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� No such comparative study before.
� Surgery for huge HCCs is safe as small ones.
� Even 1 mm surgical margin is good enough.
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a b s t r a c t

Background/purpose: Current treatment options for HCC�10 cm (huge HCC) are limited. Otherwise, the
margin status is known as a prognostic factor. Our aim was to determine the safety, effectiveness, and
risk factors for overall survival and disease-free survival for these patients.
Methods: A total of 211 consecutive patients from 2000/08 to 2010/12 were enrolled. Characteristics of
patients, tumors, and treatment were compared between the huge group (HCCs; �10 cm, n ¼ 23; 11%)
and those with smaller group (HCC; <10 cm n ¼ 188; 89%). Disease-free survival (DFS), overall survival
(OS), and risk factors were analyzed.
Results: Median follow up was 37 months. Patients with huge HCC were more likely to be symptomatic,
positive for preoperative portal vein thrombosis, longer surgical time, more blood loss and transfusions,
and significantly shorter median OS and DFS. Both groups had similar postoperative mortality and
morbidity rates. In the huge HCC, multivariate analysis identified two significant determinants of DFS
(preoperative portal vein thrombosis on imaging and tumor-free margin less than 1 mm) and two sig-
nificant determinants of OS (age over 80 and preoperative portal vein thrombosis). Even with positive
margins, it still had no impact on OS. For DFS, 1 mm free margins appeared to be adequate.
Conclusion: Tumor-free margin is an independent risk factor for recurrence but has no impact on OS.
Surgical margin >1 mm is adequate in patients with tumors �10 cm. Postoperative close follow up,
especially of distant metastasis, and appropriate treatment of recurrence by a multidisciplinary approach
may improve prognosis.
© 2015 The Authors. Published by Elsevier Ltd on behalf of IJS Publishing Group Limited. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
lin Tzu Chi Hospital, Buddhist
lin Township, Chiayi County

. Chen), wck@tzuchi.com.tw
dm335280@tzuchi.com.tw

u), wenyao4748@gmail.com

r Ltd on behalf of IJS Publishing Gr
1. Introduction

Hepatocellular carcinoma (HCC) is the most common liver tu-
mor [1]. In Taiwan, it is commonly due to chronic hepatitis B
infection. Surgery including liver resection and transplantation is
the first choice of treatment [2]. However, huge HCC tumors
(�10 cm in diameter) are often treated non-surgically. The reported
5-year survival rate after trans-arterial chemo-embolization (TACE)
for huge HCC tumors is only 7e10% and the prognosis is worse in
patients with poor liver reserve. Nevertheless, surgically treated
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groups seem to have had a better prognosis [3e5] and their five-
year survival rate reached 35% [5,6]. However, increased risk of
morbidity and mortality after surgery was also reported [7]. In this
study, we aimed to determine the safety and effectiveness of
resection as well as survival rates and risk factors for overall sur-
vival (OS) and disease-free survival (DFS) after resection of HCC
�10 cm in diameter. Additionally, we explored the impact of free
margins on the prognosis.

2. Materials and methods

2.1. Patients

Data from 287 patients who underwent liver resection for
pathologically confirmed HCC at our Hospital from September 2000
to December 2010 were retrospectively analyzed. The data from 7
patients who received hepatectomy previously at other hospitals,
40 patients who received prior non-surgical treatment including
radiotherapy (RT), TACE, and percutaneous alcohol injection (PEI), 9
patients who received only palliative resection, and 20 who had
incomplete pathological or laboratory data were excluded from the
analysis. The 211 cases finally included in the study were divided
into two groups: those with huge HCCs, defined as tumors over
10 cm in diameter (n¼ 23) and those with smaller HCCs, defined as
tumors under 10 cm in diameter (n ¼ 188). These patients were
followed up till 2012/07. Surgical mortality was defined as death
occurring within 90 days of surgery. Morbidity was defined as any
complication occurring during the perioperative period. The
severity of complications was scored using the Dindo Classification
system [7]. This study was approved by our Institutional Research
Board (IRB).

2.2. Surgical technique and follow up

Before operation, all patients were evaluated by surgeons. The
resectable lesions were identified as adequate liver reserve after
necessary liver resection for tumor clearance. All patients received
traditional laparotomy with intra-operative sonography to deter-
mine the extent of disease and to map the line of parenchymal
transaction. Excisionwas performed using a Cavitational Ultrasonic
Surgical Aspirator (CUSA) and, in select patients, the Pringle ma-
neuver (portal triad clamping for 15 min and release for 5 min).
Postoperatively, the wound was routinely checked for bile leakage
with a dry white gauze pad and repaired by sutures if leakage was
found. Closed drainage tubes including JacksonePratt (J-P) or J-VAC
drains were routinely placed in the subphrenic space, subhepatic
space, or resection surface.

After being discharged, patients were followed up at the
outpatient clinic with a physical examination, ultrasonography, and
assessment of alpha-fetoprotein (AFP) level every 3 months for first
2 years and thereafter every 6 months, and received annual
computed tomography. Recurrence of HCC was identified on im-
ages showing new or growing lesions with or without rising AFP.
HCC lesions with atypical appearance were confirmed by biopsy.
The treatment choice for recurrent HCC including local treatment,
transcatheter arterial embolization (TAE), chemoembolization
(TACE), or repeat hepatectomy based on the patient's condition and
the severity of disease.

2.3. Statistical analysis

Patient demographics, and tumor, operative, and treatment
characteristics were evaluated. The variables analyzed included
age, gender, comorbidities, hepatitis serology, AFP, other common
laboratory data, Child-Pugh class, and Model for End-stage Liver
Disease (MELD) score. The analyzed characteristics included tu-
mor laterality, patient with abdominal symptoms or not, pre-
operative portal vein thrombosis, preoperative tumor rupture or
not, operative variables, mortality, morbidity, severity of compli-
cations, and post-operative tumor characteristics. Patients were
staged according to the sixth edition of the American Joint Com-
mission on Cancer (AJCC) Manual. Major hepatic resection was
defined as right or left lobectomy or resection of more than 3
Couinaud's segments. The recurrence patterns and treatment
were also analyzed. As the intrahepatic recurrence site, the
“marginal” means that the any recurrence located just on the
resection margin. The “Adjacent Section” means the recurrence
located at the nearby section. For example, the primary tumor
located at Segment 4a, the location of recurrence tumor classified
as “ Adjacent Section ” if the lesion locates at Segment 3, 4b, or 8. If
the recurrence located at other section it was classified as “distal
sections”. If several recurrent tumors located in different seg-
ments, it defined as “Multiple”.

Comparisons between groups were performed using the Chi-
square test for categorical variables, the Student t test for
continuous variables with normal distribution and Mann Whit-
ney U test for continuous variables without normal distribution.
Time to recurrence (disease-free survival) and time to death were
determined by the KaplaneMeier method and differences were
compared by the log-rank test. Several variables including age,
sex, hepatitis virus infection, symptoms, pre-operative portal vein
thrombosis, liver reserve, operative outcomes, tumor stage, and
pathology risk factors including vascular invasion, venous
thrombi and satellite nodules were inserted into a backward
stepwise Cox proportional hazards model to calculate the hazard
ration and identify significant factors. All risk factors which were
significantly associated with disease-free survival or overall sur-
vival in univariate analysis were entered into a backward step-
wise Cox proportional hazards model again as multivariate
analysis. p-values of <0.05 was considered to indicate statistical
significance.

3. Results

The clinical features and tumor characteristics in the 211 pa-
tients with hepatic resection from the huge group (tumor �10 cm,
n ¼ 23) and the smaller group (tumor <10 cm, n ¼ 188) are
summarized in Tables 1 and 2. Totally 40 patients got lost followed
up including 38 patients in smaller group (20.2%) and 2 patients in
huge group (8.6%). There was no between-group difference in age,
sex, and co-morbidities. Hepatitis B infection occurred more
frequently in patients with huge tumors than those with smaller
tumors. Moreover, patients with huge tumors had a significantly
higher rate of symptoms, significantly higher preoperative platelet
count, and poorer liver function (i.e., lower albumin and more
Child B cases, but similar MELD scores). Although the laterality,
frequency of solitary or multiple tumors and rate of rupture are
similar in the two groups, the rate of preoperative portal vein
thrombosis seen in imaging studies is significantly higher in the
huge group. Patients with larger tumor size also had more
advanced stage disease and higher rate of vascular invasion,
vascular thrombi, satellite nodules, positive surgical margin, and
narrow surgical margin (<1 mm).

Surgical outcomes are compared between the groups in Tables 3
and 4. Patients with large tumors had higher operative stress (i.e.,
significantly longer surgical time, more major hepatic resections,
more estimated blood loss, more intra-operative blood trans-
fusions, and longer intensive care unit (ICU) and postoperative
hospital stays) yet similar mortality, morbidity, morbidity severity,
and rates of complications and their grades.



Table 1
The clinical features of all 211 patients with hepatic resection.

Variables HCC < 10 cm (n ¼ 188) HCC S 10 cm (n ¼ 23) p-value

Clinical characteristics
Age 59.77 ± 10.25 61.52 ± 12.18 0.449#

Gender 0.14
Male 135 20
Female 53 3

Symptoms (þ) 33 (17.6%) 17 (73.9%) <0.001
Virus type 0.022
Non-B Non-C 18 (9.6%) 5(21.7%)
HBV 70(37.2%) 13(56.6%)
HCV 83(44.2%) 3(13%)
HBVþHCV 17(9%) 2(8.7%)

PLT (103/uL) 155.75±61.42 258.48±134.08 <0.001
PT (INR) 1.12±0.71 1.07±0.75 0.939
Albumin(g/dL) 3.96±0.55 3.51±0.60 <0.001
ALB S3.5 157 12 0.001
ALB <3.5 31 11

Child-Pugh class 0.044
A 183 20
B 5(2.8%) 3 (13%)

MELD score 8.75±3.99 7.83±1.51 0.408
Median AFP level (ng/ml) 18.225 30.15 0.256

(2.87e65433) (1.25e 677930)
AFP S1000 28 8 0.034
AFP <1000 160 15

#: Student t test, Other continuous variables: Mann Whitney U test.
Abbreviations: HBV: hepatitis B virus, HCV: hepatitis C virus, PLT: platelet, Cre: Creatinine, PT: Prothrombin time, INR: International normalized ratio, AFP: Alpha-
fetoprotein.

Table 2
The tumor related factors of all 211 patients with hepatic resection.

Variables HCC < 10 cm (n ¼ 188) HCC S 10 cm (n ¼ 23) p-value

Tumor-related factors
Number of tumors 0.741
Solitary 166 20
Multiple 22 (11.7%) 3 (13%)

Preoperative portal vein thrombosis diagnosed by imaging 5 (2.7%) 4(17.4%) 0.009
Preoperative tumor rupture 9 (4.8%) 1 (4.3%) 1
Tumor size (mm) 37.58±19.17 131.22±26.09 <0.001

(12-97mm) (100-180mm)
T1/2/3/4 84/90/6/8 1/13/6/3 <0.001
Positive vascular invasion 71 (37.8%) 11 (47.8%) 0.002
Positive venous thrombi 26 (13.8%) 8 (34.8%) 0.016
Positive satellite nodules 21 (11.2%) 8 (34.8%) 0.006
Free margin 8.08±9.56 3.83±5.51 0.011
Free Margin <1mm 29 (15.4%) 9 (39.1%) 0.01

Table 3
Surgical outcomes of patients with HCC resection.

Variables HCC < 10 cm (n ¼ 188) HCC S 10 cm (n ¼ 23) p-value

Operative outcome
Surgical time (minutes) 220.59±66.28 315.65±166.89 <0.001
S220 minutes 87 21 <0.001
<220 minutes 101 2

Major hepatic resection 22(11.7%) 14 (60.9%) <0.001
Surgical blood loss (ml) 700.98±833.57 1639.13±1198.0 <0.001
S1000 ml 42 14 <0.001
<1000 ml 146 9

PRBC transfusion (%) 84(44.7%) 19 (82.6%) 0.001
Morbidity and mortality
Mortality 3 (1.6%) 1 (4.3%) 0.372
Morbidity 56(29.8%) 9 (39.1%) 0.35
Major morbidity (Dindo grade S3) 29(51.8%) 4(44.4%) 0.41

Abbreviation: PRBC: Packed red blood cell.
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The median follow-up period was 37 months. Patients with
huge tumors had significantly shorter overall median survival
(30.23 vs.119.53 months, p < 0.001; Fig.1), significantly lower 1-, 3-
, and 5-year survival rates (67.6%, 41.5%, and 35.6% vs. 90.4%, 75.8%,
and 62.7%, respectively), significantly shorter median DFS (7.4 vs.
31.2months; p¼ 0.002; Fig. 2), and significantly lower 1-, 3-, 5-year



Table 4
Surgical complications and their severity in patients with HCC resection.

Variables HCC < 10 cm (n ¼ 188) HCC S 10 cm (n ¼ 23)

Complications and severity
Total complications 56 (29.8%) 9 (39.1%)
Grade I
CNS-seizures 1 0
Bile leakage 1 2
Ascites 16 2
Pleural effusion 2 0
Transient hepatic insufficiency 1 0
Wound hematoma 1 0
Others 1 0
Grade II
Newly onset atrial fibrillation 2 0
Postoperative bleeding 1 0
Pneumonia 0 1
Acute renal impairment 1 0
Grade III
Bile leakage 1 0
Pleural effusion needing drainage 14 0
Grader IV
Pneumonia, pulmonary edema, ARDS 9 2
Acute renal impairment 1 0
Consciousness changes of unknown cause 0 1
Adrenal insufficiency 1 0
Grade V
Liver failure 2 1
Acute renal impairment 1 0

Abbreviation: ARDS: Acute respiratory distress syndrome.

Fig. 1. Overall survival for Huge HCC is lower but still have a fair prognosis.
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disease-free survival rates (29.2%, 14.6%, and 9.7% vs. 74.3%, 44.3%,
and 25.8%, respectively).

We also analyzed the prognostic factors for patients from the
huge group, as Table 5. Univariate analysis identified four negative
prognostic factors for disease-free survival including preoperative
portal vein thrombosis diagnosed by imaging, advanced tumor
stage (T3 and T4), positive satellite nodules, and disease-free
margin less than 1 mm and two risk factors for overall survival
(age over 80 and preoperative portal vein thrombosis). Multivariate
analysis identified two independent risk factors of DFS (preopera-
tive portal vein thrombosis [HR: 7.744, 95%CI 1.880-31.897] and
disease-free margin less than 1 mm [HR: 3.423, 95%CI 1.197-9.790].



Fig. 2. Disease free survival for both groups.

Table 5
The prognostic factor analysis for the huge group patients.

Disease-free survival factors Univariant analysis Multivariant analysis

HR ( 95% CI) HR ( 95% CI)

Portal vein thrombosis 7.533 (1.971e28.788) 7.774 (1.880e31.897)
Free margin < 1 mm 3.403 (1.231e9.411) 3.423 (1.197e9.790)
Advanced T stage (T3þT4) 2.940 (1.154e7.411) N.S.
Satellite nodules 3.132 (1.100e8.918) N.S.

Overall survival factors Univariant analysis Multivariant analysis

HR ( 95% CI) HR ( 95% CI)

Age over 80 4.037 (1.018e16.003) 12.993 (2.535e66.599)
Portal vein thrombosis 6.785 (1.670e27.576) 8.953 (1.772e45.223)

Abbreviation: N.S.: Non-significance.
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To OS, both age over 80 [HR: 4.037, 95%CI 1.018-16.003] and pre-
operative portal vein thrombosis [HR: 6.785, 95%CI 1.670-27.576]
were independent risk factors.

We also analyzed the impact of different values of the free
margin on overall survival and disease-free survival, and these are
listed in Table 6. We identified similar results. The margin status
Table 6
The impact of different free margin distances on overall survival and disease-free
survival (Analyzed by the Univariate Cox regression).

Disease-free survival Overall survival

HR ( 95% CI) HR ( 95% CI)

Free margin <10 mm 1.353 (0.381e4.810) 1.805 (0.495e6.581)
Free margin <5 mm 0.764 (0.252e2.310) 0.977 (0.302e3.158)
Free margin <2 mm 0.624 (0.248e1.571) 0.768 (0.263e2.237)
Free margin <1 mm 3.403 (1.231e9.411) 1.624 (0.523e5.040)
showed no benefit on the overall survival rate, but showed benefits
for the overall disease-free survival rate. Moreover, a 1 mm free
margin is adequate to get benefits with regard to the recurrence
rates [HR: 3.403, 95%CI 1.231-9.411]. Free margins over 2 mm
showed no benefits on the recurrence rate.

The first recurrence site after liver resection is compared be-
tween groups in Table 7. Overall, at the end of this study, 19 pa-
tients (82.6%) with huge HCCs and 122 patients (64.9%) with
smaller HCCs got a recurrence. The rate of extra-hepatic recur-
rence (lung, bone, brain, or other site) or combined intra-hepatic
and extra-hepatic recurrence and the frequency of multiple
intrahepatic site, distal section area, and resection margin recur-
rence were higher in patients with huge tumors. After the first
recurrence, all the patients with huge HCCs and most patients
with smaller HCCs received non-surgical treatment like TACE,
hepatic arterial infusion chemotherapy (HAIC), or PEI and had
significantly shorter overall survival.



Table 7
Site and pattern of recurrences after hepatic resection.

Valuables HCC < 10 cm HCC S 10cm p-value

Recurrence numbers 122 19
Type of recurrence <0.001
Intra-hepatic 107 (87.6%) 11 (62.5%)
Extra-hepatic 2 (1.9%) 3 (12.5%)
Intra and extra-hepatic 13 (10.5%) 5 (25%)
Site of intra-hepatic recurrence 0.008
No intra-hepatic recurrence 2 (1.6%) 3 (15.8%)
Marginal 6 (4.9%) 1(5.3%)
Adjacent Section 68 (55.7%) 5 (26.3%)
Distal Section 20 (16.4%) 3 (15.8%)
Multiple 26 (21.3%) 7 (36.8%)
1st recurrence treatment 0.332
Non-curative 100(82%) 18(94.7%)
RFA 9 (7.4%) 0
Surgery 13 (10.7%) 1(5.3%)
Overall Survival
After 1st recurrence (m/o)

44.23±10.15 11.60±7.16 0.002
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4. Discussion

In previous studies, the 5-year survival rate was 16.7e54.0% in
patients with HCC �10 cm who received surgical intervention
[5e7,9e13] and less than 10% in patients with HCC �10 cm who
received TACE [3,4], suggesting that surgical intervention is the
better treatment for HCC �10 cm. In the study by Yamashita et al.
[5], comparing surgical and non-surgical intervention for HCC
�10 cm, 35% in the surgical intervention group survived 5 years,
while no one in the non-surgical treatment group survived 2 years.
Mok et al. [14] reported that the 5-year survival rate in the resection
group was significantly better than in the non-resection group
(24.5% vs. 8.2%, p < 0.001) for huge HCC. The huge group in our
study showed 1-, 3-, and 5-year overall survival rates of 67.6%,
41.5%, and 35.6% and DFS of 29.2%, 14.6%, and 9.7%, respectively.
Moreover, Min YW et al. [15] reported directly compared the
prognosis between surgery and TACE. Surgery group showed
higher 1-, 2-, and 3-year overall survival rates than TACE group
(69.7%, 58.6%, and 51.7% vs 40.2%, 33.9%, and 18.5%, respectively,
p < 0.001) during median follow up of 14.5 months (range: 0e103).
Although we did not directly compare TACE or other non-surgical
treatments to surgical intervention, all data in our literature re-
view agreed that surgical intervention provides a better prognosis.

Another concern is perioperative morbidity and mortality. The
reported mortality and complication rates for resection of HCCs
�10 cm are 2%~15% [5e7,9e13,15] in mortality and about 24.5%
~50% [5,6,8,9] in morbidity respectively. In our study, the mortality
was 4.3% and the morbidity was 39.1%. It is compatible to previous
studies. Also, the mortality and morbidity of operation in huge
group showed no statically difference to smaller group. It means
the surgical treatment is safe for selected huge HCC patients.

Previously reported factors indicative of poor prognosis include
advanced stage [5], capsule involvement [10,13], tumor rupture
[16], satellite nodules [10,13,16], portal vein thrombosis [5,10,13,17],
pathological vascular invasion [7], high AFP value over 200, 400, or
1000 ng/ml [14,16e18], impaired liver function including liver
cirrhosis [9,19], and pro-thrombin time elongation [4]. However,
liver function and the biologic behavior of the tumor cannot be
changed by liver resection with curative intent. The pre-operative
general condition and liver tissue reserve in surgical patients
should be analyzed very carefully before deciding on surgery.

Another factor that the surgeon can control is the surgical
margin. Theoretically, wider margin of excision facilitates more
adequate resection. However, this is difficult to achieve for patients
with huge HCCs, because more extensive normal liver tissue has to
be removed, and this may elevate the operative risk due to inade-
quate liver preservation. In addition, larger free margins do not
appear to benefit overall survival. Liau et al. [11] reported that the
margin status showed no impact on patient survival. Yamashita
et al. [5] found that a free margin over 5 mm did not affect overall
survival rates and tumor recurrence rates.

In our study, we analyzed the impact of different values of the
free margin on overall survival and disease-free survival. The
margin status showed no benefit on the overall survival rate, even
the margin is not free. But it showed benefits for the overall
disease-free survival rate. An 1 mm free margin is adequate to get
benefits with regard to the recurrence rates. Free margins over
2 mm showed no benefits on the recurrence rate.

The reported extra-hepatic recurrence rates vary in patients
with resected huge HCCs. The rate was 34% in a study of 98 patients
by Lee et al. [18] and higher in cases of huge HCCs than in cases of
smaller HCCs (refer to the studies by Mok et al. [14]. [31.9% vs.
12.8%] and Yamashita et al. [5] [38% vs.10%]). The lungs, followed by
brain and bone, were the most frequent metastatic sites. Similarly,
in our study, the rates of extra-hepatic recurrence, combined intra-
and extra-hepatic recurrence as well as intrahepatic multi-site,
distal, and marginal recurrence were significantly higher in those
patients with huge tumors. Moreover, in our subgroup analysis, the
extra-hepatic metastases seem to be associated with poorer prog-
nosis than those without non-extra-hepatic metastases by shorter
overall survival, disease-free survival, and survival after diagnosis
of the first recurrence. Although none of these results showed a
significant difference from what we obtained in our research, they
reveal that extra-hepatic recurrences are one of the reasons for
poorer prognosis in patients with huge HCC. Therefore, the post-
operative follow-up abdominal CT and bone scintigraphy for the
huge HCC patients should paid more attention due to the high rate
of extra-hepatic metastasis, particularly important in the presence
of a ruptured tumor (T4), venous thrombi, or a left lobe tumor. Once
the recurrence is noted, appropriate treatment should be applied
for these patients. For extra-hepatic recurrences, aggressive man-
agement with surgery for the isolated recurrences has been re-
ported to offer better prognosis [20].

Our study has limitations. First, it is a retrospective single
institutional non-randomized study and therefore there is a pos-
sibility of selection bias. Moreover, the single-institution nature of
this study may limit the generalizability to whole population.
Second, the heterogeneity of group is great and some of the clinical
features between groups were not compatible. Third, sample size of
huge is relatively small. Wemay not detect a difference in OS or DFS
with different margins because of lack power.

In conclusion, although it is technically difficult and involves the
prospect of an extended recovery period, surgical resection is still a
relatively safe and effective treatment for selected patients with
huge HCCs. The tumor-free margin width is an independent risk
factor for recurrence but has no impact on overall survival. More-
over, 1 mm free margins are adequate to get the benefit of
decreased recurrence rates. During follow-up, more attention
should be directed to extra-hepatic recurrences especially in pa-
tients with huge HCCs. Once a recurrence is noted, appropriate
treatment, including aggressive surgical intervention, may improve
the prognosis.
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