
Abstract. Background: In spite of improvements in surgical
techniques, instruments, and perioperative management,
hepatocellular carcinoma (HCC) recurs after hepatic resection
in as many as 60-70% of patients. Therefore, it is important to
predict tumor recurrence and prognosis in regard to decision
making of additional adjuvant treatment after surgery. We
investigated the relation between postoperative serum C-reactive
protein (CRP) and tumor recurrence, as well as survival, in
patients with HCC after elective hepatic resection. Patients and
Methods: The subjects of this study were 77 patients who
underwent elective hepatic resection for HCC between January
2001 and December 2008. We retrospectively examined the
relation between postoperative serum CRP, clinical variables,
and recurrence of HCC, as well as overall survival. Results: For
disease-free survival, preoperative ICGR15 (retention rate of
indocyanine green at 15 min) of more than 15% (p=0.0039,
p=0.0026), and advanced tumor stage (p=0.0380, p=0.0203)
were significant and independent predictors of worse survival
rate in univariate and multivariate analyses, respectively. For
overall survival, female gender (p=0.0052, p=0.0021),
preoperative ICGR15 of above 15% (p=0.0043, p=0.0153),
advanced tumor stage (p=0.0063, p=0.0023), and postoperative
peak serum CRP above 10 mg/dl (p=0.0309, p=0.0116) were
significant and independent predictors of worse survival rate in
univariate and multivariate analyses, respectively. Conclusion:
Postoperatively elevated serum CRP may be a prognostic
indication after elective hepatic resection for patients with HCC.

Hepatocellular carcinoma (HCC) is one of the most frequent
malignancies in the world. Although operative mortality of
elective hepatic resection in patients with HCC has been

minimized by improvements in surgical techniques, instruments,
and perioperative management, recurrence of HCC after hepatic
resection remains as high as 60-70% in patients (1-5).
Therefore, it is important to predict tumor recurrence and
prognosis for decision making regarding additional adjuvant
treatment after surgery. Factors associated with recurrent HCC
include tumor size, vascular invasion, intrahepatic metastasis,
excessive blood loss, and allogenic blood transfusion (6-11).
Several recent studies have indicated that the preoperative
systemic inflammatory response, as shown by the combination
of serum C-reactive protein (CRP) and albumin concentrations,
i.e. Glasgow prognostic score (GPS), predict cancer-specific
survival (12, 13). We have reported on the negative impact of
GPS on postoperative pulmonary complication after hepatic
resection for HCC (14), and the association between
perioperative immunological response and prognosis after
hepatic resection for HCC (15) and liver metastasis from
colorectal cancer (16). In this study, we retrospectively
investigated the relation between postoperative peak serum CRP
and disease-free, as well as overall survival, after elective
hepatic resection for patients with HCC.

Patients and Methods

Between January 2001 and December 2008, 93 patients underwent
primary hepatic resection for HCC in the Department of Surgery, Jikei
University Hospital, Tokyo, Japan. Out of these, 16 patients were
excluded, two patients due to concomitant microwave coagulation or
radiofrequency ablation therapy, three due to additional procedures
for other malignancies, seven due to lacking of data, and four patients
were lost to follow-up, leaving the remaining 77 patients for the study.
Generally, the extent of hepatic resection was determined based on
the ICGR15 before surgery and in reference to the hepatic reserve as
described by Miyagawa et al. (17).

Patients’ characteristics were classified into two groups for log-
rank test and the Cox proportional hazard regression model. The
postoperative peak serum CRP was classified as <10 and ≥10 mg/dl.
The patients’ age was classified as <60 and ≥60 years. Preoperative
ICGR15 was classified as <15% and ≥15%. Tumor factor (T-factor)
based on tumor pathology was classified as T1, T2 and T3, T4, and
was based on the General Rules for the Clinical and Pathological
Study of Primary Liver Cancer by the Liver Cancer Study Group of
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Japan (18). The type of resection was classified as anatomical
resection (extended lobectomy, lobectomy, segmentectomy or sub-
segmentectomy) and non-anatomical limited partial resection.
Duration of operation was classified as <300 and ≥300 min. Blood
loss was classified as <1,000 and ≥1,000 g.

Firstly, in order to evaluate the clinical variables in relation to
early recurrence of HCC, the association of disease-free and
overall survival after hepatic resection were evaluated by
univariate and multivariate analyses using the following 10
factors: age, gender, hepatitis virus status, preoperative ICGR15,
Child classification, T-factor based on tumor pathology, type of
resection, duration of operation, blood loss, and postoperative
peak serum CRP.

Next, we analyzed the association of patients’ characteristics
with postoperative peak serum CRP, using the following 14
factors: age, gender, hepatitis virus status, preoperative ICGR15,
Child classification, T-factor based on tumor pathology, type of
resection, duration of operation, blood loss, perioperative blood
product transfusion (including red cell concentrate and fresh
frozen plasma), and postoperative complications [including
surgical site infection (SSI), pulmonary complication and bile
leakage].

Recurrence of HCC was defined as newly-detected hypervascular
hepatic or extrahepatic tumor by ultrasonography, computed
tomography, magnetic resonance image or angiography, with or
without increase in serum α-fetoprotein, or protein induced by
absence of vitamin K or antagonist-II. For recurrent HCC in the
liver, repeated hepatic resection, local ablation therapy, or
transarterial chemoembolization was given based on hepatic
functional reserve judged mainly by ICGR15. Extrahepatic
recurrence was mainly treated conservatively.

Statistical analysis. The data are expressed as the mean±SD.
Univariate analysis was performed using un-paired Student’s t-test
and Chi-square test. Analysis of disease-free and overall survival
was performed using the log-rank test. Factors that were found to
significantly influence disease-free or overall survival were then
used in the Cox proportional regression model for a multivariate
analysis. All p-values were considered statistically significant when
the associated probability was less than 0.05.

Results
Patients’ characteristics. The patients’ characteristics are
outlined in Table Ⅰ as the mean±SD, range, or ratio.
Postoperative peak serum CRP was 8.6±4.3 mg/dl (mean±SD).

Univariate and multivariate analyses of clinical variables in
relation to disease-free survival after elective hepatic resection
for HCC. Table Ⅱ lists the relationship between the clinical
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Table Ⅰ. Patients’ characteristics.

Factor Mean±SD or ratio Range

Age (years) 62.3±10.3 31-81
Gender (male:female) 63:13
Hepatitis virus (HBV:HCV:none) 27:35:14
ICGR15 (%) 14.8±9.9 4-51
Child classification (A:B) 70:6
T-factor (T1 or T2:T3 or T4) 59:17
Type of resection (anatomical:partial) 30:46
Duration of operation (min) 304.7±120.8 100-670
Blood loss (g) 1,043.2±1,105.9 10-5,230
Peak serum CRP (mg/dl) 8.6±4.3 1.86-21.5

HBV, Hepatitis B virus; HCV, hepatitis C virus; ICGR15, retention rate of
indocyanine green at 15 minutes; T-factor, tumor factor based on tumor
pathology; peak serum CRP, postoperative peak serum C-reactive protein. 

Table Ⅱ. Univariate and multivariate analysis of clinical variables in
relation to disease-free survival after elective hepatic resection for
hepatocellular carcinoma.

Factor N Univariate analysis Multivariate analysis

Hazard ratio p-Value Hazard ratio p-Value
(95% CI) (95% CI)

Age (years)
≥60 43 1.694 0.0552
<60 33 (0.9883-2.903)

Gender
Female 13 2.176 0.0638
Male 63 (0.9563-4.951)

Hepatitis virus
HBV 27 0.9930 0.1793

(0.4380-2.249)
HCV 35 1.668

(0.7680-3.619)
None 14

ICGR15 (%)
≥15 27 2.507 0.0039 2.388 0.0026
<15 49 (1.344-4.676) (1.355-4.208)

Child 
classification

A 70 0.3956 0.1094
B 6 (0.1271-1.231)

T-factor
T3 or T4 17 2.195 0.0380 2.121 0.0203
T1 or T2 59 (1.044-4.612) (1.124-4.003)

Type of resection
Anatomical 30 0.9432 0.8350
Partial 46 (0.5441-1.635)

Duration of 
operation (min)

≥300 37 0.9904 0.9720
<300 39 (0.5797-1.692)

Blood loss (g)
≥1,000 28 1.252 0.4436
<1,000 48 (0.7045-2.225)

Peak serum 
CRP (mg/dl)

≥10 24 1.257 0.4479
<10 52 (0.6959-2.272)

HBV, Hepatitis B virus; HCV, hepatitis C virus; ICGR15, retention rate
of indocyanine green at 15 minutes; T-factor, tumor factor based on
tumor pathology; peak serum CRP, postoperative peak serum C-reactive
protein; CI, confidence interval.



variables and disease-free survival after hepatic resection. In
univariate analysis, disease-free survival was significantly
worse for those with preoperative ICGR15 ≥15% (p=0.0039),
and high T-factor (p=0.0380). Postoperative serum CRP 
≥10 mg/dl tended to be associated with worse disease-free
survival, which however was not significant (p=0.4479,
Figure1A). In multivariate analysis, both preoperative ICGR15
≥15% (p=0.0026) and high T-factor (p=0.0203) were
independent predictors of poorer disease-free survival.

Univariate and multivariate analysis of clinical variables in
relation to overall survival after elective hepatic resection for
HCC. Table Ⅲ lists the relationship between the clinical
variables and overall survival after hepatic resection. Overall
survival was significantly worse in females (p=0.0052), those
with preoperative ICGR15 ≥15% (p=0.0043), high T-factor
(p=0.0063), and postoperative peak serum CRP ≥10 mg/dl
(p=0.0309, Figure 1B) in univariate analysis. In multivariate
analysis, female gender (p=0.0021), preoperative ICGR15
≥15% (p=0.0153), high T-factor (p=0.0023), and postoperative
peak serum CRP ≥10 mg/dl (p=0.0116) were independent
predictors of poor overall survival.

Univariate analysis of clinical variables in relation to
postoperative peak serum CRP after elective hepatic
resection. Table Ⅳ lists the relationship between clinical

variables and postoperative peak serum CRP. In univariate
analysis, the number of units of red cell concentrate
transfusion (p=0.0263) was significantly greater in those
with elevated postoperative peak serum CRP.  The blood loss
(p=0.0766) tended to be greater in the group with elevated
postoperative peak serum CRP. Incidence of postoperative
complications, including SSI, pulmonary complication and
bile leakage, were comparable between the two groups.
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Figure 1. A: Postoperative serum C-reactive protein ≥10 mg/dl tended to
be associated with worse disease-free survival, which however was not
significant (p=0.4479). B: Postoperative serum C-reactive protein 
≥10 mg/dl was significantly associated with worse overall survival in
univariate analysis (p=0.0309), and was an independent predictor in
multivariate analysis (p=0.0116). 

Table Ⅲ. Univariate and multivariate analysis of clinical variables in
relation to overall survival after elective hepatic resection for
hepatocellular carcinoma.

Factor N Univariate analysis Multivariate analysis

Hazard ratio p-Value Hazard ratio p-Value
(95% CI) (95% CI)

Age (years)
≥60 43 2.056 0.0784
<60 33 (0.9213-4.587)

Gender
Female 13 5.260 0.0052 4.348 0.0021
Male 63 (1.642-16.85) (1.704-11.093)

Hepatitis virus
HBV 27 0.4690

(0.1640-1.337)
HCV 35 0.5750

(0.2180-1.512) 0.3352
None 14

ICGR15 (%)
≥15 27 3.700 0.0043 2.782 0.0153
<15 49 (1.509-9.073) (1.216-6.362)

Child 
classification

A 70 0.3745 0.2351
B 6 (0.07400-1.895)

T-factor
T3 or T4 17 4.085 0.0063 3.726 0.0023
T1 or T2 59 (1.488-11.21) (1.598-8.690)

Type of resection
Anatomical 30 0.5486 0.1581
Partial 46 (0.2384-1.263)

Duration of 
operation (min)

≥300 37 0.9971 0.9943
<300 39 (0.4464-2.227)

Blood loss (g)
≥1,000 28 1.470 0.3751
<1,000 48 (0.6276-3.442)

Peak serum 
CRP (mg/dl)

≥10 24 2.619 0.0309 2.975 0.0116
<10 52 (1.092-6.281) (1.276-6.935)

HBV, Hepatitis B virus; HCV, hepatitis C virus; ICGR15, retention rate
of indocyanine green at 15 min; T-factor, tumor factor based on tumor
pathology; peak serum CRP, postoperative peak serum C-reactive
protein; CI, confidence interval. 



Discussion

CRP is synthesized by the liver and is primarily regulated in
response to interleukin-6 (19, 20), and may have several
functions: enhancement of phagocytosis through classical
complement activation, increased expression of endothelial
adhesion molecules, and up-regulation of pro- and anti-
inflammatory cytokines (21). Hepatic resection is associated
with a significant increase in serum CRP (22). Recently,
several investigators reported on the negative impact of
preoperatively elevated serum CRP on therapeutic outcome
after hepatic resection for patients with HCC (23-27). In
preoperative systemic immunological and inflammatory
clinical variables, the neutrophil-to-lymphocyte ratio (28, 29)
and preoperative monocyte counts in patients with HCC have
been reported as predictors of therapeutic outcome (30). Pre-
treatment white blood cell, granulocyte, lymphocyte, and
monocyte counts in patients with gastric cancer are also
reported as predictors of therapy efficacy (31).

Recent studies also reported an association between
postoperative systemic immunological and inflammatory
responses, and therapeutic outcome after hepatic resection.
We already reported that perioperative increase in white
blood cell counts are positively associated with increased
recurrence rate and worse survival rate after elective hepatic
resection for patients with HCC (15), and perioperative
increase in peripheral blood monocyte counts is negatively
associated with overall survival after elective hepatic
resection for liver metastasis in patients with colorectal
cancer (16). Postoperatively elevated serum CRP predicts
poor prognosis after hepatic resection (21) for liver
metastasis from colorectal cancer (32). However, there are

inadequate data for a consensus in relation to postoperative
serum CRP response and hepatic resection for patients with
HCC (33). Rahman et al. concluded that postoperative
serum CRP elevation may reflect residual liver function and
have an important metabolic role in hepatic regeneration
(21). In this study, postoperative serum CRP ≥10 mg/dl was
a significant and independent predictor of overall survival
after elective hepatic resection for patients with HCC, which
tended to be associated with worse disease-free survival.
Previous studies and our results suggest that postoperatively
elevated serum CRP may be strongly associated with poor
patient prognosis after hepatic resection for HCC, as
compared to tumor recurrence.

In conclusion, postoperatively elevated serum CRP is an
independent risk factor for poor overall survival, and has the
possibility to be a predictor of prognosis in patients with
HCC after elective hepatic resection.
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