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Purpose: Patient, surgical, and tumor factors affect the outcome after surgical resection for hepatocellular carcinoma
(HCC). The surgical factors are only modifiable by the surgeon. We reviewed our experience with curative resection for
HCC in terms of surgical factors.

Methods: After analyses of the prospectively collected clinical data of 256 consecutive patients undergoing surgical resec-
tion for HCC, prognostic factors for disease-free survival (DFS) and overall survival (0S) were identified; all patients were
stratified by tumor diameters > or <5 cm and their outcomes were compared.

Results: Multivariate analyses showed that microvascular invasion, estimated blood loss, blood transfusion, and the
number of tumors were independent adverse prognostic factors for DFS, whereas microvascular invasion, serum alpha
fetoprotein, and tumor diameter were independent adverse prognostic factors for 0S. Blood transfusion had borderline
significance (P = 0.076). After stratification by tumor diameter, blood transfusion was only associated with poor DFS and 0S
in patients with tumor diameters > 5 cm.

Conclusion: Tumor recurrence after liver resection for HCC depends on tumor status, bleeding, and transfusions, which
subsequently lead to poor patient survival. Surgeons can help improve the prognosis of patients by minimizing blood loss

and transfusion, particularly in patients with larger tumors.
[Ann Surg Treat Res 2017;93(5):252-259]
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary
cancer of the liver and one of the most frequent neoplasms
worldwide [1]. Most cases of HCC are accompanied by liver
disease induced by viral hepatitis or alcohol. It is necessary to
consider both the tumor characteristics and hepatic function
to determine the most appropriate treatment method, such
as liver resection or liver transplantation. Hepatic resection
is the treatment of choice if the patient can tolerate surgery.
The majority of patients with HCC have liver cirrhosis and
this makes liver resection technically demanding, and at

times risky, depending on the extent of the remnant liver
and functional hepatic reserve [2,3]. Nevertheless, the results
of hepatic resection for HCC have improved markedly due to
increased surgical skill and perioperative management [4,5].
Various prognostic factors affect the outcomes of HCC; pa-
tient factors (age, sex, laboratory findings, cirrhosis, and hepa-
titis virus), tumor factors (tumor diameter, number of tumors,
histological grade, microvascular invasion, capsule formation,
serosa invasion, and serum o-FP and proteins induced by
vitamin K antagonist or absence-II [PIVKA-II]), and surgical
factors (extent of resection, estimated blood loss [EBL], blood
transfusion, and surgical resection margin) [6]. Of these,
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surgical factors, such as surgical method, extent of resection,
surgical margin, intraoperative bleeding, and blood transfusion
are modifiable only by the surgeon; patients and tumor factors
cannot be altered. Therefore, the purpose of this study was to
review our experience with curative resection for HCC in terms
of surgical factors.

METHODS

Patients
We prospectively collected the clinical data of 271 consecu-

tive patients who underwent surgical resection for HCC from
January 2010 to December 2014 by 2 surgeons (DGK, YKY) at
Seoul St. Mary Hospital. In total, 256 consecutive patients
were enrolled after applying the following exclusion criteria:
palliative resection such as tumor-involved surgical margin (n
= 10), incomplete removal of tumor/thrombus from the portal
vein or bile duct (n = 1), HCC-cholangiocarcinoma mixed tumor
(n = 3), and perioperative mortality within 30 days of surgery (n
= 1). The clinical data were reviewed after approval by the Insti-
tutional Review Board of Seoul St. Mary Hospital (KC16RISI1021).
Patients were followed until March 2016.

Perioperative evaluation and surgical procedure
Preoperative liver biochemistry tests were performed. Child-

Pugh score and model for end-stage liver disease (MELD) score
were also calculated. The indocyanine green (ICG) test was
performed to evaluate residual hepatic function. Serum q-FP
and PIVKA-II were assessed as tumor markers. All patients were
staged before surgery using abdominal and chest CT, MRI, and
2-18F-fluoro-2-deoxy-d-glucose positron emission tomography
(FDG-PET). If extrahepatic metastases or tumor thrombi were
identified in the main portal vein, the patients were excluded
from curative resection. Patients with a large volume of ascites
or hyperbilirubinemia, as well as those who corresponded to
Child class C, were also excluded; however, partial hepatectomy
was performed in Child class B patients. The safe limit for the
ICG retention value on the ICG test was <15% at 15 min for
major hepatectomy. We performed a partial hepatectomy for
patients with an ICG retention value >15%. Liver resection was
performed in accordance with the Couinaud segmentation
to implement hepatic segmentectomy or combined resection
for adjacent liver segments (anatomical resection), or partial
hepatectomy containing tumor (nonanatomical resection).
Major hepatectomy was defined as resection of 2 hepatic sec
tions/3 segments or more, and minor hepatectomy was resec
tion of 1 section or less. Laparoscopic hepatectomy was per-
formed in selected patients. During the operation, we do not
use the Pringle maneuver routinely. The largest tumor diameter
was chosen in cases of multiple HCC. EBL was collected from
the anesthetic record. Blood transfusion was defined as a

transfusion of red blood cells, whereas transfusions of other
blood products, such as fresh-frozen plasma, platelets or albu-
min, were not considered. Curative resection was defined as
complete removal of the tumor with a clear microscopic margin.
Tumor stages were based on the 7th edition of the American
Joint Committee on Cancer TNM staging system.

Each patient was managed with a standardized treatment
protocol. A follow-up abdominal CT scan was performed on
day 7 after surgery to evaluate intra-abdominal status. After
discharge, we assessed tumor markers, such as o-FP and PIVKA-
1L, in the outpatient clinic at intervals of 4 months for the first
year after surgery. During the second year after surgery, tumor
markers were evaluated at intervals of 3 months, and CT was
performed every 6 months for the next year and then annually
thereafter. If recurrence was suspected or other abnormal find-
ings were noted, liver MRI and PET-CT were performed.

Statistical analyses
Continuous data are provided as medians with ranges. The

Mann-Whitney U-test or Student t-test was used to analyze
the continuous data, and the chi square test or Fisher exact
test was employed to assess categorical data. The primary and
second endpoints were overall survival (OS) and disease-free
survival (DFS), respectively. Survival curves were generated
using the Kaplan-Meier method, and the logrank test was used
to compare survival. Only variables with P-values < 0.1 in the
univariate analysis were included in the multivariate analysis,
which was performed using Cox proportional hazards regres-
sion model. A P-value < 0.05 was considered significant. All
statistical analyses were performed using IBM SPSS Statistics
ver. 22.0 (IBM Co., Armonk, NY, USA).

RESULTS

Patients’ characteristics
The preoperative features of the 256 patients according to

tumor recurrence are described in Table 1. Of the 256 patients,
224 (88%) were diagnosed with HCC during regular health
screening, routine follow-up for liver disease, or work-up for
another disease. Sixty-seven patients underwent preoperative
treatment such as transarterial chemoembolization, percuta-
neous ethanol injection, radiotherapy or a combination of
them. Most patients were in Child class A (n = 242, 95%), and
the others were in Child class B.

The extent of hepatic resection included extended right hemi-
hepatectomy (n = 3, 1%), hemihepatectomy (n = 105, 41%),
sectionectomy (n = 40, 16%), and partial hepatectomy (n = 108,
42%). Anatomical resection including caudate lobectomy was
performed in 162 patients (63%) and laparoscopic liver resection
was performed in 47 patients (18%). A laparoscopic approach was
used for the hemihepatectomy (n = 2), sectionectomy (n = 10),
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Table 1. Clinical features of patients according to recurrence

Variable No recurrence (n = 137) Recurrence (n = 119) P-value
Age (yr) 57 (29-81) 57 (34-80) 0.701
Sex
Male 105 (77) 5 (80) 0.542
Female 2 (23) 4(20)
HBs Ag positive 5(69) 0(76) 0.273
MELD score 7 (2-14) 8 (6-15) 0.042
ICG-R15 (%) 11.0 (0.8-44.5) 10.5 (0.3-74.1) 0.671
a-FP 10.45 (0.4-124,167) 24.7 (1.7-198,080) 0.012
PIVKA-II 43.5(1.1-80,603) 102.5 (2.5-204,121) 0.033
No. of tumors
Single 124 (91) 95 (80) 0.021
Multiple 13 (9) 25 (20)
Tumor diameter (cm)
>5 28 (20) 39 (33) 0.032
<5 109 (80) 80 (67)
Differentiation
Edmondson 1/2 72 (56) 63 (57) 1.000
Edmondson 3/4 56 (44) 48 (43)
Microvascular invasion
Yes 21 (15) 41 (35) 0.005
No 116 (85) 78 (65)
Serosal invasion
Yes 30 (22) 39 (33) 0.071
No 104 (78) 78 (67)
Operations method
Major resection 54 (39) 54 (45) 0.372
Minor resection 83 (61) 65 (55)
Anatomical 78 (57) 70 (59) 0.802
Nonanatomical 59 (43) 49 (41)
Open 117 (85) 92 (77) 0.113
Laparoscopic 20 (15) 27 (23)
EBL 600 (30-3,500) 700 (30-20,000) 0.041
Transfusion
Yes 44 (32) 63 (53) 0.004
No 93 (68) 56 (47)
Margin status (mm)
<5 58 (42) 47 (39) 0.502
>5, <10 23(17) 27 (23)
>10 56 (41) 45 (38)
TNM stage
| 106 (77) 63 (53) 0.006
Il 28 (20) 44 (37)
1 3(2) 12 (10)

Values are presented as median (range) or number (%).

MELD, model for end-stage liver disease; ICG-R15, indocyanine green retention rate at 15 min; PIVKA-II, proteins induced by vitamin

K antagonist or absence-II; EBL, estimated blood loss.

and partial hepatectomy (n = 35). Of the 256 patients, 67 (26%)
had tumors > 5 cm and 37 (15%) had multiple HCCs. Micro-
vascular and serosal invasion was identified in 62 (24%) and 69
(27%) patients, respectively. Continuous variables, such as MELD
score, serum AFP and PIVKA-II levels, and EBL differed between
patients with and without recurrence, with the exception of

age (P < 0.05). Number and diameter of the tumor, presence of
microvascular invasion, EBL, and transfusion were correlated
with tumor recurrence (P < 0.05) (Table 1).

Outcomes
During a median follow-up duration of 31.2 months (range,
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Fig. 1. Disease-free survival (A) and overall survival (B) of all patients at 1, 3, and 5 years were 69%, 52%, 38% and 90%,
78%, 74%, respectively.

Table 2. Multivariate analyses of factors independently associated with disease-free survival and overall survival

Disease-free survival Overall survival
Variable
Hazard ratio 95% Cl P-value Hazard ratio 95% Cl P-value
Sex
Female 0.53 0.23-1.19 0.126
Male
MELD score 0.229
o-FP 0.278 0.004
No. of tumors
Multiple 3.10 1.39-6.93 0.006
Single
Tumor diameter (cm)
>5 1.15 0.67-1.97 0.618 1.83 0.90-3.70 0.094
<5
Microvascular invasion
Yes 5.92 2.33-15.01 0.000 4.55 1.33-15.57 0.016
No
Serosal invasion
Yes 1.41 0.89-2.25 0.147 1.25 0.66-2.37 0.498
No
Operation method
Major resection
Minor resection 0.88 0.58-1.35 0.560 0.92 0.48-1.75 0.800
EBL 0.003
Transfusion
Yes 1.81 1.78-2.78 0.007 1.73 0.92-3.23 0.088
No
TNM stage 0.260 0.500
Il 0.43 0.15-1.18 0.50 0.14-1.77
1 0.45 0.12-1.72 0.79 0.25-2.54

Cl, confidence interval; MELD, Model for End-Stage Liver Disease; EBL, estimated blood loss.
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1-75 months), tumor recurrence occurred in 119 patients (46%),
and 53 patients (21%) died. The most common site of tumor
recurrence was the remnant liver (n = 110, 92%), lung (n =
16, 13%), bone (n = 7, 6%), peritoneal seeding (n = 4, 3%), and
lymph node (n = 3, 2%). DFS and OS of all patients at 1, 3,
and 5 years were 69%, 52%, and 38% and 90%, 78%, and 74%,
respectively (Fig. 1).

In the univariate analysis for DFS, MELD score, o-FP, number
and diameter of tumors, microvascular and serosal invasion,
major/minor resection, EBL, and transfusion were significant,
whereas in the univariate analysis for OS, o-FP, tumor diameter,
microvascular and serosal invasion, major/minor resection
transfusion were significant (P < 0.05). Multivariate analyses
showed that microvascular invasion, blood transfusion, EBL,
and the number of tumors were independent adverse prog-
nostic factors for DFS, whereas microvascular invasion and o-FP
were independent adverse prognostic factors for OS (Table 2).
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Blood transfusion and tumor diameter had borderline signifi-
cance in the multivariate analysis for OS (P = 0.088, P = 0.094,
respectively).

Surgeon-correctable factors
We subclassified patients according to tumor diameter of

5 cm and compared the outcomes between groups for sur-
geon-correctable factors, such as detailed operation method
(major/minor resection, anatomical/nonanatomical, and open/
laparoscopic approach), tumor margin status, EBL and transfu-
sion. Operation method had no effect on DFS or OS in the uni-
variate analysis, regardless of tumor diameter (data not shown).
The extent of the tumor margin did not contribute to survival
in either subgroup. In univariate analyses for DFS and OS, EBL
and blood transfusion were associated with poor outcomes in
patients with tumor diameters > 5 cm (Fig. 2), and then we per-
formed multivariate analysis for DFS and OS in that group (Table

B
No transfusion (n = 22)

IS 3
2 =
2 §
> La
7] ==+ a
(=B *_4'4—4——4-—--+-H—4———4—4-4—-»———r
§ 0.4 Transfusion (n = 45)
o

0.2 1

P =0.02
0.0 1
0 20 40 60 80

Months after surgery

Fig. 2. Disease-free survival (A) and overall survival (B), according to transfusion in patients with tumor > 5 cm.

Table 3. Multivariate analyses of factors associated with recurrence and overall survival in patients with tumor >5 cm

Disease-free survival

Variable
Hazard ratio 95% Cl
o-FP
Microvascular invasion
Yes 2.16 0.64-7.19
No
EBL
Transfusion
Yes 2.58 1.03-6.46
No
TNM stage
Il 1.29 0.31-5.45
1 1.68 0.57-4.92

Overall survival

P-value Hazard ratio 95% ClI P-value
0.278 0.036 0.011
0.210 6.10 1.09-34.05 0.039
0.058
0.042 3.04 0.89-10.43 0.076
0.550 0.710

0.46 0.14-1.77
0.63 0.25-2.54

Cl, confidence interval; AFP, alpha-fetoprotein; EBL, estimated blood loss.



Dong Do You, et al: Surgeon's role in hepatectomy for HCC

3). Blood transfusion was only the independent risk factor for
DFS and had borderline significance in multivariate analyses
for OS.

DISCUSSION

Surgical resection is a curative treatment modality for HCC;
however, the major obstacle to improved survival and prognosis
in patients with HCC is the high recurrence rate after surgery.
The life expectancy of patients with HCC is hard to predict,
making it difficult to determine the patient’s prognosis. Many
factors, such as the patient's general condition (age, sex, coexist-
ing hepatitis, liver function, and o-FP level), tumor status (tumor
diameter, number, capsule formation, vessel invasion, and
differentiation) are proven significant prognostic factors [6].
Operation-related factors, such as anatomical/nonanatomical
resection, open/laparoscopic resection, extent of resection,
surgical margin, intraoperative bleeding, and blood transfusion,
are only modifiable by the surgeon. We attempted to clarify
the risk factors for HCC recurrence and patient survival after
hepatic resection in terms of surgical factors.

Tumor factors and survival
Microvascular invasion and number of tumors were inde-

pendent adverse prognostic factors for DFS, while microvascular
invasion and a-FP were independent adverse prognostic
factors for OS. Tumor factors have been mostly proven to be
independent prognostic factors for the DFS and OS of patients.
It is reasonable to consider that multiple tumors, microvascular
invasion, tumor size, and serum o-FP index the aggressiveness
of the tumor, consequently affecting surgical results. However,
a few studies have reported conflicting results [7,8].

Surgical factors and survival
Notably, anatomic resection did not significantly affect tumor

recurrence or the survival of patients in the present study.
Although some authors have reported that anatomic resection
achieves better DFS and OS than nonanatomic resection [9-11],
other reports are consistent with our results [12-14]. Authors
insisting superiority of anatomic resection hypothesized that
systematic removal of a hepatic segment confined by tumor-
bearing portal tributaries effectively eradicates intrahepatic
HCC metastases because of the high likelihood of cancer
cells from HCC spreading through the portal venous system.
However, spreading through the portal venous system cannot
be completely blocked by anatomic resection, as mobilizing the
liver for a good surgical view through the laparotomy site may
squeeze the tumor and dislodge tumor cells into the portal
venous or hepatic venous tributaries.

A resection margin of at least 1 cm is commonly used by
many surgeons; however, the role of the resection margin in

contributing to the long-term survival of patients remains con-
troversial. Although some authors advocate a definite resection
margin > 1 cm and reported that this could definitely prolong
OS of patients [15-17], others found no significant effect of the
surgical margin on tumor recurrence and survival [11,14,18],
consistent with our study. As many patients with HCC have
coexisting hepatitis or cirrhosis, hepatic function reserve is
frequently suboptimal, which is an obstacle for major and/or
anatomic resection. In addition, a cirrhotic liver due to chronic
hepatitis has a likelihood of multicentric carcinogenesis. In
our study, 46% of all patients experienced recurrence after
curative resection and the majority of these recurrences were
at multicentric locations away from the resection margin, as
previous studies [14,19,20]. A detailed, balanced and deliberate
decision is necessary because increasing the tumor-free margin
will lead to resecting more nontumorous liver.

Considerable interest has arisen on the effect of blood trans-
fusions on HCC recurrence after hepatectomy, with respect to
improvement of the postoperative prognosis. A blood trans-
fusion may have a deleterious effect on recurrence and the
survival of patients due to immunosuppression, which is not
fully understood, several studies have suggested that blood
transfusions suppress host immunity via a toxic T-cell function,
increased numbers of suppressor T cells and decreased function
of macrophages and monocytes [21-23]. Several studies have
reported that HCC frequently recurs after a perioperative blood
transfusion [24-26]. In our study, EBL and blood transfusion
were independent factors determining the recurrence of HCC.
In addition, blood transfusion had borderline significance as a
prognostic factor for OS. Furthermore, in our subgroup analyses
according to a tumor diameter of 5 cm, blood transfusion had
an adverse effect on DFS and OS, mainly in patients with tumor
diameters > 5 cm. Thus, the primary aim of the surgeon during
hepatectomy should be to achieve the least bleeding and blood
transfusion, particularly for patients with large tumors through
hepatic inflow control (Pringle maneuver). However, if using
the Pringle maneuver, there might be ischemia-reperfusion
injury. There has been long debated for the potential of liver
remnant ischemia-reperfusion injury and its resultant impact
on tumor progression [27-30]. Most of studies arguing that
ischemia-reperfusion injury may promote progression of HCC
were experimental for microenvironmental condition such as
disrupting hepatic microvasculature, antiapoptosis induced
by proinflammatory cytokine. As a clinical surgeon, it is more
reasonable to practice as clinical studies rather than to follow
experimental studies on condition that the hypothesis would
not be proven.

In conclusion, the surgical technique is as important as
preoperative liver function and tumor status in terms of tumor
recurrence, which leads to poor patient survival. The ability
of the surgeon to minimize bleeding and blood transfusion
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improves the outcomes of patients, particularly in cases with a

large tumor diameter. After carefully selecting patients through

liver function screening, a meticulous surgical technique is
highly important for an improved hepatectomy outcome for

HCC.

reported.
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