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Abstract: Background: The prognostic value of pretreatment C-reactive protein in pancreatic carcinoma patients 
remains controversial. This meta-analysis was performed to evaluate that prognostic value. Purpose: Systemic 
review and meta-analysis was used to evaluate the prognostic value of C-reactive protein in pancreatic cancer. 
Methods: PubMed, EMBASE, and CNKI were searched. There were no eligible studies in CNKI. Therefore, PubMed 
and EMBASE were searched to identify eligible studies reporting the prognostic role of pretreatment C-reactive 
protein in patients with pancreatic cancer. Statistical analyses were performed using STATA software (Version 12.0; 
Stata Corporation). Hazard ratio (HR) with its 95% confidence interval (CI) was used to estimate effect size. Results: 
A total of 9 studies, including 1,084 patients, were identified. Pooled results showed that elevated C-reactive protein 
levels were associated with poor overall survival (HR: 1.74, 95% CI: 1.49-2.04) in pancreatic cancer and (HR: 1.70, 
95% CI: 1.42-2.04) in advanced pancreatic cancer patients. In addition, high C-reactive protein levels tended to be 
an independent prognostic factor for overall survival in patients with pancreatic cancer (HR: 3.93, 95% CI: 2.35-
6.59). Conclusion: This meta-analysis indicated that elevated C-reactive protein levels were associated with poor 
outcomes in pancreatic carcinoma patients and may be an independent prognostic indicator for pancreatic cancer.
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Introduction

Pancreatic cancer is one of the most aggres-
sive tumors and a leading cause of cancer-
related deaths worldwide, with a median sur-
vival time of less than 6 months and 5-year 
overall survival rate under 6% [1-3]. Incidence 
of pancreatic cancer in China has increased 
dramatically over the past several decades [4]. 
Despite advances in surgical techniques and 
incorporation of new therapeutic approaches, 
pancreatic cancer remains a highly devastating 
disease with poor prognosis. A variety of evi-
dence has shown that some clinical parame-
ters, such as CA19-9 [5-8] and the neutrophil 
to lymphocyte ratio (NLR), [9-11] can be used 
as both diagnostic and prognostic factors for 
pancreatic carcinoma. Although some research-
ers have reported that C-reactive protein (CRP) 
could serve as a risk factor in tumorigenesis, 
the current opinion on the prognostic role of 

pretreatment and elevated serum CRP levels in 
pancreatic cancer remains controversial.

CRP is a representative acute phase reactant, 
accepted as one of the most widely used  
systemic inflammatory markers in vivo [12]. In 
addition, CRP has been examined frequently 
with respect to predicting survival [13]. Preo- 
perative serum elevation of CRP has been iden-
tified as a significant prognostic factor in vari-
ous malignancies, such as colorectal cancer 
[14], small cell lung cancer [15] and hepatic car-
cinoma [16].

To date, 9 studies have investigated associa-
tion between elevated CRP and prognosis for 
pancreatic cancer. Three studies [17-19] report-
ed that elevated CRP was a poor independent 
prognostic factor for pancreatic cancer. Six 
studies [20-25] found that elevated CRP is not 
a poor independent prognostic factor.
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As these results were inconsistent, a meta-
analysis was needed to evaluate the prognostic 
value of CRP in pancreatic cancer.

Materials and methods

Search strategy and selection criteria

This study was conducted following the PRISMA 
(Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) statement [26]. 
PubMed and EMBASE databases were sear- 
ched for studies showing the prognostic value 
of CRP in pancreatic cancer, before December 
31, 2015, using the following terms: ‘pancreat-
ic cancer’ or ‘pancreatic carcinoma’, ‘C-reactive 
protein’, and ‘prognostic’. Only studies pub-
lished in English were included.

All potentially eligible studies were retrieved. 
Studies were included if they met the following 
criteria: (1) Measured pretreatment serum CRP 
levels and reported the number of patients with 
normal CRP and elevated CRP levels; (2) 
Evaluated the potential association between 
pretreatment serum CRP levels and overall sur-
vival (OS) of patients with pancreatic carcino-
ma; (3) Provided hazard ratio (HR) and 95% 

Statistical analyses

The objective of this study was to evaluate the 
prognostic role of pretreatment CRP in pancre-
atic carcinoma patients. Hazard ratios (HRs) of 
overall survival (OS) and their 95% CIs were 
used to quantitatively aggregate survival data. 
HRs were collected directly from the journal 
articles. Heterogeneity was assessed using 
Higgins Ι2, which measures the percentage of 
total variation across studies that is due to het-
erogeneity rather than change [27]. Fixed-
effects models were used to analyze the rela-
tionship of CRP with survival of PC patients and 
the relationship between elevated CRP levels 
and OS in advanced PC patients, as heteroge-
neity did not exit. Next, 2 studies were found to 
lead to heterogeneity when analyzing the inde-
pendent prognostic value of CRP for OS in 
patients with pancreatic carcinoma. After drop-
ping those 2 studies, the fixed-effects model 
was used again, finding no heterogeneity. 
Begg’s funnel plot was employed to examine 
publication bias, considered to be statistically 
significant with P≤0.1. Significance of pooled 
HR was determined by Ζ-test and P<0.05 was 
considered statistically significant. Stata soft-

Figure 1. Detailed overview of literature search. A total of 163 articles 
were identified through database search. After titles and abstracts were 
reviewed, 18 were eligible for further evaluation. Finally, 9 studies were eli-
gible for meta-analysis.

confidence intervals (95% CI); 
and (4) Included a minimum 
sample size of 50.

Two authors, independently, 
evaluated the potential eligibil-
ity of all studies retrieved from 
the databases according to 
predetermined selection and 
exclusion criteria.

Data extraction

Data were extracted, indepen-
dently, by two authors accord-
ing to inclusion criteria. The fol-
lowing data were collected 
from each study: first author, 
publication year, location of 
the study, sample size, median 
age, cut-off value of the CRP, 
analysis, and outcomes report-
ed. Overall survival (OS) was 
calculated from the date of 
diagnosis to date of the last fol-
low up or death from cancer.
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ware (Version 12.0, Stata Corporation, USA) 
was used for all analyses.

Results

Study characteristics

A total of 163 articles were identified through 
the database search. After titles and abstracts 
were reviewed, 18 were eligible for further eval-
uation. Finally, 9 studies were eligible for the 
meta-analysis. A detailed overview of the litera-
ture search is shown in Figure 1.

Major characteristics of the retained studies 
are listed in Table 1. Among these nine studies, 

two studies were performed in the UK, three in 
Japan, two in Germany, one in Australia, and 
one in China. A total of 1,084 patients were 
included in this study.

Meta-analysis

Overall survival associated with CRP: ���������Six stud-
ies analyzed the relationship of CRP with sur-
vival of PC patients and presented the HR. It 
appeared that elevated CRP levels were associ-
ated with worse OS. Furthermore, increased 
serum CRP levels were significantly correlated 
to OS. Pooled HR was 1.74 (95% CI: 1.49-2.04). 
No heterogeneity existed (I2=0.0%, P=0.719). 
Results are listed in Figure 2.

Table 1. Characteristics of studies in the meta-analysis

Study Country Sample 
size

Median age 
(range)

Cut-off 
point

Outcome 
Reported Selection Comparability Outcome Score

Jamieson 2005 [21] UK 65 <65 10 mg/l OS ★★★ ★ ★★ 6
Nakachi 2007 [18] Japan 74 61.5 (37-90) 5.0 mg/dl OS ★★★ ★ ★★★ 7
Muller 2008 [23] Germany 136 63 (31-83) 50 mg/l OS ★★★ ★ ★★ 6
Wang 2012 [24] China 177 <65 10 mg/l OS ★★★ ★ ★★ 6
Sanjay 2012 [19] UK 51 70 (49-85) 3 mg/l OS ★★ ★ ★★★ 6
Haas 2013 [20] Germany 155 63 (31-78) 1.0 mg/dl OS ★★ ★ ★★★ 6
Miura 2014 [17] Japan 50 64 (48-85) 0.4 mg/dl OS ★★★ ★ ★★ 6
Xue 2014 [25] Japan 252 >65 0.5 mg/dl OS ★★ ★ ★★★ 6
Martin 2014 [22] Australia 124 68.5 (35-90) 10 mg/l OS ★★★ ★ ★★ 6

Figure 2. Overall survival associated with CRP in six studies. Six studies analyzed the relationship of CRP with sur-
vival of PC patients and presented the HR. It appeared that an elevated CRP level was associated with worse OS. 
Furthermore, an increased serum CRP level was significantly correlated to OS. The pooled HR was 1.74 (95% CI: 
1.49-2.04). No heterogeneity existed (I2=0.0%, P=0.719).
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Overall survival associated with CRP in 
advanced PC: Four studies provided data 
regarding the relationship between elevated 
CRP levels and OS in advanced PC patients. In 
patients with advanced PC, elevated CRP was 
obviously associated with worse OS, with an 

estimated HR of 1.70 (95% CI: 1.42-2.04). No 
heterogeneity existed (I2=0.0%, P=0.902). 
Results are listed in Figure 3.

Independent prognostic value of CRP for OS: 
There were only five studies reporting the inde-

Figure 3. Overall survival associated with CRP in four advanced PC studies. Four studies provided data regarding 
the relationship between an elevated CRP level and OS in advanced PC patients. In patients with advanced PC, an 
elevated CRP was obviously associated with worse OS, with an estimated HR of 1.70 (95% CI: 1.42-2.04). No het-
erogeneity existed (I2=0.0%, P=0.902) and results are listed in the picture.

Figure 4. Independent prognostic value of CRP for OS. There were only five studies that reported the independent 
prognostic value of CRP for OS in patients with pancreatic carcinoma. Three concluded that elevated CRP was an in-
dependent prognostic factor for OS in patients with pancreatic cancer, while two studies gave a different result. The 
combined HR was 2.28 (95% CI: 1.38-3.79), which showed that a high CRP level was an independent prognostic 
factor for OS in patients with PC. There was heterogeneity between the 5 studies (Ι2=71.3%, P=0.007). 
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pendent prognostic value of CRP for OS in 
patients with pancreatic carcinoma. Three con-
cluded that elevated CRP was an independent 
prognostic factor for OS in patients with pan-
creatic cancer, while two studies gave a differ-
ent result. Combined HR was 2.28 (95% CI: 
1.38-3.79), which showed that a high CRP level 
was an independent prognostic factor for OS in 
patients with PC. There was heterogeneity 
between the 5 studies (Ι2=71.3%, P=0.007). 
Results are listed in Figure 4. Next, sensitivity 
analysis was performed. According to the 
results of sensitivity analysis (Figure 5), it was 
found that there were 2 studies [22, 25] that 
led to heterogeneity. After removing those 2 
studies, meta-analysis was performed again. 
There was no heterogeneity between the last  
3 studies [17-19] (I2=0.0%, P=0.564). Combined 
HR was 3.93 (95% CI: 2.35-6.59) and results 
are listed in Figure 6.

Publication bias

Begg’s funnel plot was presented to assess 
publication bias. Results of Begg’s test in the 
survival analysis showed no evidence of publi-
cation bias (P=0.086) (Figure 7).

Discussion

Elevated CRP has been investigated for its 
prognostic value in pancreatic cancer patients 
for several years. However, whether it is an 
independent factor for poor prognosis in pan-
creatic cancer patients remains controversial. 

ated with elevated CRP levels and an HR of 
1.60 (95% CI: 1.16-2.21) [28].

This study was implemented to evaluate the 
prognostic role of CRP in advanced PC. Results 
revealed that those with lower CRP levels prob-
ably have a more optimistic likelihood of sur-
vival, while higher CRP levels tend to show 
association with worse survival. Combined HR 
and its 95% CI indicated that an elevated CRP 
level was an independent prognostic factor for 
a poor OS (HR=3.93, 95% CI: 2.35-6.59) in 
patients with pancreatic cancer.

CRP is a representative acute-phase reactant, 
due to its rapid production and short half-life in 
circulation. CRP is mainly produced by hepato-
cytes in the liver in response to inflammatory 
cytokines. Elevated CRP is considered the hall-
mark of underlying malignancy or premalignan-
cy tissue inflammation associated with tumor 
growth [29]. Extrahepatic production of CRP 
has been found in tumor cells, monocytes, lym-
phocytes, and neurons as a part of local inflam-
mation, but the amount is not sufficient to 
affect serum CRP [30]. Induced by infectious 
and non-infectious processes, including cancer 
and tissue damage, CRP is a sensitive but not a 
specific serum biomarker [31]. In addition to its 
role as a very sensitive indicator of current 
inflammation status, serum CRP has recently 
been re-evaluated for extending its clinical use 
to diagnosis of cardiovascular diseases and 
prediction of cancer risk [30].

Figure 5. Result of sensitivity analysis. According to results of sensitivity 
analysis, it was found that there were 2 studies leading to heterogeneity.

Thus, this meta-analysis was 
conducted. Overall, elevated 
serum CRP was found to be an 
independent indicator of poor 
prognosis.

It has been over 80 years since 
CRP was identified and used 
as a traditional inflammatory 
marker [12], however, its prog-
nostic value in pancreatic car-
cinoma has only been reported 
in recent years. In this study, 
elevated CRP was a good pre-
dictor of poor OS (HR=1.74, 
95% CI: 1.49-2.04) of pancre-
atic cancer patients. In addi-
tion, Szkandera reported that 
poor cancer-specific survival 
(CSS) in patients was associ-
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The mechanisms connecting CRP levels with 
survival in advanced disease are not clear. 
However, there is a release of inflammatory 
cytokines and growth factors as part of the sys-
temic inflammatory response to tumors. This 
could not only stimulate tumor growth but also 
exert profound catabolic effects on host metab-
olism [32]. CRP expression is associated with 
increased weight loss, reduced performance 
status, and increased fatigue, ultimately result-
ing in poor survival. According to these indica-

in this analysis differed considerably in carci-
noma subtypes, selection criteria, and method-
ology. This may have introduced heterogeneity 
and bias. Therefore, the validity of this present 
analysis might be weakened.

Conclusion

In conclusion, the present meta-analysis sug-
gests that elevated serum CRP is significantly 
associated with poor outcomes in pancreatic 

Figure 6. Results of heterogeneity analysis. After removing those 2 studies, meta-analysis was performed again. 
There was no heterogeneity between the last 3 studies (I2=0.0%, P=0.564). Combined HR was 3.93 (95% CI: 2.35-
6.59).

Figure 7. Results of publication bias. Begg’s test results showed no evi-
dence of publication bias (P=0.086).

tors, elevated CRP values may 
produce poor survival in pa- 
tients with pancreatic cancer.

This present study had limita-
tions. A key point of this meta-
analysis was that the cut-off 
value of CRP in the original 
documents was not absolute. 
It ranged from 3 to 50 mg/L, 
as different methods and kits 
were used to assay CRP in 
respective hospitals. Stratify- 
ing cases by absolute CRP val-
ues was not possible. There- 
fore, all cases were classified 
according to the original re- 
search. This could inevitably 
cause heterogeneity and bias. 
Additionally, studies included 
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carcinoma patients. In addition, CRP may be an 
independent prognostic indicator for pancreat-
ic cancer. However, additional research is nec-
essary to provide more powerful evidence, con-
firming the present results.
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