
Abstract. Background: The C-reactive protein (CRP)-to-
serum albumin ratio is associated with a poor prognosis in
patients with several cancers. The purpose of this study was
to clarify the relationship between the preoperative CRP/Alb
ratio and overall survival of pancreatic ductal
adenocarcinoma (PDAC) in patients who received radical
surgery and S-1 adjuvant chemotherapy. Patients and
Methods: We included 117 patients who underwent radical
surgery with S-1 adjuvant chemotherapy. We constructed
receiver operating characteristic curve (ROC curve) of the
CRP/Alb ratio to determine the cut-off value. We analyzed the
relationship among the CRP/Alb ratio, clinicopathological
status, and survival. Results: The optimal cut-off value of the
CRP/Alb ratio was 0.036. All patients were divided into a
high-ratio group (CRP/Alb ratio ≥0.036) and low-ratio group
(CRP/Alb ratio <0.036). The 5-year overall survival (OS)
rates in the high- and low-ratio groups were 22.5% and
36.4%, respectively (p=0.0089). The 5-year disease-free
survival (DFS) rates in the high- and low-ratio groups were
12.5% and 22.1%, respectively (p=0.0097). The univariate
and multivariate analyses of the OS showed that the

pathological N factor and CRP/Alb ratio were independent
factors of the survival. The univariate and multivariate
analyses of the RFS showed that the pathological N factor,
resection margin, and CRP/Alb ratio were independent factors
of the survival. Conclusion: The preoperative CRP/Alb ratio
is a strong prognostic factor for PDAC patients with undergo
curative resection with S-1 adjuvant chemotherapy.

Pancreatic ductal adenocarcinoma (PDAC) is the fourth leading
cause of cancer death with a 5-year relative survival of 8% (1,
2). It has been estimated that pancreatic cancer will become the
second leading cause of cancer death in the United States by
2030 (3). Complete surgical resection and perioperative adjuvant
treatment is the only chance for a cure. In Japan, the Japan
Adjuvant Study Group of Pancreatic Cancer (JASPAC) showed
that S-1 (oral fluorouracil) adjuvant chemotherapy improved the
overall survival (OS) and the disease-free survival (DFS) for
completely resected pancreatic cancer patients with a 5-year OS
and 3-year DFS of 44.1% and 22.6%, respectively (4).

The relationship between systemic inflammation and
tumor progression has been reported in several
investigations, with the involvement of the neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and Glasgow Prognostic Score (GPS) suggested (5-7).
Recently, the CRP/Alb ratio has been associated with poor
outcomes in patients in renal cell carcinoma, gastric cancer,
hepatocellular carcinoma, and systemic inflammation
diseases (8-11). The C-reactive protein (CRP)-to-serum
albumin ratio was first developed as a predictive system of
critically ill patients (12). However, there are few reports that
have investigated the prognostic and predictive value of the
CRP/Alb ratio in PDAC patients preoperatively.
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The purpose of this study was to clarify the relationship
between the preoperative CRP/Alb ratio and the survival of
PDAC patients who received radical surgery and S-1
adjuvant chemotherapy. 

Patients and Methods
Patients. The consecutive 201 patients who received pancreatic
surgery at Kanagawa Cancer Center from 2007 to 2016 were
enrolled retrospectively. All patients were pathologically confirmed
as PDAC and staged according to the UICC TNM 7th edition. The
patients underwent macroscopically curative resection with
pathological R0 or R1 resection. The patients who received S-1
adjuvant chemotherapy were eligible for this study. The patients
who have pathologically proven of distant metastases, such as
metastasis to para-aortic lymph nodes, and who did not receive
adjuvant chemotherapy or received adjuvant chemotherapy with
other regimens were excluded from this study. 

Surgical treatment and adjuvant chemotherapy. All surgeries were
performed in accordance to standardized procedures that have been
described (13). After surgery, all patients received S-1 adjuvant
chemotherapy. Adjuvant treatment was started within 10 weeks after
curative surgery and continued for 24 weeks. The patients received
80 mg/m2/day of S-1 for 4 weeks, followed by 2 weeks of rest. If
the adverse events appeared according to common terminology
criteria for adverse events (CTCAE), the daily dose was reduced.
Adjuvant chemotherapy was withdrawn when patients showed
adverse events even after dose modification and recognized the
recurrence by imaging.

Clinicopathological data. The following clinicopathological data
were collected and evaluated in this study: gender, age, preoperative
CA 19-9 value, complication after surgery, tumor size, lymph node
metastasis, pathological stage according to TNM classification,
residual tumor, and serum CRP and albumin levels. Blood samples
were evaluated within 14 days before surgery and the start day of
the adjuvant chemotherapy. The grade of postoperative complications
was defined according to the Clavien-Dindo classification that
occurred within 30 days after surgery (14).

Follow-up. All patients were followed-up at outpatient for five years
after received surgical resection and adjuvant chemotherapy.
Patients are regularly checked the serum CEA and CA19-9 levels
with blood samples and radiological examination by computed
tomography every three months until five years after surgery. 

Evaluations and statistical analyses. We constructed receiver
operating characteristic curve (ROC curve) to determine the
appropriate cut-off value of the preoperative CRP/Alb ratio.
Comparisons between the high CRP/Alb ratio and the low CRP/Alb
ratio groups were compared with using χ2 test or Fisher’s exact test.
The OS was defined as the period from surgery until death or the
date of final observation. The Kaplan-Meier method was used to
create the OS curves and compared using the log-rank test. The
univariate and multivariate survival analyses were performed using
Cox’s proportional hazards model. The two-sided p-values of <0.05
were defined as statistically significant. All of the statistical analyses
were calculated using EZR (15). This study was approved by the
IRB Committee of the Kanagawa Cancer Center.

Results

Patients. A total of 306 patients underwent surgical resection
between 2007 and 2016, and 117 patients were eligible for
this study. The median age was 70 years (range=44-84
years). Sixty-three patients were males, and 54 were females.
Seventy-eight patients underwent pancreaticoduodenectomy,
30 distal pancreatectomy, and 9 total pancreatectomy. All
patients received S-1 adjuvant chemotherapy, with 62
completing the planned therapy. Patients with obstructive
jaundice and acute cholangitis were already being treated by
endoscopic or percutaneous drainage. There were no patients
who underwent pancreatic surgery with cholangitis.

Determination of the cut-off value of the CRP/Alb ratio. We
collected data on the preoperative values (within 14 days
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Table I. A comparison of the patient background characteristics between
the high-CRP/Alb ratio group and the low-CRP/Alb ratio group.

                                 High-ratio group        Low-ratio group p-Value
                                         (n=48)                         (n=69)

Age (median, years)         71 (46-81)                   68 (44-84) 0.132
Gender                            

Male 22 45.8% 41 59.4% 0.187
Female 26 54.2% 28 40.6%

Surgical procedure
PD 35 72.9% 43 62.3% 0.321
DP 8 16.7% 22 31.9%
TP 5 10.4% 4 5.8%

Size of tumor                   35 (15-83)                   32 (9-105) 0.568
(median, mm)

Pathological type
tub1 29 60.4% 43 62.3% 0.708
tub2 14 29.2% 12 17.4%
por 5 10.4% 14 20.3%

Surgical complications
CD <III 9 18.8% 9 13.0% 0.400
CD ≥III 39 81.2% 60 87.0%

Stage
I 0 0% 6 8.7% 0.85
IIA 12 25% 24 34.8%
IIB 36 75% 39 56.5%

Pathological T factor
T1 0 0% 6 8.7% 0.261
T2 2 4.2% 4 5.8%
T3 46 95.8% 64 92.8%

Pathological N factor
N0 9 18.8% 29 42% 0.008
N1 39 81.2% 40 58%

Residual tumor
R0 35 72.9% 57 82.6% 0.254
R1 13 27.1% 12 17.4%

PD: Pancreaticoduodenectomy, DP: distal pancreatectomy, TP: total
pancreatectomy, CD: Clavien-Dindo classification; tub1: well-differentiated
adenocarcinoma; tub2: moderately-differentiated adenocarcinoma; por:
poorly-differentiated adenocarcinoma.



before surgery) of CRP (mg/dl) and Alb (g/dl) by sampling
the peripheral blood. We constructed a ROC curve to
determine the appropriate cut-off value of the preoperative
CRP/Alb ratio and determined the value as 0.036
preoperatively. 

DFS and OS analyses. All patients were divided into a high-
ratio group (CRP/Alb ratio ≥0.036) and low-ratio group
(CRP/Alb ratio <0.036). Preoperatively, 48 patients were
included in the high-ratio group, and 69 were included in the
low-ratio group. The background characteristics of these two
groups are shown in Table I. Only the pathological N factor
differed markedly between the two groups. The 5-year OS
rates in the high- and low-ratio groups were 22.5% and
36.4%, respectively (p=0.0089) (Figure 1). The 5-year DFS
rates in the high- and low-ratio groups were 12.5% and
22.1%, respectively (p=0.0097) (Figure 2). 

A univariate analysis of the OS showed that the age,
preoperative CA19-9 value, pathological N factor, tumor
size, and CRP/Alb ratio were factors affecting the survival.
A multivariate analysis showed that the pathological N
factor [hazard ratio (HR)=1.931; 95% confidence interval
(CI)=1.038-3.592; p=0.038] and CRP/Alb ratio (HR=1.692;

95%CI=1.03-2.778; p=0.038) were independent factors
affecting the survival (Table II). 

A univariate analysis for the DFS showed that the age,
preoperative CA19-9 value, pathological N factor, tumor size,
residual tumor, and CRP/Alb ratio were independent factors
affecting recurrence. A multivariate analysis showed that the
age (HR=1.604; 95%CI=1.03-2.499; p=0.037), pathological N
factor (HR=1.728; 95%CI=1.03-2.897; p=0.038), residual
tumor (HR=1.747; 95%CI=1.069-2.857; p=0.026), and
CRP/Alb ratio (HR=1.692; 95%CI=1.019-2.411; p=0.041)
were independent factors affecting the recurrence (Table III).

Discussion

In the present study, we revealed the clinical significance of
the preoperative CRP/Alb ratio as an independent prognostic
factor for PDAC patients who received radical surgery and S-
1 adjuvant chemotherapy. We determined the appropriate cut-
off value of the preoperative CRP/Alb ratio to be 0.036, and
statistical analyses showed that the CRP/Alb ratio was strongly
related to the survival as an independent prognostic factor. This
result suggests that patients with a high preoperative CRP/Alb
ratio have a poorer prognosis.
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Figure 1. Comparison of overall survival between the high-CRP/Alb ratio group and the low-CRP/Alb ratio group. 



The relationship between inflammation and cancer is
well-documented (5, 6). Inflammation plays an important
role in carcinogenesis and tumor progression. Many
investigators have already reported that inflammation-based
prognostic scores, including the NLR, PLR, the GPS, and
modified GPS, are associated with the prognosis of several
types of malignancies. Recently, the CRP/Alb ratio was
reported to have prognostic value in pancreatic cancer
patients. However, there have been few reports evaluating
the significance of the preoperative CRP/Alb ratio as a
prognostic factor in PDAC patients. In a previous report,
Haruki et al. reported on the significance of the preoperative
CRP/Alb ratio as an independent prognostic factor in
patients with pancreatic cancer (16). They analyzed 113
patients who had undergone pancreatic resection and
reported the optimal cut-off level of the CRP/Alb ratio to be
0.03, which is associated with a poor prognosis after
pancreatic resection with or without adjuvant chemotherapy.
In another report, Wu et al. reported that the cut-off value
of the CRP/Alb ratio was 0.54 in 233 advanced pancreatic
cancer patients (17). They found that the CRP/Alb ratio was
an independent prognostic factor in advanced PDAC
patients. They also reported that the CRP/Alb ratio was a

more useful marker than other inflammation-based scores by
comparing the AUC values. Given the above, the CRP/Alb
ratio appears to be a useful marker for identifying patients
with a poor prognosis.

Our data showed that the prognosis of PDAC patients could
be predicted by evaluating a small blood sample obtained
preoperatively. We focused on the preoperative values,
because postoperative values reflect not only cancer
progression but also surgical invasion. Pancreatectomy is one
of the most invasive surgical procedures, and invasive surgery
can cause systemic inflammation along with postoperative
complications and a poor nutritional status. For example,
Arima et al. reported that the CRP/Alb ratio at postoperative
day 14 was significantly associated with a shorter OS and
relapse-free survival (18). The cut-off value of the CRP/Alb
ratio in their study was 0.34, which is higher than that
obtained in the present study. In addition, we detected a
relationship between survival and postoperative complications,
especially infectious complications, such as intra-abdominal
abscess (19). As we mentioned above, we need to be careful
when evaluating the CRP/Alb ratio postoperatively. 

Several limitations associated with the present study
warrant mentioning. First, the rate of pathological lymph
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Figure 2. Comparison of disease-free survival between the high-CRP/Alb ratio group and the low-CRP/Alb ratio group.



node metastasis differed significantly between the two
groups. However, while we cannot deny its effect on the
survival curves, the multivariate analysis showed that the
CRP/Alb ratio was an independent prognostic factor.
Second, the current study was a retrospective, single-center
study with a small sample size. It is very important that
these results be confirmed in another cohort or in a multi-
center study. Finally, our data included only patients who
received upfront surgery and postoperative adjuvant
chemotherapy. Whether or not the same results would have
been obtained with PDAC patients who received neo-
adjuvant chemotherapy is unclear.

Conclusion

The CRP/Alb ratio was found to be a useful prognostic
marker in PDAC patients who underwent curative resection
with S-1 adjuvant chemotherapy. The high CRP/Alb ratio is

associated with poorer prognosis with the cut-off value of
0.036. This result should be confirmed by another cohort
study or multi-center study.
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Table II. Univariate and multivariate analyses of risk factors for the overall survival.

                                                                               Univariate analysis Multivariate analysis

Characteristics                                            HR                   95% CI                p-Value HR 95% CI p-Value

Age (years)                                                    
<71                                                        1.000              1.035-2.805              0.036 1.000 0.879-2.482 0.1412
≥71                                                         1.704                                                    1.477

Gender                                                           
Male                                                       1.000              0.645-1.678              0.872
Female                                                   1.040                                                    

Preoperative
CA19-9                                                         

<37                                                        1.000              1.035-2.857              0.036 1.000 0.826-2.349 0.214
≥37                                                          1.72                                                     1.393

Histological type                                           
tub1, tub2                                              1.000              0.717-2.501              0.359
por                                                         1.339                                                    

Size of tumor                                                
<35 mm                                                 1.000              1.129-2.951              0.014 1.000 0.910-2.453 0.112
≥35 mm                                                 1.826                                                    1.494

Surgical complications                                 
CD <III                                                  1.000               0.62-2.524               0.532
CD ≥III                                                  1.251                                                    

Pathological
N factor                                                        

N0                                                          1.000              1.453-4.743             0.0014 1.000 1.038-3.592 0.038
N1                                                          2.625                                                    1.931

Residual tumor                                              
R0                                                          1.000              0.992-2.932              0.053
R1                                                          1.706                                                    

CRP/Alb ratio                                               
<0.036                                                   1.000              1.161-3.017               0.01 1.000 1.03-2.778 0.038
≥0.036                                                   1.872                                                    1.692

HR: Hazard ratio, CI: confidence interval, CD: Clavien-Dindo classification; tub1: well-differentiated adenocarcinoma; tub2: moderately-differentiated
adenocarcinoma; por: poorly-differentiated adenocarcinoma.
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