
Abstract. Background: Systemic inflammation before
surgery, as evidenced by the Glasgow prognostic score
(GPS), predicts postoperative complications and cancer-
specific survival in various types of cancer. The aim of this
study was to evaluate the significance GPS in hepatic
resection for hepatocellular carcinoma (HCC). Patients and
Methods: Sixty-six patients who underwent elective hepatic
resections for HCC were include in the study. Patients were
classified into three groups: GPS 0 [C-reactive protein
(CRP)≤1.0 mg/dl and serum albumin ≥3.5 g/dl, n=54], GPS
1 [CRP >1.0 mg/dl or serum albumin <3.5 g/dl, n=11], and
GPS 2 [CRP>1.0 mg/dl and serum albumin <3.5 g/dl, n=1].
We retrospectively examined the association between GPS (0
or 1) and perioperative clinical variables and outcome.
Results: In univariate analysis, GPS 0 patients had
significantly better preoperative the retention rate of
indocyanine green at 15 minutes (ICGR15) (p=0.0418),
Child-Pugh classification (p=0.0075) and model for end-
stage liver disease score (p=0.0007) than did GPS 1
patients. In multivariate analysis, blood loss and GPS 1 were
independent risk factors for pulmonary complications
(p=0.0118 for blood loss, p=0.0143 for GPS 1), red blood
cell concentration transfusion (p=0.0036 for blood loss,
p=0.0117 for GPS 1) and flesh frozen plasma transfusion
(p=0.0020 for blood loss, p=0.0044 for GPS 1). Albumin
product transfusion, duration of operation (p=0.0478), blood
loss (p=0.0420) and GPS 1 (p=0.0111) were independent

risk factors. Disease-free and overall survival of GPS 0 and
GPS 1 patients were comparable. Conclusion: GPS reflects
preoperative patient status, and is associated with blood
transfusion and pulmonary complications in elective hepatic
resection for HCC.

Hepatocellular carcinoma (HCC) is one of the most common
types of malignant cancer in the world (1), for which hepatic
resection or transplantation remain the most effective
treatments (2). In spite of improvements in surgical
techniques, instruments, and perioperative management, the
morbidity rate from hepatic resection has been reported as
being as high as 40% (3). Although tumor stage has been the
main basis for predicting long-term survival in patients
undergoing surgery, it is now recognized that postoperative
complications contribute to poor cancer-specific survival for
various types of cancer (4, 5), including HCC (6). It has been
postulated that the presence of systemic inflammatory
response, as evidenced by an elevated C-reactive protein
(CRP) concentration, may be related to poor cancer-specific
survival, independently of tumor stage (5, 7). Moreover, the
occurrence of postoperative complications such as
pulmonary complications, surgical site infection (SSI) and
bile leakage leads to prolonged hospital stay. Therefore, it is
important to clarify the patient group which has an increased
risk for postoperative complications and HCC recurrence.

Several recent studies have indicated that the measurement
of the systemic inflammatory response by the combination
of serum CRP and albumin concentrations, i.e. the Glasgow
prognostic score (GPS), have been shown to predict cancer-
specific survival (8, 9), and postoperative infectious
complications (10). However, to the best of our knowledge,
the relationship between the GPS and postoperative
complications, disease-free survival, as well as overall
survival, in patients with HCC undergoing hepatic resection
has not been reported.
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We hypothesized that the GPS might reflect preoperative
general status and predict perioperative conditions such as
blood product transfusion requirement, postoperative
complications and prognosis in patients who underwent
elective hepatic resection for HCC.

Patients and Methods

Between January 2001 and December 2006, 84 patients underwent
hepatic resection for HCC in the Department of Surgery, Jikei
University Hospital, Tokyo, Japan. Of these, 18 patients were
excluded, consisting of 4 patients with concomitant microwave
coagulation or radiofrequency ablation therapy, 5 patients with
additional procedures for other malignancies, 8 patients due to
incomplete data sets, and 1 patient lost to follow-up, leaving the
remaining 66 patients for this study.

Generally, the extent of hepatic resection was determined based
on the retention rate of indocyanine green at 15 minutes (ICGR15)
before surgery and hepatic reserve, as described by Miyagawa et al.
(11). Hemogram and chemistry profile were routinely measured for
each patient preoperatively. The absolute white cell count (WBC),
lymphocyte and each subset count were routinely determined in
peripheral venous blood samples. The serum biochemistry data and
hemogram included hemoglobin (Hb), serum total bilirubin (T-Bil),
serum creatinine (Cr), serum albumin, prothrombin time-

international normalized ratio (PT-INR), and CRP. The use of blood
products and the amount were determined by the preference of
attending surgeons based on Guidelines for Administration of Blood
Products by the Japanese Ministry of Health and Welfare established
in 1999 (12), as well as intraoperative blood loss, postoperative data
of Hb, platelets, serum albumin, and the prothrombin time. The
tumor factor (T factor) staging was based on the General Rules for
the Clinical and Pathological Study of Primary Liver Cancer by the
Liver Cancer Study Group of Japan (13). The type of resection was
classified into two groups: anatomical resection (extended
lobectomy, lobectomy, segmentectomy, or subsegmentectomy) and
non-anatomical limited partial resection.

For the assessment of systemic inflammatory response using the
GPS, patients were classified into three groups: patients with normal
albumin (≥3.5 g/dl) and normal CRP (≤1.0 mg/dl) as GPS 0 (n=54),
those with low albumin (<3.5 g/dl) or elevated CRP (>1.0 mg/dl) as
GPS 1 (n=11), and both low albumin (<3.5 g/dl) and elevated CRP
(>1.0 mg/dl) as GPS 2 (n=1). We then excluded GPS 2 and
compared GPS0 with GPS1, using the following 25 factors: age;
gender; pre-operative ICGR15; T factor based on tumor pathology;
type of resection; duration of operation; intraoperative blood loss;
hepatitis virus status; Child’s classification; model for end-stage
liver disease score (MELD score); preoperative T-Bil, PT-INR, Cr,
Hb, WBC and lymphocyte count; surgical site infection (SSI);
pulmonary complications; bile leakage; and the perioperative
transfusion of red blood cell concentrate (RC), fresh frozen plasma
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Table Ⅰ. Univariate analysis of perioperative findings according to Glasgow prognostic score.

Factor GPS Univariate
p-value

GPS 0 (n=54) GPS 1 (n=11)

Age (years) 60.9±10.0 62.0±9.9 0.7660
Gender (male:female) 47:7 9:2 0.6578
ICGR15 (%) 12.9±6.8 19.0±15.6 0.0418
T factor (T1 or 2:T3 or 4) 39:15 8:3 0.9728
Type of resection (anatomical:partial) 17:37 6:5 0.1530
Operation time (min) 291.1±119.9 316.4±83.3 0.5088
Intra-operative blood loss (g) 1,041.6±1,236.9 1,036.5±815.0 0.9896
Hepatitis virus (HBV:HCV:no) 25:21:8 3:5:3 0.4265
Child’s class (A:B) 52:2 8:3 0.0075
MELD score 6.7±0.9 9.2±4.9 0.0007
T-Bil (mg/dl) 0.92±0.31 1.03±0.72 0.4402
PT-INR 1.03±0.05 1.07±0.07 0.0299
Cr (mg/dl) 0.78±0.12 1.62±3.00 0.0352
Hb (g/dl) 14.1±1.58 13.0±1.29 0.0433
WBC (/μl) 5,070±1,905 4,855±2,114 0.7377
Lymphocyte count (/μl) 1,637±565 1,355±749 0.1613
Surgical site infection (yes:no) 7:47 3:8 0.2305
Pulmonary complications (yes:no) 7:47 5:6 0.0205
Bile leakage (yes:no) 3:51 2:9 0.1520
RC transfusion (yes:no) 10:44 6:5 0.0115
FFP transfusion (yes:no) 12:42 7:4 0.0059
PC transfusion (yes:no) 2:52 2:9 0.0686
Albumin product transfusion (yes:no) 22:32 10:1 0.0024

T factor, Tumor factor; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, model for end-stage liver disease score; T-Bil, serum total
bilirubin; PT-INR, prothrombin time-international normalized ratio; Cr, serum creatinine; Hb, hemoglobin; WBC, white blood cell count; RC, red
cell concentrate; FFP, fresh frozen plasma; PC, platelet concentrate.



(FFP), platelet concentrate (PC), or albumin product, and disease-
free and overall survival by univariate and multivariate analyses.

The recurrence of HCC was defined as newly detected
hypervascular hepatic or extrahepatic tumors by ultrasonography,
computed tomography (CT), magnetic resonance image and
angiography, with or without an increase in serum α-fetoprotein
(AFP) or protein induced by vitamin K absence or antagonist-II
(PIVKA- 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.

Pulmonary complications were defined as postoperative
pneumonia; postoperative respiratory failure with pyrexia, dyspenia,
and a pulmonary infiltrate on chest X-ray; or pleural effusion that
required thoracentesis. SSI was defined as surgical wound infection
with purulent discharge and bacterial isolation, or abdominal
abscess with pyrexia. Bile leakage was defined as bile discharge
from the abdominal drainage tube, or fluid collection by CT which
was demonstrated as bile by aspiration or drainage.

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

Statistical analysis. The data were expressed as the mean±standard
deviation (SD). Analysis of disease-free and overall survival was
performed using the log-rank test. Univariate analysis was
performed using the non-paired Student’s t-test, Mann-Whitney’s U
t-test and Chi-square test. Multivariate analysis was performed using

logisticregression analysis. All p-values were considered statistically
significant when the associated probability was less than 0.05.

Results

Association between GPS and perioperative findings.
Perioperative findings in GPS 0 and GPS 1 patients are outlined
in Table Ⅰ. Univariate analysis demonstrated that GPS 1 patients
had significantly worse preoperative ICGR15 (p=0.0418),
Child’s classification (p=0.0075) and MELD score (p=0.0007),
PT-INR (p=0.0299), Cr (p=0.0352) and Hb (p=0.0433) than
those in GPS 0 patients. The incidence of postoperative
pulmonary complications in GPS 1 was significantly higher
than those in GPS 0 (p=0.0205). The incidences of SSI
(p=0.2305) and bile leakage (p=0.1520) in both groups were
comparable. The incidence of perioperative RC transfusion, FFP
transfusion and albumin product transfusion in GPS 1 were
significantly higher than those in GPS 0 (p=0.0115, p=0.0059,
and p=0.0024, respectively). Perioperative factors of patients
with elevated CRP and low albumin concentration in GPS1 are
outlined in Table Ⅱ. The type of resection for HCC was
statistical difference. The incidence of SSI patients with elevated
CRP tended to be higher than that in patients with low albumin,
which however failed to achieve significance (p=0.1247). The
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Table Ⅱ. Univariate analysis of perioperative factors according to preoperative CRP and albumin in GPS 1 patients.

Factor CRP >1.0 mg/dl Albumin <3.5 g/dl p-Value
(n=4) (n=7)

Age (years) 56.8±6.3 64.9±2.9 0.2073
Gender (male:female) 3:1 6:1 0.6576
ICGR15 (%) 9.5±1.6 24.4±6.6 0.1335
T factor (T1 or 2:T3 or 4) 2:2 6:1 0.2008
Type of resection (anatomical:partial) 4:0 2:5 0.0221
Operation time (min) 343.8±27.9 300.7±36.3 0.4389
Intraoperative blood loss (g) 1,322±523 873±261 0.4078
Hepatitis virus (HBV:HCV:no) 2:1:1 1:4:2 0.4105
Child’s class (A:B) 4:0 4:3 0.1247
MELD score 6.5±0.3 10.7±2.1 0.1799
T-Bil (mg/dl) 0.68±0.03 1.23±0.33 0.2413
PT-INR 1.05±0.03 1.09±0.03 0.4067
Cr (mg/dl) 0.63±0.06 2.19±1.39 0.4290
Hb (g/dl) 13.1±0.83 12.9±0.44 0.8350
WBC (/μl) 5,725±776 4,357±882 0.3271
Lymphocyte count (/μl) 1,200±308 1,443±321 0.6307
Surgical site infection (yes:no) 4:0 4:3 0.1247
Pulmonary complications (yes:no) 3:1 3:4 0.3031
Bile leakage (yes:no) 3:1 6:1 0.6576
RC transfusion (yes:no) 4:0 2:5 0.0221
FFP transfusion (yes:no) 3:1 4:3 0.5537
PC transfusion (yes:no) 0:4 2:5 0.2373
Albumin product transfusion (yes:no) 3:1 7:0 0.1653

T factor, Tumor factor; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, model for end-stage liver disease score; T-Bil, serum total
bilirubin; PT-INR, prothrombin time-international normalized ratio; Cr, serum creatinine; Hb, hemoglobin; WBC, white blood cell count; RC, red
cell concentrate; FFP, fresh frozen plasma; PC, platelet concentrate.



incidence of RC transfusion in patients with elevated CRP was
statistically higher than that in patients with low albumin
(p=0.0221). The incidence of albumin product transfusion in
patients with elevated CRP tended to be lower than that in
patients with low albumin, which however failed to achieve
statistical significance. Other findings were comparable between
the two groups.

Disease-free and overall survival analysis. Figure 1 shows
Kaplan-Meier curves of disease-free and overall survival in
GPS 0 and GPS 1 patients. Disease-free survival rates at 1, 3,
and 5 years were 79.5%, 52.4%, and 40.0% in GPS 0, 90.9%,
51.9%, and 51.9% in GPS 1, respectively (Figure 1A). Overall
survival rates at 1, 3, and 5 years were 94.4%, 83.2%, and
71.0% in GPS 0, and 90.9%, 70.1%, and 70.1% in GPS 1,
respectively (Figure 1B). Both disease-free and overall
survival in GPS 0 and GPS 1 were comparable (p=0.5079 for
disease-free survival, p=0.8272 for overall survival).

Assessment of GPS in relation to pulmonary complications
and blood product transfusion. The association between
incidence of pulmonary complications and perioperative
factors including the GPS are outlined in Table Ⅲ. In
univariate analysis, female gender (p=0.0304), massive
blood loss (p=0.0091) and GPS 1 (p=0.0114) were
significant risk factors for postoperative pulmonary
complications. In multivariate analysis, blood loss during
operation (p=0.0118) and GPS 1 (p=0.0143) were found as
independent risk factors.

The association between incidence of RC transfusion and
perioperative factors including the GPS are outlined in Table
Ⅳ. In univariate analysis, anatomical resection (p=0.0013),
operation time (p=0.0008), intraoperative blood loss
(p<0.0001), absence of hepatitis virus infection (p=0.0406),
GPS 1 (p=0.0115) and preoperative Hb (p=0.0039) were
significant risk factors for perioperative RC transfusion. In
multivariate analysis, intraoperative blood loss (p=0.0036)
and preoperative Hb (p=0.0278) were found as independent
risk factors. The incidence of RC transfusion in GPS 1
patients tended to be higher than that in GPS1 patients,
which however was not significant by multivariate analysis
(p=0.0508).

The association between incidence of FFP transfusion and
perioperative findings including the GPS are outlined in
Table Ⅴ. In univariate analysis, advanced T factor
(p=0.0227), anatomical resection (p=0.0026), operation time
(p=0.0173), intraoperative blood loss (p<0.0001) and GPS
1 (p=0.0059) were significant risk factors for perioperative
FFP transfusion. In multivariate analysis, intraoperative
blood loss (p=0.0020) and GPS 1 (p=0.0044) were found to
be independent risk factors.

The association between the incidence of albumin product
transfusion and perioperative findings including the GPS are
outlined in Table Ⅵ. In univariate analysis, age (p=0.0461),
operation time (p<0.0001), hepatitis virus status (p=0.0398),
intra-operative blood loss (p<0.0001) and GPS 1 (p=0.0024)
were significant risk factors for perioperative albumin
product transfusion. In multivariate analysis, operation time
(p=0.0478), intraoperative blood loss (p=0.0420) and GPS
1 (p=0.0111) were found to be independent risk factors.

Discussion

The GPS was first reported as a predictor of prognosis in
inoperable non-small cell lung cancer in 2003 (14). The GPS
had been shown to predict prognosis in patients with various
inoperable tumors of the lung (15), breast (16), esophagus or
stomach (17), pancreas (18), kidney (19) and colorectum (20).
Therefore, the GPS may be a useful predictor of prognosis for
patients with unresctable and advanced malignancies. The
reasons for the association between the GPS, pre-treatment
elevated CRP or low albumin concentrations, and prognosis,
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Figure 1. Kaplan-Meier curves of disease-free (A) and overall survival
(B) in GPS 0 and GPS 1 patients. Both disease-free and overall survival
of the two groups were comparable.



as well as postoperative complications, in patients with various
malignancies remain unclear (10). It has been reported that
pre-operative elevation of CRP was related to reduced
lymphocyte numbers and suppressed lymphocyte-mediated
immunity (21), and low tumor T-lymphocyte infiltration has

been reported to induce tumor progression in patients
undergoing curative resection for colorectal cancer (22). The
systemic inflammatory response and hypoalbuminemia
reflected the loss of lean tissue and protein, which suppress
immune function (23, 24). Therefore, elevated CRP and low
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Table Ⅲ. Univariate and multivariate analyses of pulmonary complications after hepatic resection.

Factor Pulmonary complications Univariate Multivariate

Yes (n=12) No (n=53) OR (95% CI) p-Value OR (95% CI) p-Value

Age (years) 63.7±7.6 60.5±10.3 1.000 (–3.151-9.465) 0.3210
Gender (male:female) 8:4 48:5 0.208 (0.046-0.9462) 0.0304 0.208 (0.035-1.223) 0.0823
ICGR15 (%) 15.9±8.10 13.5±9.25 0.825 (–3.398-8.175) 0.4126
T factor (T1or2:T3or4) 9:3 38:15 1.184 (0.281-0.498) 0.8175
Type of resection (anatomical:partial) 6:6 17:36 2.118 (0.595-7.544) 0.2410
Operation time (min) 349.2±127.6 283.2±108.8 1.837 (–5.796-137.7) 0.0709
Intraoperative blood loss (g) 1,825±1,895 863±868 2.692 (247.96-1675.8) 0.0091 1.001 (1.000-1.001) 0.0118
Hepatitis virus (HBV:HCV:no) 4:5:3 24:21:8 0.700 (0.166-2.953) 0.6370
Child’s class (A : B) 11:1 49:4 0.898 (0.091-0.746) 0.9265
Glasgow prognostic score (0:1) 7:5 47:6 0.179 (0.043-0.746) 0.0114 7.195 (1.483-34.92) 0.0143
MELD score 7.3±2.8 7.1±2.2 0.374 (–1.202-1.755) 0.7097
T-Bil (mg/dl) 0.98±0.70 0.93±0.31 0.398 (–0.206-0.309) 0.6921
PT-INR 1.04±0.05 1.04±0.06 0.211 (–0.033-0.041) 0.8335
Cr (mg/dl) 0.78±0.26 0.95±1.34 0.446 (–0.608-0.957) 0.6573
Hb (g/dl) 13.5±1.6 14.0±1.6 0.842 (–0.588-1.443) 0.4032
WBC (/μl) 5,850± 3,127 4,849±1,519 1.647 (–213.2-2215.1) 0.1045
Lymphocyte count (/μl) 1,575±798 1,590±559 0.078 (–375.6-405.9) 0.9383

T factor, Tumor factor; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, model for end-stage liver disease score; T-Bil, serum total
bilirubin; PT-INR, prothrombin time-international normalized ratio; Cr, serum creatinine; Hb, hemoglobin; WBC, white blood cell count; OR, odds
ratio; CI, confidence interval.

Table Ⅳ. Univariate and multivariate analyses of perioperative red blood cell concentrate given after hepatic resection.

Factor RCC given Univariate Multivariate

Yes (n=16) No (n=49) OR (95% CI) p-Value OR (95% CI) p-Value

Age (years) 63.8±10.6 60.2±9.6 1.275 (–2.045-9.262) 0.2068
Gender (male:female) 12:4 44:5 0.341 (0.079-1.471) 0.1368
ICGR15 (%) 13.5±8.2 14.1±9.4 0.238 (–4.615-5.860) 0.8130
T factor (T1or2:T3or4) 10:6 37:12 0.541 (0.162-1.801) 0.3126
Type of resection (anatomical:partial) 11:5 12:37 6.783 (1.959-23.48) 0.0013 4.496 (0.281-71.87) 0.2877
Operation time (min) 375.6±134.4 269.2±94.6 3.505 (45.8-167.1) 0.0008 1.007 (0.986-1.029) 0.5252
Intraoperative blood loss (g) 2,439±1,562 584±448 7.520 (1,361.9-2,347.7) <0.0001 0.996 (0.992-1.000) 0.0368
Hepatitis virus (HBV:HCV:no) 5:5:6 23:21:5 0.181 (0.039-0.838) 0.0406 0.267 (0.004-17.84) 0.5382
Child’s class (A:B) 15:1 45:4 1.333 (0.138-12.89) 0.8031
Glasgow prognostic score (0:1) 10:6 44:5 0.189 (0.048-0.746) 0.0115 0.034 (0.001-1.012) 0.0508
MELD score 7.06±2.46 7.12±2.27 0.090 (–1.273-1.393) 0.9287
T-Bil (mg/dl) 0.944±0.598 0.941±0.319 0.025 (–0.229-0.235) 0.9799
PT-INR 1.038±0.05 1.039±0.06 0.076 (–0.032-0.035) 0.9396
Cr (mg/dl) 0.763±0.233 0.968±1.396 0.583 (–0.499-0.910) 0.5620
Hb (g/dl) 12.8±1.21 14.2±1.56 3.004 (0.442-2.199) 0.0039 4.537 (1.180-17.45) 0.0278
WBC (/μl) 5,831±2,858 4,774±1,453 1.949 (–26.9-2,141.4) 0.0558
Lymphocyte count (/μl) 1,506±651 1,615±592 0.618 (–242.8-460.1) 0.5388

T factor, Tumor factor; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, model for end-stage liver disease score; T-Bil, serum total
bilirubin; PT-INR, prothrombin time-international normalized ratio; Cr, serum creatinine; Hb, hemoglobin; WBC, white blood cell count; OR, odds
ratio, CI, confidence interval.



albumin concentration may reflect immunosuppression, and
predict prognosis and postoperative complications in patients
with various malignancies. Since the majority of patients with
HCC have liver dysfunction due to hepatitis viral infection and
liver cirrhosis, the GPS may be influenced by liver function. In

this study, the GPS reflected preoperative, general status such
as Child’s classification and MELD score, and predicted the
incidence of postoperative pulmonary complications and
requirement for perioperative FFP and albumin products
independently.
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Table Ⅴ. Univariate and multivariate analyses of requirement for perioperative FFP transfusion after hepatic resection.

Factor FFP transfusion Univariate Multivariate

Yes (n=19) No (n=46) OR (95% CI) p-Value OR (95% CI) p-Value

Age (years) 62.8±10.7 60.4±9.6 0.917 (–2.915-7.860) 0.3626
Gender (male:female) 14:5 42:4 0.267 (0.063-1.134) 0.0614
ICGR15 (%) 15.4±10.1 13.4±8.6 0.831 (–2.884-6.987) 0.4093
T factor (T1or2:T3or4) 10:9 37:9 0.270 (0.085-0.861) 0.0227 0.201 (0.028-1.461) 0.1128
Type of resection(anatomical:partial) 12:7 11:35 5.455 (1.723-17.27) 0.0026 0.518 (0.086-3.122) 0.4727
Operation time (min) 347.4±123.4 273.9±104.4 2.445 (13.41-133.5) 0.0173 0.995 (0.984-1.005) 0.3027
Intraoperative blood loss (g) 2,151±1,580 582±464 6.181 (1,062.0-2076.8) <0.0001 1.002 (1.001-1.004) 0.0020
Hepatitis virus (HBV:HCV:no) 9:5:5 19:21:6 1.989 ( 0.566-6.994) 0.2502
Child’s class (A : B) 17:2 43:3 0.593 (0.091-3.870) 0.5816
Glasgow prognostic score (0:1) 12:7 42:4 0.163 (0.041-0.653) 0.0059 20.40 (2.562-162.34) 0.0044
MELD score 7.3±2.3 7.0±2.3 0.348 (–1.042-1.481) 0.7290
T-Bil (mg/dl) 1.00±0.55 0.92±0.32 0.686 (–0.144-0.294) 0.4954
PT-INR 1.05±0.06 1.03±0.06 1.276 (–0.011-0.051) 0.2065
Cr (mg/dl) 0.75±0.23 0.99±1.44 0.721 (–0.426-0.906) 0.4737
Hb (g/dl) 13.4±1.19 14.0±1.68 1.329 (–0.299-1.483) 0.1888
WBC (/μl) 5,306±2,091 4,922±1,716 0.728 (–669.9-1,436.9) 0.4696
Lymphocyte count (/μl) 1,563±616 1,598±606 0.207 (–300.0-368.8) 0.8368

T factor, Tumor factor; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, model for end-stage liver disease score; T-Bil, serum total
bilirubin; PT-INR, prothrombin time-international normalized ratio; Cr, serum creatinine; Hb, hemoglobin; WBC, white blood cell count; OR, odds
ratio, CI, confidence interval.

Table Ⅵ. Univariate and multivariate analyses of perioperative findings in albumin product transfusion.

Factor Albumin transfusion Univariate Multivariate

Yes (n=32) No (n=33) OR (95% CI) p-Value OR (95% CI) p-Value

Age (years) 63.6±8.67 58.7±10.5 2.034 (0.086-9.645) 0.0461 1.056 (0.944-1.180) 0.3419
Gender (male:female) 27:5 29:4 0.745 (0.181-3.068) 0.6826
ICGR15 (%) 14.7±11.1 13.3±6.50 0.601 (–3.149-5.855) 0.5502
T factor (T1, 2:T3, 4) 21:11 26:7 0.514 (0.170-1.558) 0.2358
Type of resection (anatomical:partial) 15:17 8:25 2.757 (0.959-7.932) 0.0564
Operation time (min) 355.3±116.0 237.3±77.8 4.831 (69.2-166.9) <0.0001 1.009 (1.000-1.018) 0.0478
Intraoperative blood loss (g) 1,688±1,375 413±364 5.206 (785.2-1763.6) <0.0001 1.003 (1.001-1.005) 0.0420
Hepatitis virus (HBV:HCV:no) 9:15:8 19:11:3 0.178 (0.038-0.834) 0.0398 1.158 (0.117-11.49) 0.9006
Child’s class (A:B) 29:3 31:2 0.624 (0.097-4.006) 0.6651
Glasgow prognostic score (0:1) 22:10 32:1 0.069 (0.008-0.577) 0.0024 35.59 (2.26-560.76) 0.0111
MELD score 7.4±3.1 6.9±1.0 0.922 (–0.615-1.668) 0.3600
T-Bil (mg/dl) 0.93±0.45 0.95±0.35 0.262 (–0.180-0.220) 0.8402
PT-INR 1.04±0.06 1.04±0.06 0.131 (–0.027-0.031) 0.8962
Cr (mg/dl) 1.08±1.73 0.76±0.12 1.049 (–0.287-0.920) 0.2983
Hb (g/dl) 13.6±1.45 14.1±1.67 1.298 (–0.278-1.306) 0.1992
WBC (/μl) 5,106±2,324 4,964±1,475 0.296 (–819.1-1,104.3) 0.7679
Lymphocyte count (/μl) 1,588±613 1,587±603 0.003 (–306.5-307.3) 0.9979

T factor, Tumor factor; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD score, model for end-stage liver disease score; T-Bil, serum total
bilirubin; PT-INR, prothrombin time-international normalized ratio; Cr, serum creatinine; Hb, hemoglobin; WBC, white blood cell count; OR, odds
ratio, CI, confidence interval.



Hypoalbuminemia has been reported as one risk factor for
perioperative blood transfusion, and affected disease-free as
well as overall survival in patients who underwent elective
hepatic resection for HCC (25). In this study, the GPS
predicted the incidence of perioperative FFP and albumin
product transfusion independently, but reasons for
association inflammatory response and perioperative blood
transfusion is still unclear. Several investigators have
reported the negative impact of blood transfusion on outcome
and prognosis after hepatic resection for HCC (26, 27).
Further validation and assessment of the mechanisms by
which the GPS affects the incidence of perioperative blood
product transfusion may help to improve outcome and
prognosis in patients undergoing hepatic resection for HCC.

The evidence of a significant association between the GPS
and prognosis in primary operable cancer patients has been
reported in colorectal (9), gastro-esophageal (28), urinary
bladder (29), pancreatic (30), renal (31), and non-small cell
lung (32) cancer. Several investigators have reported the
impact of preoperative systemic inflammatory responses on
the prognosis of patients with HCC (33-35). However, the
relationship between the GPS, postoperative complications
and disease-free, as well as overall, survival in patients with
HCC undergoing hepatic resection has not been reported. In
this study, however, GPS was not found to be associated with
disease-free or overall survival.

Patient risk stratification using the GPS is easy because it
is composed only of serum CRP and albumin concentration,
which are routine examinations for perioperative patient
management. The GPS is useful for identification of patients
at risk.

Conclusion

The GPS reflects the preoperative patient status including
ICGR15, Child’s classification and MELD score, the need
for intraoperative use of FFP and albumin, and postoperative
pulmonary complications in patients undergoing hepatic
resection for HCC.
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