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Abstract
Background: The aim of this meta-analysis was to systematically evaluate the prognostic significance of X-linked inhibitor of
apoptosis protein (XIAP) in patients with gastrointestinal tract (GIT) cancers.

Methods:PubMed, Web of Science, EMBASE, Cochrane Library and China National Knowledge Infrastructure were searched for
potentially eligible literature. The baseline characteristics and relevant data were extracted. Hazard ratios (HRs) and 95% confidence
intervals (CIs) were estimated to assess the prognostic role of XIAP in patients with GIT cancers.

Results: Twelve studies with 2,477 patients were included. The pooled HRs of higher expression of XIAP for overall survival (OS)
and recurrence free survival (RFS) in patients with GIT cancers were 1.64 (95% CI, 1.27–2.13) and 1.06 (95% CI, 0.96–1.16),
respectively. Subgroup analysis and sensitivity analysis were also performed. No significant publication bias was found.

Conclusion:Our results suggested that XIAP could be a prognostic marker for OS but not RFS in patients with GIT cancers. Higher
expression of XIAP was related to poorer OS. These findings may help evaluate the prognosis of patients and assist future research
on novel therapeutic strategies of GIT cancers by targeting XIAP. However, more well-designed studies are warranted to verify the
results.

Abbreviations: CI = confidence interval, EAC = esophageal adenocarcinoma, ESCC = esophageal squamous cell carcinoma,
GIT = gastrointestinal tract, HR = hazard ratio, IAP = inhibitor of apoptosis proteins, IHC = immunohistochemical, OS = overall
survival, OSCC = oral squamous cell carcinoma, PPA = protein pathway array, RFS = recurrence free survival, XIAP = X-linked
inhibitor of apoptosis protein.

Keywords: gastrointestinal tract cancers, prognosis, survival, X-linked inhibitor of apoptosis protein
1. Introduction

Gastrointestinal tract (GIT) cancers mainly include oral cancer,
pharyngeal cancer, esophageal cancer, gastric cancer, and
colorectal cancer.[1,2] According to the latest global cancer
statistics in 2018, colorectal cancer, gastric cancer, and
esophageal cancer are the third, fifth and seventh most common
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cancer types worldwide, respectively.[3] Colorectal cancer, gastric
cancer, and esophageal cancer are the second, third and sixth
leading cause of cancer-related deaths, respectively. Collectively,
colorectal cancer, gastric cancer, and esophageal cancer account
for approximately 19% of new cancer cases and 23% of cancer-
related deaths. As to oral cancer and pharyngeal cancer, they
account about 3% of new cancer cases and cancer-related
deaths.[3] The early symptoms of GIT cancers are not obvious and
they are easily misdiagnosed with other diseases.[4,5] In recent
years, many anticancer strategies and the mechanisms have been
explored.[6–9] Despite the great improvements in the diagnosis
and treatment of GIT cancers, the 5-year survival rate is still low,
especially colorectal cancer, gastric cancer and esophageal
cancer.[5] Therefore, it is worthwhile to explore new prognostic
biomarkers and potential therapeutic targets for better manage-
ment of GIT cancers.
Inhibitor of apoptosis proteins (IAPs) are a family of

endogenous proteins with anti-apoptotic function.[10] Among
the human IAPs, X-linked inhibitor of apoptosis protein (XIAP)
has been found to exert the strongest anti-apoptotic function.[11]

The anti-apoptotic function of XIAPwas shown to be linked to its
ability to bind to caspase-3, -7 and -9.[11] Besides the anti-
apoptotic function, XIAP has been reported to promote cellular
inflammatory signaling and trigger cytokine secretion.[12] XIAP
has been found to be highly expressed in GIT cancers.[13–15] For
example, Zhang et al found higher expression of XIAP in
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esophageal cancer tissues compared with normal tissues.[13] Ma
et al found elevated expression of XIAP in gastric cancer tissues
compared with normal tissues (68.8% vs 16.6%).[15] In recent
years, many researchers have explored the prognostic value of
XIAP in patients with GIT cancers.[12,15–17] However, the results
were inconclusive. Chen et al[17] and Xiang et al[18] found that
XIAP was a good prognostic marker for colorectal cancer. But
Hector et al[19] demonstrated that XIAP was not an independent
prognostic marker in either stage II or stage III colorectal cancer.
He et al[20] and Kim et al[21] found that higher expression of XIAP
was associated with poorer prognosis of gastric cancer. However,
the results were not statistically significant in other studies.[15,22]

Due to the controversy, the aim of this studywas to systematically
evaluate the prognostic value of XIAP in patients with GIT
cancers through performing a meta-analysis.

2. Methods

2.1. Search strategy

Since this is a meta-analysis, ethical approval was not necessary.
We performed this meta-analysis according to the developed
guidelines for systematic reviews and meta-analyses.[23] The
following 5 databases were searched for potentially eligible
literature: PubMed,Web of Science, EMBASE, Cochrane Library
and China National Knowledge Infrastructure. The last search
was performed on Jun 7th, 2019. The keywords included:
(‘Mouth Neoplasms’ OR ‘Pharyngeal Neoplasms’ OR ‘Esoph-
ageal Neoplasms’ OR ‘Stomach Neoplasms’ OR ‘Colorectal
Neoplasms’ OR ‘Colonic Neoplasms’ OR ‘Rectal Neoplasms’)
AND ‘X-linked inhibitor of apoptosis protein’ AND (‘prognosis’
OR ‘outcome’ OR ‘survival’ OR ‘mortality’). Reference lists of
relevant literature were also checked for additional studies.
Languages were restricted to English and Chinese.
2.2. Study selection

Two researchers performed the study selection independently,
with any disagreements being discussed. First, the titles and
abstracts were screened. Then the potentially relevant studies
were assessed in full text. The inclusion criteria included:
(1)
 The patients were diagnosed with any type of gastrointestinal
tract cancers by histopathological examination;
(2)
 The expression of XIAP in the tumor tissue was measured;

(3)
 Patients were followed up for survival outcomes;

(4)
 Hazard ratios (HRs) with 95% confidence intervals (95%

CIs) for survival analysis were reported or could be calculated
from given information.
Studies without enough data (HR with 95% CI were not
reported or could not be calculated), letters, case reports, reviews,
conference abstracts, and unrelated articles were excluded. If
multiple studies were performed in the same center and the cases
overlapped, the study with the largest sample size was included.
2.3. Data extraction

The data of the included studies was extracted independently by 2
authors, and disagreements were resolved by consensus. The
primary data mainly included HR for overall survival (OS)/
recurrence free survival (RFS) with 95%CI, or the survival curves
by which the HR and 95% CI could be calculated. HRs
calculated from multivariate analyses were extracted over HRs
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calculated from univariate analyses. The baseline characteristics
of the studies and patients included first author, publication year,
country of origin, cancer type, sample number, mean or median
age of patients, ethnicity of patients, detection method of XIAP,
and cut-off value of XIAP.
2.4. Statistical analysis

The log HR and variance were calculated from the HRwith 95%
CI or survival curves, and were used for aggregation. Forest plots
were outlined to estimate the prognostic value of XIAP in patients
with GIT cancers. The pooled HR was considered statistically
significant if the 95% CI did not overlap 1 and the P value was
less than .05. The between-study heterogeneity was also assessed,
and I2>50% or P< .10 indicated significant heterogeneity.
Random effect models were adopted in the analysis no matter
whether significant heterogeneity exited, since heterogeneity
between studies was expected due to the different study and
patient characteristics across studies. If significant heterogeneity
exited, sensitivity analysis was conducted to assess the contribu-
tion of every study to heterogeneity by excluding each study 1 at a
time. Subgroup analyses were performed according to the
different characteristics of the studies and patients, such as
cancer type, ethnicity of patients and detection method of XIAP.
Publication bias was assessed by Egger test, and P< .05 implied
significant publication bias. All the above statistical analyses were
conducted by STATA 11.0 (STATA Corporation, College
Station, TX).

3. Results

3.1. Literature research

The initial database searching identified 589 records. No
additional records were identified through other sources. Among
them, 84 records were duplicated and were removed. The rest
studies were screened by titles and abstracts. According to the
predefined inclusion and exclusion criteria, 462 studies were
excluded. The rest studies were further evaluated in full text and
31 were excluded due to unrelated, lacking enough data or other
reasons. Eventually, 12 studies[12,14–22,24,25] met the inclusion
criteria and were included. The study selection process was
shown in Figure 1.

3.2. Study characteristics

The baseline characteristics of the 12 included studies were
shown in Table 1. The studies were from 5 different countries.
The cancer types included oral squamous cell carcinoma (OSCC),
esophageal adenocarcinoma (EAC), esophageal squamous cell
carcinoma (ESCC), gastric cancer and colorectal cancer. A total
of 2477 patients were included. The ethnicity of patients was
Asian in 7 studies and Caucasus in 5 studies. Eleven of the twelve
studies detected the expression of XIAP by immunohistochemical
(IHC) staining, and 1 study used protein pathway array (PPA)
analysis. All the studies reported the OS, and 2 studies also
reported the RFS.
3.3. Overall analysis

Among the twelve included studies, Dizdar et al reported the OS
of EAC and ESCC, Hector et al reported the OS and RFS of
patients in stage II and stage III. Thus, a total of 14 data sets were



Figure 1. Selection process of studies.
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available for OS and 3 data sets were available for RFS. The
pooled HR of higher XIAP for OS was 1.64 (95%CI, 1.27–2.13)
(Fig. 2A). Significant between-study heterogeneity was observed
(I2=78.9%, P< .001). After excluding each study at a time, the
heterogeneities still exited. The pooled HR of higher XIAP for
Table 1

Characteristics of the included studies.

Author Yr Country Cancer type Sample

Frohwitter 2017 Germany OSCC 83
Nagata 2011 Japan OSCC 54
Schiffmann 2019 Germany EAC 311
Dizdar 2018 Germany ESCC & EAC 194
Zhou 2013 China ESCC 78
Ma 2019 China gastric 90
Dizdar 2017 Germany gastric 154
He 2016 China gastric 32
Kim 2001 Korea gastric 1103
Chen 2016 China colorectal 58
Hector 2012 Ireland colorectal 224
Xiang 2009 China colorectal 96

EAC= esophageal adenocarcinoma, ESCC= esophageal squamous cell carcinoma, IHC= immunohistoch
array analysis, RFS= recurrence free survival.

3

RFS was 1.06 (95% CI, 0.96–1.16) (Fig. 2B). Significant
between-study heterogeneity was also observed (I2=80.0%,
P= .007). In performing sensitivity analysis, after excluding the
study by He et al, the heterogeneity became 0.0% and the pooled
HR became statistically significant (1.04, 95% CI, 1.01–1.07).
s Age, yr Ethnicity Method Outcome

— Caucasian IHC OS
median 71 Asian IHC OS
mean 62.7 Caucasian IHC OS

— Caucasian IHC OS
— Asian IHC OS

mean 57.5 Asian IHC OS
— Caucasian IHC OS

mean 60.2 Asian PPA OS RFS
— Asian IHC OS
— Asian IHC OS

median 64.1 Caucasian IHC OS RFS
median 57 Asian IHC OS

emical staining, OS= overall survival, OSCC= oral squamous cell carcinoma, PPA=protein pathway
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Figure 2. Pooled hazard ratio (HR) of higher XIAP for overall survival (A) and recurrence free survival (B) in patients with GIT cancers. GIT = gastrointestinal tract,
XIAP = X-linked inhibitor of apoptosis protein.
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Table 2

Summary of meta-analysis results.

Data sets Sample size Pooled HR (95% CI) P value Heterogeneity (I2, P) Conclusion

OS
Total 14 2477 1.64 (1.27–2.13) <.001 78.9%, <0.001 positive
OSCC 2 137 3.60 (1.70–7.63) .001 .0%, .679 positive
esophageal 4 583 1.50 (0.88–2.56) .135 78.7%, .003 negative
EAC 2 391 0.95 (0.81–1.12) .543 .0%, .375 negative
ESCC 2 192 2.57 (1.04–6.36) .041 60.1%, .114 positive
Gastric 4 1379 1.57 (0.97–2.54) .066 65.9%, .032 negative
Colorectal 4 378 1.75 (0.99–3.11) .055 87.7%, <.001 negative
Caucasian 7 966 1.25 (0.98–1.59) .075 69.6%, .003 negative
Asian 7 1511 2.66 (1.45–4.90) .002 77.9%, <.001 positive
IHC 13 2445 1.54 (1.20–1.98) .001 77.4%, <.001 positive
PPA 1 32 8.47 (2.25–31.93) — — positive

RFS
3 256 1.06 (0.96–1.16) .271 80.0%, .007 negative

CI= confidence interval, EAC=esophageal adenocarcinoma, ESCC= esophageal squamous cell carcinoma, HR=hazard ratio, IHC= immunohistochemical staining, OS=overall survival, OSCC= oral squamous
cell carcinoma, PPA=protein pathway array analysis, RFS= recurrence free survival.
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3.4. Subgroup analysis
3.4.1. Cancer type.Among the 14 data sets, 2 examined OSCC,
4 examined esophageal cancer, 2 examined EAC, 2 examined
ESCC, 4 examined gastric cancer, and 4 examined colorectal
cancer. The pooled HRs of higher XIAP for OS in OSCC,
esophageal cancer, EAC, ESCC, gastric cancer, and colorectal
cancer were 3.60 (95% CI, 1.70–7.63), 1.50 (95% CI, 0.88–
2.56), 0.95 (95%CI, 0.81–1.12), 2.57 (95%CI, 1.04–6.36), 1.57
(95% CI, 0.97–2.54), 1.75 (95% CI, 0.99–3.11), respectively.

3.4.2. Ethnicity of patients. Among the 14 data sets, 7 data sets
were Caucasian and 7 data sets were Asian. The pooled HRs of
higher XIAP for OS in the Caucasian group and Asian group
were 1.25 (95% CI, 0.98–1.59) and 2.66 (95% CI, 1.45–4.90),
respectively.

3.4.3. Detection method of XIAP. Among the 14 data sets, 13
data sets used IHC staining and 1 data set used PPA analysis. The
pooled HRs of higher XIAP for OS in the IHC group and PPA
group were 1.54 (95% CI, 1.20–1.98) and 8.47 (95% CI, 2.25–
31.93), respectively.
All the meta-analyses results were summarized in Table 2.
Figure 3. The Egger plots of publication bias of the data sets for OS (A) and
RFS (B). OS=overall survival, RFS= recurrence free survival.
3.5. Publication bias

No significant publication bias was found in the meta-analysis.
The Egger plots of publication bias of the data sets for OS
(P= .057) and RFS (P= .136) were shown in Figure 3.

4. Discussion

This article aimed to assess the prognostic value of XIAP in
patients with GIT cancers. We performed a meta-analysis to
evaluate the existing evidence, and twelve studies were included.
Our results suggested that higher expression of XIAP was related
to poorer OS in patients with GIT cancers, and that the
expression level of XIAP was not statistically associated with the
RFS.
Subgroup analyses were also performed to further examine the

prognostic value of XIAP in patients with GIT cancers. In patients
with OSCC and ESCC, higher XIAP was found to be associated
with worse OS in patients. However, among patients with
esophageal cancer (both EAC and ESCC), EAC, gastric cancer
5

and colorectal cancer, this association was not significant. This
finding was interesting. Since most gastric cancer and colorectal
cancer are adenocarcinoma, this finding may suggest that XIAP is
an independent prognostic marker in squamous cell carcinoma
(OSCC and ESCC), but not in adenocarcinoma. However, more
studies are needed to verify this finding. As to the ethnicity of
patients, the association was also different. For Asian patients,

http://www.md-journal.com
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higher XIAP was shown to be related to worse OS. But this
association was not significant in Caucasian cases. These results
suggest that the prognostic value of XIAP may differ among
different ethnicities. We also performed subgroup analyses
according to the detection method of XIAP. The results showed
that XIAP levels detected by either IHC staining or PPA analysis
both correlated with the OS, suggesting that the prognostic value
of XIAP was not affected by detection method. However, since
the numbers of studies in the meta-analysis and in the subgroups
were limited, much more studies are warranted to verify our
results and to assess the value of XIAP in different cancer types
and different ethnicities.
It is shown that cancer cells with elevated expression level of

XIAP aremore resistant to radiotherapy or chemotherapy through
reducing the cell death induced by therapy.[26] Zhang et al[13] used
small interfering RNA (siRNA) to block XIAP expression and
found that XIAP siRNA could efficiently reduce the expression
level of XIAP and induce cell apoptosis. They also explored the
combined effects of XIAP siRNA and chemotherapy agents, and
found that treatment with XIAP siRNA in combination with
chemotherapy agents could enhance chemosensitivity. However,
some researchers suggested that the underlying mechanism may
also involve the tumor microenvironment.[12] It has been
demonstrated that XIAP might be involved in NFkB signal-
ing.[12,27] Overexpression of XIAP may lead to the activation of
NFkB signaling pathway and increase the cytokine secretion, thus
recruiting immune cells that suppress T-cell response or directly
impeding cytotoxic T lymphocytes-mediated cytotoxicity.[12,28]

Besides, XIAP has been reported as a positive regulator of Wnt/
b-catenin signaling.[29,30]GITcancers, especially colorectal cancer,
often have hyperactive Wnt/b-catenin signaling.[31–33] Thus, high
expressionofXIAPmayover-activateWnt/b-catenin signalingand
promote tumor growth.
Dizdar et al[25] showed that XIAP could be a prognostic

marker in ESCC but not in EAC. Their findings were consistent
with our subgroup analyses results. This phenomenon may
suggest different roles of XIAP in squamous cell carcinoma and
adenocarcinoma. Dizdar et al[22] also investigated the prognostic
role of XIAP in gastric cancer. Although the pooled HR from
multivariate analysis was not significant in all subtypes of gastric
cancer, they found that XIAP could be an independent prognostic
marker in both diffuse type and mixed type of gastric cancer.
There are several limitations in this meta-analysis. First, the

number of eligible studieswas limited, especially in each subgroup.
As a result, the conclusions should be interpreted with caution,
especially the results of the subgroup analysis. Second, significant
heterogeneity between the studies was observed in our meta-
analysis. Studies that may contribute greatly to heterogeneity were
not identified through sensitivity analysis. Potential factors that
may contribute to heterogeneity included ethnicity of patients,
cancer type, sample size, age, detection method of XIAP and the
cut-off of XIAP. We performed subgroup analysis according to
ethnicity of patients, cancer type, anddetectionmethodofXIAP. In
OSCC and EAC, no significant heterogeneity was found,
suggesting that cancer type might be a great source of
heterogeneity. However, the reason might also be due to the
small number of studies in the 2 groups. So, more studies are
warranted to verify our results with such heterogeneity. Besides,
although no significant publication bias was found in this study, it
should not be completely excluded.
In conclusion, our results suggested that XIAP could be a

prognostic marker for OS but not RFS in patients with GIT
6

cancers. Higher expression of XIAP was related to poorer OS.
These findings may help evaluate the prognosis of patients and
assist future research on novel therapeutic strategies of GIT
cancers by targeting XIAP. However, due to the limited number
of studies, more well-designed studies are warranted to verify the
results.
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