 (0.02, 47.74) 53
Shultz 2016 — 1.72 (1.27,2.33) 229
Goos 2016 —_—— 0.84 (0.54,1.31) 328
Subtotal (-squared = 81.1%, p = 0.000) <|> 1.61(1.13, 2.28)
Gynecological oncology '
Burri 2003 —_— 1.57 (1.07,2.30) 78
Braicu 2014 —_— 2.51(1.25,5.01) 275
Moreno-Acosta 2017 —— 0.94 (0.41,2.17) 149
Subtotal (-squared = 37.1%, p = 0.204) T 1.60 (1.03, 2.48)
Breast cancer :
Schindl 2002 —_—— 1.41(1.12,1.77) 206
Subtotal L 1.41 (1.12,1.77)

1
Non-small cell lung cancer '
Wu 2013 1 —— 3.25(2.14,4.11) 162
Subtotal ! = 3.25 (2.35, 4.50)
Nasopharyngeal cancer !
Wan 2012 ——— 1.29 (0.69, 2.40) 144
Subtotal -_ 1.29 (0.69, 2.40)

1
Head and neck cancer '
Winter 2006 —_—— 1.11 (0.63, 1.98) 140
Subtotal _ 1.11 (0.63, 1.97)
Renal cell carcinoma |
Xie 2015 € * X 0.32 (0.10,0.62) 86
Subtotal — 1 0.32 (0.13, 0.80)

1
Clear cell renal cell carcinoma '
Beuselinck 2017 —— 1.30 (1.06, 1.60) 104
Subtotal < 1.30 (1.06, 1.60)
Soft tissue sarcoma !
Nystr?m 2017 ———— 1.80 (1.00, 3.40) 73
Subtotal — —— 1.80 (0.98, 3.32)

1

1

NOTE: Weights are from random effects analysis :
l | T |
A 5 1 2 10

Figure 3. Forest plot for the relationship between HIF-1a expression and OS in different cancer systems.

HIF-1a, hypoxia-inducible factor-1a; OS, overall survival

p=0.01, five studies, 499 patients), CSS
(HR=1.65, 95% CI=0.99-2.77, p=0.056, five
studies, 449 patients), RFS (HR=2.10, 95%
CI=1.15-3.81, p=0.015, four studies, 280
patients), and MFS (HR=2.36, 95% CI=1.38-
4.03, p=0.002, three studies, 267 patients)
(Figure 4).

The prognostic role of HIF-1a expression was
also performed based on sample collection (Table

3), the results showed that HIF-la expression
was associated with worse OS (HR=1.70, 95%
CI=1.31-2.20, p<0.001) and DFS (HR=1.47,
95% CI=1.22-1.76, p<0.001) in patients with-
out previously received therapy prior to testing.

Publication bias
Egger’s and Begg’s tests were used to detect the
potential publication bias for OS of HIF-la
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Study %
ID HR (95% ClI) Weight
DFS 1
Schindl 2002 - 1.40 (1.14,1.72) 7.95
Theodoropoulos 2006 - 3.46 (1.32,9.08) 3.09
Winter 2006 —— 1.79 (0.99, 3.25) 5.13
Generali 2006 e B omm] 2.56 (0.77,8.50) 2.29
Shimomura 2013 —_—— 2.09 (1.09,4.01) 4.76
Zhang 2014 —— 1.67 (1.00,2.77) 5.76
Subtotal (I-squared =7.3%, p = 0.370) O 1.61(1.32, 1.96) 28.98

1
PFS :
Bachtiary 2003 —— 2.10 (1.05,4.20) 4.48
Wan 2012 —— 1.60 (0.92,2.79) 5.40
Xie 2015 —_—— 0.93 (0.46, 1.52) 5.11
Berk 2015 ——— 2.11(0.64,6.92) 2.32
Moreno-Acosta 2017 ——— 1.56 (0.80, 3.05) 4.63
Subtotal (I-squared = 0.0%, p = 0.442) Q 1.49 (1.10,2.01) 21.95
" 1
CSS i
Bachtiary 2003 —— 2.10(1.03,4.19) 4.43
Winter 2006 —t— 1.84 (0.99, 3.40) 4.98
Klatte 2007 ¢ | 1.01 (1.00, 1.02) 8.59
Dellas 2008 - * 7.50 (1.00, 56.20) 0.98
Chen 2017 —_—— 1.81(0.65,5.23) 2.80
Subtotal (I-squared =68.7%, p = 0.012) <> 1.65(0.99, 2.77) 21.77
. 1
RFS !
Shioya 2011 _— 413 (1.52,11.24) 2.95
Xiang 2012 —_—— 2.00 (1.14,3.50) 5.38
Shim 2013 —_— 0.88 (0.39, 1.98) 3.82
Chen 2017 —_—— 3.10(1.36,7.08) 3.74
Subtotal (I-squared = 57.5%, p = 0.070) O 2.10(1.15,3.81) 15.89
. 1
MFS 1
Shioya 2011 —_— 3.56 (1.22, 10.38) 2.70
Wan 2012 - —— 1.57 (0.84,2.96) 4.87
Nystr?m 2017 -t 3.20(1.40,7.00) 3.84
Subtotal (I-squared =24.9%, p = 0.264) <:> 2.36 (1.38,4.03) 11.41

1

| 100.00

NOTE: Weights are from random effects analysis| |
| | | ] | |
.05 1 S5 1 2 10 20

Figure 4. Forest plot for the relationship between HIF-1a expression and prognosis in DFS, PFS, CSS, RFS, or

MFS.

DFS, disease-free survival; PFS, progression-free survival; CSS, cancer-specific survival; RFS, relapse/recurrence-free

survival; MFS metastasis-free survival.

expression (Figure S1). No evidence of publica-
tion bias was found using Begg’s test (p=0.484),
while there was obvious evidence of publication
bias based on Egger’s test (p=0.002). When we
removed this study by Fraga and colleagues,*® the
recalculated result from the remaining 18 studies
remained significant (HR=1.59, 95% CI=1.28-
1.98, p<<0.001), with no evidence of publication
bias (p=0.582).

Prognosis of HIF-Za expression

No relationship was found between HIF-2a
expression and prognosis in OS (HR=0.75, 95%
CI=0.38-1.47, p=0.399, four studies, 396
patients), DFS (HR=1.57, 95% CI=0.82-3.01,
one study, 139 patients), PFS (HR=0.64, 95%
CI=0.27-1.53, three studies, 257 patients), and
CSS (HR=1.39, 95% CI=0.66-2.89, one study,
139 patients) (Figure S2).
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Table 3. The prognostic role of HIF-1a expression based on sample collection.

Sample collection HR with 95% CI Heterogeneity pvalue Studies Cases TSA
(p)
0S
Samples without previously received therapy  1.70 (1.31-2.20) 0.003 <0.001 9 1447 No need
Samples with previously received therapy 0.69(0.18-2.73) 0.003 0.602 2 190 More
studies
DFS
Samples without previously received therapy  1.47 (1.22-1.76) 0.645 <0.001 3 415 More
studies
Samples with previously received therapy NA NA NA NA NA NA

95% ClI, 95% confidence interval; DFS, disease-free survival; HIF-1a, hypoxia inducible factor-1«; HR, hazard ratio; NA, not applicable; OS, overall

survival; TSA, trial sequential analysis.

o 4RRR$20% @lpha = 5%, power = 90%) APIS = 3404
\
\\ Trial sequential monitoring boundary
© -
< 4
~ 4
Cumulative Z-curve
o 4
T T T T T
0 1000 2000 3000 4000

Information size

Figure 5. Trial sequential analysis between HIF-1a expression and 0S.

HIF-1a, hypoxia-inducible factor-1a; OS, overall survival

Trial sequential analysis

The required sample information was quantified
by TSA. The cumulative Z-curve significantly
crossed the trial sequential monitoring boundary
for OS of HIF-1la expression in tissue samples
(Figure 5) and its subgroups such as 5-year OS
and patients aged less than 60years, and thus,
additional studies were not required (Table 2).
The cumulative Z-curve did not obviously cross
the trial sequential monitoring boundary for DFS,
PFS, CSS, RFS, or MFS of HIF-1a expression
(Table S4); the remaining subgroups of HIF-1a

expression in OS (Table 2); and the clinical out-
comes of HIF-2a expression (Table S4), which
indicated that further studies were needed.

Discussion

Traditional chemoradiotherapeutic regimens
generally cannot eradicate cancer cells. Drug
resistance and cancer recurrence are common
obstacles for improving the long-term survival of
cancer patients.%1:62 HIF-1a and HIF-2« are two
of the most significant transcription factors

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 11

regulating cellular adaptation to hypoxia, have
been found in the etiology of a number of human
cancers, and have an adverse impact on the effi-
cacy of radiotherapy and chemotherapy.1%:%3 The
expression of HIF-1a and HIF-2«a in human can-
cers has been reported and detected.!> HIF-1a
and HIF-2a expression may be associated with
poor prognoses in many cancers.!31%64 However,
the prognostic significance of HIF-1a and HIF-
2o expression in advanced cancer patients
remains unclear based on a meta-analysis.

Activation of HIF transcription leads to the upreg-
ulation of many HIF-targeted genes, and HIFs
regulate these targeted genes, which encode pro-
teins such as Oct4 and Nanog in cancer stem
cells.9%:66 HIFs also play roles in therapy resistance
by activating the multidrug resistance 1 (MDRI1)
gene and ATP-binding cassette sub-family G
member 2 (ABCG2)!3:%7 and inflammation and
immunity by activating the expression of ligands
such as programmed death ligand 1 (PD-L1) and
increasing cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) expression on CD8+ T
cells,8:%9 which are involved in decreasing the
effectiveness of anticancer therapies, such as radi-
otherapy, chemotherapy, and immunotherapy.

To the best of the authors’ knowledge, our study
is the first comprehensive meta-analysis of 27
studies including a total of 3056 cases (HIF-1a)
and four studies including a total of 397 cases
(HIF-2a). We assessed the prognostic significance
of HIF-1a and HIF-2a expression in advanced
cancer patients receiving chemotherapy, radio-
therapy, chemoradiotherapy, or immunotherapy.
Our analyses did not find data associated with
hypoxia-targeting agents and inhibitors of HIF
activity for advanced cancer using multivariate
analysis in preclinical and clinical studies.

The expression of HIF-2a was not linked to prog-
nosis according to OS, DFS, PFS, or CSS. The
pooled data indicated that the expression of HIF-
la was associated with reduced OS (HR=1.61,
$»<0.001), DFS (HR=1.61, »p<0.001), PFS
(HR=1.49, p=0.01), CSS (HR=1.65,
»=0.056), RFS (HR=2.10, p=0.015), or MFS
(HR=2.36, p=0.002). Moreover, evidence from
some of the previous studies published is consist-
ent with the current results, where HIF-la
expression was reported to be correlated with
poor OS,23,36,38,40,42—44,49,50,56,58,59 DFS’43,45,56,59
PFS,57 CSS,52,53,57 RFS,39,48,50 and MFS38,48 in
advanced cancers. These results were further

confirmed using TSA, and TSA suggested that
additional trials were necessary to validate these
conclusions, including the association between
HIF-1a expression and inferior DFS, PFS, CSS,
RFS, and MFS and that there was no association
between HIF-2a expression and survival.
Additionally, based on different cancer systems,
we found that HIF-1a expression was linked to
shorter OS in digestive tract (HR=1.61,
p»=0.008), gynecological (HR=1.60, P=0.035),
breast (HR=1.41, p=0.003), non-small cell lung
(HR=3.25, p<0.001), and clear cell renal cell
carcinomas (HR=1.30, p=0.011), but no corre-
lation was observed in nasopharyngeal and head
and neck cancers. Recent research has highlighted
that chemotherapeutic treatments such as pacli-
taxel can induce the expression of HIF-1x.% We
demonstrated that HIF-1a expression was corre-
lated with poor OS and DFS in patients without
previously received therapy.

Stratification by study region showed a worse OS
for European and Asian subjects; stratification by
tumor location indicated no correlation between
HIF-1a expression and OS in colorectal cancer
and cervical cancer, but was significantly linked
to reduced OS in pancreatic cancer (HR=1.72,
95% CI=1.27-2.33) and epithelial ovarian can-
cer (HR=2.505, 95% CI=1.252-5.013).
Additionally, evidence from some previously pub-
lished studies on these specific tumor types is con-
sistent with our analyses, such as colorectal and
cervical cancer. 212237 When classified by survival
status, HIF-1a expression was linked to worse
prognosis for 5-year OS (HR=1.36, p<<0.001)
and <3-year OS (HR=3.47, p=0.007); classifica-
tion by study design, HIF-1a expression showed a
negative prognostic impact on OS in four prospec-
tive studies (HR=1.39, p=0.001)36:37:4259 and 12
retrospective studies (HR=1.79, p=0.001).
Classification by age subgroup showed that HIF-
la expression was related to worse OS in patients
aged less than 60years (HR=1.44, p<<0.001) and
older than 60years (HR=2.10, p<0.001).
Finally, we further applied TSA to obtain more
meaningful results. TSA showed that there was
sufficient data to draw reliable conclusions regard-
ing the 5-year OS and patients less than 60years
of age subgroups (Table 2). Additional well-
designed multicenter randomized controlled trials
(RCTs) are needed to provide more accurate and
conclusive evidence.

Interestingly, according to histologic subtypes, we
found that HIF-1a expression was not associated
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with OS in squamous cell carcinoma, whereas the
remaining studies with unclear or mixed histo-
types showed a significant association. Other his-
totypes, such as adenocarcinoma, were unclear
and lacking; it is possible that HIF-1a expression
in other histotypes might affect the prognosis.
Additionally, Furukawa and colleagues reported
that HIF-la-regulated glucose transporter
(GLUT) 1 in lung adenocarcinoma may promote
tumor aggressiveness and serve as a prognostic
indicator of worse prognosis, but not in lung
squamous cell carcinoma.”’® Additional clinical
studies are needed among other histologic sub-
types of advanced cancer.

Our study has some important implications. First,
HIF-1a expression is associated with worse out-
comes, which suggests that HIF-1a may be a key
druggable therapeutic target. This is important
for advanced cancer patients who are treated with
common chemotherapy, radiotherapy, or chemo-
radiotherapy. Second, a number of subgroup
analyses have been conducted. Third, HIF-1a
expression is linked to poor OS in European and
Asian subjects, which suggests that HIF-1a may
play important roles in different ethnic popula-
tions. Fourth, HIF-1a expression is related to an
unfavorable OS in younger and older cancer
patients, which indicates that HIF-1a may be a
potential therapeutic target for younger or older
cancer stratification. Finally, HIF-1a expression
was not related to OS in squamous cell carci-
noma, suggesting that additional prospective
studies are essential to further validate whether
HIF-1a expression has therapeutic implications
in other histotypes, such as adenocarcinoma, due
to different histological features.

This meta-analysis had several limitations. First,
publication bias is present in the current meta-
analysis, as indicated using Egger’s test because
predominantly positive results were published.
Articles with other styles, such as papers in other
languages, unpublished papers, and conference
abstracts, were excluded due to insufficient infor-
mation, which may lead to potential bias. In addi-
tion, sensitivity analysis by omitting an individual
study demonstrated a similar trend for the OS of
HIF-1a expression results. Second, the number of
some eligible studies had small sample sizes
between HIF-1a expression and DFS, PFS, CSS,
RFS, and MFS, and some subgroups on OS. The
number of the included studies and sample sizes
was relatively small between HIF-2« and the prog-
nosis. Although all eligible studies were well

performed, these results should be interpreted with
caution based on TSA. Third, the cut-off values of
HIF-1a and HIF-2a expression from the included
studies may differ, and, in the future, HIF-1a and
HIF-2a expression should be defined as positive or
negative based on a standard, such as within a sin-
gle cancer; for example, for lung cancer, the
American Society of Clinical Oncology (ASCO),
the College of American Pathologists (CAP), and
the Association for Molecular Pathology (AMP)
had to come together to standardize results for epi-
dermal growth factor receptor (EGFR) detec-
tion.”! Fourth, the molecular features of various
cancer types might differ to some extent and thus
represent a complicated network. Biomarkers may
also be affected by patient baseline characteristics.
Thus, our study only included data adjusted by
multivariate survival, and multivariable survival
analysis adjusted factors are more valuable than
the study that used univariable survival analysis.
Fifth, even within a single cancer (colorectal), dif-
ferent treatment regimens were also found because
the data are not an individual patient data analysis.
In addition, only two RCTs evaluated the prog-
nostic significance of HIF-la expression in
advanced cancer. We lacked sufficient RCTs to
further prove our findings, and more trials that
include subgroup analyses are warranted. Finally,
the different sample types employed in these stud-
ies, including paraffin-embedded tumor tissue
specimens, fresh tissue, serum, and plasma may be
a potential source of heterogeneity. A detailed
investigation of the best sample processing was not
possibly performed in this meta-analysis.
Therefore, the development of a stable high-per-
formance assay with good sensitivity can be a good
method for HIF-1la and HIF-2a detection and
may help overcome this issue in the future.

In conclusion, the current study showed that
HIF-1a expression was associated with a worse
prognosis for advanced cancer patients treated
with chemotherapy, radiotherapy, or chemoradi-
otherapy, which suggested that targeting HIF-1a
may be a useful therapeutic approach to improve
survival in advanced cancer patients. Based on
the REMARK criteria, further large-scale pro-
spective clinical trials including training and vali-
dation sets are strongly suggested to confirm our
findings and help stratify the clinical treatment of
patients into specific cancer types.
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