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Abstract
Purpose According to current treatment guidelines, surgical
resection of hepatocellular carcinoma (HCC) is mostly re-
stricted to a limited subgroup of patients. Due to improved
surgical techniques and perioperative management, liver re-
sections may also be performed more extendedly and also in
cirrhotic livers with clinical signs of portal hypertension in
selected patients. In this study, the clinical and long-term out-
comes of liver resection in HCC patients with or without liver
cirrhosis were evaluated.
Methods One hundred fifty-eight patients undergoing liver
resection for primary HCC at our institution were identified.
Logistic and Cox regression analyses were used to identify
prognostic parameters for postoperative complications and
survival.
Results In our cohort of patients, there was no association
between clinical parameters or extent of surgical resection
and postoperative morbidity. Only Barcelona Clinic Liver
Cancer (BCLC) stage C patients were at significantly higher
risk for major complications (OR 5.27, P=0.009). Risk factors
influencing long-term survival were patient age (HR 1.026,
P=0.027) and BCLC stage C (HR 3.47, P=0.002). Compared
to patients without liver cirrhosis, BCLC stage A and B pa-
tients undergoing resection were at similar risk for the devel-
opment of severe complications and long-term mortality.

Conclusion Liver resection as potentially curative therapy can
be performed in selected patients in BCLC stage B, as well as
in patients with clinical signs of portal hypertension. The re-
section of HCC-classified BCLC stage C is feasible but asso-
ciated with significant morbidity and mortality.
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Introduction

Current guidelines for the management of hepatocellular carci-
noma (HCC) include a variety of treatment modalities integrat-
ing different medical specialties [1–3]. One of the most accept-
ed treatment algorithms for HCC patients with liver cirrhosis is
the Barcelona Clinic Liver Cancer (BCLC) guideline [4]. Here,
surgical resection is the suggested therapy for single cancer
lesions smaller than 5 cm or up to 3 nodules smaller than
3 cm in diameter. In patients with small tumors but diminished
liver reserve, liver transplantation is the treatment of choice,
whereas patients with more advanced HCC are recommended
to undergo non-surgical therapies without curative intent. Al-
though the BCLC staging system is innovative and includes
several aspects of HCC biology and underlying liver disease,
its general application remains a matter of ongoing discussion,
especially in the case of potentially resectable disease [5].

The restriction of surgical resection to a small subgroup of
patients as suggested by the BCLC classification can be dis-
puted for several reasons. First, the safety of extended liver
surgery has markedly improved over the last years, making
liver resection a technically feasible option even for patients
with cirrhosis or large tumor lesions [6, 7]. Second, liver trans-
plantation is a non-projectable therapy option comprising the
risk of cancer progress while waiting for a suitable organ [8,
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9]. And finally, the sensitivity and specificity of current diag-
nostic means are both limited [10], leading to erroneous clas-
sifications with serious consequences on therapeutic goals
(Bcurative^ versus Bpalliative^).

Thus, surgery might be an appropriate therapy option for a
greater group of patients than currently postulated by the
BCLC criteria [11], especially in patients classified BCLC
stage B [12, 13]. To evaluate this hypothesis, we retrospec-
tively analyzed the postoperative course of patients undergo-
ing liver resection for HCC according to their clinical cirrhosis
state and BCLC stage. We further set out to identify factors
associated with increased morbidity and mortality, to eventu-
ally reveal key factors influencing either of these.

Taken together, we show that postoperative morbidity is
acceptable in patients with BCLC A and B and comparable
to the complication rates of patients without histological cir-
rhosis. Clinical signs of portal hypertension are poor predic-
tors of both postoperative complications and survival in our
cohort of patients. By that, we postulate that liver resection for
intermediate and advanced HCC can be offered to a well-
selected patient population in specialized centers. Therapy
decisions should always be guided by an expert panel involv-
ing hepatologists, radiologists, and surgeons experienced in
hepatobiliary procedures and liver transplantation.

Patients and methods

In this retrospective cohort study, 190 adult patients with HCC
undergoing hepatic resection between February 1997 and
May 2011 were identified in our university hospital’s data-
base. Of these, patients with recurrent HCC (n=8),
fibrolamellar HCC (n=7), simultaneous additional malignan-
cies (n=7), mixed HCC/cholangiocellular carcinoma (CCC;
n=4), and patients with ruptured HCC (n=3) were excluded,
as well as patients with whom the BCLC stage could not be
defined (n=3). In total, 158 patients with primary resection of
histological confirmed HCC were included in our analysis.
The study was approved by the local ethics committee
(Ethikkommission an der Universität Regensburg, No. 14-
101-0088).

All therapeutic decisions, especially whether or not to per-
form surgery, were made by the hospital’s expert oncology
board, including hepatologists and hepatobiliary surgeons.
Treatment decisions dissenting from existing algorithms
(BCLC classification) were based on individual features of
each patient’s history, type of disease, and therapy intention.

The definition of Bportal hypertension^ was based on the
presence of either esophageal varices or a low platelet count
(less than 100,000 per microliter) with splenomegaly, as

Table 1 Patient characteristics
No cirrhosis BCLC A BCLC B BCLC C
(N=55) (N=43) (N=46) (N=14)

Male (%) 41 (74.5) 40 (93.0) 39 (84.8) 12 (85.7)

Age (years) (mean; SD) 63.4 (13.1) 64.4 (9.6) 65.5 (7.5) 57.3 (13.4)

Liver cirrhosis (%)a 0 (0) 43 (100) 46 (100) 14 (100)

Liver disease (%)

Hepatitis B 3 (5.5) 3 (7.0) 1 (2.2) 2 (14.3)

Hepatitis C 1 (1.8) 13 (30.2) 9 (19.6) 3 (21.4)

Ethyltoxic 8 (14.5) 15 (34.9) 16 (34.8) 2 (14.3)

Hemochromatosis 1 (1.8) 3 (7.0) 1 (2.2) 1 (7.1)

Unknown/other 42 (76.4) 9 (20.9) 19 (41.3) 6 (42.9)

MELD (median, IQR) N/A 7 (6–8) 7 (6–9) 8 (7–10)

Bilirubin [mg/dL] (mean, SD) 0.87 (0.95) 0.82 (0.46) 0.95 (0.54) 0.83 (0.30)

Elevated bilirubinb,e 9/53 (17.0) 8/43 (18.6) 14/46 (30.4) 4/14 (28.6)

Prolonged INRb,e 8/54 (14.8) 8/42 (19.0) 9/46 (19.6) 2/14 (14.3)

Ascites 1 (1.8) 3 (7.0) 6 (13.0) 3 (21.4)

Surrogates of portal hypertensionc

Esophageal varices 0 (0) 8 (18.6) 9 (19.6) 3 (21.4)

Splenomegaly with low platelet countd 0 (0) 6 (14.0) 1 (2.2) 1 (7.1)

Any parameter 0 (0) 11 (25.6) 9 (19.6) 3 (21.4)

a According to pathology report
b Normal range: INR 0.90–1.15; bilirubin (total) 0.2–1.0 mg/dl
c According to the BCLC staging system (without portal vein pressure)
d Platelet count <100/nl
e Frequencies are shown as [positive events]/[all known events]
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applied by the EuropeanAssociation for the Study of the Liver
(Bsurrogates of portal hypertension^) [14]. As the portal vein

pressure gradient is not measured routinely in our center, it
was not included in our analysis.

Table 3 In-house complications according to Clavien-Dindo (2004)

Number °I °II °IIIa °IIIb °IVa °IVb °V Number of patients
with at least one
°III–°V complication (%)

Normalized to number of events per 100 patients (%)

BCLC stage

BCLC A 43 51 16 5 16 5 0 4.7 13 (30.2)

BCLC B 46 43 15 11 20 20 2 13.0 20 (43.5)

BCLC C 14 29 21 36 29 14 0 21.4 9 (64.3)

No cirrhosis 55 44 16 5 11 5 0 5.5 14 (25.5)

Clinical parameters

Hyperbilirubinemia 34 59 15 3 9 12 0 14.7 11 (32.4)

Ascites 13 46 31 15 15 8 0 7.7 6 (46.2)

Varices 20 55 20 10 15 15 0 10.0 7 (35.0)

Splenomegalie 33 76 21 12 24 6 0 9.1 13 (39.4)

Thrombocytopenia 17 53 24 0 24 12 0 11.8 8 (47.1)

Surrogates of portal hypertensiona 23 57 26 9 0 13 0 8.7 9 (39.1)

Type of surgery

Segmental resection 31 39 13 6 26 10 0 12.9 13 (41.9)

>1 Segment resection 74 43 12 9 14 7 0 4.1 21 (28.4)

Hemihepatectomy 26 42 27 15 8 12 0 11.5 9 (34.6)

Extended hemihepatectomy 27 56 22 7 30 19 4 14.8 13 (48.1)

a According to BCLC criteria: existence of varices and/or low platelet count (<100/nl) with splenomegaly

Table 2 Tumor and surgery
characteristics No cirrhosis

(N=55)

BCLC A

(N=43)

BCLC B

(N=46)

BCLC C

(N=14)

More than one lesion (%)a 20/55 (36.4) 5 (11.6) 26 (56.5) 8 (57.1)

Max. HCC diameter [cm] (mean; SD) 9.7 (4.88) 2.7 (0.9) 7.9 (3.8) 7.9 (3.5)

Microscopic vascular invasion (%)a 27/51 (52.9) 14 (37.8) 21 (50.0) 6 (42.9)

Macroscopic vascular invasion (%)a 4/51 (7.8) 0 (0) 0 (0) 6 (42.9)

Within Milan criteria (%) 8/55 (14.5) 43 (100) 0 (0) 0 (0)

AFP

Median [ng/mL] (IQR) 10.9 (2–172) 15.4 (3–80) 7.8 (3–119) 5.0 (0–8)

Elevated (%) 27/54 (50.0) 21/43 (48.8) 16/44 (36.4) 3/14 (21.4)

>400 [ng/ml] (%) 10/48 (20.8) 6/41 (14.6) 7/40 (17.5) 2/13 (15.4)

>1000 [ng/ml] (%) 7/48 (14.6) 3/41 (7.3) 6/40 (15.0) 2/13 (15.4)

Type of surgery (%)

Segmental resection 5/55 (9.1) 18 (41.9) 8 (17.4) 0 (0)

>1 Segment resection 25/55 (45.5) 25 (58.1) 20 (43.5) 4 (28.6)

Hemihepatectomy 11/55 (20.0) 0 (0) 10 (21.7) 5 (35.7)

Extended hemihepatectomy 14/55 (25.5) 0 (0.0) 8 (17.4) 5 (35.7)

Histological margin tumor positive (%) 3/54 (5.6) 3 (7.1) 3 (6.8) 6 (42.8)

OP duration [min] (mean; SD) 181 (76.9) 142 (44.4) 188 (71.2) 235 (72.9)

ICU stay [d] (median; IQR) 1 (0–2) 0 (0–1) 1 (0–5) 2 (1–14)

Hospital stay [d] (median; IQR) 12 (9–15) 10 (8–15) 13 (9–24) 21 (10–37)

a According to pathology report
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Stratification according to the BCLC system was based on
laboratory tests and imaging before surgery, as well as histo-
pathological examination post surgery. The existence of cir-
rhosis was also based on the analysis by a certified
pathologist.

Postoperative complications were recorded according to
the classification by Clavien and Dindo [15]. Data were ex-
tracted from the hospital’s computer archive and patient
charts. Patients were followed up by the University Hospital
outpatient clinic or elsewhere. In the latter case, regular status
reports were sent to our institution.

Statistics

All statistical analyses were performed under the supervision
of a professional biostatistician (FZ) using SPSS software
(IBM, version 21) and R software (version 3). Continuous
data are expressed as mean (standard deviation (SD)) or, if
clinically more relevant, as median (interquartile range
(IQR)). Categorical data is stated as frequency counts (per-
centages). Complications were assessed using the classifica-
tion system developed by Clavien and Dindo [15] and nor-
malized to number of events per 100 patients (except for mor-
tality, which is given in percent of total cases). Uni- and mul-
tivariable logistic regression analyses were performed to cor-
relate BCLC stage, parameters of liver function, surrogate

parameters of clinically relevant portal hypertension and ex-
tent of surgery with major postoperative complications, de-
fined as °III to °V (death) complications. The same variables
and patient age were included in a multivariable Cox propor-
tional hazards regression model. Odds ratios (OR), hazard
ratios (HR), and corresponding 95 % confidence intervals
(CI) were calculated. A two-sided P value of ≤0.05 was con-
sidered to indicate statistical significance. Absolute patient
numbers are given if variables could not be retrieved for every
individual patient retrospectively.

Results

Patient characteristics

One hundred fifty-eight patients were included into this anal-
ysis and were classified as stage A (n=43), stage B (n=46), or
stage C (n=14), according to the BCLC staging system. Fifty-
five patients did not show any sign of cirrhosis in the histo-
logical examination by expert pathologists. The mean age of
the whole study population was 63.3 years (SD 10.9), with a
total of 132/158 (83.5 %) being male. The majority of patients
with cirrhotic livers had chronic liver diseases, mostly due to
alcohol abuse or chronic hepatitis C. In non-cirrhotic patients,
a chronic liver disease was known in 13/55 (23.6 %) cases.

At least one surrogate parameter of clinically relevant por-
tal hypertension (defined as either esophageal varices or low
platelet count associated with splenomegaly) was reported in
11/43 (25.6 %) BCLC A, 9/46 (19.6 %) BCLC B, 3/14
(21.4 %) BCLC C, and in no patient without cirrhosis. Labo-
ratory features of disturbed liver function, as elevated bilirubin
levels or prolonged INR, could be found in all groups. The
prevalence of ascites was low in the non-cirrhosis group (1/55
patients, 1.8 %) and rose with BCLC stage, 3/43 (7.0 %) in
BCLC A, 6/46 (13.0 %) in BCLC B, and 3/14 (21.4 %) in
BCLC C. A detailed overview is shown in Table 1.

Tumor and surgery characteristics

Tumor characteristics were specified based on the postopera-
tive histological examination (Table 2). HCCs were predom-
inantly singular lesions in BCLC stage A (38/43, 88.4 %) and

Table 4 Univariable logistic regression analysis of °II–V morbidity

Parameter Number OR 95 % CI P value

Age (years) 158 1.026 1.003 1.050 0.027

BCLC stage

No cirrhosis 55 Ref

A 43 1.27 0.52 3.08 0.600

B 46 2.25 0.97 5.22 0.059

C 14 5.27 1.51 18.4 0.009

Clinical parameters

Hyperbilirubinemia 34 0.85 0.38 1.90 0.689

Ascites 13 1.63 0.52 5.10 0.403

Varices 20 0.98 0.37 2.61 0.965

Splenomegaly 33 1.24 0.56 2.73 0.594

Thrombocytopenia 17 1.76 0.64 4.85 0.276

Surrogates of portal
hypertensiona

23 1.23 0.50 3.06 0.656

Type of surgery

Segmental resection 31 Ref

>1 Segment resection 74 0.55 0.23 1.32 0.178

Hemihepatectomy 26 0.73 0.25 2.15 0.572

Extended hemihepatectomy 27 1.23 0.46 3.63 0.635

aAccording to BCLC criteria: existence of varices and/or low platelet
count (<100/nl) with splenomegaly

�Fig. 1 Survival analysis using the Kaplan-Meier plot. a Survival accord-
ing to BCLC stage. Patients classified BCLC C showed a significantly
decreased probability of survival (P values according to the univariable
Cox regression analysis compared to BCLC C, 0.002 (BCLC A), 0.28
(BCLC B), 0.11 (no cirrhosis)). b When stratified by Milan criteria, the
probability of survival for patients outside Milan was worse (without
reaching statistical significance,P=0.062). c, dThe presence of a singular
or more than one tumor lesion (c), or vascular invasion (d) was signifi-
cantly associated with worse survival (P=0.002 and P<0.01,
respectively)
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Fig. 1 (continued)
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in patients without cirrhosis (35/55, 63.6 %), whereas the ma-
jority of patients displayed more than one tumor nodule in
BCLC stage B (26/46, 56.5 %) and C (8/14, 57.1 %). The
mean maximum diameter of the largest lesion increased with
BCLC stage from 2.7 cm in BCLC stage A to 7.9 cm in BCLC
B and C, and 9.7 cm in patients without cirrhosis. While
patients with microscopic vascular invasion could be identi-
fied in all subgroups, macroscopic vascular invasion was (in
conformity with the BCLC system) only observed in BCLC
stage C and in patients without cirrhosis. Elevated AFP levels
were found in 21/43 (48.8%) BCLCA, 16/44 (36.4 %) BCLC
B, 3/14 (21.4 %) BCLC C, and 27/54 (50.0 %) non-cirrhotic
patients. The extent of surgery was increasing with BCLC
stage, together with the mean duration of surgery, ICU, and
hospital stay. All cancer and surgery details are listed in
Table 2.

Postoperative morbidity

We next analyzed the incidence of postoperative morbidity in
relation to BCLC stage, surrogate parameters of portal hyper-
tension (esophageal varices or low platelet count with spleno-
megaly), and type of surgery. Complications were classified as
published by Clavien and Dindo [15]. The number of events
for each complication normalized to 100 patients is shown in
Table 3. While the number of severe complications (°III to °V)
was increasing with BCLC stage, there was no trend in the
frequency of complications in patients with surrogates of por-
tal hypertension or extended surgery. Accordingly, neither
surrogate parameters for portal hypertension nor the type of
surgery was associated with a significantly increased risk for
severe complications (Clavien-Dindo °III to °V) in a
univariable logistic regression analysis (Table 4). Compared
to patients resected without cirrhosis, patients classified
BCLC A had no significantly increased risk for severe post-
operative morbidity (HR 1.27; 95 % CI 0.52–3.08; P=0.600).
While patients classified BCLC B showed a trend towards an
increased risk without reaching statistical significance (HR
2.25; 95 % CI 0.97–5.22; P=0.059), patients in BCLC stage
C had a significantly increased risk for developing complica-
tions after surgery (HR 5.27; 95 % CI 1.51–18.4; P=0.009).

Long-term survival following hepatic resection

Survival analysis was performed using the Kaplan-Meier
model (Figure 1) and Cox regression (Table 5). The median
follow-up was 2.01 years. The median survival was
5.73(95 % CI 3.20–8.26)years in the BCLC A group, com-
pared to 3.03 (95 % CI 0.82–5.24)years in BCLC B,
0.73(95 % CI 0.26–1.19)years in BCLC C, and 3.38(95 %
CI 1.15–5.60)years in patients without histopathological cir-
rhosis. Survival in BCLC C patients was significantly worse
compared to all other groups (P<0.028; Fig. 1a). The

stratification of patients according to the Milan criteria did
not result in statistically different survival (P=0.065; Figure
1b). The analysis of patients with singular versus more than
one HCC lesion showed a significant survival benefit for pa-
tients with singular lesions (median survival 4.90 years (95 %
CI 1.76–8.04) versus 1.93 years (95 % CI 1.28–2.56), P=
0.002; Fig. 1c). Vascular invasion was associated with worse
survival, with macroscopic vascular invasion being the worst
predictor of overall survival (P<0.001). Patients without vas-
cular invasion had a median survival of 7.74 years (95 % CI
4.39-11.09), compared to 2.12 years (95 % CI 0.51–3.73) in
patients with microvascular or 0.76 years (95 %CI 0.60–0.93)
in patients with macrovascular disease (Fig. 1d).

Applying a multivariable Cox regression analysis, the pa-
rameters age (HR 1.026; 95 % CI 1.003–1.050; P=0.027) and
BCLC stage C (HR 3.47; 95 % CI 1.57–7.67; P=0.002) were
identified as statistically significant prognostic parameters for
mortality. Interestingly, the prevalence of surrogate parameters
of portal hypertension was associated with an increased risk
for death in the Cox regression analysis (Tables 5 and 6).

Discussion

Surgery is the mainstay of HCC therapy with curative intent.
Following the widely accepted BCLC criteria, surgical resec-
tion is frequently restricted to small carcinomas in livers with
minor cirrhosis and absent portal hypertension. However, the
significance of currently used surrogate parameters of portal
hypertension can be disputed, especially as surgical techniques
and perioperative care have dramatically improved over the last
decades [16]. Apart from the extent of liver cirrhosis, tumor size
and distribution are considered to determine the feasibility of
surgical resection. In view of the ongoing debate on the inter-
pretation of the aforementioned criteria and whether their limits
are well chosen, we investigated their predictive value on post-
operative morbidity and long-term survival.

In our cohort of patients, treatment decision was made by
an expert board comprising at least one board certified
hepatologist, oncologist, interventional radiologist, and a
highly qualified hepatobiliary surgeon with transplant experi-
ence. Cases were retrospectively assigned to the appropriate
BCLC stage involving the final histopathological report.
Some cases differed from the preoperative BCLC classifica-
tion due to the limitations of preoperative diagnostic modali-
ties (data not shown), especially regarding (the well pub-
lished) difficulties in correctly diagnosing small lesions in
cirrhotic livers [17, 18].

Most patients resected for HCC in our specialized center
belonged to BCLC stage A or B. When directly compared,
these two groups did not show any significant difference in
postoperative morbidity or long-term survival. This observa-
tion is in accordance with a publication by Vauthey et al., who
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showed that survival did not differ between patients with T1
or T2 HCC [19]. Consequently, Torzilli and colleagues found
that extended indications for hepatic resection are applied
throughout the world, with acceptable short- and long-term

results [20]. This is in line with a consensus statement by
Jarnagin et al., who consider resection as reasonable therapy
in selected patients even with large or multifocal HCC [11].
This recommendation is supported by a retrospective study
including 45 cirrhotic patients undergoing extended hepatec-
tomy, resulting in up to standard morbidity and long-term

Table 5 Univariable Cox
regression analysis of long-term
mortality

Parameter Number HR 95 % CI P value

BCLC stage

No cirrhosis 55 Ref

A 43 0.76 0.43 1.32 0.328

B 46 1.12 0.65 1.92 0.686

C 13 2.58 1.25 5.35 0.011

Milan criteria

Within Milan 51 Ref

Not Within Milan 105 1.57 0.97 2.55 0.065

Type of tumor lesion

Singular 98 Ref

Multifocal 58 2.00 1.28 3.11 0.002

Vascular invasion

No vascular invasion 64 Ref

Microscopic vascular invasion 68 1.98 1.19 3.30 0.009

Macroscopic vascular invasion 10 6.67 2.82 15.76 <0.001

Clinical parameters

Hyperbilirubinemia 34 1.45 0.90 2.33 0.126

Ascites 11 1.88 0.86 4.10 0.114

Varices 20 0.95 0.48 1.91 0.894

Splenomegaly 33 0.96 0.57 1.62 0.889

Thrombopenia 17 1.18 0.63 2.24 0.602

Surrogates of portal hypertensiona 23 0.87 0.46 1.64 0.658

Type of surgery

Segmental resection 31 Ref

>1 Segment resection 74 1.10 0.61 1.98 0.747

Hemihepatectomy 25 0.94 0.50 1.77 0.848

Extended hemihepatectomy 26 2.74 1.56 4.81 <0.001

P-values indicating statistical significance are in italics
a According to BCLC criteria: existence of varices and/or low platelet count (<100/nl) with splenomegaly

Table 6 Multivariable Cox regression analysis of long-term mortality

Parameter Number HR 95 % CI P value

Age (years) 158 1.026 1.003 1.050 0.027

BCLC stage

No cirrhosis 54 Ref

A 43 0.73 0.38 1.34 0.343

B 46 1.06 0.61 1.82 0.847

C 13 3.47 1.57 7.67 0.002

Type of surgery

Segmental resection 31 Ref

>1 Segment resection 74 0.89 0.47 1.67 0.723

Hemihepatectomy 25 0.63 0.26 1.49 0.289

Extended hemihepatectomy 26 1.84 0.83 4.09 0.134

Table 7 Potential indications for liver resection outside BCLC A

Hepatic resection can be performed in HCC:

• If technically and functionally feasible

○ Small HCC with requirement of limited resection

○ Large HCC with little loss of functional parenchyma

○ Resection in livers with early stage cirrhosis/fibrosis

• No other (less invasive) therapeutic option is available or was without
therapeutic success

• As a palliative approach

In any case, patients (and relatives) must give informed consent after
careful discussion of the potential pros and cons. Furthermore, patients
should be in good general condition (ECOG 0–1).
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survival [21]. Accordingly, a recent retrospective study by the
Italian Liver Cancer group showed that liver resection could
be beneficial across all BCLC stages compared to loco-
regional therapy [22, 23].

While BCLC classification showed a trend towards increas-
ing numbers of major complications from stage A to B (albeit
not significant) and to C, our data also indicate that widely ap-
plied surrogate parameters of liver cirrhosis are poor predictors
of morbidity and mortality following surgery. Other methods,
especially the measurement of the hepatic venous pressure gra-
dient [24], might be much more accurate, but have not been
applied routinely in our cohort of patients. Associated tests to
determine the residual liver function, as the LiMAx test or the
indocyanine green test, have not become the standard of care
[25]. On the other hand, however, the results of current studies
using these tests underscore their role in the future [26, 27]. Our
clinical practice is in line with the German national HCC guide-
line, which recommends that resectability should be defined
through a joint assessment of surgeons and hepatologists [28].

Although no definitive conclusion on an oncologic benefit
can be drawn from our data without a non-resection control
group, both Kaplan-Meier analysis and multivariable Cox re-
gression analysis did not show a significant difference in long-

term survival comparing BCLCA to BCLCB patients. BCLC
stage C, however, was associated with an increased risk for
mortality together with age and extended hemihepatectomy. A
limitation of our study is that no comparison with other treat-
ment modalities was performed, as the focus was on postsur-
gical morbidity. Still, our data show that surgical resection
represents a feasible option for this cohort of patients, as
long-term survivorship can be achieved. Liu and colleagues
observed similar results in patients with advanced HCC, fur-
ther showing that surgical resection was more successful than
transarterial chemoembolization in these patients [29]. Ultimate-
ly, randomized controlled trials are needed to clarify the impact
of each therapy on survival for each disease stage.

Our study is not suitable for developing a new treatment
algorithm for HCC patients. According to our institute’s ex-
perience, patients undergoing hepatic resection for HCC out-
side BCLC A should be in good general condition (ECOG 0–
1), and open patient counseling concerning potential pros and
cons is mandatory. Resection should be considered when tech-
nically and functionally feasible, or after failure of non-
surgical treatment. In some cases, resection could also be con-
sidered as a palliative approach. Details are given in Table 7
and exemplified in Fig. 2a–c.

Fig. 2 Examples for hepatic resection outside BCLC A. a 56-year-old
patient requiring limited (bi-segmental) resection for HCC segment VI
and VII (see MRI image). b 60-year-old patient with HCC infiltrating the
right branch of the portal vein, leading to atrophy of the right liver lobe
(see CT image). Only little functional liver tissue was lost by right

hemihepatectomy. c 53-year-old patient status post several local
ablational therapies and TACE. Diffused HCC including infiltration of
the vena cava, requiring right hemihepatectomy with atypical resection of
segment IV and I, plus vena cava construction (see CT image). Patient
recovered well and is still alive after 1 year following surgery
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In conjunction with the aforementioned observations on
postoperative morbidity, hepatic resection should clearly be
considered for patients classified BCLC B. Surrogate param-
eters to estimate portal hypertension should be interpreted
with care, as specialized centers can perform even extended
liver resections safely despite signs of portal hypertension. In
our hands, individual patient selection by an expert panel of
experienced liver specialists appears to be more reliable than
existing classification systems for the prediction of safe resec-
tion in HCC patients.
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