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Abstract: Various studies have evaluated the relationship between Caspase-3 expression and cancers of digestive 
tract. However, the prognostic value of Caspase-3 expression remains unclear. Hence, a meta-analysis was con-
ducted with eligible studies which quantitatively evaluated the relationship between Caspase-3 expression and sur-
vival of patients in gastrointestinal tract cancers. Electronic databases updated to April 12th, 2015 were searched 
to obtain relevant primary articles. Twelve studies were finally included with 2402 patients of esophageal, gastric 
or colorectal cancers. The detection of Caspase-3 was performed by immunohistochemistry (IHC). Survival data 
were aggregated and quantitatively analyzed. Combined hazard ratios (HRs) suggested that Caspase-3 expression 
had no specific impact on the overall survival (OS) (HR=0.94, 95% CI (0.64-1.37), I2=79.6%, P<0.001) of cancers 
of digestive tract. When each subtype of gastrointestinal cancer was analyzed separately, the over-expression of 
Caspase-3 was associated with favorable prognosis of OS in esophageal cancer HR=0.31, 95% CI (0.09-1.09), 
I2=54.6%, P=0.138). On the contrary, high level of Caspase-3 was correlated with poor prognosis of OS in gastric 
cancer HR=1.53, 95% CI (0.93-2.50), I2=46.4%, P=0.172). However, the expression of Caspase-3 showed no rela-
tionship of OS for patients with colorectal cancer (HR=1.03, 95% CI (0.66-1.63), I2=0.0%, P=0.410). Furthermore, 
the Caspase-3 expression was an indicator of poor prognosis of recurrence-free survival (RFS) for digestive tract 
cancer (HR=1.65, 95% CI (1.12-2.41), I2=43.9%, P=0.148). More studies need to be carried out to certify the prog-
nostic value of Caspase-3 expression for patients with digestive tract cancers.
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Introduction

Digestive tract cancers, which refer to malig-
nant conditions of the gastrointestinal tract 
and comprise esophageal, gastric and colorec-
tal cancers, are among the leading causes  
of cancer death in the world [1]. In recent  
years, the incidence of digestive tract cancers, 
has shown a marked increase and become a  
worldwide health burden, especially in develop-
ing countries like China. The survival rate of 
digestive tract cancers in China is far behind 
Europe and the United States [2]. An estimated 
482,300 new esophageal cancer cases and 
406,800 deaths occurred in 2008 worldwide 
and the incidence rates vary internationally by 
nearly 16-fold, with the highest rates found  
in Southern and Eastern Africa and Eastern 
Asia [3]. A total of 989,600 new gastric cancer 
cases and 738,000 deaths are estimated to 

have occurred in 2008, accounting for 8% of 
the total cases and 10% of total deaths and 
over 70% of new cases and deaths occur in 
developing countries [3]. As for colorectal can-
cer, it is the third most commonly diagnosed 
cancer in males and the second in females, 
with over 1.2 million new cases and 608,700 
deaths estimated to have occurred in 2008 [3]. 
Altogether, digestive tract cancer is a heteroge-
neous, multi-factorial disease, while its initia-
tion or development can be attributed to the 
cumulative effect of genetic predispositions, 
environmental factors, and their complex inter- 
play.

Caspase-3 is one of the key factors in apoptosis 
and it is activated directly by Caspase-8, -9  
and -10 in the apoptotic cells by extrinsic and 
intrinsic pathways to initiate apoptosis. And 
Caspase-3 is synthesized as an inactive 32 kDa 
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proenzyme and is processed during apoptosis 
into its active form, which is composed of  
two subunits, p17-20 and p10-12. Activated 
Caspase-3 is responsible for the cleavage of 
poly ADP-ribose polymerase, actin and sterol 
regulatory element binding protein, which are 
associated with apoptosis [4-6]. Several 
reports have shown that Caspase-3 expression 
was associated with a favorable prognosis and 
was an independent prognostic factor for sev-
eral cancers of digestive system [7, 8, 12, 16, 
18, 20-22]. However, the conclusions of these 
studies were controversial and to date, no 
meta-analysis on the relationship between 
Caspase-3 and survival of digestive tract can-
cers has been available. Therefore, we per-
formed a meta-analysis by including the most 
recent and relevant publications to gain statis-
tical evidence of the associations of Caspase-3 
expression that have been investigated in can-
cers of gastrointestinal tract.

Materials and methods

Search strategy and study selection

The electronic databases of PubMed, EMBASE 
and Cochrane library were searched for studies 
to include in the present meta-analysis. The 
deadline for publication of the included articles 
was April 12th, 2015. Searches included the 
terms “digestive system OR gastrointestinal OR 
esophageal OR gastric OR stomach OR intesti-
nal OR colorectal”, “cancer OR carcinoma OR 
tumor OR neoplasm OR malignan*”, “Caspase-3 
OR casp3 OR caspase 3 OR CC3” and “prog-
nos* OR surviv* OR follow-up OR mortality OR 
predict OR outcome”. Meanwhile, reference 
lists of the relevant articles were also checked.

Studies eligible for inclusion in this meta-analy-
sis met the following criteria: (1) the studies 
measured Caspase-3 expression in the primary 
digestive tract cancers; (2) they provided infor-
mation on survival (overall survival (OS) and/or 
recurrence-free survival (RFS). Studies investi-
gating response rates only were excluded); and 
(3) when the same author reported results 
obtained from the same patient population in 
more than one publication, only the most recent 
report, or the one with most complete data, 
was included in the analysis. Three reviewers 
independently determined the study eligibility. 
Disagreements were resolved by consensus.

Data extraction and quality assessment

Data retrieved from the reports included author, 
publication year, patient source, test method 
and survival data (Table 1). Differences in the 
data extraction were resolved together by 3 
reviewers (Chen H, Yang X and Chen G). If data 
from any of the above categories were not 
reported in the primary study, items were treat-
ed as “not applicable”. We attempted to con-
tact the authors of the primary study to request 
the original raw data of Caspase-3 expression 
and patient survival, however, no response was 
reached.

Statistical methods

The STATA 12.0 statistical package was used 
for the meta-analysis. For the quantitative 
aggregation of the survival results, we mea-
sured the impact of Caspase-3 expression on 
survival by HR between the two survival distri-
butions. HRs and 95% confidence intervals 
(CIs) were applied to combine as the effective 
value. If the HRs and their 95% CIs were given 
explicitly in the articles, these data were 
extracted and used to calculate the summa-
rized HR. When these variables were not pro-
vided explicitly, HR and 95% CI were estimated 
by calculating from Kaplan-Meier survival 
curves using the software Engauge Digitizer 
version 4.1 (http://digitizer.sourceforge.net/).

Statistical heterogeneity was tested by Co- 
chrane’s Q test (Chisquared test; Chi2) and by 
measuring inconsistency (I2) [23, 24]. Since we 
had to assume that the data being analyzed 
consisted of different populations, HRs with 
95% CI were pooled by random effects model. 
By convention, an observed HR>1 implied 
worse survival for the group with high Caspase- 
3 expression. The impact of Caspase-3 expres-
sion on survival was considered to be statisti-
cally significant if the 95% CI did not overlap 1. 
Horizontal lines in the forest plot represent 
95% CIs. Each box represented the HR point 
estimate, and its area was proportional to the 
weight of the study. The diamond (and broken 
line) represented the overall summary esti-
mate, with CI represented by its width. The 
unbroken vertical line was set at the null value 
(HR=1.0). Subgroup analyses were used accor- 
ding to the different location of tumor, e.g., 
esophageal, gastric and colorectal cancers. 
Sensitivity analysis was also tested by remov-
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Table 1. Main characteristics and results of the eligible studies

First author Year Patients 
source Tumor type Method Stage Number Caspase-3(+) HR (95% CI) P value

Jiang H [7] 2010 China esophageal cancer IHC ND 64 51/64 OS 0.14 (0.03-0.6) 0.001
Hsia JY [8] 2002 Taiwan esophageal squamous cell carcinoma IHC UICCI-III 40 24/40 OS 0.52 (0.22-1.26) 0.02
Cao FM [9] 2005 China esophageal squamous cell carcinoma flow cytometry TNMI-III 101 56/101 ND 0.014
Parenti A [10] 2005 Italy Barrett’s esophagus carcinogenesis IHC ND 40 35/40 ND <0.001
Isobe N [11] 2004 Japan gastric carcinoma IHC ND 151 78/151 OS 2.22 (1.08-4.56) 0.0301
Kim MA [12] 2011 Korea gastric carcinoma IHC TNMI-IV 1162 730/1162 OS 0.56 (0.47-0.68) <0.001
Xiao LJ [13] 2013 Japan gastric carcinomas IHC TNM0-IV 499 292/499 OS 1.29 (0.96-1.74) 0.031
Li Y H [14] 2004 China gastric carcinomas IHC UICCI-III 80 ND ND ND
Hector S [15] 2012 Ireland colorectal cancer IHC Stage II-III 224 58/224 OS:II:1.55 (0.29-8.38) 0.0662

III:1.67 (0.77-3.66) 0.7746
RFS:II:0.92 (0.23-3.74) 0.0052

III:1.25 (0.65-2.41) 0.9006
Meyer A [16] 2009 Germany colon carcinomas IHC UICC:II-IV 392 230/392 OS 3.8 (1.2-12.4) 0.047
Dawson H [17] 2013 Switzerland colorectal cancer IHC ND 188 ND ND 0.0262
de Oca J [18] 2008 Spain Colorectal cancer IHC ND 54 ND OS 0.7 (0.31-1.55) 0.013
Guan JM [19] 2012 China colorectal cancer IHC Duke A and B 72 25/54 ND 0.018
Koelink P J [20] 2009 Netherlands colorectal cancer IHC Dukes’stage:A-D 211 105/211 OS:0.69 (0.49-0.97) 0.04

RFS:1.77 (1.05-3.01) 0.02
DFS:0.69 (0.5-0.96) 0.04

Noble P [21] 2013 UK colorectal tumour IHC ND 462 142/462 OS 0.81 (0.34-1.92) 0.629
de Heer P [22] 2007 Netherlands Rectal Cancer IHC Stage III 117 59/117 OS 7.5 (1.7-34.1) 0.008
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ing one study at a time to calculate the overall 
homogeneity and effect size.

Evidence of publication bias was sought using 
the methods of Egger et al [25] and of Begg et 
al [26]. Intercept significance was determined 
by the t test suggested by Egger (P<0.05 was 
considered representative of statistically sig-
nificant publication bias).

Results

Study selection and characteristics

A total of 151 potentially relevant articles  
were found after initial searching in PubMed, 
EMBASE and Cochrane Library. Finally, the 
remaining 17 potential eligible studies pub-
lished between 2002 and 2013 were obtained 
for full-text evaluation [7-22, 27]. One study 
[30] was excluded due to the duplicate for the 
same population. The total number of patients 
included was 3857, ranging from 40 to 1162 
patients per study (median 241). All of the stud-
ies reported the prognostic value of Caspase-3 
expression status stained by immunohisto-
chemistry for survival in patients with digestive 
tract cancers. Nine of the 16 studies identified 
Caspase-3 expression as an indicator of good 
prognosis, while the other 7 studies showed 
poor prognosis of Caspase-3 expression on 
survival. A HR on OS, RFS and DFS could be 
extracted or attained directly for twelve studies 
[7, 8, 11-13, 15, 16, 18, 20-22], respectively, of 
which were eligible for a meta-analysis. Since 
the HRs of the other 4 studies could not be 

ies were evaluated for the effect of expression 
of Caspase-3 on OS. A random-effect model 
was used to combine HRs because of the het-
erogeneity present among the studies by chi-
square Q-tests (χ2=49.07, P<0.001, I2=79.6%). 
Overall, the combined HR evaluating Caspase-3 
expression on OS was 0.94 (95% CI 0.64-1.37), 
suggesting that Caspase-3 expression could 
not be an indicator of prognosis for digestive 
tract cancer. Significant heterogeneity was ob- 
served among the studies (I2=79.6%, P<0.001). 
Then, Sensitivity analyses were conducted. 
Sensitivity analyses showed that the studies  
by Kim et al [12], Koelink et al [20] and Meyer  
et al [16] were the top 3 with heterogeneity,  
and removal of these studies changed the 
effect into a significant one with lowest hetero-
geneity for each subgroup, respectively (esoph-
ageal: HR=0.31, 95% CI 0.09-1.09, I2=54.6%, 
P=0.138; gastric: HR=1.53, 95% CI 0.93-2.50, 
I2=46.4%, P=0.172; colorectal: HR=1.03, 95% 
CI 0.66-1.63, I2=0.0%, P=0.410). The result 
was shown in Figure 4. For RFS analysis with 4 
studies included, statistically significant effect 
of Caspase-3 expression (HR=1.65, 95% CI 
1.12-2.41) in patients with digestive tract can-
cer was observed. Meanwhile, no significant 
heterogeneity was observed among the studies 
(χ2=5.35, I2=43.9%, P=0.148).

Publication bias

Begg’s funnel plot and Egger’s test were per-
formed to assess the publication bias in the 
literatures. All 9 eligible studies investigating 

Figure 1. Flow chart of literature search and study selection.

obtained based on the data 
presented in the articles of 
Dawson et al [17], Cao et al 
[9], Parenti et al [10], Li et 
al [14], and Guan et al [19], 
these articles were exclud-
ed in the meta-analysis and 
remained in a systematic 
review. Figure 1 showed 
the flowchart of study inclu-
sion. The major character-
istics of the 16 eligible pub-
lications were reported in 
Table 1.

Meta-analysis

The results of the meta-
analysis were shown in 
Figures 2 and 3. Nine stud-
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Caspase-3 expression on OS yielded a Begg’s 
test score of P=1.00 and an Egger’s test score 
of P=0.579. Meanwhile according to the funnel 
plot (Figure 5), the absence of publication bias 
was found. For RFS analysis, no publication 
bias was found for investigating Caspase-3 
expression (a Begg’s test score of P=0.734 and 
an Egger’s test score of P=0.668) (Figure 6).

Systematic review

As 4 studies were excluded from meta-analy-
sis, we summarized the information here. In the 
study of Kurabayashi et al [28] expression of 
Caspase-3 was not related to survival of 
patients with esophageal squamous cell carci-
noma. In the studies of Parenti et al [10], Zhang 
et al [29] and Cao et al [9], the correlation of 
Caspase-3 with prognosis of esophageal carci-
noma patients was reported. According to 
Parenti et al [10] and Zhang et al [29], patients 
with over-expression of Caspase-3 showed a 

tendency of progression of the Barrett’s esoph-
agus carcinogenesis. According to Cao et al [9], 
high expression of Caspase-3 showed a signifi-
cant association with a favorable prognosis.  
Li et al [14] and Sun et al [31] reported that  
high Caspase-3 in gastric carcinoma predicted 
favorable prognosis. Guan et al [19] found that 
colonic carcinomas and adenomas exhibited 
significantly higher Caspase-3 activity when 
compared with normal tissues, which suggest-
ed Caspase-3 expression was related to poor 
prognosis for colorectal carcinoma.

In the aggregate, among the 16 studies includ-
ed, 10 studies identified high expression of 
Caspase-3 as an indicator of favorable progno-
sis, 5 studies showed inverse results, and 1 
study showed no association of over-expres-
sion of caspase-3 with prognosis. Of 16 stud-
ies, there were 4 on esophageal cancer, 4 on 
gastric cancer and 8 on colorectal carcinoma. 
In the 4 studies on the association of Caspase-3 

Figure 2. Meta-analysis (forest plot) of the 9 evaluable studies assessing Caspase-3 expression in digestive tract 
cancer for overall survival.
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Figure 3. Meta-analysis (forest plot) of the 4 evaluable studies assessing Caspase-3 expression in digestive tract 
cancer for recurrence-free survival.
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with esophageal cancer prognosis, 3 studies 
identified high level of Caspase-3 as favorable 
prognosis marker, 1 study showed contrary 
result. In the 4 studies on gastric carcinoma, 3 
studies showed that high level of Caspase-3 
was associated with good survival, 1 study 
showed with poor survival. In the 8 studies on 
colorectal carcinoma, 6 studies supported that 
Caspase-3 acted as favorable marker and 2 
showed opposite result.

potential publication bias in accordance with 
published guidelines. In the analysis, signifi-
cant heterogeneity was found among all stud-
ies. After removing 3 studies [12, 16, 20] con-
tributing to heterogeneity from the analysis, we 
found that expression of Caspase-3 showed a 
favorable prognosis on esophageal cancer and 
on the contrary, a significant association with a 
poor prognosis on gastric cancer. However, it 
was not related to OS of patients with colorec-

Figure 4. Sensitivity analyses of every study of expression of Caspase-3 on overall survival in patients with digestive 
tract cancer.

Figure 5. Funnel plot of the 9 evaluable studies assessing Caspase-3 expres-
sion in digestive tract cancers for overall survival.

Discussion

The incidence of digestive 
tract cancers has shown a 
marked increase and be- 
come a worldwide health 
burden, the survival rate of 
digestive tract cancers in 
China is highly poor. 
Therefore, it is essential for 
clinicians and scientists to 
discover new methods to 
stratify patients for appro-
priate treatment. Traditio- 
nally, tumor staging sys-
tem, tumor size and tumor 
type are used to predict the 
outcome of patients with 
digestive tract cancer, how-
ever, sometimes these clin-
ical parameters cannot 
accurately value the prog-
nosis of all patients. As far 
as we know, no meta-analy-
sis has been undertaken to 
evaluate Caspase-3 as a 
prognostic marker in cases 
of malignancies of diges-
tive system. The present 
meta-analysis has com-
bined 12 publications 
including 2,402 patients to 
yield forecasting a statisti-
cal significance of Caspa- 
se-3 expression on OS and 
RFS in digestive tract can-
cers. Screening, study sele- 
ction, and quality assess-
ment were performed inde-
pendently and reproducibly 
by three reviewers. We also 
explored heterogeneity and 

Figure 6. Funnel plot of the 4 evaluable studies assessing Caspase-3 expres-
sion in digestive tract cancers for recurrence-free survival.
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tal cancer, which indicated the possible variant 
role of Casepase-3 in different types of cancers 
of digestive tract. When concerning the rela-
tionship between Casepase-3 level and patient 
RFS, statistically significant effect of Caspase- 
3 expression with recurrence-free survival (HR= 
1.65, 95 % CI 1.12-2.41) was observed in 
patients with digestive tract cancers. Caspase-3 
is the core member of caspase family. When 
activated, it can cleave the vast majority of 
polypeptides that undergo proteolysis in apop-
totic cells. Its functional may be associated 
with survivin. Li et al [14] and Parenti et al [10] 
found that survivin expression was inversely 
associated with that of activated Caspase-3 
and speculated that survivin mainly inhibits 
Caspase-3 activation, and then decreased 
apoptosis. This mechanism helps partly to 
explain the impact of Caspase-3 on prognosis 
of digestive tract cancer patients. However, 
more studies are required with larger patient 
size to investigate the potential prognostic role 
of Caspase-3 expression for digestive tract 
cancers patients.

As a meta-analysis, this study was restricted to 
some limitations that should be discussed for 
further consideration. Firstly, publication bias 
[27] was a major concern for all forms of meta-
analysis, positive results tended to be accept-
ed by journals, while negative results were 
often rejected or not even submitted. While, the 
present analysis does not support publication 
bias (for RFS analysis only 4 studies included 
may not offer strong evidence). Secondly,  
we conducted a literature search in PubMed, 
EMBASE and Cochrane Library and the study 
was restricted to papers published in English 
only, which probably introduced language bias. 
Third, due to the limited published studies on 
association of Caspase-3 with prognosis of 
esophageal carcinoma and gastric cancer, this 
meta-analysis cannot offer strong evidence on 
the overall of gastrointestinal cancer. Finally, 
extrapolating the survival rates from the sur-
vival curves may add inaccuracy in the extract-
ed survival rates and led to potential bias.

In conclusion, despite the limitations described 
above, our study suggests that the expression 
of Caspase-3 has no relationship of OS for 
patients with colorectal cancer, but the expres-
sion of Caspase-3 is associated with poor prog-
nosis in gastric cancer and with favorable prog-
nosis of OS in esophageal cancer. Besides, the 

Caspase-3 expression was an indicator of poor 
prognosis of RFS for total digestive tract can-
cer, however, with only a small size of studies 
being involved. To strengthen our findings, well-
designed prospective studies with better stan-
dardized assessment of prognostic markers 
should assist to explore the correlation between 
Caspase-3 expression and survival of digestive 
tract cancer patients.
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