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Background: Tumour recurrence is common after hepatic resection of hepatocellular carcinomas
(HCCs) greater than 10 cm in diameter. This study evaluated the outcome of patients with huge HCC
after primary resection and treatment of recurrent lesions.
Methods: A retrospective review was undertaken of clinical data for 100 patients with huge HCC who
underwent liver resection.
Results: Mean(s.d.) tumour diameter was 13·3(3·0) cm; 80 per cent were single lesions. Systematic
and non-systematic resections were performed in 80 and 20 per cent of patients respectively, with R0
resection achieved in 86 per cent. Overall 1-, 3- and 5-year disease-free survival rates were 43, 26 and
20 per cent respectively. Risk factors for HCC recurrence were resection margin less than 1 cm and
macrovascular invasion. Extensive tumour necrosis of 90 per cent or more after preoperative transarterial
chemoembolization was not a prognostic factor. Some 85 per cent of patients with recurrence received
various treatments, and these patients had a longer post-recurrence survival than those who were not
treated. Overall 1-, 3- and 5-year survival rates were 66, 44 and 31 per cent respectively.
Conclusion: In patients with huge HCC, hepatic resection combined with active treatment for recurrence
resulted in longer-term survival. Frequent protocol-based follow-up appears to be beneficial for the early
detection and timely treatment of recurrence.
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Introduction

Hepatocellular carcinoma (HCC) is one of the commonest
malignancies worldwide. The mainstay of treatment
has been hepatic resection, although patients with
smaller lesions are frequently treated non-surgically. A
considerable proportion of patients present with advanced
large lesions at the time of initial diagnosis. In patients
with a HCC greater than 10 cm in diameter – so-called
huge HCC – transarterial chemoembolization (TACE)
resulted in a 5-year survival rate of less than 10 per cent1,
whereas hepatic resection has a 5-year survival rate of
16·7–33 per cent2–8, which has not been surpassed by
other treatment modalities. At present, hepatic resection
is regarded as the treatment of choice for huge HCC,
provided the patient’s hepatic functional reserve is
acceptable for resection.

Tumour recurrence is common after resection of
huge HCC, and overall patient survival is usually based

on the final outcome following primary liver resection
and additional treatment for recurrence. Unlike other
primary liver malignancies, recurrent lesions following
HCC resection can be treated with various modalities, such
as repeat resection, TACE and radio frequency ablation
(RFA). Overall survival may be improved when local
recurrences are detected and treated at an early stage. Most
reports of the treatment of huge HCC have not clarified the
prognostic effect of treatments for recurrence. To evaluate
the overall outcome of huge HCC after primary resection
and recurrence treatment, the clinical data for 100 patients
with HCC greater than 10 cm in diameter were reviewed
retrospectively.

Patients and methods

Of 738 patients with HCC who underwent hepatic
resection at the Asan Medical Centre in Seoul between
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January 1997 and December 2003, 104 (14·1 per cent)
had HCC larger than 10 cm in the longest diameter.
Four patients who had unusual pathological findings mixed
with cholangiocarcinoma components were excluded from
the study. The medical records of the remaining 100
patients were reviewed retrospectively, and the patients
were followed up until April 2006.

Clinicopathological findings are summarized in Table 1.
As the shape of many of the lesions was not spheroid and
the longest diameter did not reflect the exact size of the
mass, tumour volume was estimated by using the formula
for ellipsoid masses. Preoperative portal vein embolization
was performed in selected patients undergoing right
lobectomy9. When conventional mobilization of the
tumour-bearing right lobe did not appear to be possible,
the liver was transected by an anterior approach10. Hepatic
resection was classified as systematic and non-systematic
hepatectomy. All patients were managed in the intensive
care unit until liver function had recovered.

Because a single huge HCC is classified differently in the
staging systems of the American Joint Committee on Can-
cer (AJCC) (sixth edition)11 and the modified pathological
tumour node metastasis (pTNM) classification proposed by
the American Liver Tumor Study Group12, both systems
were used concurrently in this study.

Follow-up of all surviving patients included estimation
of serum α-fetoprotein levels, dynamic liver computed
tomography (CT), liver ultrasonography and chest
radiography every 1–2 months, especially during the
first 2 years. For suspected recurrence, all available
diagnostic modalities including hepatic angiography,
magnetic resonance imaging, high-resolution chest CT
and positron emission tomography were performed. Any
recurrences were treated as vigorously as possible. All
patients with recurrence attended routinely for follow-
up every month until the disease-free interval exceeded
2 years.

Statistical analysis

All numerical data are reported as mean(s.d.) and as
median (range). Survival curves were estimated using the
Kaplan–Meier method and compared with the log rank
test and Gehan’s Wilcoxon test. Cox proportional hazard
regression was used for multivariable analysis. P < 0·050
was considered statistically significant.

Results

Patient demographics and tumour characteristics

Clinicopathological features and surgical treatments of the
100 patients are summarized in Table 1. Macrovascular

Table 1 Clinicopathological features and surgical treatments of
100 patients who underwent hepatic resection for hepatocellular
carcinomas greater than 10 cm in diameter

Age (years)* 47(12) (24–79)
Sex

M 77
F 23

Indocyanine green retention at 15 min (%)* 8·9(5·6) (0·9–30·4)
Preoperative portal vein embolization 6
Maximal tumour diameter (cm)

Mean(s.d.) 13·3(3·0)
Median (range) 12·5 (10–21)

Tumour volume (ml)
Mean(s.d.) 618(400)
Median (range) 495 (200–1800)
< 500 51
500–999 30
≥ 1000 19

Lymph node metastasis
No 96
Yes 4

Sixth AJCC stage
I 42
II 11
IIIA 35
IIIB 8
IIIC 4
IV 0

Modified pTNM stage
I and II 0
III 62
IVA1 12
IVA2 22
IVB 4

Liver resection
Systematic resection 80

Right lobectomy 50
Left lobectomy 17
Left lateral segmentectomy 8
Anterior segmentectomy 4
Posterior segmentectomy 1

Non-systematic resection
Partial hepatectomy 20

Combined organ resection 10
Diaphragm excision 3
Gastrectomy 3
Right adrenalectomy 2
Left nephrectomy 1
Segmental colon resection 1

Values are numbers of patients unless indicated otherwise; *values are
mean(s.d.) (range). Ellipsoid tumour volume = (4π/3) × (x-axis radius ×
y-axis radius × z-axis radius). AJCC, American Joint Committee on
Cancer; pTNM, pathological tumour node metastasis.

invasion of the portal vein and hepatic vein was detected in
18 and eight patients respectively.

As various preoperative treatments were performed
(mainly TACE, in 57 patients), a wide range of tumour
necrosis was observed in the 100 patients: total necrosis
in one patient, 95 per cent necrosis in four, 90 per cent
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necrosis in 12, 50–90 per cent necrosis in 19, necrosis
of less than 50 per cent in 13 and no overt necrosis in
51. Microvascular invasion was present in one of the 17
patients with necrosis of 90 per cent or more, compared
with 13 of the 19 patients with 50–90 per cent necrosis
and 33 (65 per cent) of the 51 with no overt necrosis.

Ninety-eight of the 100 patients recovered from
hepatectomy and two died from liver failure after surgery.

Treatment of recurrent hepatocellular carcinoma

Of the 98 surviving patients, 74 (76 per cent) developed
HCC recurrence during a mean(s.d.) follow-up of 31(27)
(range 3–104) months. Forty-nine (66 per cent) of these
74 patients presented initially with isolated intrahepatic
recurrence and 25 (34 per cent) with extrahepatic, or
concurrent intrahepatic and extrahepatic, recurrence.
Initial recurrence sites and treatment for recurrence are
summarized in Table 2; 63 (85 per cent) of the 74 patients
received treatment.

Patient survival and risk factor analysis

Overall and disease-free survival curves are shown in Fig. 1.
The overall cumulative 1-, 3- and 5-year survival rates were
66, 44 and 31 per cent respectively. Disease-free survival
rates were 43, 26 and 20 per cent at 1, 3 and 5 years respec-
tively, after excluding the two perioperative deaths, giving
a recurrence rate at 1 year of 57 per cent. Survival after
detection of recurrence was prolonged following specific
treatments compared with that when no treatment was
given (median survival 13 versus 3 months respectively;

Table 2 Initial treatments for recurrent hepatocellular carcinoma
after resection

Recurrence site Treatment No. of patients

Liver TACE 48
Radio frequency ablation 1

Lung Lung resection 4
Radiotherapy 3
Chemotherapy 2
None 4

Peritoneum Small bowel resection* 1
None 2

Bone Radiotherapy 1
Chemotherapy 1

Adrenal gland Adrenalectomy 1
Brain None 1
Multiple sites Chemotherapy and radiotherapy 1

None 4

*As a result of intestinal obstruction. TACE, transarterial
chemoembolization.
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Fig. 1 Kaplan–Meier overall and disease-free survival curves for
100 patients who underwent resection of hepatocellular
carcinomas greater than 10 cm in diameter
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Fig. 2 Kaplan–Meier post-recurrence survival curves for patients
who received, or did not receive, specific treatment for
recurrence. P = 0·025 (log rank test)

P = 0·025) (Fig. 2). Tumour volume showed no consistent
relationship with recurrence rates (Fig. 3), as patients with
a tumour volume of 500–999 ml had a longer recurrence-
free survival than those with a volume of less than 500 ml
(P < 0·001).
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Fig. 3 Kaplan–Meier recurrence-free survival curves according
to tumour volume. P < 0·001 (log rank test)

In terms of stage classification, the AJCC staging sys-
tem showed inconsistent outcomes between the stage I
and II, because the survival outcome of stage II was better
than that of stage I, whereas the modified pTNM system
showed consistent correlations according to the tumour
stage during analysis of HCC recurrence (P = 0·003) and
patient survival (P < 0·001).

The outcomes of univariable analysis of risk factors for
HCC recurrence and patient survival are summarized in
Table 3. In multivariable analysis, independent risk factors
were macrovascular invasion (hazard ratio (HR) 4·46;
P = 0·003) and resection margin of less than 1 cm (HR
3·13; P = 0·001) for HCC recurrence, and macrovascular
invasion (HR 3·11; P = 0·004) for patient survival.

Discussion

The size of HCC has traditionally been considered an
important risk factor for patient survival, although since
the introduction of the sixth AJCC tumour staging system11

the size of a single HCC mass in the absence of vascular
invasion is no longer regarded as a critical factor. Survival
after resection of T1 tumours greater than 10 cm in size is
not significantly less favourable than that following resec-
tion of small T1 lesions13. This feature of the sixth AJCC
staging system implies that patients with HCC should not
be excluded from surgical resection solely because of the
huge size of the lesion. Such HCC lesions, however, are

classified as pT3 according to the modified pTNM staging
system, indicating a less favourable prognosis12. Based on
the results of the present study, the modified pTNM stag-
ing system appears to be more appropriate for huge HCC
lesions than the sixth AJCC system.

The large size of HCCs larger than 10 cm indicates that
the lesion is already advanced, with a greater possibility of
tumour spread, including the existence of satellite nodules
or macrovascular invasion14. Such advanced tumours carry
a higher risk of recurrence, even after radical resection, so
that the advantage of hepatic resection becomes marginal2.
The present finding of a 1-year recurrence rate of
57 per cent is comparable to values of 35–72 per cent
reported from other institutions (Table 4)2,3,6. However,
85 per cent of patients in the present series underwent
treatment for recurrence. Although a meta-analysis of the
effect of recurrence treatment was not possible owing to
the lack of data in literature, the overall 5-year survival
rate of 31 per cent in this series appears to indicate an
improved outcome in comparison with other reports of
16·7–33 per cent (Table 4)2–8.

In this study, independent risk factors for HCC
recurrence were a resection margin of less than 1 cm and
macrovascular invasion, whereas macrovascular invasion
alone was an independent risk factor for patient survival.
Although macrovascular invasion has been well described
as a risk factor for survival2–8, the clinical significance of
a narrow resection margin has varied2,5. In contrast, the
results of the present study indicate that systematic hepatic
resection is not associated with a prognostic advantage,
suggesting that partial hepatectomy may be a reasonable
alternative when a sufficient resection margin can be
obtained7. As macrovascular invasion was shown to be the
only significant risk factor for both HCC recurrence and
patient survival, liver resection is not reasonably indicated
for patients with huge HCC and evidence of macrovascular
invasion on preoperative imaging studies at the same time6.

Because of the high recurrence rate after resection of
huge HCC, preventive treatment appears to be necessary
even after curative resection. As no standard treatment has
yet been shown to be effective for wide usage15,16, thorough
postoperative surveillance should be undertaken as early
detection of recurrence is essential for the institution of
appropriate treatment.

Two-thirds of initial HCC recurrences in the present
series involved isolated intrahepatic recurrence, and the
other third involved extrahepatic recurrence with or
without intrahepatic recurrence. To treat intrahepatic
recurrent HCC, TACE has been the modality used most
commonly after hepatectomy17, particularly in patients
with multifocal recurrence within the remnant liver1.
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Table 3 Univariable analysis of risk factors related to tumour recurrence and survival in 100 patients who underwent liver resection for
hepatocellular carcinomas greater than 10 cm in diameter

No. of patients
1-year disease-free

survival rate (%) P†
3-year

survival rate (%) P†

Viral hepatitis B 0·839 0·477
Yes 83 43 46
No 17 46 35

Child–Pugh class 0·219 0·167
A 88 57 62
B 12 36 25

Serum α-fetoprotein (ng/ml) 0·023 0·314
< 1000 59 65 58
≥ 1000 41 41 53

Tumour differentiation 0·243 0·377
Well 23 57 49
Moderate 55 39 46
Poor 20 37 37

Tumour number 0·639 0·214
Single 80 43 48
Multiple* 20 44 24

Tumour necrosis (%) 0·557 0·974
< 90 83 42 45
≥ 90 17 50 41

Microvascular invasion 0·001 0·033
No 53 52 54
Yes 47 33 32

Macrovascular invasion 0·001 < 0·001
No 78 47 51
Yes 22 29 19

Systematic resection 0·377 0·369
Yes 80 42 41
No 20 45 51

R0 resection < 0·001 0·079
Yes 86 49 46
No 14 7 33

Width of resection margin (cm) 0·009 0·075
≥ 1 44 56 54
< 1 56 33 36

*Includes satellite nodules. †log rank test.

Percutaneous RFA is another effective and safe method
for treating recurrent HCC in the remnant liver18. Repeat
liver resection is indicated for well controlled intrahepatic
recurrence17,19, although patient selection is intricate
following major hepatectomy. Salvage liver transplantation
can be a feasible treatment strategy for intrahepatic
HCC recurrence. In the present series one patient
underwent salvage living-donor liver transplantation
7 years after initial surgery; the underlying reason was
progressive deterioration of hepatic function, not HCC
recurrence20. Aggressive management with resection
of isolated extrahepatic recurrence, especially solitary
lung metastasis, has been reported to offer long-term
survival19,21. In the present study 15 per cent of patients
with recurrent HCC were not treated specifically for
recurrence because of their poor general condition or

rapid tumour spread to multiple organs. Treatment of
local recurrences was shown to prolong patient survival
in the present study; although the median post-recurrence
survival interval was 13 months with treatment, 24 per cent
of patients survived for more than 2 years after diagnosis
of recurrence.

Preoperative treatments such as TACE were found
occasionally to induce extensive tumour necrosis and to
lower the rate of microvascular invasion. However, tumour
necrosis of 90 per cent or more showed no relationship
with tumour recurrence or patient survival. According to
the sixth AJCC tumour staging system, the disappearance
of microvascular invasion indicates downstaging of single
tumours. Such downstaging did not improve patient
survival. Thus, preoperative TACE does not appear to
be effective for the treatment of huge HCC1,22.
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Table 4 Comparison of present results with published outcomes of surgical resection of hepatocellular carcinomas greater than 10 cm in
diameter

Reference Year Country No. of patients 1-year recurrence rate (%) 5-year survival rate (%) Perioperative mortality rate (%)

Mok et al.2 2003 Taiwan 56 72 25 2
Yeh et al.3 2003 Taiwan 211 67·1 16·7 4·3*
Zhou et al.4 2003 China 621 NA 26·2 4·5
Chen et al.5 2004 China 525 NA 16·8 2·7
Nagano et al.6 2005 Japan 26 35 29 4
Liau et al.7 2005 USA 82 56† 33 2
Pawlik et al.8 2005 International 300 NA 26·9 5
Present study 2007 Korea 100 57 31 2

*Overall mortality rate including resection of smaller lesions; †2-year recurrence rate. NA, data not available.

In view of recurrence patterns during the first 5 years
after resection of HCC, the following postoperative follow-
up protocol is proposed for huge HCC: for patients with
no recurrence, every month during the first year, every
2 months during the second year and every 3 months
thereafter; and for patients with recurrence, every month
until the disease-free survival interval exceeds 2 years.

In conclusion, hepatic resection combined with active
treatment of recurrence resulted in longer-term survival
of patients with HCC greater than 10 cm in diameter.
Frequent protocol-based follow-up appears to be beneficial
for the early detection and timely treatment of recurrences.
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