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INTRODUCTION is the fifth most common cancer [2]. Hepatocellular
carcinoma (HCC) comprises ~75% of all liver cancers in

Since 2000, hepatoma has been the fifth most common Korea [3]. The 5-year survival rate of HCC was 23.3%

cancer worldwide, comprising 5.6% of all cancers [1]. In from 2004 to 2008, indicating a significantly poor

Korea, an analysis of the incidence and prevalence of prognosis compared to that of other cancers [2]. The

major cancers in 2008 suggested that hepatic neoplasm prognosis of HCC is poor because it is an obstacle to ac-
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tive cancer therapy, as it causes earlier vascular invasion
and is accompanied by rapid growth, chronic hepatitis,
and liver cirrhosis. Furthermore, it is difficult to treat
with curative therapy as it is often discovered at a more
advanced stage due to the absence of specific symptoms
unless a periodic inspection is conducted [4].

Treatments for HCC include hepatectomy, liver
transplant, radiofrequency ablation (RFA), percutane-
ous ethanol injection, transarterial chemoemboliza-
tion (TACE), anticancer therapy, and radiotherapy. The
most likely curative therapy is liver transplantation;
however, lack of donor livers, strict transplant criteria,
and being dropped during the waiting period are ma-
jor obstacles [5]. Therefore, hepatectomy is often con-
ducted, and the recent mortality rate following hepatec-
tomy has been reduced significantly due to preoperative
examinations, development of surgical techniques, and
improved management of patients, resulting in an in-
creased long-term survival rate [6,7]. However, the
5-year reoccurrence rate of HCC after hepatectomy re-
mains high at 77% to 100% [8].

HCC is staged on the basis of tumor size, number,
and vascular invasion [9,10]. In the present study, these
histopathological characteristics were evaluated to de-
termine the prognostic factors affecting overall surviv-
al (OS) and disease-free survival (DFS) in patients with
HCC after hepatectomy.

METHODS

Patient enrollment

A retrospective cohort study was conducted based on
the individual medical records of 166 patients who un-
derwent hepatectomy after being diagnosed with HCC
at Gachon University Gil Medical Center from January
2005 to December 2010. The experimental protocol
conformed to the ethical guidelines of the 1975 Decla-
ration of Helsinki and was approved by the Gachon
University Gil Medical Center Human Research Com-
mittee.

Among the patients, 126 were finally selected with the
exception of eight with ruptured a HCC, four with
mixed HCC, two who died during the main operation,
five with extrahepatic metastasis at the time of surgery,
four with residual HCC after surgery, seven with no ev-
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idence of HCC in histopathological tissues due to pre-
operative treatment (RFA or TACE), one with no medical
records, and nine who underwent liver transplantation.
The cause of the existing liver disease, the presence of
liver cirrhosis, the presence of cirrhosis complications,
Child-Pugh classification, and preoperative HCC treat-
ment method were investigated in all patients. Hepati-
tis B was defined as hepatitis B surface antigen (HBsAg)
positive, hepatitis C as hepatitis C virus antibody (HCV
AD) positive, and liver cirrhosis was doubted radiologi-
cally as a result of laboratory inspection, so cases that
underwent histopathological assessment were also in-

cluded.

Laboratory findings

Preoperative serological tests, including alanine ami-
notransferase, total bilirubin, albumin, prothrombin
time, hemoglobin, white blood cell count, platelets, so-
dium, creatinine, HBsAg, hepatitis B surface antibody,
HCV Ab, a-fetoprotein (AFP), and indocyanine green
retention at 15 minutes (ICG Ris), were performed to
evaluate residual liver function.

Radiological evaluation and HCC stage

Abdominal sonography, dynamic-contrast-enhanced
computed tomography (CT), dynamic-contrast-en-
hanced magnetic resonance imaging (MRI), and hepat-
ic antiography were performed before surgery, in which
the modified Union for International Cancer Control
(UICC) stage [9], and Barcelona Clinic Liver Cancer
(BCLC) stage [10] were investigated.

Histopathological examination

The largest tumor diameter was taken as the size of
HCC, regardless of the number of tumors, and the
number, microvascular invasion, portal vein invasion,
infiltration of the tumor into the hepatic capsule, in-
clusion of margins, and Edmondson tissue grade were
examined. Vascular invasion is divided into macrovas-
cular and microvascular invasion, the former involving
mostly large- to medium-sized vessels, which can be vi-
sually perceived, but the latter (mainly in small vessels
such as portal vein branches in portal tracts, central
veins in noncancerous liver tissue, and venous vessels
in the tumor capsule and/or noncapsular fibrous septa)
can be observed only by microscopy [11]. Gross tumor
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findings and hematoxylin-and-eosin-stained slides of
HCC were reviewed by one pathologist.

Patient follow-up

A basic physical examination, liver function test, AFP,
and dynamic contrast-enhanced CT were performed
through outpatient consultations at intervals of 3 to 4
months after surgery. Recurrence was defined as HCC
observed on dynamic contrast-enhanced CT, dynamic
contrast-enhanced MRI, or hepatic angiography or if
there was evidence after liver biopsy or resurgery.

Statistical analysis

The SPSS version 13.0 software (SPSS Inc., Chicago, IL,
USA) was used for the statistical analysis. Continuous
variables are reported as means + standard deviation
and categorical variables are reported as frequencies
(percentages). Five-year OS and 5-year DFS were mea-
sured by the Kaplan-Meier method. Cox proportional
hazard model was used in the univariate and multivar-
iate analyses of factors affecting OS and DFS. A pvalue <
0.05 was considered to indicate significance.

RESULTS

Baseline characteristics

Of the 126 patients, 103 were male, and the average age at
the time of hepatectomy was 55 years. Sixty-three (50.0%)
patients developed recurrence after hepatectomy, and the
time until recurrence after hepatectomy was a mean of 12
months, and the observation time was a mean of 19.5
months.

Hepatitis B was the most common cause of existing liver
disease, in 96 patients (76.2%), followed by 16 with alcohol-
ic liver disease (12.7%), seven with unknown liver disease
(5.6%), six with hepatitis C (4.8%), and one with a superin-
fection of hepatitis B and hepatitis C(0.7%). Liver cirrhosis
was found in 91 patients (72.2%), of which 26 (20.6%) had
esophageal varix or multiple complications of liver cirrho-
sis. A total of 124 patients (98.4%) were Child-Pugh class A;
the remaining two (1.6%) were Child-Pugh class B. Nine-
teen patients (15.1%) received TACE as preoperative HCC
treatment, and two (1.6%) received RFA.

The median preoperative serum AFP value was 25.2 ng/
mL, and the mean preoperative ICG Ri; value was 14.2%.
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Table 1. Baseline characteristics (n = 12.6)

Variable Value
Sex, male/female 103(81.7)/23 (18.3)
Age, yr 55.0+ 9.8
Underlying liver disease
HBV 96 (76.2)
HCV 6 (4.8)
HBV + HCV 1(0.7)
Alcohol 16 (12.7)
Unknown 7 (5.6)
Cirrhosis 01 (72.2)
Complication of cirrhosis
fzzgi;geal varix/esophageal varix 24 (19.0)/2 (1)
Child-Pugh classification
A/B 124 (98.4)/2 (1.6)
Preoperative treatment
TACE/RFA 19 (15.1)/2 (1.6)
Recurrence during observational
. 63 (50.0)
periods
Time to recurrence after hepatic
) 12.0 (1-60)
resection, mon
Follow-up duration after hepatic 195 (-78)

resection, mon

Preoperative AFP, ng/mL 25.2 (0.2-31,600.0)

<10 51 (40.5)
10-400 47 (373)
> 400 26 (20.6)
ICGR15, % 14.2%9.1
<10 34 (27.0)
10—20 48 (38.9)
>20 24 (19.0)

Preoperative laboratory data

Alanine aminotransferase, U/L 40.9 +24.2
Total bilirubin, mg/dL 0.97+0.87
Albumin, g/dL 4.06+0.41
Prothrombin time, INR 1.11+0.15
Hemoglobin, g/dL 13.7+1.8
White blood cell, x10*/mm? 6.0£2.1
Platelet, x10*/mm’ 168.4+ 717
Sodium, mEq/L 139.4+4.1
Creatinine, mg/dL 0.95+ 0.69

Values are presented as number (%), mean + SD, or median (range).
HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, tran-
sarterial chemoembolization; RFA, radiofrequency ablation;
AFP, g-fetoprotein; ICG Ri5, indocyanine green retention at
15 minutes; INR, international normalized ratio.
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The mean preoperative level of alanine aminotransferase
was 40.9 U/L; total bilirubin, 0.97 mg/dL; albumin, 4.06 g/
dL; prothrombin time (international normalized ratio),
1.11; hemoglobin, 13.7 g/dL; white blood cells, 6.0 x 10°/
mm’; blood platelets, 168.4 x 10°/mm’; sodium, 139.4 mEq/
L; and serum creatinine, 0.95 mg/dL (Table 1).

Histopathological examination and preoperative HCC
stage

Average tumor size was 3.91 cm. A total of 111 patients
(88.1%) had solitary carcinoma, and 15 (11.9%) had multiple
tumors. In the pathological examination after hepatecto-
my, 22 (17.5%) had a microvascular invasion, six (4.8%) a
portal vein invasion, 12 (9.5%) had infiltration of the tumor
into the hepatic capsule, and eight (6.3%) had cancer cells
on the margins. Twelve patients (9.5%) were assigned to
Edmondson tissue grade I, 51 (40.2%) to grade I, 58 (46.0%)
to grade III, and five (4.0%) to grade IV. Before hepatecto-
my, 25 patients (19.8%) were in modified UICC stage I, 73
(57.9%) were in stage II, 21 (16.7%) were in stage ITI, and sev-
en (5.6%) were in stage IV. Twenty-seven patients (21.4%)
were in BCLC stage O, 86 (68.3%) were in stage A, three
(2.4%) were in stage B, and 10 (7.9%) were in stage C (Ta-
ble 2).

Two- and 4-year survival and 2- and 4-year DFS after
hepatectomy for HCC

The 2- and 4-year OS and 2- and 4-year DFS were 78.1%
and 65% and 51.1% and 26.6%, respectively, and the medi-
an 5-year OS and 5-year DFS were 63 and 24 months, re-
spectively (Fig. 1).

Factors influencing survival rate after hepatectomy
In the univariate analysis, survival rate was lower in pa-
tients with Child-Pugh class B (p = 0.001; hazard ratio
[HR], 15.813; 95% confidence interval [Cl], 3.272 to 76.411),
preoperative AFP > 400 ng/mL (p = 0.022; HR, 3.468; 95%
CI, 1.193 to 10.082), tumor size = 5 cm (p = 0.038; HR, 4.276;
95% CI, 1.081 to 16.919), more than two tumor nodules
(p = 0.006; HR, 3.248; 95% CI, 1.407 to 7.498), portal vein
invasion (p = 0.009; HR, 5.076; 95% CI, 1.495 to 17.232),
modified UICC stage III/IV (p = 0.002; HR, 3.614; 95%
CI, 1.615 to 8.086), and BCLC stage B/C (p < 0.001; HR,
8.408; 95% CI, 3.267 to 21.641). In the multivariate anal-
ysis performed with significant variables from the uni-
variate analysis, Child-Pugh class B (p = 0.048; HR, 7.278;
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Table 2. Pathological characteristics and tumor stage
(n=126)

Variable Value
Size of tumor, cm 3.91+2.96
<2 33 (26.2)
=2,<3 31 (24.6)
=3,<5 30 (23.8)
=5 32 (25.4)
No. of tumors
Single 111 (88.1)
Multiple (= 2 nodules) 15 (11.9)
Microvascular invasion 22 (17.5)
Portal vein invasion 6 (4.8)
Capsule invasion 12 (9.5)
Positive surgical margin 8(6.3)
Edmondson's histological grade
I 12 (9.5)
1T 51 (40.5)
111 58 (46.0)
IV 5(4.0)
Modified UICC stage
I 25 (19.8)
IT 73 (57.9)
II1 21 (16.7)
IV 7(5.6)
BCLC stage
(o) 27 (21.4)
A 86 (68.3)
B 3 (2-4)
C 10 (7.9)

Values are presented as mean + SD or number (%).
UICC, Union for International Cancer Control; BCLC, the
Barcelona Clinic Liver Cancer.

95% CI, 1.021 to 51.866), preoperative AFP > 400 ng/
mL (p = 0.034; HR, 3.581; 95% CI, 1.103 to 11.628), tumor
size = 5 cm (p = 0.006; HR, 8.144; 95% CI, 1.813 to 36.571),
more than two tumor nodules (p = 0.002; HR, 5.059; 95%
CI, 1.769 to 14.464), portal vein invasion (p = 0.009; HR,
8.040; 95% CI, 1.700 to 38.022), modified UICC stage
III/IV (p = 0.005; HR, 3.246; 95% CI, 1.414 to 7.451), and
BCLC stage B/C (p < 0.001; HR, 9.932; 95% CI, 3.359 to
29.365) were independent factors associated with a lower
survival rate (Table 3).
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Figure 1. (A) Overall survival (OS) rate and (B) disease-free survival (DFS) rate for patients with hepatocellular

carcinoma after hepatic resection. The OS and DFS rates were calculated by the Kaplan-Meier method.

Table 3. Factors affecting overall survival after hepatic resection in patients with hepatocellular carcinoma

. Univariate Multivariate
Variable
HR 95% CI pvalue HR 95% CI pvalue

Sex

Male vs. Female (n = 103 vs. n = 23) 0.499 0.208-1.199 0.120
Age, yr 0.978 0.934—1.024 0.350
Underlying liver disease

HBV (n=9y) 2353 0.799 —6.925 0.120

HCV (n=7) 0.748 0.175-3.196 0.695

Alcohol (n =16) 0.449 0.105—-1.922 0.280

Unknown (n =7) 0.790 0.107—5.852 0.817
Cirrhosis

Present vs. Absent (n = 91 vs. n =35) 0.790 0.330-1.890 0.596
Complication of cirrhosis

Esophageal varix + ascites vs. Absent 1.496 0.628 —3.567 0303

(n=26vs.n=100)
Child-Pugh classification

Bvs.A(n=2vs.n=124) 15.813 3.272-76.411 0.001 7.278  1.021-51.866  0.048
Preoperative treatment

TACE or RFA vs. Absent (n = 21 vs. n = 105) 0.525 0.157 —1.752 0.295

Preoperative AFP, ng/mL
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Table 3. Continued
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.

) Univariate Multivariate
Variable
HR 95% CI pvalue HR 95% CI pvalue
<10(n=751) 1 - - 1 - -
10—400 (. = 47) 1.721 0.578 —5.123 0.330 1.410  0.436 —4.555 0.566
>400 (1 = 26) 3.468 1.193 —10.082 0.022 3581 1.103-11.628  0.034
ICGR1s, %
<10 (n=34) 1 - -
1020 (n = 48) 1.162 0.431-3.133 0.767
>20 (n=24) 1.367 0.431—4.333 0.596
Size of tumor, cm
<2(n=33) 1 - - 1 - -
>2,<3(n=31) 2.535 0.622-10.337 0.194 4.066  0.930-17.775 0.062
>3,<5(n=30) 3.696 0.950-14.381 0.059 6364  1.474—27.481 0.013
>5(n=32) 4.276 1.081-16.919  0.038 8144 1.813-36571  0.006
No. of tumors
Multiple (> 2 nodules) vs. 3.248 1.407-7.498 0.006 5.059 1.769-14.464  0.002
Single (n =15 vs. n=111)
Microvascular invasion
Present vs. Absent (n = 22 vs. n = 104) 2.383 0.985—5.768 0.054
Portal vein invasion
Present vs. Absent (n = 6 vs. n = 120) 5.076 1.495—17.232 0.009 8.040 1.700-38.022  0.009
Capsule invasion
Present vs. Absent (n =12 vs. n =114) 1.010 0.302-3.380 0.987
Surgical resection margin
Positive vs. Negative (n = 8 vs. n = 118) 0.775 0.105—5.748 0.804
Edmondson's histological grade
I(n=12) 1 - -
II (n=51) 0.644 0.162-2.504 0.532
III (n = 58) 1.100 0.306-3.954 0.884
IV(n=5) 2.412 0.387-15.020 0.345
Modified UICC stage
I/II (n=98) 1 - - 1 - -
III/IV (n = 28) 3.614 1.615—8.086 0.002 3.246  1.414—7.451 0.005
BCLC stage
O/A (n =113) 1 - - 1 - -
B/C(n=13) 8.408 3.267-21.641 < 0.001 0.932  3.359-29365 <o0.001

Statistical analysis was carried out using the Cox proportional hazard model for the univariate and multivariate analyses of

prognostic factors.

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, transarterial chemoembolization;
RFA, radiofrequency ablation; AFP, g-fetoprotein; ICG Ris, indocyanine green retention at 15 minutes; UICC, Union for
International Cancer Control; BCLC, the Barcelona Clinic Liver Cancer.
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Table 4. Factors affecting disease-free survival after hepatic resection in patients with hepatocellular carcinoma

Variable Univariate Multivariate
HR 95% CI pvalue HR 95% CI pvalue

Sex

Male vs. Female (n =103 vs. n = 23) 1.332 0.031—-2.812  0.452
Age, yr 1.012  0.983-1.042  0.408
Underlying liver disease

HBV (n=97) 0774 0.440-1362 0375

HCV(n=1) 1.021  0.405-2.575  0.905

Alcohol (n =16) 1399  0.707-2.768  0.335

Unknown (n=17) 1.474  0.458-4.745  0.515
Cirrhosis

Present vs. Absent (n = 91 vs. n = 35) 1.299 0712—-2368 0394
Complication of cirrhosis

Esophageal varix + ascites vs. Absent 1.303 0714-2381 0389

(n=26vs.n=100)
Child-Pugh classification

Bvs.A(n=2vs.n=124) 5.465  1.279-23.345 0.022 2.188 0.422-11329 0351
Preoperative treatment

TACE or RFA vs. Absent (n = 21 vs. 1n = 105) 0.537 0.191—1.511 0.239
Preoperative AFP, ng/mL

<10(n=751) 1 - -

10—400 (n = 47) 1567  0.857-2.863  0.144

> 400 (n = 26) 1.840  0.943—3.501 0.074
ICG R1s, %

<10(n=34) 1 - -

1020 (n = 48) 1.254  0.647-2.432  0.502

>20 (n=24) 1.801  0.875-3.707 0.110
Size of tumor, cm

<2(n=33) 1 - -

>2,<3([n=31) 0.818 0397-1.685 0586

>3,<5(n=30) 1.080 0.538-2.169 0.828

>5Mn=32) 0.938  0.437-2.012  0.869

No. of tumors

Multiple (= 2 nodules) vs. Single m=15vs.n=111)  1.948  1.014—3.743 0.045 1.930 0.935—3.985  0.075
Microvascular invasion

Present vs. Absent (n = 22 vs. n = 104) 2.210  1.248-3.914  0.007  2.405 1.228—4.711 0.011
Portal vein invasion

Present vs. Absent (n = 6 vs. n = 120) 3.006  1.104-8.686 0.032 1.983 0.644-6.106 0.233
Capsule invasion

Present vs. Absent (n =12 vs. n = 114) 1190 0.510-2.775  0.687
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Variable Univariate Multivariate
HR 95% CI pvalue HR 95% CI p value
Surgical resection margin
Positive vs. Negative (n = 8 vs. n =118) 1.648 0.595—4.570 0.337
Edmondson's histologic grade
I(n=12) 1 - -
II (n =51) 1.945 0.585—-6.469  0.278
III (n = 58) 1.924 0.584—-6.341 0.282
IV(n=s) 4387 0.877-21.947  ©0.072
Modified UICC stage
I/II (n = 98) 1 - - 1 - -
III/IV (n = 28) 1.861 1.042-3.321 0.036  2.062 1.138-3.736 0.017
BCLC stage
O/A (n =113) 1 - - 1 - -
B/C(n=13) 5.248 2.2904—-12.003 <0.001 5.488 2.391-12.509 < 0.001

Statistical analysis was carried out using the Cox proportional hazard model for univariate and multivariate analyses of prognostic factors.
HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; TACE, transarterial chemoembolization; RFA,
radiofrequency ablation; AFP, a-fetoprotein; ICG Ri5, indocyanine green retention at 15 minutes; UICC, Union for International Cancer

Control; BCLC, the Barcelona Clinic Liver Cancer.

Factors influencing DFS after hepatectomy

In the univariate analysis of factors affecting DFS, Child-
Pugh class B (p = 0.022; HR, 5.465; 95% CI, 1.279 to 23.345),
more than two tumor nodules (p = 0.028; HR, 2.087; 95%
CI, 1.081 to 4.030), microvascular invasion (p = 0.032; HR,
1.967; 95% CI, 1.059 to 3.656), portal vein invasion (p =
0.022; HR, 3.375; 95% CI, 1.196 to 9.525), modified UICC
stage III/IV (p = 0.036; HR, 1.861; 95% CI, 1.042 to 3.321),
and BCLC stage B/C (p < 0.001; HR, 5.248; 95% CI, 2.294 to
12.003) had a lower DFS. In the multivariate analysis per-
formed with variables that were significant in the univari-
ate analysis, microvascular invasion (p = o.o11; HR, 2.405;
95% CI, 1.228 to 4.711), modified UICC stage III/IV (p =
o.017; HR, 2.062; 95% CI, 1.138 t0 3.736), and BCLC stage B/
C(p < o0.001; HR, 5.488; 95% CI, 2.391 to 12.599) were inde-
pendent factors associated with a lower DFS (Table 4).

DISCUSSION

The high-risk group of HCC with liver cirrhosis has
been actively selected, monitored, and evaluated; thus,
HCC is diagnosed earlier and an increase in the long-

http://dx.doi.org/10.3904/kjim.2013.28.4.428

term survival rate has been reported [12]. Additionally,
the development of surgical techniques and improved
patient care after surgery have led to a significant re-
duction in the death rate after hepatectomy, leading to a
greater number of hepatectomies as curative treatment
[6,7]. Previous studies reported that the 5-year survival
rate after hepatectomy from HCC is 37% to 81.6% [6-
8,13-17], and that the 5-year DFS is 15% to 46.6% [6-8,13-
15,17]. However, more recent studies are reporting high-
er long-term OS rates. In the present study, the 5-year
OS was 65%, and the 5-year DFS was 26.6%, suggesting
that OS was high, but DFS was relatively low.

We analyzed the factors influencing OS and DFS in
patients who underwent hepatectomy for HCC by in-
vestigating patient age, gender, and cause of disease,
clinical and laboratory data, HCC stage, and a postop-
erative pathological examination. In the multivariate
analysis, patients with Child-Pugh class B, preopera-
tive AFP > 400 ng/mL, HCC > 5 cm, multiple tumors,
presence of portal vein invasion, modified UICC stage
ITI/IV, and BCLC stage B/C showed a lower OS than
those without those features, whereas patients with mi-
crovascular invasion, modified UICC stage III/IV, and
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BCLC stage B/C showed a lower DFS.

Calvet et al. [18] presented a prognostic model to cal-
culate the relative risk of death with those factors relat-
ed to survival rate in a multivariate analysis and includ-
ed age, but the impact on long-term survival in several
other studies remains controversial. In the present
study, age and gender were not associated with OS or
DES. According to a recent data analysis, hepatitis B
was the cause for HCC in 68% to 78% of cases, hepatitis
C in 3% to 12%, and alcohol in 3% to 5% [19]. However,
hepatitis B vaccination of newborns since 1995 is ex-
pected to reduce the occurrence of HCC caused by hep-
atitis B in the near future, which is supported by recent
studies in Korea [20]. In our study, hepatitis B com-
prised 76.2% of the cases, alcoholic liver disease 12.7%,
unknown liver disease 5.6%, hepatitis C 4.8%, and su-
perinfection with hepatitis B and C 0.7% of cases. How-
ever, the cause of the existing liver disease was not asso-
ciated with OS or DFS after hepatectomy. We found that
72.2% of all patients had liver cirrhosis, but that liver
cirrhosis was not associated with OS or DFS. This was
probably because most patients who underwent hepa-
tectomy were Child-Pugh class A; thus, patients with
good liver function were selected.

The Child-Pugh classification has long been used as
a preoperative inspection to evaluate the safety of hepa-
tectomy, but it is insufficient. Several institutions in
Korea are using the ICG Ruij, presented by Japan, as a
residual liver function test before surgery [21]. Child-
Pugh class A patients comprised 98.4% of our sample,
and the survival and DFS rates were significantly lower
compared to patients with Child-Pugh class B in the
univariate analysis and it was also an independent
prognostic factor reducing survival rate in the multi-
variate analysis. Laboratory parameters used to calcu-
late the Child-Pugh classification score and ICG Ris5—used
to evaluate the presence of liver cirrhosis complications
and preoperative residual liver function—were not associ-
ated with OS or DFS.

The 2009 Hepatocellular Carcinoma Medical Guide-
lines reduced the serum AFP criterion for diagnosing
HCC from 400 to 200 ng/mL [22]; however, we still do
not have a classification of increased serum AFP levels
in relation to survival rate after hepatectomy. In this
study, the preoperative serum AFP was categorized into
<10, 10 to 400, and > 400 ng/mL. Survival was lower for

436  www.kjim.org

The Korean Journal of Internal Medicine Vol. 28, No. 4, July 2013

patients with serum AFP > 400 ng/mL, and this was an
independent prognostic factor.

Vitale et al. [23] reported that BCLC stage reflected the
prognosis better than other staging systems when they
analyzed 3-year survival rates in 225 subjects who un-
derwent surgery for HCC. In the present study, modi-
fied UICC stage I1I/IV and BCLC stage B/C were inde-
pendent poor prognostic factors affecting OS and DFS,
and both reflected the prognosis relatively well. Seven
patients with modified UICC stage IV A were T4NoMo,
three patients with BCLC stage B had multiple carcino-
mas with the largest size > 3 cm, and 10 patients with
BCLC stage C were all suspected to have portal vein in-
vasion preoperatively (six individuals had right portal
vein and four left portal vein), which were pathological-
ly proven after surgery.

Since the report by Okuda et al. [24] on the character-
istics of small HCC, much effort has focused on discov-
ery of small HCCs, and many researchers have reported
that the prognosis of small HCCs is good [25,26]. Chen
etal. [17] found that the overall prognosis is well reflect-
ed by tumor size when performing hepatectomy for
HCCs < 5 cm, but that the 5-year OS and DFS are best
predicted by 3-cm criterion. In the present study, the
OS in patients with HCCs = 5 cm was poor, but it was
not associated with DFS. The number of HCCs has
been reported as a significant prognostic factor in most
studies and is considered an important prognostic fac-
tor in many other HCC stages [9,10]. In our study, 15 pa-
tients with multiple tumors had two tumors. OS and
DEFS were significantly lower for cases of multiple tu-
mors in the univariate analysis, and the presence of
multiple tumors was an important prognostic factor
for alower survival rate in the multivariate analysis.

Vascular invasion in patients with HCC is frequently
portal vein invasion, suggesting the possibility of
movement of cancer cells through blood vessels. A
study of patients who underwent a liver transplant for
HCC reported that vascular incidence and histopatho-
logical differentiation are prognostic factors and that
histopathological differentiation and size of the carci-
noma are predictive of vascular invasion [27]. In the
present study, portal vein invasion was found in six pa-
tients, OS and DFS were significantly lower in the uni-
variate analysis, and portal vein invasion was an inde-
pendent prognostic factor for a lower OS rate in the
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multivariate analysis. Lim et al. [28] reported that mi-
crovascular invasion is superior predictive factor for
the recurrence and survival rates than the Milan crite-
ria. Furthermore, microvascular invasion after surgery
reflected the prognosis well compared to the Milan cri-
teria before surgery in a long-term prospective study of
454 patients with hepatectomy from HCC [28]. In the
present study, microvascular invasion was an indepen-
dent prognostic factor associated with DFS in the mul-
tivariate analysis.

The limitations of this study should be mentioned. It
was of a retrospective design, based on the medical re-
cords from a single tertiary care hospital, so sample se-
lection was likely biased; therefore, a large-scale pro-
spective study is necessary.

Vascular invasion was an independent factor associ-
ated with OS and DFS in patients who underwent he-
patic resection for HCC. Close postoperative follow-up
and additional treatments are required to detect early
recurrence in patients with confirmed postoperative
vascular invasion.

KEY MESSAGE

1. The presence of microvascular invasion is an
independent poor prognostic factor for overall
survival and tumor recurrence in patients with
hepatocellular carcinoma after hepatic resec-
tion.

2. Close postoperative surveillance for early de-
tection of recurrence is needed in patients with
vascular invasion after hepatic resection.
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