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INTRODUCTION

Esophageal cancer (EC) is a highly lethal and aggressive tumor 
worldwide. Around the world, there were 482300 new cases of 
EC and 406800 deaths in 2008.1,2 According to 2013 Annual Re-

port of Cancer Registration in China, it is the fourth leading 
cause of cancer-related death among male, and sixth among fe-
male. EC can be divided into two types according to histology: 
esophageal adenocarcinoma (EADC) and esophageal squa-
mous cell carcinoma (ESCC). In China, ESCC accounts for most 
esophageal malignant tumors (about 87%). Although screening 
and multimodality therapy technology has greatly improved,3,4 
the outcome for EC remains very poor; the 5-year overall sur-
vival rate is below 15 %,5,6 emphasizing the need for early detec-
tion and prognostic markers. Over the past decade, scientific re-
search have worked on revealing the molecular and biological 
mechanism that lead to carcinoma, leading to extensive search 
for prognostic markers in EC. For example, the expression of 
epidermal growth factor receptor (EGFR), Her-2, heat shock 
proteins (HSPs), and P53 has been found to be associated with 
the prognosis of EC.7-10
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Prognostic Value of Heat Shock Proteins

The HSPs family is molecular chaperone and biochemical 
regulator, which functions to mediate cell growth, apoptosis, 
protein homeostasis, and cellular targets of peptides.11 It is a 
highly conserved cellular proteins group which is upregulated 
under stress conditions, including thermal, oxyradical, and in-
flammatory stress.11,12 They are classified into six major family 
members based on their molecular size: HSP100, HSP90, 
HSP70, HSP60, HSP40, and small HSPs.13-15 Excessive expres-
sion of HSPs in a wide range of human tumors have been re-
ported, including breast, endometrial, ovarian, colon, lung, and 
prostate.16 Expression levels of HSPs are also reportedly altered, 
either increasing or decreasing, during malignant transforma-
tion.17 Studies have also shown that HSPs expressions are close-
ly related with prognosis of carcinoma.16,18 

A question arises whether these findings justify the use of 
HSPs detection, in a routine clinical setting, as a prognostic in-
dicator in patients with EC. In our study, we conducted a sys-
tematic review on HSP27, HSP70, and HSP90, which are three 
main members of HSPs family, and meta-analysis to estimate 
the prognostic importance of HSPs expression for survival 
among patients with EC.

MATERIALS AND METHODS

Search strategy
Two authors (Wang and Shi) conducted a systematic literature 

search independently in PubMed, Web of Science and Med-
line. Searches were applied from the day of establishment of 
the database to May 31, 2014. The following MeSH headings, 
keywords, and text words were used: 1) esophageal cancer OR 
esophageal neoplasms OR oesophageal neoplasms OR oe-
sophageal cancer; 2) heat shock protein OR HSPs. We also used 
the references cited in the identified studies to complete the 
search.

Inclusion and exclusion criteria
Studies enrolled in this meta-analysis should meet the following 
criteria: 1) diagnosis of EC in humans was proven; 2) the expres-
sion of HSPs in the primary EC tissue was measured by any 
methods available; 3) data reported were related to the prognos-
tic value; 4) survival rate, survival curve or sufficient data were 
provided for estimating an hazard ratio (HR) with 95% confi-
dence interval (CI); 5) the follow-up time should be more than 
5 years; 6) the study was published in English. The major exclu-
sion criteria were: 1) study without extractable data, 2) case re-
ports, editorials, commentaries, reviews or abstracts only, and 
3) for duplicate publications and the smaller dataset.

Data extraction
Two investigators (Wang and Shi) reviewed all eligible studies 
and extracted data independently and resolved controversies 
by discussion. The name of the first author, year of publication, 
origin of country, histology, disease stage, number of eligible 

Table 1. Main Characteristics and Results of the Eligible Studies

First author 
(yrs)

Origin 
country

Histology
Stage  

I+II (%)
No. of 

patients
Male (%)

Median/
mean 

age, yrs
Method Cutoff

HSPs  
negative/low (%)

Survival 
analysis

HR (95% CI)

Kawanishi,  
  et al. (1999)24

Japan ESCC 63.7 102 82.4 61.7 IHC
80%  
  staining

HSP27: 20.4 
HSP70: 68.9

Multivariate
HSP27: 8.74 (3.11–24.58) 
HSP70: 3.25 (0.6–17.6)

Shiozaki,  
  et al. (2000)25

Japan ESCC 67.5 77 NR NR IHC
10%  
  staining

HSP27: 11.7 
HSP70: 20.8

Multivariate
HSP27: 5.1 (2.39–10.9)   
HSP70: 3.17 (1.53–6.55)

Nakajima,  
  et al. (2002)23

Japan ESCC 58.1 62 85.5 61.3 IHC
20%  
  staining

HSP27: 50   Multivariate HSP27: 1.47 (0.6–3.58)   

Noguchi,  
  et al. (2002)26

Germany ESCC 52.1 71 88.7 63.8 IHC
50%  
  staining

HSP70: 32.4 Univariate HSP70: 3.26 (1.51–7.06)

Faried,  
  et al. (2004)28

Japan ESCC 61.8 123 86.2 61.2 IHC
40%  
  staining

HSP90: 49.6 Multivariate HSP90: 0.93 (0.54–1.63)

Nakajima,  
  et al. (2009)17

Japan
Esophageal  
  cancer

61.6 125 86.4 62.1 IHC
40%  
  staining

HSP70: 48.8 Multivariate HSP70: 2.26 (1.17–4.39)

Wu,  
  et al. (2009)29

Sweden
Esophageal  
  cancer

31.7 82 69.5 NR IHC
75%  
  staining

HSP90: 28.0 Univariate HSP90: 1.11 (0.67–1.84)

Berg,  
  et al. (2011)10

Germany EADC NR 87 91 63 RPPA NR HSP27: 81.6 Multivariate HSP27: 0.9 (0.24–3.44)

Huang,  
  et al. (2014)30

China ESCC 64.2 72 30.9 58.3 IHC
80%  
  staining

HSP90: 12.3 Univariate HSP90: 0.72 (0.23–2.27)

NR, not reported; HR, hazard ratio; CI, confidence interval; ESCC, esophageal squamous cell carcinoma; EADC, esophageal adenocarcinoma; IHC, immunohisto-
chemistry; RPPA, reverse phase protein arrays; HSP, heat shock protein.
Esophageal cancer includes ESCC and EADC.
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patients, gender, median age, test method, cutoff value, HSPs 
negativity, and survival results from each study were recorded 
(Table 1). Differences in the extraction of data were checked to-
gether by the two authors. If data from any of the above catego-
ries were not reported in the primary article, items were treated 
as “not reported.” We did not contact the author to request the 
information.

Statistical analysis
For appropriate HSPs evaluation in a single study, the summary 
HR and their 95% CIs were combined to present the value re-
ported in the study using methods described by Parmar, et al.19 
We used HR calculations spreadsheet provided by Tierney, et al.20 
were to calculate the estimation of HR from published summary 
statistics or data extracted from Kaplan-Meier curves.

Cochran’s test (I2 statistics) was used to assess the heteroge-
neity of included studies. When heterogeneity was detected, a 
random effect model was applied; otherwise, a fixed effect 
model was used.21

The combined HRs were estimated using forest plots graphi-
cally. An observed HR of more than 1 implied a worse survival 

for the HSPs-negative, low HSPs expression group relative to 
the HSPs-positive, or high expression group, and if the 95% CI 
line of a study across the invalid line, it means that the study 
was not statistically significant. The study was considered statis-
tically significant if the 95% CI did not overlap 1 (p≤0.05). Hori-
zontal lines represent 95% CIs. Boxes represent the HR point 
estimate, and its area is proportional to the weight of the study. 
The diamond represents overall summary estimate, with the CI 
represented by its width. The unbroken vertical line was set at 
the null value (HR, 1.0). Assessment of publication bias was 
conducted using Funnel plot asymmetry.22 All the statistical 
analyses were conducted using Review Manager 5.2 (The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2012).

RESULTS

Characteristics of the studies
As the search flow diagram shows (Fig. 1), we identified the ab-
stracts and titles of 248 primary studies for initial review using 
the search strategies as described. After exclusion of articles 
that were duplicate or not clearly relevant to our meta-analysis, 
we identified 56 candidate studies for full-text review. Upon 
further review, 4 review articles and 37 articles were eliminated 
because of having no survival data for meta-analysis. In the re-
maining 15 articles, 3 were not focused on the HSP members 
which we cared, 2 duplicate data and 1 was about gastric esoph-
ageal. Finally, 9 articles were selected. 

These studies included three HSP members; 510,23-25 studies 
for HSP27, 617,24-26 for HSP70, and 327-29 for HSP90. The histopa-
thology in most of the included studies was ESCC, while 1 study 
showed EADC and 2 studies showed EC (both ESCC and 
EADC). The studies were conducted in different countries; 5 of 
9 studies were conducted in Japan, 2 in Germany, 1 in China, 
and 1 study in Sweden. The total number of patients was 801 
and ranged from 62 to 125 patients per study (median, 89). The 
characteristics of the eligible studies are summarized in Table 1. 

Fig. 1. Search strategy flowchart. 

248 studies identified using  
  described search strategies

56 reviewed for full text

192 studies excluded for:
  133 duplicate data
  59 clearly not relevant according to  
        titles or abstracts

47 studies excluded for:
  4 review articles
  37 without survival data
  3 for GRP78, GP96, HSPA2 respectively 
  2 duplicate data
  1 for gastric and gastroesophageal  
   carcinomas

9 studies included in our  
  meta-analysis

Table 3. Meta-Analysis: HR Value of HSPs in Esophageal Cancer Subgroups According to Histology

No. of studies Patients HR (95% CI) Model Heterogeneity test (Chi2, I2, p value)
HSP27 in ESCC 3 241 3.90 (2.35–6.49) Random 7.35, 73%, 0.03
HSP70 in ESCC 3 250 3.21 (1.94–5.30) Fixed 0.00, 0%, 1.00
HSP90 in ESCC 2 195 0.89 (0.54–1.46) Fixed 0.16, 0%, 0.69

HR, hazard ratio; CI, confidence interval; HSP, heat shock protein; ESCC, esophageal squamous cell carcinoma.

Table 2. Meta-Analysis: HR Value of HSPs in Esophageal Cancer

No. of studies Patients HR (95% CI) Model Heterogeneity test (Q, I2, p value)
HSP27 4 328 2.93 (1.12–7.62) Random 11.39, 74%, 0.01
HSP70 4 375 2.83 (1.90–4.23) Fixed 0.66, 0%, 0.88
HSP90 3 277 0.99 (0.69–1.41) Fixed 0.52, 0%, 0.77

HR, hazard ratio; CI, confidence interval; HSP, heat shock protein.
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Meta-analysis results
The results of the meta-analysis are represented in Table 2 and 
3, Figs. 2, 3, and 4. For studies evaluating HSP27 levels in EC (Fig. 
2), the combined HRs were 2.93 (95% CI, 1.12–7.62). The results 
were significantly heterogeneous across these studies (p=0.01), 
and therefore, a random effect model was used in meta-analy-
sis. For studies in ESCCs subgroup, the combined HRs were 
3.90 (95% CI, 2.35–6.49) using a random-effect model. The re-
sults demonstrate that the reduced HSP27 expression was a 
significant prognostic factor in ESCC patients. For studies eval-
uating HSP70 levels in EC (Fig. 3), the test of heterogeneity was 
not significant, and a fixed-effect model was used in meta-
analysis. The pooled HRs estimate for survival in these studies 
evaluating HSP70 levels in EC were 2.83 (95% CI, 1.90–4.23). 

However, when we limited the analysis to the 3 studies with 
ESCC, the combined HR was 3.21 (95% CI, 1.94–5.30), indicat-
ing that HSP70-positive patients had a more favorable progno-
sis than HSP70-negative patients. The combined HRs of HSP90 
showed that the expression of HSP90 could not act as an effec-
tive prognostic marker in EC (HR: 0.99, 95% CI: 0.69–1.41, 
Z=0.07, p=0.95).

Potential publication bias 
The possibility of publication bias was assessed with Begg’s 
funnel plots.22 The shape of the funnel plots did not reveal any 
evidence of asymmetry (Fig. 5).

Study or subgroup
Log 

[hazard ratio]
SE Weight

Hazard ratio  
IV, random, 95% CI

Year
Hazard ratio

IV, random, 95% CI

Kawanishi, et al.24 2.17 0.53 24.6% 8.76 [3.10, 24.75] 1999

Shiozaki, et al.25 1.63 0.39 28.3% 5.10 [2.38, 10.96] 2000

Nakajima, et al.23 0.38 0.46 26.4% 1.46 [0.59, 3.60] 2002

Berg, et al.10 -0.1 0.68 20.7% 0.90 [0.24, 3.43] 2011

Total (95% CI) 100.0% 2.93 [1.12, 7.62]

Heterogeneity: Tau2=0.69; Chi2=11.39, df=3 (p=0.010); I2=74%

Test for overall effect: Z=2.20 (p=0.03)
0.01

Favours [HSP27 positive] Favours [HSP27 negative] 
0.1 1 10 100

Fig. 2. Meta-analysis (forest plot) of the 5 eligible studies assessing HSP27 in esophageal cancer. SE, standard error; CI, confidence interval; HSP, heat 
shock protein.

Study or subgroup
Log 

[hazard ratio]
SE Weight

Hazard ratio  
IV, fixed, 95% CI

Year
Hazard ratio

IV, fixed, 95% CI

Kawanishi, et al.24 1.18 0.86 5.7% 3.25 [0.60, 17.56] 1999

Shiozaki, et al.25 1.15 0.37 30.6% 3.16 [1.53, 6.52] 2000

Noguchi, et al.26 1.18 0.39 27.5% 3.25 [1.52, 6.99] 2002

Nakajima, et al.17 0.82 0.34 36.2% 2.27 [1.17, 4.42] 2009

Total (95% CI) 100.0% 2.83 [1.90, 4.23]

Heterogeneity: Chi2=0.66, df=3 (p=0.88); I2=0%

Test for overall effect: Z=5.08 (p<0.00001)
0.01

Favours [HSP70 positive] Favours [HSP70 negative] 
0.1 1 10 100

Fig. 3. Meta-analysis (forest plot) of the 6 eligible studies assessing HSP70 in esophageal cancer. SE, standard error; CI, confidence interval; HSP, heat 
shock protein.

Study or subgroup
Log 

[hazard ratio]
SE Weight

Hazard ratio  
IV, fixed, 95% CI

Year
Hazard ratio

IV, fixed, 95% CI

Faried, et al.27 -0.07 0.28 41.9% 0.93 [0.54, 1.61] 2004

Wu, et al.28 0.1 0.26 48.6% 1.11 [0.66, 1.84] 2009

Huang, et al.29 -0.33 0.59 9.4% 0.72 [0.23, 2.29] 2014

Total (95% CI) 100.0% 0.99 [0.69, 1.41]

Heterogeneity: Chi2=0.52, df=2 (p=0.77); I2=0%

Test for overall effect: Z=0.07 (p=0.95)
0.01

Favours [HSP90 positive] Favours [HSP90 negative] 
0.1 1 10 100

Fig. 4. Meta-analysis (forest plot) of the 3 eligible studies assessing HSP90 in esophageal cancer. SE, standard error; CI, confidence interval; HSP, heat 
shock protein.
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not been published, which leading to unavoidable publication 
bias. Second, this meta-analysis was limited to English articles, 
which leading to potential language bias. Third, studies enrolled 
in our meta-analysis used IHC to detect HSP level, which repre-
sent potential selection bias. Cutoff values for HSP expression 
differed in the percentage cell staining. Fourth, the estimated 
data that we obtained were not adjusted for other variables 
such as age, gender, histologic grade, and tumor stage. This may 
cause variability in assessing these variables between studies. 
Finally, there still might be a little error when the approximate 
calculation method was used to estimate the HR values, al-
though 2 investigators calculated them separately.

In conclusion, our results suggest that reduced HSP27 and 
HSP70 expressions may be associated with a poor prognosis in 
patients with EC, thus warranting further definitive investiga-
tions into the potential clinical usefulness of HSP expression in 
ECs. It also appears worthwhile to prospectively validate if 
HSP27 and HSP70 expression used as prognostic markers could 
improve the outcomes of patients with EC, especially those with 
ESCC when integrated into clinical decision making.
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