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Abstract
Background Posthepatectomy liver failure (PHLF) is a major complication after hepatectomy. As there was no standardized
definition, the International Study Group of Liver Surgery (ISGLS) defined PHLF as increased international normalized ratio and
hyperbilirubinemia on or after postoperative day 5 in 2010. We evaluated the impact of the ISGLS definition of PHLF on
hepatocellular carcinoma (HCC) patients.
Methods We retrospectively analyzed 210 consecutive HCC patients who underwent curative hepatectomy at our facility from
2005 to 2010. The median follow-up period after hepatectomy was 35.2 months.
Results Thirty-nine (18.6 %) patients fulfilled the ISGLS definition of PHLF. Overall survival (OS) rates at 1, 3, and 5 years in
patients with/without PHLF were 69.1/93.5, 45.1/72.5, and 45.1/57.8 %, respectively (P =0.002). Recurrence-free survival
(RFS) rates at 1, 3, and 5 years in patients with/without PHLF were 40.9/65.9, 15.7/38.3, and 15.7/20.3 %, respectively
(P =0.003). Multivariate analysis revealed that PHLF was significantly associated with both OS (P =0.047) and RFS
(P =0.019). Extent of resection (P <0.001), intraoperative blood loss (P =0.002), and fibrosis stage (P =0.040) were identified
as independent risk factors for developing PHLF.
Conclusion The ISGLS definition of PHLF was associated with OS and RFS in HCC patients, and long-term survival will be
improved by reducing the incidence of PHLF.
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Introduction

Hepatocellular carcinoma (HCC) is the third most common
cause of cancer-related deaths in the world.1 Hepatectomy,

which can lead to long-term survival in patients with HCC, is
widely accepted as the best treatment option for advanced
HCC.2, 3 Although surgical techniques and perioperative man-
agement have greatly improved mortality rates after hepatec-
tomy in recent years,4, 5 morbidity rates still remain high.6–12

Among several complications that can occur after surgery,
posthepatectomy liver failure (PHLF) is one of the most
common causes of hepatectomy-related mortality. The inci-
dence of PHLF has been reported to vary from 4 to 19 %; this
wide range can be attributed to differences in patient popula-
tions and the procedures performed6–8, 10–12 as well as the lack
of a universally accepted definition. Some studies have dem-
onstrated that postoperative complications affect long-term
survival after hepatectomy in patients with HCC,7, 9–11 but
as the definitions for postoperative complications differ, there
are no widely accepted risk factors or methodologies to con-
trol these events. To standardize the definition of PHLF, the
International Study Group of Liver Surgery (ISGLS) proposed
a definition for PHLF based on increased international
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normalized ratio (INR) and hyperbilirubinemia on or after
postoperative day 5, together with a grading system of sever-
ity considering the impact on patients' clinical management in
2010.13 This definition was subsequently confirmed in
2011.14 In the validation study, all patients who underwent
liver resection were included in an analysis and accordingly
the patients had several different liver diseases. However, as
liver status is influenced by underlying disease, which may
affect the incidence of PHLF itself, we considered it relevant
to investigate PHLF according to underlying disease.

In the present study, we focused on patients with HCC and
assessed the ISGLS definition of PHLF and the impact of
PHLF on long-term prognosis and identified risk factors in
this patient population.

Methods

Patients and Preoperative Factors

From January 2005 to December 2010, 279 consecutive pa-
tients with HCC who underwent an initial hepatectomy at
Kobe University Hospital were included in this study. Sixty-
nine patients were excluded from the study (patients with
reductive hepatectomy, 15, 16 n =43; patients with a macro-
scopically positive resection margin, n =17; patients with
distant metastasis, n =9). The remaining 210 patients with
complete gross resection were retrospectively analyzed.

Demographic data were collected prior to surgery and
included age, gender, performance status according to
the Eastern Cooperative Oncology Group (ECOG),17 body
mass index (BMI), alcohol consumption, and presence of
diabetes mellitus. For the evaluation of preoperative liver
function, all patients had several blood tests before hepatecto-
my, including hepatitis B surface antigen (HBs-Ag), hepatitis
C virus antibody (HCV-Ab), complete blood count, total
bilirubin (normal range, 0.3–1.0 mg/dl), albumin (normal
range, 4.1–5.0 g/dl), prothrombin time (normal range, 79–
130 %), and retention rate of indocyanine green at 15 min
(ICGR15; normal range, ≤10 %). For the evaluation of HCC
and fibrosis, abdominal ultrasonography, computed tomogra-
phy (CT), and magnetic resonance imaging (MRI) were ap-
plied. Preoperative upper gastrointestinal endoscopy was per-
formed routinely to assess esophageal varices. Portal hyper-
tension was defined as the presence of esophageal varices and/
or a platelet count of <10×104/ml in association with
splenomegaly.18 Splenomegaly was defined as length of
spleen of more than 10 cm as estimated by preoperative CT.19

Surgical Procedures

Selection criteria for hepatectomy included the extent of co-
morbidity, Child-Pugh status A or B, and remnant liver

volume of more than 35 % of the whole liver. For further
analysis, hepatectomy was categorized into two groups: major
(n =106) and minor (n =104) resection. Major resections
consisted of three extended right hepatectomies (1.4 %), 36
right hepatectomies (17.1 %), ten extended left hepatectomies
(4.8 %), seven left hepatectomies (3.3 %), four central resec-
tions (1.9 %), and 46 sectionectomies (21.9 %). Minor resec-
tions consisted of 104 segmentectomies or less (49.5 %). For
the analysis of the incidence of ISGLS definition of PHLF
categorized by extent of hepatectomy and fibrosis stage, hep-
atectomy was additionally categorized into three groups: seg-
ments<2 (including segmentectomy or less), 2≤segments≤3
(including left hepatectomy, central resection and
sectionectomy), and segments>3 (including extended right
hepatectomy, right hepatectomy and extended left hepatecto-
my). Blood transfusions were defined as transfusions of con-
centrated red blood cells, fresh-frozen plasma, or platelets but
excluded albumin.

Pathologic Evaluation

For all patients, a final diagnosis of HCC was pathologically
confirmed after hepatectomy using surgically removed liver

Table 1 Baseline characteristics

Total (n =210)

Preoperative factors

Age (>65/≤65 years) 132/78

Gender (male/female) 175/35

Performance status (0/1) 206/4

BMI (>22/≤22 kg/m2) 134/76

Alcohol consumption 42

Diabetes 56

Etiology (B/C/NBNC) 41/102/69

Total bilirubin (>1/≤1 mg/dl) 44/166

Albumin (≥4.1/<4.1 g/dl) 66/144

Prothrombin time (≥79/<79 %) 182/28

ICGR15 (>10/≤10 %) 158/52

Portal hypertension 32

Child-Pugh A/B 200/10

Intraoperative factors

Procedures (major/minor resection) 106/104

Blood loss (>1,000/≤1,000 ml) 66/144

Blood transfusion 88

Pathologic factors

UICC stage (I/II/IIIA/IIIB/IIIC/IVA) 84/69/24/18/13/2

Fibrosis stage (0/1/2/3/4/NA) 5/25/70/45/61/4

BMI body mass index, B hepatitis B surface antigen positive, C hepatitis
C virus antibody positive, NBNC negative for both HBs-Ag and HCV-
Ab, ICGR15 indocyanine green retention rate at 15 min, UICC Interna-
tional Union Against Cancer, NA not available
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tissue. Tumor stage was assessed using the seventh edition of
the International Union Against Cancer (UICC)
classification.20 The degree of hepatic fibrosis was assessed
by a single pathologist using the METAVIR scoring system:
F0, absent; F1, portal fibrosis without septa; F2, portal fibrosis
with rare septa; F3, numerous septa; and F4, cirrhosis.21 In
four patients, hepatic fibrosis stage was not available because
of the limited size of the resected livers.

Postoperative Morbidity and Mortality

Overall morbidity was defined as postoperative complications
which occurred during hospital stay after hepatectomy. PHLF
was diagnosed based on the ISGLS definition.13 In brief, the
ISGLS definition of PHLF is increased INR and

hyperbilirubinemia on or after postoperative day 5. PHLF is
further categorized into three grades of severity: grade A,
PHLF resulting in abnormal laboratory parameters but requir-
ing no change in the clinical management of the patient; grade
B, PHLF resulting in a deviation from the regular clinical
management but manageable without invasive treatment;
and grade C, PHLF resulting in a deviation from regular
clinical management and requiring invasive treatment. Data
on serum bilirubin levels and INR on or after postoperative
day 5 were available for a total of 210 patients as blood tests
were routinely performed on postoperative days 1, 3, 5, and
7 at least and thereafter based on patient condition. Therefore,
the ISGLS definition was applied in 100 % of our patients.
Other postoperative complications, excluding ISGLS defini-
tion of PHLF, were defined as events which deviated from the
normal postoperative course and which required pharmaco-
logical, surgical, endoscopic, or radiological interventions.
The surgical complication of coagulopathy (INR>1.5) was
treated by the administration of FFP or vitamin K, while
encephalopathy was treated with enteral lactulose and

Table 2 Postoperative complications (n =210)

No. (%)

Overall morbidity 71 (33.8)

PHLF (ISGLS definition) 39 (18.6)

Grade A 10 (4.8)

Grade B 26 (12.4)

Grade C 3 (1.4)

Morbidity (excluding ISGLS definition of PHLF) 51 (24.3)

Pleural effusion 16 (7.6)

Wound infection 12 (5.7)

Biliary leakage 11 (5.2)

Sepsis 10 (4.8)

Cardiac arrhythmia 7 (3.3)

Intra-abdominal abscess 4 (1.9)

Cholangitis 3 (1.4)

Gastrointestinal bleeding 3 (1.4)

Pneumonia/atelectasis 3 (1.4)

Intra-abdominal bleeding 2 (1.0)

Cardiac failure 2 (1.0)

Renal failure 1 (0.5)

Ileus 1 (0.5)

Stroke 1 (0.5)

Urinary tract infection 1 (0.5)

Other 3 (1.4)

Clavien–Dindo classification

Grade I or II 47 (22.3)

Grade IIIa 18 (8.6)

Grade IIIb 2 (1.0)

Grade IVa 1 (0.5)

Grade IVb 0 (0.0)

Grade V 3 (1.4)

Patients may have experienced more than one complication

ISGLS International Study Group of Liver Surgery, PHLF
posthepatectomy liver failure

Table 3 Patient characteristics categorized by the presence or absence of
PHLF

No PHLF
(n =171)

PHLF
(n =39)

P value

Preoperative factors

Age >65 years 113 (66.1) 19 (48.7) 0.043

Gender, male 138 (80.7) 37 (94.9) 0.032

Performance status 1 3 (1.8) 1 (2.6) 0.563

BMI >22 kg/m2 111 (64.9) 23 (59.0) 0.486

Alcohol consumption 34 (20.0) 8 (20.5) 0.943

Diabetes 47 (27.5) 9 (23.1) 0.574

Etiology B/C 115 (67.3) 26 (66.7) 0.944

Total bilirubin >1 mg/dl 27 (15.8) 17 (43.6) <0.001

Albumin <4.1 g/dl 114 (66.7) 30 (76.9) 0.213

Prothrombin time <79 % 20 (11.7) 8 (20.5) 0.144

ICGR15 >10 % 128 (74.9) 30 (76.9) 0.787

Portal hypertension 21 (12.3) 11 (28.2) 0.013

Child-Pugh B 8 (4.7) 2 (5.1) 1.000

Intraoperative factors

Major hepatectomy 73 (42.7) 33 (84.6) <0.001

Blood loss >1,000 ml 42 (24.6) 24 (61.5) <0.001

Blood transfusion 62 (36.3) 26 (66.7) <0.001

Pathologic factors

UICC stage≥III 35 (20.5) 22 (56.4) <0.001

Fibrosis stage ≥3 86 (50.3) 20 (51.3) 0.873

Percentages are in parentheses

PHLF posthepatectomy liver failure by the definition of ISGLS, BMI
bodymass index,B /C hepatitis B surface antigen positive and/or hepatitis
C virus antibody positive, ICGR15 indocyanine green retention rate at
15 min, UICC International Union Against Cancer
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branched-chain amino acids. Diuretics and albumin were used
to treat massive ascites. Infectious complications were treated
with antibiotics on the basis of the culture and sensitivity test
results. Overall morbidities were additionally classified ac-
cording to the Clavien–Dindo classification.22 Mortality was
defined as death during hospital stay after hepatectomy.

Follow-up

After discharge, all patients were followed at the outpatient
clinic with laboratory tests and CT or MRI performed every 3
to 6 months for the first 5 years and thereafter at least once
every 12 months until death. Recurrence of HCC was defined
as the appearance of a new lesion with the radiologic features
of HCC. Overall survival (OS) was defined as the interval
between hepatectomy and death or the last follow-up.
Recurrence-free survival (RFS) was defined as the interval
from the date of resection until detection of tumor recurrence,
death, or last follow-up. For patients who survived during our
analysis, the date of last follow-up was set as January 31,
2012. Two patients (1.0 %) were lost to follow-up.

Statistical Analysis

Continuous data were expressed as the median and range.
Differences between patients’ characteristics were compared
by χ2 or Fischer’s exact tests. PHLF grades were compared
using χ2 and Kruskal–Wallis tests. OS and RFS were estimat-
ed by Kaplan–Meier method, and differences in the survival
curves were analyzed by log-rank test. Univariate and multi-
variate Cox proportional hazard regression models were per-
formed to identify independent prognostic factors. Multivari-
ate logistic regression analysis was used to identify indepen-
dent risk factors. In this study, all factors analyzed in the
univariate analysis were included in the subsequent multivar-
iate analysis. Statistical significance was considered when the
two-sided P value was <0.05. All statistical analyses were
performed using JMP version 9.0 (SAS Institute Inc, Cary,
NC, USA) software.

Results

Patient Characteristics and Operative Results

The characteristics of all patients are shown in Table 1. The
patient population consisted of 175 men and 35 women, with
a median age of 69 years (range, 32–87 years). Postoperative
complications are summarized in Table 2. A total of 119
complications were observed in 71 patients (33.8 %). The
most common complication was ISGLS definition of PHLF
which occurred in 39 patients (18.6 %), followed by pleural
effusion in 16 patients (7.6 %) and wound infection in 12

Table 4 Perioperative outcomes categorized by PHLF grade

No PHLF (n =171) Grade A (n =10) Grade B (n=26) Grade C (n =3) P valuea

Hospital stay, median (range), days 15 (9–121) 17 (12–24) 23 (14–98) 55 (50–92) <0.001

In-hospital mortalityb 0 (0.0) 0 (0.0) 1 (3.8) 2 (66.7) <0.001

30-day mortalityb 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) NC

90-day mortalityb 0 (0.0) 0 (0.0) 2 (7.7) 2 (66.7) <0.001

Complications excluding PHLFb 32 (18.7) 1 (10.0) 15 (57.7) 3 (100.0) <0.001

PHLF posthepatectomy liver failure by the ISGLS definition, NC not calculated
a All P values for comparison between groups
bValues in parentheses are percentages unless indicated otherwise

Fig. 1 Kaplan–Meier curves comparing overall survival of patients
without and with posthepatectomy liver failure: a all patients
(P=0.002), b excluding patients who died or were lost to follow-up
within 90 days (P =0.043)
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patients (5.7%). The median hospital stay was 16 days (range,
9–121 days).

Patient characteristics according to the presence or absence
of ISGLS definition of PHLF are summarized in Table 3.
Factors associated with PHLF were older age, male sex,
advanced stage HCC, higher preoperative bilirubin levels,
pre-existing portal hypertension, and major resection with
greater blood loss and transfusion requirements (P <0.05).

Perioperative Outcomes Categorized by PHLF Grade

Based on the ISGLS of PHLF, ten (4.8 %), 26 (12.4 %), and
three (1.4 %) patients were classified as grade A, B, and C,

respectively. We identified a mortality rate of 1.4 % (n =3) in
our study. All patients who died fulfilled the PHLF criteria
(grade B, n =1; grade C, n =2). Table 4 shows clinical out-
comes categorized by PHLF grade. Median hospital stay was
15 days for patients without PHLF, which was significantly
shorter than in those with PHLF (grade A, 17 days; grade B,
23 days; grade C, 55 days; P <0.001). Although ISGLS
definition of PHLF was the most common complication, we
also documented an additional 80 complications other than
PHLF, the association with PHLF of which was also analyzed
(Table 4). The incidence of these complications increased with
PHLF grade (P <0.001).

Long-Term Prognosis for Patients with PHLF

The median follow-up period after hepatectomy was
35.2 months (range, 1.7–80.7 months). Figure 1a shows OS
categorized by the presence or absence of ISGLS definition of
PHLF. OS rates at 1, 3, and 5 years in patients without PHLF
were 93.5, 72.5, and 57.8 %, while OS rates in patients with
PHLF were 69.1, 45.1, and 45.1 %, respectively (P =0.002).
There were four patient deaths, and one patient was lost to
follow-up within 90 days after hepatectomy. OS was estimat-
ed excluding these five patients: the 1-, 3-, and 5-year OS rates
in patients without PHLF were equal to the values obtained
including these patients, and they were 77.0, 50.2, and 50.2 %
in those with PHLF (P =0.043; Fig. 1b). RFS rates at 1, 3, and

Table 5 Univariate analysis of
prognostic factors for overall and
recurrence-free survival

HR hazard ratio, CI confidence
interval, BMI body mass index,
B /C hepatitis B surface antigen
positive and/or hepatitis C virus
antibody positive, ICGR15 indo-
cyanine green retention rate at
15 min, UICC International
Union Against Cancer, PHLF
posthepatectomy liver failure by
the definition of ISGLS

Overall survival Recurrence-free survival

HR (95 % CI) P value HR (95 % CI) P value

Age >65 years 1.53 (0.95–2.55) 0.079 1.32 (0.94–1.88) 0.117

Gender, male 0.96 (0.56–1.76) 0.892 0.83 (0.56–1.28) 0.380

Performance status 1 3.46 (0.57–11.21) 0.149 1.46 (0.24–4.63) 0.618

BMI >22 kg/m2 0.71 (0.45–1.13) 0.144 0.94 (0.67–1.34) 0.738

Alcohol consumption 0.96 (0.53–1.65) 0.900 0.97 (0.63–1.44) 0.876

Diabetes 1.35 (0.83–2.16) 0.225 0.94 (0.64–1.35) 0.758

Etiology B/C 0.65 (0.41–1.05) 0.078 0.99 (0.70–1.42) 0.953

Total bilirubin >1 mg/dl 1.32 (0.76–2.17) 0.309 1.44 (0.97–2.08) 0.070

Albumin <4.1 g/dl 1.48 (0.88–2.62) 0.142 1.32 (0.92–1.93) 0.132

Prothrombin time <79 % 0.86 (0.40–1.64) 0.675 1.22 (0.75–1.88) 0.405

ICGR15 >10 % 1.02 (0.62–1.76) 0.946 1.26 (0.86–1.90) 0.243

Portal hypertension 1.26 (0.66–2.21) 0.461 1.06 (0.66–1.64) 0.800

Child-Pugh B 1.06 (0.32–2.55) 0.918 1.02 (0.43–2.02) 0.967

Major hepatectomy 1.24 (0.79–1.94) 0.355 1.10 (0.79–1.52) 0.589

Blood loss >1,000 ml 1.46 (0.91–2.32) 0.117 0.90 (0.62–1.29) 0.576

Blood transfusion 1.99 (1.26–3.16) 0.004 1.23 (0.88–1.71) 0.218

UICC stage≥III 3.84 (2.39–6.11) <0.001 2.46 (1.70–3.50) <0.001

Fibrosis stage ≥3 0.97 (0.61–1.55) 0.898 1.02 (0.74–1.43) 0.891

PHLF 2.17 (1.27–3.56) 0.006 1.83 (1.20–2.70) 0.006

Complications excluding PHLF 2.44 (1.46–3.96) 0.001 1.47 (1.00–2.12) 0.048

Fig. 2 Kaplan–Meier curves comparing recurrence-free survival of pa-
tients without and with posthepatectomy liver failure (P=0.003)

J Gastrointest Surg (2014) 18:729–736 733



5 years in patients without PHLF were 65.9, 38.3, and 20.3 %,
while RFS rates in patients with PHLF were 40.9, 15.7, and
15.7 %, respectively (P =0.003; Fig. 2).

As the association between ISGLS definition of PHLF and
OS was newly identified, we performed univariate (Table 5)
and multivariate (Table 6) Cox regression analyses to investi-
gate other prognostic factors for OS. In the univariate analysis,
UICC stage≥III, blood transfusions, PHLF, and complications
other than PHLF were identified as significant prognostic
factors for OS. In the multivariate analysis, however, age
>65 years, UICC stage≥III, and PHLF were identified as
independent prognostic factors. For RFS, univariate analysis
revealed that UICC stage≥III, PHLF, and complications other
than PHLF were significant prognostic factors (Table 5). Mul-
tivariate analysis revealed that UICC stage≥III and PHLF
were independent prognostic factors for RFS (Table 6).

Risk Factors for Developing PHLF

As ISGLS definition of PHLF was identified as an indepen-
dent prognostic factor for OS and RFS, we performed a
multivariate logistic regression analysis to search for risk
factors for developing PHLF. Among the prognostic factors
tested, major hepatectomy, intraoperative blood loss
>1,000 ml, and fibrosis stage ≥3 were identified as indepen-
dent risk factors for developing PHLF (Table 7). As the extent
of resection and fibrosis stage are factors which can be
accessed before surgery, the incidence of PHLF categorized
by these two factors was analyzed (Table 8). The incidence of
PHLF increased in association with both the extent of resec-
tion and fibrosis stage.

Discussion

Posthepatectomy liver failure is a major prognostic factor for
patients who have undergone hepatectomy. In 2010, the

ISGLS defined PHLF as an increase in INR and concomitant
hyperbilirubinemia on or after postoperative day 5.13 In this
study, we assessed the definition limited solely with HCC
patients and revealed that perioperative morbidity and mortal-
ity increased with higher grades of PHLF. OS and RFS asso-
ciated with the incidence of PHLF, and the extent of resection,
intraoperative blood loss, and fibrosis stage were identified as
independent risk factors for developing PHLF.

Using the ISGLS definition of PHLF, the first validation
study was performed in 2011 with all the patients who
underwent liver resection for several different liver diseases
by the group who identified the definition.14 Eleven percent of
patients was reported to fulfill the ISGLS definition, and the
mortality rate was 4.3 %. By contrast, the definition was met
by 19 % of our study population, and the mortality rate was
only 1.4 %. We speculate that these differences may have
arisen from background differences in patient liver status. In
the original validation study, patients mainly had metastatic
disease, and accordingly 71 % of patients did not have hepatic
fibrosis. In contrast, all of our patients had HCC, and accord-
ingly half of them had a fibrosis stage of 3 or 4. This preop-
erative difference in hepatic fibrotic status also led to differ-
ences in the procedures performed: 80 % of their patients
underwent major resection (resection of two or more anatom-
ical segments), while 50 % of our patients underwent minor
resection (resection of fewer than two segments). Despite the
higher incidence and lower mortality, the ISGLS definition of

Table 8 Incidence of PHLF categorized by fibrosis stage and extent of
resection

Fibrosis stage 0, 1, 2 Fibrosis stage 3, 4

Segment <2a 3.3 % (1/30) 7.0 % (5/71)

2≤Segment ≤3b 10.8 % (4/37) 26.3 % (5/19)

Segment >3c 39.4 % (13/33) 62.5 % (10/16)

PHLF posthepatectomy liver failure by the definition of ISGLS
a Segment <2 includes 101 segmentectomies or less
b 2≤segment ≤3 includes seven left hepatectomies, four central resec-
tions, and 45 sectionectomies
c Segment >3 includes three extended right hepatectomies, 36 right hep-
atectomies, and ten extended left hepatectomies

Table 7 Independent risk factors for PHLF

OR (95 % CI) P value

Major hepatectomy 12.21 (3.14–59.77) <0.001

Blood loss >1000 ml 6.57 (2.02–24.60) 0.002

Fibrosis stage ≥3 3.49 (1.06–12.58) 0.040

OR odds ratio, CI confidence interval, PHLF posthepatectomy liver
failure by the definition of ISGLS

Table 6 Independent prognostic factors for overall and recurrence-free
survival

HR (95 % CI) P value

Overall survival

Age >65 years 1.88 (1.03–3.55) 0.041

UICC stage≥III 4.80 (2.58–8.98) <0.001

PHLF 2.17 (1.01–4.59) 0.047

Recurrence-free survival

UICC stage≥III 2.83 (1.77–4.51) <0.001

PHLF 1.98 (1.12–3.46) 0.019

HR hazard ratio, CI confidence interval, UICC International Union
Against Cancer, PHLF posthepatectomy liver failure by the definition
of ISGLS
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PHLF successfully associated with perioperative morbidity
and mortality with HCC patients, thus proving the feasibility
to use the definition with HCC patients.

As our findings validated the use of the ISGLS definition of
PHLF in patients with HCC, we next analyzed the impact of
this definition on long-term survival and clearly proved sta-
tistical associations with OS (Fig. 1a) and RFS (Fig. 2). To
elucidate the impact of PHLF on long-term survival, OS
excluding the patients who died or were lost to follow-up
within 90 days was also estimated. A statistical difference by
the presence or absence of PHLF was observed, suggesting
that PHLF affects long-term survival even after the patients
have recovered from liver failure (Fig. 1b). Multivariate Cox
regression analysis indicated that age, UICC stage, and PHLF
were independent prognostic factors for OS, and UICC stage
and PHLF were independent prognostic factors for RFS
(Table 6). Moreover, it is interesting to note that the occur-
rence of postoperative complications, excluding ISGLS defi-
nition of PHLF, was not identified as an independent predictor
for poorer OS or RFS. Previous reports show that complica-
tions affect long-term survival after hepatectomy in HCC
patients.7, 9–11 Since our results show that ISGLS definition of
PHLF affects long-term survival whereas complications other
than PHLF do not, it should be emphasized that ISGLS
definition of PHLF is a stronger predictor of prognosis than
any other types of complication.

In this study, ISGLS definition of PHLF affected both OS
and RFS. We speculate that PHLF-affected patients had less
functional liver reserve, which limited additional treatments
when recurrence was detected. However, there is no clear
reason for the observed correlation between PHLF and poorer
RFS. One possible explanation might be up-regulation of
cytokines after liver injury.23 Among these cytokines, hepato-
cyte growth factor (HGF), which is a key component for liver
regeneration,24 is implicated in the development and progres-
sion of HCC25 and is associated with a poorer prognosis after
hepatectomy.26 Since we did not measure HGF serum levels
in our study, the validity of this suggestion would be proved as
future study.

As an association between ISGLS definition of PHLF and
long-term prognosis was demonstrated, we finally investigat-
ed risk factors for the development of PHLF. Multivariate
logistic regression analysis indicated that the extent of hepa-
tectomy, intraoperative blood loss, and fibrosis stage were
independent risk factors for developing PHLF (Table 7). The
result additionally verified the feasibility of PHLF as previous
studies have already demonstrated the direct relation between
PHLF and extent of surgery, blood loss, and degree of
fibrosis.27 One criticism to the definition of PHLF might be
that as PHLF is a postoperative event which can be identified
5 days after hepatectomy, the clinical value as a prognostic
factor is comparatively low. However, by identifying the risk
factors, HCC patients for hepatectomy can now be stratified

based on the extent of resection and background fibrosis stage,
which can be accessed before surgery (Table 8). For patients
with fibrosis stage 0–2, hepatectomy can be performed with a
lower risk of developing ISGLS definition of PHLF. However
for patients with fibrosis stage 3 or 4, it is likely that more than
50 % of patients will develop PHLF after right hepatectomy,
which is associated with poorer OS and RFS. Accordingly, the
extent of hepatectomy should be decided only after a careful
discussion with the patient about benefits and risk. As fibrosis
stage was assessed from the resected liver in the study, pro-
spective analysis of methods to assess fibrosis stage before
surgery is in progress.

One limitation of this study is its single-center retrospective
design. The other limitation is that almost half of the patients
underwent minor resection. This patient population might
lower the incidence of PHLF, which eventually decreases
the statistical power. Our data must be confirmed with a larger
population in the future.

In conclusion, we have demonstrated for the first time the
validity of the ISGLS definition of PHLF, its association with
OS and RFS, and the risk factors for developing PHLF in
patients with HCC. Long-term survival in HCC patients will
be improved by reducing the incidence of PHLF, which can be
achieved by selecting patients for hepatectomy based on the
extent of resection required and fibrosis stage.
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