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Abstract

Background: X-linked inhibitor of apoptosis protein (XIAP) plays an important role
in cancer pathogenesis, which has been found to be overexpressed in multiple human cancers and
associated with survival rates. Herein, we performed a meta-analysis to explore the predictive value
of XIAP level in patients with various solid tumors.

Methods: Relevant articles exploring the relationship between XIAP expression and survival of
cancer patients were retrieved in PubMed, PMC, EMBASE and Web of Science published from 2001
to 2018. The combined hazard ratios (HRs) and 95% confidence intervals (Cls) were calculated to
evaluate the significance.

Results: A total of 6554 patients from 40 articles were included in this meta-analysis. It was shown
in 37 studies with 4864 cases that the over-expression of XIAP was associated with poorer overall
survival (OS) (combined HR=1.61, 95% CI: 1.33-1.96). Meanwhile, 8 studies with 1862 cases
revealed that elevated XIAP level predicted shorter disease-free survival (DFS) (HR=2.17, 95% CI:
1.03-4.59). Subgroup analyses showed that higher XIAP detection was related to worse OS in
gastric cancer (HR=1.42, 95% CI: 1.18-1.72) and head and neck cancer (HNC) (HR=2.97, 95% CI:
1.97-4.47).

Conclusion: Our results suggested that elevated XIAP level seemed to represent an unfavorable
prognostic factor for clinical outcomes in cancer patients. However, there were limited studies
describing the association between XIAP expression and clinical prognosis in each different type of
tumors. Therefore, concrete roles of XIAP in various cancers need to be further explored.
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Introduction

In humans, the balance between cell prolifera-
tion and cell death is essential to the homeostasis of
microenvironment [1]. Programmed cell death (PCD)
such as apoptosis or necroptosis performs a major
mechanism for precise regulation of cell number and
morphological architecture [2]. Cell apoptosis enables
elimination of damaged and senescent cells, and cells
that harbor too many mutations [3]. Once
pro-apoptotic factors are suppressed or anti-apoptotic

proteins are upregulated, normal cell turnover
escapes from biological cell-death signals, promoting
a tumor to thrive [4].

Inhibitors of apoptosis proteins (IAPs) are a
family of proteins composed of eight members. The
family has been studied extensively due to the
anti-apoptotic effect as well as its over-expression
potential in cancer cells. X-linked inhibitor of
apoptosis protein (XIAP), also named BIRC4, is a key
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member of the IAPs. Its encoded gene has been
identified mapped to the Xq25 chromosome region.
Except for peripheral blood leukocytes, XIAP is
almost ubiquitously expressed in all human tissues
and mainly located in cytosolic compartment [5].
Structurally, XIAP has three characteristic functional
domains in N-terminal known as zinc finger
baculoviral IAP repeats (BIRs). The BIR domains
interact with proteins that modulate NF-kB signaling
or bind to active caspase-9, -3 and -7, which are
responsible for the caspase inhibitory function of
XIAP [6-9]. Besides, the C-terminal part of XIAP
carries a ubiquitin-associated (UBA) domain for
ubiquitin-binding and a really interesting new gene
(RING) domain with E3-ubiquitin ligase activity,
which involve in the protein degradation mediated by
ubiquitin-proteasome pathway [10].

As a key regulator of apoptotic cell death, XIAP
has been found to be associated with tumorigen-
esis, angiogenesis, tumor invasion and resistance to
anticancer drugs in cancer therapy [10]. It was slowly
emerging as a potential therapeutic target for cancer
management. Recently, many scholars have carried
out series of studies to explore the expression of XIAP
and its association with patient outcomes in different
types of tumors, such as hepatocellular carcinoma
(HCC), breast cancer, non-small cell lung cancer
(NSCLC), esophageal cancer, thyroid cancer, prostate
cancer [11-16]. However, these results remain
controversial. Shi et al. suggested that over-expression
of XIAP could be an independent prognostic factor for
predicting poor survival rate in HCC patients while
Wu's study indicated that low XIAP expression
contributed to a worse prognosis [12, 17]. What's
more, XIAP was regarded as a valuable poor
prognostic marker for breast cancer according to
Hussain and his colleagues, while it was found
unrelated with patients’ survival in the research
conducted by Xu [18, 19]. Up till now, there has been
no consensus on the specific role of XIAP in cancer
survival. Hence, we performed a meta-analysis
to illustrate the prognostic value of XIAP and aimed
to provide a rationale for future clinical studies to
investigate therapeutic targets for cancer.

Material and Methods

Publication search and inclusion criteria

A comprehensive literature retrieval was
conducted in PubMed, PMC, EMBASE and Web of
Science databases. Medical subheading (Mesh) terms
relating to XIAP (e.g. “XIAP,” “X-linked inhibitor of
apoptosis protein,” “baculoviral inhibitor of apoptosis
repeat containing 4” or “BIRC4”) in combination with
words related to prognosis (e.g. “prognosis,”

“survival,” “outcome” or “predict”) and terms to
cancer (e.g. “cancer,” “tumor,” “carcinoma” or
“neoplasm”) were used to retrieve eligible studies for
our analyses until June 2018. Furthermore, the
reference lists of the selected articles which may
contain additional potentially relevant studies were
also examined.

Articles were considered eligible if they met the
following criteria: (a) studies focused on the prognos-
tic value of XIAP expression for overall survival (OS),
disease-free survival (DFS), progression-free survival
(PFS) or recurrence-free survival (RFS); (b) the
patients were diagnosed with solid tumors; (c) XIAP
protein level was detected in tumor samples; (d)
hazard ratios (HRs) and their 95% confidence
intervals (95% Cls) for survival analysis were reported
or could be computed from given data.

The exclusion criteria were: (a) abstract, case
report, review, expert opinion or comment letter; (b)
the patients with hematological malignancies; (c)
studies which revealed duplicate data or repeated
analysis; (d) non-human research.

Data extraction

Two reviewers independently extracted data
from included articles under the guidelines of a
critical review checklist of the Dutch Cochrane Centre
proposed by Meta-analysis of Observational Studies
in Epidemiology (MOOSE) [20]. For each selected
publication, we recorded the following information:
first author, year of publication, country of origin,
total number of participants, ethnicity, cancer type,
detection method, cut-off value and survival end
points. For discrepancies, discussion sustained until
reaching a consensus.

Assessment of study quality

The Newcastle-Ottawa Scale (NOS) criteria was
used to assessed the methodological quality of the
eligible researches by 2 independent reviewers [21].
The scale evaluates three perspectives of study
groups: selection (0-4), comparability (0-2) and
ascertainment of clinical outcomes (0-3). Total NOS
scores range from 0 to 9. Studies with scores higher
than 7 represented good quality while scores lower
than 4 were excluded in our meta-analysis.
Disagreement on calculated scores was solved by
discussion, or a third investigator was consulted.

Statistical analysis

Combined HRs and 95% Cls were computed to
reveal the associations between XIAP expression and
prognosis (OS, DFS, PFS and RFS) in cancer patients.
The HRs and 95% ClIs were extracted from primary
articles. If the HR was not provided directly in a
study, Engauge Digitizer was used to read survival
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rates from Kaplan-Meier curves. We estimated
censoring using the minimum and maximum
follow-up times or the reported numbers at risk and
input summary statistics into the calculations
spreadsheet given by Tierney to obtain the HR
estimate and its variance [22].

Cochran’s Q test and the Higgins I-squared
statistic were performed to investigate the heteroge-
neity of combined results. In the cases of substantial
heterogeneity among studies (I2250% or P<0.05), a
random-effect model (DerSimonian-Laird method)
was applied to calculate the combined HR [23].
Otherwise, a fixed-effect model (the Mantel-Haenszel
method) was chosen [24]. Moreover, meta-regression
and subgroup analyses were conducted to assess the
possible sources of heterogeneity. In addition,
sensitivity analyses were used to identify the stability
of summary effect estimate. Begg’s funnel plots and
Egger’s linear regression test were adopted to detect
publication bias with P<0.05 considered statistically
significant. All reported p-values are two-sided. All
statistical calculations were performed by using
STATA software (version 12.0, Stata Corporation,
College Station, TX).

Results

Study selection and characteristics

A total of 632 potentially relevant literatures
were retrieved through the initial database search.
After title and abstract screening, 537 articles were
excluded. Finally, the rest 95 articles were assessed in
full text and 55 additional articles were excluded: 2

articles presented overlapping data, 26 articles lacked
sufficient data that could not be extracted and 27
articles did not deal with prognostic information
about XIAP expression. Eventually, 40 articles met the
inclusion criteria were included in our meta-analysis.
Selection process was summarized in Figure 1.

Basic characteristics of the 40 enrolled articles
were shown in Table 1. These studies were published
from 2001 to 2018, with 6554 patients in 13 countries.
All studies were retrospective design and the sample
size ranged from 29 to 1103. The patients were
diagnosed with various solid carcinomas, among
which digestive tumors accounted for the most type,
particularly gastric cancer (n=4) [25-28], colorectal
cancer (n=3) [29-31], HCC (n=5) [12, 17, 32-34],
esophageal cancer (n=2) [11, 35], cholangiocarcinoma
(n=2) [36, 37] and pancreatic cancer (n=1) [38]. And
the remaining studies included breast cancer (n=4)
[16, 18, 19, 39], NSCLC (n=2) [13, 40], head and
neck cancer (HNC) (n=4) [41-44], thyroid cancer (n=4)
[15, 45-47], prostate cancer (n=2) [14, 48], renal cancer
(n=2) [49, 50] and other tumor types (n=>5) listing as:
sebaceous gland carcinoma, glioblastomas, ovarian
cancer, bladder cancer and malignant mesothelioma
[51-55]. Most studies used immunohistochemistry
(IHC) to examine the expression of XIAP in tissue
specimens except for 2 studies which detected the
expression of XIAP by western blot [27] and protein
pathway array [49]. Overall, 55 studies included in
this article: 37 studies for OS, 8 studies for DFS, 4
studies for PFS and 6 studies for RFS.

Articles identified through database searching
(n=819)

Additional Articles identified through other sources
(n=406)

Articles after duplicates removed
(n=632)

] [ Screening ][ Identification ]

Articles excluded:
Irrelevant titles and abstracts (n=447)

Not human studies (n=84)
Review articles (n=6)

Eligibility

Potentially relevant articles assessed for eligibility
95)

[

)

Articles excluded:
Duplicate data (n=2)

Lacking enough data (n=26)
Unrelated to prognosis (n=27)

Included

Articles included in the present study
(n=40)

—

Figure 1. Flowchart for the study selection process.
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Table 1. Main characteristics of the studies included in this meta-analysis.

Author Year  Country Samples  Ethnicity Type Location Method  Cut-off level Outcome HR estimate NOS
Dizdar 2018  Germany 175 Caucasus  Esophageal Cytoplasm IHC score 2 os HR 8
Javarai 2017  India 29 Asian Sebaceous gland ~ Cytoplasm IHC score 2 DFS Curve 5
Dizdar 2017  Germany 149 Caucasus  Gastric Cytoplasm IHC score 2 oS HR 8
Hussain 2017  Saudi Arabia 964 Caucasus  Breast NR IHC score 85 oS HR 5
Frohwitter 2017  Germany 83 Caucasus  Head and neck Cytoplasm IHC N/P os Curve 6
Emery 2017  America 50 Caucasus  Glioblastomas NR IHC score 50 os HR 6
Li 2017  China 70 Asian Hepatocellular Cytoplasm IHC score 3 oS Curve 5
Werner 2017  Germany 34 Caucasus  Thyroid Cytoplasm IHC score 8 oS HR 7
Dizdar 2016  Germany 57 Caucasus  Gastric Cytoplasm IHC score 2 oS HR 7
Ren 2016  China 109 Asian Head and neck Cytoplasm IHC score 2 oS HR 6
Chen 2016  China 58 Asian Colorectal Cytoplasm IHC 25 % PC os HR 7
Werner 2016  Germany 74 Caucasus  Thyroid Cytoplasm IHC score 6 oS HR 7
He 2016  China 32 Asian Gastric NR Array NR OS/RFS HR 5
Gonzalo 2015  Spain 84 Caucasus  Prostate Cytoplasm IHC 5% PC PFS HR 5
Hussain 2015  Saudi Arabia 1022 Caucasus  Thyroid NR IHC score 40 DFS Curve 6
Wu 2014  China 150 Asian Hepatocellular Cytoplasm IHC 25 % PC OS/DFS Curve 7
Miyamoto 2014  Japan 90 Asian Ovarian NR IHC score 2 OS/PFS HR/Curve 7
Xu 2014  China 100 Asian Breast Cytoplasm/Nuclear THC score 6 OS/DFS Curve 6
Zhou 2013  China 50 Asian Cholangio Cytoplasm IHC score 4 oS HR 7
Li 2013  China 52 Asian Pancreatic Cytoplasm IHC score 2 oS HR 7
Zhou 2013  China 78 Asian Esophageal Cytoplasm IHC score 3 OS/PFS HR 7
Xu 2013  China 50 Asian Cholangio Cytoplasm IHC score 4 oS HR 6
Yim 2012 Ttaly 123 Caucasus  Thyroid NR IHC score 4 RFS Curve 5
Che 2012  China 59 Asian Hepatocellular NR IHC score 4 oS Curve 5
Yang 2012 China 60 Asian Head and neck Cytoplasm IHC 25% PC os HR 7
Hector 2012 Ireland 224 Caucasus  Colorectal NR IHC score 2 OS/RFS HR 7
Kim 2011  Korea 1103 Asian Gastric Cytoplasm IHC 10% PC oS HR 6
Zhang 2011 China 102 Asian Breast Cytoplasm/Nuclear THC score 2 os HR 7
Nagata 2011 Japan 54 Asian Head and neck Cytoplasm IHC score 20 os HR 7
Wang 2010  China 42 Asian Breast Cytoplasm IHC 50% PC OS/DFS ~ HR 8
Xiang 2009  China 96 Asian Colorectal Cytoplasm IHC score 2 OS/DFS  HR 7
Augello 2009  Italy 69 Caucasus  Hepatocellular Cytoplasm IHC score 6 os Curve 6
Shi 2008  China 192 Asian Hepatocellular Cytoplasm IHC score 4 OS/DFS HR 7
Seligson 2007  America 192 Caucasus  Prostate Cytoplasm IHC score 1.8 RFS HR 7
Li 2007  China 176 Asian Bladder NR IHC N/P DFS HR 6
Kleinberg 2007  Norway 62 Caucasus  Mesothelioma Cytoplasm IHC N/P os Curve 5
Mizutani 2007  Japan 109 Asian Renal NR WB 2-fold DFS Curve 6
Ramp 2004  Germany 145 Caucasus  Renal Cytoplasm IHC NR os Curve 5
Ferreira 2001  Netherlands 144 Caucasus  NSCLC Cytoplasm IHC 20% PC oS HR 5
Ferreira 2001  Netherlands 42 Caucasus  NSCLC Cytoplasm IHC 25% PC oS Curve 6

IHC: immunohistochemistry; WB: western blot; NOS: Newcastle-Ottawa quality assessment scale; NSCLC: Non-small cell lung cancer; PC: Positive cells; NR: not reported.

Prognostic value of XIAP expression for
patient survival

As shown in Figure 2, the OS revealed that high
level of XIAP predicted a poor outcome (HR=1.61,
95% CI=1.33-1.96, P jeterogencity<0.001). Similarly, the
prognostic role of XIAP expression for DFS was
investigated with a combined HR of 2.17 (95% CI:
1.03-4.59, P heterogeneity<0.001) (Figure 3). But in terms of
PFS (HR=1.09, 95% CI: 0.39-3.04, P peterogencity=0.015)
and RFS (HR=093, 95% CI. 0.64-1.35, P
heterogeneity=0.013), the results were considered no
statistical significance.

Regarding OS, subgroup analyses by cancer type
showed that XIAP expression predicted an
unfavorable prognosis in gastric cancer (HR=1.42,
95% CI: 1.18-1.72, P jeterogeneity=0.105) and HNC
(HR=2.97, 95% CI: 1.97-4.47, P peterogenciny=0.515). As for
colorectal cancer, the combined HR was 1.75 (95% CI:
0.99-3.11, P jeterogeneity<0.001), indicating marginal

significance of poor survival. However, no sufficient
evidence was acquired to demonstrate the association
between XIAP expression and clinical outcomes in
hepatocellular carcinoma (HR=2.28, 95% CI: 0.76-6.87,
P 1eterogeneity<0.001), esophageal cancer (HR=1.77, 95%
CIL: 0.84-3.75, P jeterogencity=0.024), cholangiocarcinoma
(HR=0.98, 95% CI: 0.51-1.86, P jeterogencity=0.937), breast
cancer (HR=1.66, 95% CI: 0.61-4.50, P jeterogencity=0.017)
as well as thyroid cancer (HR=1.20, 95% CI: 0.59-2.47,
P peterogeneity=0.003). Surprisingly, NSCLC patients in
two studies with higher XIAP expression had better
survival rates than patients expressed lower XIAP
level, with the HR of 0.65 (95% CI. 0.45-0.94, P
heterogeneity=0-767)'

Based on the median cut-off value (IHC score=3),
the cohorts were divided into the high value and low
value groups. Our results indicated that the HRs were
1.87 (95% CI: 1.18-2.95, P jeterogeneity<0.001) and 1.49
(95% CI: 1.12-1.97, P heterogeneity=0.001) for high and low
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cut-off value group, respectively. Meanwhile, we
analyzed cut-off value on two more groups divided
by percentage of positive staining cells, both results
were considered no significance (25% positive cells
group: HR=1.48, 95% CI: 0.48-4.56, P jeterogeneity<0.001;
non-25% positive cells group: HR=1.43, 95% CI:
0.60-3.41, P neterogeneity<0.001).

Dealing with different ethnicities, high XIAP
expression was a negative prognostic marker for both
Caucasian patients (HR=1.29, 95% CI: 1.05-1.59, P
heterogeneity<0.001) and Asian patients (HR=2.07, 95% CI:
1.47-2.92, P jeterogeneity<0.001).  When performing
subgroup analyses stratified by number of
participants (since median number was 83, studies
with more than 83 participants were classified as
“large” and studies with less than 83 patients were
classified as “small”), we found that XIAP level
predicted unfavorable survival regardless of large
(HR=1.41, 95% CI: 1.07-1.87, P peterogeneity<0.001) or small
sample size (HR=1.83, 95% CI. 1.38-242, P
heterogeneity<0.001). Moreover, our result demonstrated
that data from multivariate analysis (HR=1.69, 95%
CI: 1.35-2.13, P heterogeneity<0.001) and univariate analysis
(HR=1.48, 95% CI: 1.01-2.17, P peterogeneity<0.001) both
revealed unfavorable OS.

Regarding DFS, we conducted subgroup
analyses by ethnicity and data resource. When
different ethnicities were considered, XIAP-high
expression was seemed to be a negative prognostic
marker for Asian patients (HR=3.40, 95% CI: 2.17-5.33,
P heterogeneity=0.336), while not for Caucasian patients
(HR=0.39, 95% CI: 0.04-3.64, P jeterogencity=0.002).
Additionally, the studies adopted univariate analysis
had an HR of 1.95 (95% CI: 0.92-4.13, P jeterogeneity=0.012)
and multivariate analysis showed an HR of 2.24 (95%
CI: 0.35-14.34, P neterogencity<0.001;).

All of the detailed results of overall analyses as
well as subgroup analyses were put in Table 2.

Heterogeneity, Sensitivity analysis and
Publication bias

Meta-regression was conducted with the
following variables: year of publication, number of
participants (large vs. small), ethnicity, cancer type,
cut-off value and data resource (univariate vs.
multivariate) to explore the potential source of
heterogeneity among studies. The results showed that
year of publication, number of participants, cancer
type, cut-off value and data resource did not
contribute to the source of heterogeneity significantly.
However, ethnicity was an exception (P=0.05) and this
variable could explain 11.8 % of the heterogeneity.

To evaluate sensitivity, we sequentially removed
each individual study to investigate their influence on
the combined results of XIAP expression for OS and

DFS (Figures 4A and 4B). The combined HRs were
found to be stable, suggesting no individual study
significantly affected the results.

Study %
D HR (5% CI) Weight
Dizdar (2018) | —— 1.80(1.09,2.97) 3.61
Dizdar (2018) ——— 0.83 (0.52, 1.65) 3.35
Dizdar (2017} —— 1.61(0.97,268) 3.59
Hussain (2017) —— 1.69(1.12,224) 414
Frohwitter (2017) —— 3.85(1.70,8.74) 2.56
Emery (2017) I+ 265(1.01,695) 217
Li (2017) Lt 279(1.04,7.51) 2.11
Werner (2017) - | 0.85(0.67, 1.08) 4.47
Dizdar (2017) —_— 1.25(0.28,560) 122
Ren (2016) — 3.73(1.84, 7.57) 2.91
Chen (2016) L . 5.71(2.63, 12.35) 2.70
Werner (2016) —— 1.78 (1.16,2.71) 3.88
He (2016) — 8.47 (2.25, 31.93) 1.46
He (2016) _BB 1.15 (0.53, 2.563) 2.66
Wu (2014) e 0.3 (0.35, 0.80) 3.92
Miyamoto (2014) - 270(1.02, 7.16) 2.15
Miyamoto (2014) 3.64 (0.15, 88.87) 0.34
Xu (2014) JES E 1.40 (0.42, 4.65) 1.67
Zhou (2013) —_— 1.00 (0.42, 2.41) 2.40
Li (2013) —— 1.77 (1.10, 2.85) 3.70
Zhou (2013) —— 4.68 (1.60, 13.67) 1.92
Xu (2013) —_— 0.95 (0.37, 2.45) 2.22
Che (2012) [ i — 3.89 (1.49, 10.11) 2.19
Yang (2012) e 2.31(1.15, 4.64) 2.94
Hector (2012) —-! 1.08 (0.83, 1.40) 4.39
Hector (2012) - 0.95(0.74. 1.21) 4.45
Kim (2011) - 1.35(1.09, 1.68) 4.51
Zhang (2011) —_— 039 (0.10. 1.57) 1.39
Nagata (2011) — 136(0.38.809) 1.19
Wang (2010) | ————% 1524 (253,91.77)0.93
Xiang (2009) b 273 (1.23, 545) 2.78
Augello (2009) - 3.87 (1.01, 14.84) 143
Shi (2008) ——— 4.01(0.98, 16.41) 1.34
Kleinberg (2007) . 1.60(0.83. 3.10) 3.06
Ramp (2004) - 1.40(1.02,2.33) 3.93
Ferreira (2001) i 'H 0.63(0.42,0.95) 3.94
Ferreira (2001) . 0.73(0.30,1.76) 2.38
Overall {I-squared = 74.0%, p = 0.000) < 1.61(1.33,1.96) 100.00
NOTE: Weights are from random effects analysis !

T T

0109 1 918

Figure 2. Forest plots of studies evaluating HRs of XIAP expression for OS of
cancer patients. HR: hazard ratio; XIAP: X-linked inhibitor of apoptosis protein;
OS: overall survival.

Study %

D HR (95% CI} Weight
i

Javarai (2017} —:—0_ 10.83 (1.02, 114.94) 6.51

Hussain (2015) + i 1.10(1.02,1.17) 18.49

Xu (2014) ——u-;— 1.77(0.61,5.13) 1347

Wang (2010) i ————————— 15282 81,9455) 9.16

Shi (2008) —;—-— 4.36(1.01, 17 .85) 11.00
I

Seligson (2007) —_— i 0.11(0.03,0.46) 10.99
I

Li (2007) —%—4— 3.46 (1.37,7.97) 14.74
i

Mizutani (2008) —%—0— 291(1.38,8.12) 15.68
|

Overall {I-squared = 82.3%, p = 0.000} 2.17(1.03,4.59) 100.00

NOTE: Weights are from rardom effects analysis

N

T T

0087 1 115
Figure 3. Forest plots of studies evaluating HRs of XIAP expression for DFS of
cancer patients. HR: hazard ratio; XIAP: X-linked inhibitor of apoptosis protein;
DFS: disease-free survival.

Then Begg’s funnel plot and the Egger’s linear
regression test were used to assess publication bias.
As shown in Figure 5A, for OS, the funnel plot was
asymmetric with the P=0.038. The calculation of
Egger’s test was P=0.001, revealing the existence of
bias. For further confirmation, trim and fill method
was utilized and the combined HR with hypothe-
tically non-published studies were recalculated to
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evaluate the indicative value of XIAP expression included studies evaluating the DFS outcome
(Figure 6). The eventual HR was 1.27 (95% CI:  suggested no publication bias existed in our analysis
1.05-1.55, P jeterogencity<0.001) which was considered  (Figure 5B: Begg's P=0.711, Egger's P=0.138).
statistical significance. In addition, the results for the

Table 2. Meta-analysis results.

Outcome Variables Number of studies Model HR (95% CI) P heterogencity
0os ALL 37 Random 1.61 (1.33-1.96) <0.001
Cancer type
Gastric 5 Fixed 1.42 (1.18-1.72) 0.105
Hepatocellular 5 Random 2.28 (0.76-6.87) <0.001
Colorectal 4 Random 1.75 (0.99-3.11) <0.001
Esophageal 3 Random 1.77 (0.84-3.75) 0.024
Cholangio 2 Fixed 0.98 (0.51-1.86) 0.937
Breast 4 Random 1.66 (0.61-4.50) 0.017
HNC 4 Fixed 2.97 (1.97-4.47) 0.515
Thyroid 2 Random 1.20 (0.59-2.47) 0.003
NSCLC 2 Fixed 0.65 (0.45-0.94) 0.767
Others 6 Fixed 1.69 (1.30-2.19) 0.725
Ethnicity
Asian 21 Random 2.07 (1.47-2.92) <0.001
Caucasian 16 Random 1.29 (1.05-1.59) <0.001
Resource
Univariate 14 Random 1.48 (1.01-2.17) <0.001
Multivariate 23 Random 1.69 (1.35-2.13) <0.001
Participate number
Large 14 Random 1.41 (1.07-1.87) <0.001
Small 23 Random 1.83 (1.38-2.42) <0.001
Cut off level
score
score high 10 Random 1.87 (1.18-2.95) <0.001
score low 12 Random 1.49 (1.12-1.97) 0.001
positive cells percentage
25% positive cells 4 Random 1.48 (0.48-4.56) <0.001
Non-25% positive cells 3 Random 1.43 (0.60-3.41) <0.001
DFS ALL 8 Random 2.17 (1.03-4.59) <0.001
Ethnicity
Asian 6 Fixed 3.40 (2.17-5.33) 0.336
Caucasian 2 Random 0.39 (0.04-3.64) 0.002
Resource
Univariate 4 Random 1.95 (0.92-4.13) 0.012
Multivariate 4 Random 2.24 (0.35-14.34) <0.001
PFS ALL 4 Random 1.09 (0.39-3.04) 0.015
RFS ALL 6 Random 0.93 (0.64-1.35) 0.013

HR: hazard ratio; OS: overall survival; DFS: disease-free survival; PFS: progression-free survival; RFS: recurrence-free survival.
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Meta-analysis estimates, given named study is omitted Meta-analysis estimates, given named study is omitied
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Figure 4. Effect of individual studies on the combined HR dealt with XIAP expression for OS (A) and DFS (B). HR: hazard ratio; XIAP: X-linked inhibitor of apoptosis
protein; OS: overall survival; DFS: disease-free survival.
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Figure 5. Begg's funnel plots for all of the included studies reported with XIAP expression for OS (A) and DFS (B). XIAP: X-linked inhibitor of apoptosis protein; OS:

overall survival; DFS: disease-free survival.
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Figure 6. Funnel plot adjusted with trim and fill method. Circles: included
studies; Diamonds: presumed missing studies.

Discussion

Apoptosis is a crucial procedure which plays a
significant role in the preservation of tissue
homeostasis and morphogenesis. The suppression of
genetically encoded cell apoptosis gives rise to
increased risk of carcinogenesis followed by aberra-
ntly cell-cycle progression or enhanced accumulation
of transforming mutations. In terminal stages of
cancer, resistance to apoptosis is an important factor
contributing to the failure of chemotherapy and
radiation  therapy. XIAP, which regulates
caspase-dependent apoptosis at multiple levels, has
been found overexpressed in many types of human
malignancies. Although most studies demonstrated
that expression of XIAP was associated with poor
prognosis in cancer, some researchers reported
contradictory predictive value of XIAP or even found
no significant relationship between its level and
clinical survival. Due to the inconsistency, we
performed a meta-analysis to summarize the existing

evidence of prognostic role of XIAP in patients with
malignant tumors.

In this meta-analysis, we included a total of 40
articles with 6554 patients. Our results suggested that
over-expression of XIAP correlated with poor OS and
DFS of cancer patients. However, no positive
association were found between XIAP detection and
the PFS or RFS outcome. The insignificant results
might due to the limited number of studies and
discrepant source of cancer. In fact, many molecular
mechanism researches have been conducted on XIAP
invitroand in vivo to date. Hofmannand his
colleagues indicated that XIAP might participate in
the pathogenesis of NSCLC [56]. Additionally,
Berezovskaya et al. demonstrated that XIAP played a
vital role in anoikis resistance and tumor metastasis in
prostate cancer [57]. The majority of studies revealed
that high XIAP level in cancer patients predicted poor
prognosis or low survival rates. Recently, XIAP has
been proposed as an attractive target for new
anti-cancer interventions. Embelin, extracted from the
fruits of Embelia ribes, was reported an important
natural XIAP inhibitor used for clinic [58]. It binds to
the BIR3 domain of XIAP, blocking the interaction of
XIAP with caspase-9 to promote apoptosis and
modulates anti-apoptotic pathways by suppressing
the activity of NF-kB, PI3-kinase/AKT and JAK/
STAT pathway [59]. Furthermore, some small-
molecule XIAP inhibitors, like second mitochondrial
activator of caspases (Smac) mimetics, have been
shown to inhibit the growth of human cancer cells
with little toxicity to normal tissues [60, 61].
Currently, the medicinal value of targeting XIAP in
controlling cancer development and enhancing
chemotherapy sensitivity has been reported in
various cancer types [10, 59].
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As for OS, subgroup analyses revealed that
unfavorable outcomes could be found in both Asian
and Caucasian patients regardless of participants
number, which furtherly validated the prognostic role
of XIAP in cancer. The combined HR in multivariate
data group was slightly higher compared to that in
univariate group, suggesting that multivariate
analysis method seemed to provide more reliable
data. Besides, we found that high or low cut-off value
set based on IHC scores did not change the positive
result. However, it showed no significance when
cut-off value was set by percentage of positive
staining cells, implying IHC score might act as
superior performance in differentiating high or low
expression of XIAP. As for DFS, the outcomes of
subgroup analyses exhibited a bit different from OS.
Although some of results showed no statistical
significance, we did not allow a definite unfavorable
conclusion to its value due to limited study inclusion
for the present analyses. What's more, in 40 eligible
literatures, two studies focused on the XIAP detection
in nucleus rather than just confined in cytoplasm_[19,
39]. But conflicting results have appeared when
Zhang et al. found that XIAP positive nuclear labeling
was the apoptotic marker correlated with patients’
shortened OS while the study performed by Xu et al.
showed no statistical significance[19, 39]. Considering
few relevant articles have been published in this field,
we have difficulty to draw a unanimous conclusion.
In the future, more convictive studies are necessary
for exploring the relationship of XIAP location to
patient survival.

In addition, we performed the subgroup
analyses by cancer type to further explore the specific
role of XIAP. The combined HRs revealed that
over-expression of XIAP predicted unfavorable OS in
gastric cancer and HNC. However, this significant
relationship was not found between XIAP expression
and other cancer, including breast cancer, thyroid
cancer and other types of digestive tumors. As one of
the most surprising finding of our meta-analysis, the
NSCLC patients that expressed higher levels of XIAP
achieved a significantly longer OS compared with
patients having lower expression of XIAP.
Discrepancy among our results suggested a different
role for XIAP, which might depend on the type of
cancer. Then we retrieved relevant papers to explain
the consequence. Tanaka et al. pointed that tumor
growth is a net effect of cell death and proliferation,
processes that occur simultaneously [62]. While most
of the studies for XIAP only focused on apoptosis but
neglected the effect of cell proliferation on
tumorigenesis. To gain further insight into the role of
XIAP in NSCLC patients, Ferreira analyzed tumor
proliferation by assessing fraction of proliferative cells

(PI) as well as mitotic index (MI) and compared it
with XIAP expression. Finally, he concluded that
higher XIAP level correlated with lower tumor
proliferation which might account for its relationship
with a positive prognosis [40]. Similarly, another two
studies revealed that XIAP expression positively
associated with a favorable prognosis in prostate
cancer [14, 48]. Some authors have argued that the
anti-apoptotic role of XIAP are based on its
overexpression in cell lines and it functions as an anti-
or pro-apoptotic factor depending on the scenario
[63]. But the molecular mechanism accounting for its
possible anti-tumor role in patients still remain
unclear. Remarkably, our results were strikingly
similar to studies focusing on another important IAPs
family member survivin, which modulated cell
proliferation, procedural apoptosis and resistance of
tumor cells to chemotherapy or radiotherapy just like
XIAP. In previous studies, overexpressed survivin has
been described correlated with poor prognosis in
many tumor types like gastric cancer, renal cell
carcinoma, esophageal cancer and colorectal cancer
[64-67], while in pancreatic ductal adenocarcinoma, it
seemed to predict a favorable clinical survival [68]. To
our knowledge, this is the first meta-analysis
systematically evaluating prognostic value of XIAP in
different types of tumor. However, the numbers of
included studies for each cancer type were limited,
reducing the persuasive power of statistical data to
some extent. Some of studies did not provide direct
sufficient HRs so that we had to extrapolate from the
survival curves, which also resulted in certain
inaccuracy. Thus, we expected additional meta-
analyses with a larger sample size to confirm our
results in the future.

Via conducting meta-regression, we found
ethnicity could explain 11.8% of the heterogeneity for
studies evaluating OS. While this type of heterogen-
eity was difficult to exclude due to lacking sufficient
patients from different backgrounds. Besides, there
were several shortcomings in this meta-analysis. First,
the studies retrieved were limited in articles
published in English, which might partially
contribute to publication bias although the result did
not change after recalculating by trim and fill method.
Second, we focused primarily on the prognostic
significance of cancer type in this review but did not
attach importance to the discrepancy among neopl-
asms histologic subtypes simultaneously. Moreover,
other genes interacted with XIAP expression may also
have some effect on patient survival, and the different
cut-off values set for XIAP level both probably
influence our results. We suggested that our
preliminary findings warrant further analyses in the
future.
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Conclusion

The results of this meta-analysis revealed
significant correlations between XIAP protein level
and survival of cancer patients. In subgroup analyses,
over-expression of XIAP was found correlated with
poor prognosis in gastric cancer and HNC, while in
NSCLC, we concluded it might serve as a favorable
predictor for clinical outcomes. Given the publication
bias observed across studies, we preformed trim and
fill method to recalculate the data. As a result, the
outcomes of us remained consistent before or after
adjustment. However, due to the limited study
number and significant heterogeneity, large scale
researches with more complete cancer types are
warranted to further verify our results.
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