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Abstract

Background The C-reactive protein to albumin (CRP/AIb) ratio, a novel inflammation-based prognostic score, is
associated with outcomes in septic patients. The prognostic value of CRP/AIDb ratio has not been established in cancer
patients. The aim of this study is to evaluate the significance of CRP/Alb ratio in therapeutic outcome after pancreatic
resection for pancreatic cancer.

Methods The study comprised 113 patients who had undergone pancreatic resection for pancreatic cancer between
April 2001 and December 2011. We retrospectively investigated the relation between CRP/AlDb ratio and disease-free
as well as overall survival.

Results The optimal cut-off level of the CRP/AIb ratio was 0.03. For disease-free survival, preoperative biliary
drainage (p = 0.011), advanced tumor-node-metastasis (TNM) classification (p = 0.002), and higher CRP/Alb ratio
(p = 0.049) by univariate analysis, and advanced TNM classification (p = 0.003) by multivariate analysis, were
independent and significant predictors of cancer recurrence. For overall survival, preoperative biliary drainage
(p = 0.012), advanced TNM classification (p = 0.001), and higher CRP/Alb ratio (p = 0.023) by univariate anal-
ysis, and advanced TNM classification (p = 0.003) and higher CRP/AIDb ratio (p = 0.035) by multivariate analysis,

Conclusions

were independent and significant predictors of poor patient outcome.
The CRP/Alb ratio may be an independent and significant indicator of poor long-term outcomes in
patients with pancreatic cancer after pancreatic resection.

Introduction

Pancreatic cancer is one of the most lethal and aggressive
of all malignancies [1]. Despite the advances of preoper-
ative diagnosis, operative techniques, and perioperative
management, the 5-year survival rate after surgical resec-
tion still remains poor, which has been reported to range
between 18 and 31.6 % [2, 3]. Several tumor-related
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factors have been reported to correlate with outcome after
operation in patients with pancreatic cancer, including
tumor stage, lymph node status, vascular invasion, per-
ineural invasion, and resection margin status [3-5].
However, the evidences are increasing that the systemic
inflammatory response, as patient-related factor, plays an
important role in the progression of various type of
malignancies [6, 7]. The preoperative systemic inflamma-
tion, represented by modified Glasgow prognostic score
(mGPS), neutrophil-to-lymphocyte ratio (NLR), and pla-
telet-to-lymphocyte ratio (PLR), has been reported to pre-
dict cancer-specific survival of various cancer, including
pancreatic cancer [5, 8—13]. It is widely known that the
mGPS is based on circulating levels of two acute phase
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Table 1 Patient characteristics

Factor Mean + SD or ratio Range
Age (years) 66.8 £ 10.5 27-85
Gender (male:female) 70:43

Preoperative biliary drainage (present:absent) 43:70

TNM stage (0:LILIILIV) 7:3:19:55:29

Type of resection (PD:DP:CP:TP) 79:29:2:3

Duration of operation (min) 513.8 + 1414 160-992
Intraoperative blood loss (g) 1346.8 + 1732.4 0-12, 320
Postoperative complication* (present:absent) 28:85

mGPS (0:1:2) 93:9:1

CRP/Alb ratio (<0.03: >0.03) 55:58

TNM tumor-node-metastasis, PD pancreaticoduodenectomy, DP distal pancreatectomy, CP central pancreatectomy, 7P total pancreatectomy,
mGPS modified Glasgow prognostic score, CRP/Alb ratio C-reactive protein to albumin ratio

* Clavien—Dindo classification grade 3 or greater

proteins, C-reactive protein (CRP) and albumin. The CRP
to albumin (CRP/AIlb) ratio, a novel inflammation based
prognostic score also based on these two factors, was
recently established to identify patients with serious illness
on acute medical admission and reported to be associated
with poor outcome in patients with sepsis [14, 15]. The
prognostic value of the CRP/Alb ratio in cancer patients
has been limited only in patients with hepatocellular car-
cinoma [16]. Therefore, in this study, we retrospectively
investigated the relation between preoperative CRP/Alb
ratio and disease-free as well as overall survival in patients
with pancreatic cancer after pancreatic resection.

Patients and methods

Between April 2001 and December 2011, 123 patients with
pancreatic cancer underwent pancreatic resection at the
Department of Surgery, Jikei University Hospital, Tokyo,
Japan. Of these, 10 patients were excluded, three patients for
non-curative resection for liver metastasis, one patient for
non-curative resection for positive ascites cytology, and 6
patients who were lost to follow-up, leaving the remaining
113 patients for this study.

We performed a retrospective review of a prospectively
maintained database of patients who were histologically
diagnosed as pancreatic cancer. Hemogram and chemistry
profile were routinely measured for each patient preoper-
atively. Preoperative biliary drainage was performed when
the patients developed obstructive jaundice and/or
cholangitis.

The systemic inflammatory response was assessed using
the modified GPS (mGPS) and CRP/Alb ratio. The mGPS
was estimated as described previously [5, 8, 9]: patients
with normal albumin (>35 g/l) and normal CRP level
(<10 mg/l) as GPS 0, those with elevated CRP level

(>10 mg/l) as GPS 1, and those with both low albumin
(<35 g/l) and elevated CRP level (>10 mg/l) as GPS 2.
CRP/AIDb ratio was calculated by dividing the serum CRP
level (mg/l) by serum albumin level (g/l). The type of
pancreatic resection, pancreaticoduodenectomy (PD); dis-
tal pancreatectomy (DP); central pancreatectomy (CP);
total pancreatectomy (TP), was selected based on tumor
location and was classified into two groups: PD and non-
PD. Tumor-node-metastasis (TNM) classification based on
pathology was according to the General Rules for the Study
of Pancreatic Cancer by the Japan Pancreas Society using
the 6th editions of the TNM Classification System [17].
Postoperative complications were classified according to
Clavien-Dindo classification [18].

At first, we investigated the relation between clinico-
pathologic variables and disease-free or overall survival
after pancreatic resection by univariate and multivariate
analyses. The following 10 variables were evaluated: age,
gender, presence of preoperative biliary drainage, TNM
classification based on pathology, type of resection, dura-
tion of operation, intraoperative blood loss, presence of
postoperative complications classified as grade 3 or greater,
mGPS, and CRP/AIb ratio. Clinicopathologic continuous
variables were classified into 2 groups for the Log-rank test
and the Cox proportional hazard regression model as fol-
lows: age <65 or >65 years, duration of operation <480 or
>480 min, intraoperative blood loss <1000 or >1000 g,
and CRP/Alb ratio <0.03 or >0.03.

Next, we investigated the relationship between clinico-
pathologic variables and CRP/Alb ratio by univariate
analysis. The factor consisted of the following 9 factors:
age, gender, presence of preoperative biliary drainage,
TNM classification based on pathology, type of resection,
duration of operation, intraoperative blood loss, presence
of postoperative complications classified as grade 3 or
greater, and mGPS.
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Table 2 Univariate and multivariate analyses of clinicopathological variables in relation to disease-free survival after pancreatic resection of

pancreatic cancer

Factor N Univariate analysis Multivariate analysis
Hazard ratio P value Hazard ratio P value
95 % CI) (95 % CI)

Age (years)
>65 74 0.746 0.207 NS
<65 39 (0.474-1.175)

Gender
Female 43 0.944 0.793 NS
Male 70 (0.612-1.455)

Preoperative biliary drainage
Present 43 1.813 0.011 NS
Absent 70 (1.146-2.869)

TNM stage
pStage III or pStage IV 84 2.024 0.002 2.274 0.003
pStage O or pStage I or Stage II 29 (1.295-3.163) (1.332-3.882)

Type of resection
PD 79 0.878 0.577 NS
Non-PD 34 (0.556-1.386)

Duration of operation (min)
>480 72 1.003 0.989 NS
<480 41 (0.644-1.563)

Intraoperative blood loss (g)
>1000 46 0.993 0.974 NS
<1000 67 (0.645-1.529)

Postoperative complication*
Present 28 1.549 0.103 NS
Absent 85 (0.909-2.639)

mGPS
172 20 1.085 0.781 NS
0 93 (0.611-1.925)

CRP/Alb ratio
>0.03 58 1.541 0.049 NS
<0.03 55 (1.003-2.368)

TNM tumor-node-metastasis, PD pancreaticoduodenectomy, mGPS modified Glasgow prognostic score, CRP/Alb ratio C-reactive protein to

albumin ratio

* Clavien—Dindo classification grade 3 or greater

Recurrence of pancreatic cancer was defined as newly
detected local or distant metastatic tumors by ultrasonog-
raphy, computed tomography or magnetic resonance image
with or without increase in serum carcinoembryonic anti-
gen or carbohydrate antigen 19-9.

This retrospective study was approved by the Ethics
Committee of The Jikei University School of Medicine.

Statistical analysis

Data are expressed as a mean =+ standard deviation (SD).
Univariate analysis was performed using the Mann—
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Whitney U-test and Chi-square test. The optimal cut-off
level of the CRP/AIb ratio was determined by a receiver
operating characteristics (ROC) analysis. Univariate
analysis of disease-free and overall survival was per-
formed using the Log-rank test, and the Cox proportional
regression model with backward elimination stepwise
approach for multivariate analysis. All p values were
considered statistically significant when the associated
probability was less than 0.05. These analyses were
conducted using IBM® SPSS statistics version 20.0 (IBM
Japan, Tokyo, Japan).



World J Surg (2016) 40:2254-2260

2257

Table 3 Univariate and multivariate analyses of clinicopathological variables in relation to overall survival after pancreatic resection of

pancreatic cancer

Factor N Univariate analysis Multivariate analysis
Hazard ratio P value Hazard ratio P value
95 % CI) (95 % CI)

Age (years)
>65 74 0.754 0.255 NS
<65 39 (0.464-1.225)

Gender
Female 43 0.840 0.470 NS
Male 70 (0.524-1.347)

Preoperative biliary drainage
Present 43 1.926 0.012 NS
Absent 70 (1.154-3.215)

TNM stage
pStage III or pStage IV 84 2.222 0.001 2.593 0.003
pStage O or pStage I or Stage II 29 (1.359-3.625) (1.372-4.900)

Type of resection
PD 79 0.864 0.564 NS
non-PD 34 (0.527-1.418)

Duration of operation (min)
>480 72 1.117 0.656 NS
<480 41 (0.688-1.813)

Intraoperative blood loss (g)
>1000 46 1.002 0.992 NS
<1000 67 (0.627-1.604)

Postoperative complication*
Present 28 1.542 0.156 NS
Absent 85 (0.847-2.807)

mGPS
172 20 0.910 0.776 0.537 0.091
0 93 (0.477-1.738) (0.261-1.104)

CRP/Alb ratio
>0.03 58 1.721 0.023 1.726 0.035
<0.03 55 (1.077-2.750) (1.039-2.867)

TNM tumor-node-metastasis, PD pancreaticoduodenectomy, mGPS modified Glasgow prognostic score, CRP/Alb ratio C-reactive protein to

albumin ratio

* Clavien—Dindo classification grade 3 or greater

Results

Patient characteristics

Patient characteristics are outlined

in Table1 as a

mean + SD, range, or ratio. Among the study population,
the mean age was 66.8 years with a range 27 to 85 years,
and 70 of them were male. Preoperative biliary drainage
was performed in 43 of 113 patients (38.1 %). Patients with
preoperative elevated CRP/Alb ratio were shown in 58 of
113 (51.3 %). Ninety-three patients are scored as mGPS 0,

nine patients as mGPS 1, and one patient as mGPS 2.
Postoperative complications developed in 58 of 113
patients (51.3 %), consisting of surgical site infection in 12
(10.6 %), pulmonary complications in 16 (14.2 %), and
grade B or C postoperative pancreatic fistula in 20 patients
(17.7 %). Of these, postoperative complication classified as
Clavien—Dindo grade 3 or greater developed in 28 patients
(24.8 %). In this study, the 5-year disease-free survival and
overall survival rates after pancreatic resection for pan-
creatic cancer were 18.0 and 24.1 %, respectively.
Applying ROC analysis to the survival status at the 3-year
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Table 4 Univariate analysis of clinicopathologic variables in relation to CRP/Alb ratio

Factor

Age (years)

Gender (male:female)

Preoperative biliary drainage (present:absent)

pTNM stage (0:LILIIL:IV)

Type of resection (PD:DP:CP:TP)

Duration of operation (min)

Intraoperative blood loss (g)

Postoperative complication* (present:absent)

mGPS (0:1:2)

CRP/Alb ratio P value
<0.03 >0.03

(n = 55) (n =58)

66.9 £+ 11.1 66.6 + 10.0 0.715
34:21 36:22 1.000
16:39 27:31 0.081
3:3:15:25:9 4:0:4:30:20 0.007
35:17:2:1 44:12:0:2 0.246
502.4 + 160.4 524.6 £ 121.1 0.089
1281.9 + 1842.1 1408.3 &+ 16354 0.092
12:43 16:42 0.519
54:1:0 39:8:11 <0.001

TNM tumor-node-metastasis, PD pancreaticoduodenectomy, DP distal pancreatectomy, CP central pancreatectomy, 7P total pancreatectomy,

mGPS modified Glasgow prognostic score, CRP/Alb ratio C-reactive protein to albumin ratio

* Clavien-Dindo classification grade 3 or greater

follow-up, the optimal cut-off level for the CRP/Alb ratio
was 0.03, with the area under the curve was 0.638 (95 % CI
0.514-0.762, p = 0.028).

Univariate and multivariate analyses

of clinicopathological variables in relation

to disease-free survival after pancreatic resection
for pancreatic cancer

Table 2 provides the relationship between the clinical
variables and disease-free survival after pancreatic resec-
tion for pancreatic cancer. In univariate analysis, the dis-
ease-free survival was significantly worse in patients with
the presence of preoperative biliary drainage (p = 0.011),
pStage III or IV (p = 0.002), and CRP/Alb ratio >0.03
(p = 0.049, Fig. 1a). In multivariate analysis, pStage III or
IV (p = 0.003) was the only independent and significant
predictor of the disease-free survival.

Univariate and multivariate analyses

of clinicopathological variables in relation to overall
survival after pancreatic resection for pancreatic
cancer

Table 3 provides the relationship between the clinical
variables and overall survival after pancreatic resection for
pancreatic cancer. In univariate analysis, the overall sur-
vival was significantly worse in patients with the presence
of preoperative biliary drainage (p = 0.012), pStage III or
IV (p = 0.001), and CRP/Alb ratio >0.03 (p = 0.023,
Fig. 1b). In multivariate analysis, pStage III or IV
(p = 0.003) and CRP/AIb ratio >0.03 (p = 0.035) were
independent and significant predictor of the overall

@ Springer

survival. The patients with mGPS 1 or 2 tended to have
worse disease-free survival, but not significantly
(p = 0.091).

Association between clinicopathologic variables
and CRP/AIDb ratio

Table 4 provides the relationship between clinicopatho-
logic variables and preoperative CRP/Alb ratio. In uni-
variate analysis, advanced pTNM stage (p = 0.007) and
higher mGPS (p < 0.001) were greater in high CRP/Alb
ratio group.

Discussion

In this study, we found that the CRP/AIb ratio is an inde-
pendent and significant risk factor for poor overall survival
after pancreatic resection of pancreatic cancer. To the best
of our knowledge, this is the first study to report the
prognostic value of CRP/AIb ratio in patients with pan-
creatic cancer after pancreatic resection.

Recent reports advocate that the outcomes of patients
with cancer were determined not only by tumor-related
factors but also by patient-related factors. The presence of
preoperative systemic response in the patient has been
reported to predict poor survival after resection of various
gastrointestinal cancers, including pancreatic cancer [5, 8-
13]. Previous studies have suggested that mGPS represent
potential prognostic markers in resected pancreatic cancer
cases [5, 10]. In our study, advanced TNM classification as
tumor-specific factor was associated with disease-free as
well as overall survival, and the CRP/Alb ratio was an
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Fig. 1 Kaplan—Meier curves of disease-free (a) and overall survival
(b) after pancreatic resection for pancreatic cancer. CRP/Alb ratio
>0.03 was significantly associated with worse disease-free survival
(p = 0.049) and overall survival (p = 0.023)

independent prognostic factor of poor survival in multi-
variate analysis. In contrast, mGPS was not an independent
poor prognostic factor in multivariate analysis. These
results suggested that predictive value of the CRP/Alb ratio
was superior to mGPS because it could stratify the patient
outcomes more strictly as it comprises continuous vari-
ables. Thus, the CRP/AIb ratio may reflect the potential
inflammatory state. The CRP/AIDb ratio was firstly reported
to identify seriously ill patients on acute medical ward [14],
and there were increasing evidence of this novel inflam-
mation-based score in the field of patients with sepsis [15],
hemodialysis [19], and cancer [16]. In these studies, the
CRP/Alb ratio had also greater prognostic value than the
existing inflammation-based scores, such as CRP alone,
mGPS, and NLR.

The mechanism of the relation between the CRP/Alb
ratio and cancer-specific survival in patients with cancer
remains unclear. Elevated serum CRP level reflects a non-
specific inflammatory response to tumor necrosis or local
tissue damage and indicates a favorable environment for
the establishment and growth of distant metastasis [20]. In

this study, the patients with advanced TNM stage were
more frequent in elevated CRP/AIDb ratio group, which may
reflect these factors. Moreover, serum CRP was reported to
inhibit apoptosis of cancer cells in experimental study [21].
Serum level of vascular endothelial growth factor, an
angiogenic factor, is increased in the presence of elevated
serum CRP concentration [22]. Angiogenesis plays an
important role in tumor growth and has been reported to be
associated with poor outcome in patients with gastroin-
testinal tumors [23]. Furthermore, host immune response
was associated with tumor growth. High-grade tumor
inflammatory cell infiltrate was associated with low rate of
recurrence and improved survival in pancreatic cancer [5],
and elevated CRP concentration was related to a less
infiltration of lymphocytes at the periphery of the tumor
[24]. On the other hand, hypoalbuminemia is often
observed in patients with advanced cancer and is usually
regarded as a good index for malnutrition and cachexia.
These conditions were induced by metabolic dysfunction
resulting from complex crosstalk of inflammatory cyto-
kines. Poor nutritional state had been reported to be asso-
ciated with worse survival [25, 26]. Thus, the CRP/Alb
ratio may associate with nutritional and/or septic status of
patient. Perioperative nutritional support was recom-
mended to improve the nutritional status in pancreatic
surgery because there was a high prevalence of malnutri-
tion in patients with pancreatic cancer [27]. Preoperative
immunonutrition was reported to suppress the perioperative
inflammatory response [28], and n-3 polyunsaturated fatty
acids were also reported to have anti-inflammatory action
in some clinical trials [29]. Further investigation to eval-
uate the relationship between immunonutrition and this
inflammatory-based prognostic score is important to
improve the management of patients with pancreatic
cancer.

There are a few limitations to the present study. CRP is a
non-specific marker of inflammation, and it is possible that
the presence of other systemic disease could influence CRP
concentrations. For the pancreatic head tumors, the asso-
ciated clinical condition of jaundice or cholangitis may be
a confounding factor in assessing CRP levels. However, in
this study, hemogram and chemistry profile were measured
just before operation for the assessment of CRP/Alb ratio
after improvement of inflammation related to obstructive
jaundice. Moreover, we evaluate this feature by including
preoperative biliary drainage to the analyses, and the
presence of preoperative biliary drainage was comparable
in both CRP/Alb ratio groups. In summary, preoperative
CRP/AIb ratio predicted prognostic outcome of patients
with pancreatic cancer in overall survival after pancreatic
resection. Risk stratification using CRP/Alb can be per-
formed easily before surgery by preoperative hemogram
and chemistry profile, which are a standard blood work for

@ Springer



2260

World J Surg (2016) 40:2254-2260

perioperative management. Routine preoperative CRP/Alb
ratio measurement in patients undergoing curative treat-
ment for pancreatic cancer would be useful for identifying
patients with poorer prognosis and making clinical
decisions.

Conclusion

The CRP/AIb ratio may be an independent and significant
indicator of poor long-term outcomes in patients with
pancreatic cancer after pancreatic resection.
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