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Background: Surgical resection is the standard treatment for hepatocellular carcinoma
(HCC). However, the role of surgery in treatment of large tumors (10 cm or more) is con-
troversial. We have analyzed, in a single centre, the long-term outcome associated with sur-
gical resection in patients with such large tumors.

Methods: We retrospectively investigated 166 patients who had undergone surgical resec-
tion between July 1995 and December 2006 because of large (10 cm or more) HCC. Survival
analysis was done using the Kaplan-Meier method. Prognostic factors were evaluated using
univariate and multivariate analyses.

Results: Of the 166 patients evaluated, 80% were associated with viral hepatitis and 48.2%
had cirrhosis. The majority of patients underwent a major hepatectomy (48.2% had four or
more segments resected and 9% had additional organ resection). The postoperative mortality
was 3%. The median survival in our study was 20 months, with an actuarial 5-year and 10-year
overall survival of 28.6% and 25.6%, respectively. Of these patients, 60% had additional
treatment in the form of transarterial chemoembolization, radiofrequency ablation or both.
On multivariate analysis, vascular invasion (P < 0.001), cirrhosis (P = 0.028), and satellite
lesions/multicentricity (P = 0.006) were significant prognostic factors influencing survival.
The patients who had none of these three risk factors had 5-year and 10-year overall survivals
of 57.7% each, compared with 22.5% and 19.3%, respectively, for those with at least one risk
factor (P < 0.001).

Conclusions: Surgical resection for those with large HCC can be safely performed with a
reasonable long-term survival. For tumors with poor prognostic factors, there is a pressing
need for effective adjuvant therapy.

Hepatocellular carcinoma (HCC) is one of the
most common cancers in Southeast and East Asia1

because of high endemicity of hepatitis B and the
recent alarming emergence of hepatitis C-related liver

disease. Surgical resection remains the mainstay of
treatment for HCC and is the only chance of cure.
Large HCC poses a difficult challenge because of the
technical complexity of surgical resection and fear of
postoperative hepatic decompensation, especially
when associated with cirrhosis. Liver transplantation
is not an accepted modality for treatment for large
HCC because of issues of organ allocation and the
high rates of tumor recurrence.2,3 The alternative
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therapeutic modalities, such as transarterial chemo-
embolization (TACE) and radiofrequency ablation
(RFA), are limited by a lack of complete tumor
eradication and are clearly not appropriate for such
large tumors.4–7

Several studies have presented a gloomy picture of
high postoperative morbidity and mortality coupled
with dismal long-term survival following resection of
large HCC.8–11 This has reinforced the nihilistic ap-
proach to such patients among several surgeons and
institutions. As such, these patients are usually left
untreated without any hope. Nevertheless, we have
followed an aggressive policy of surgical resection in
patients with large HCC as we feel that it provides
significant local control with good quality of life and
a potential for cure in an otherwise hopeless situa-
tion. We have even extended the indications of sur-
gery to patients with small contralateral lesions.
In this study, we retrospectively analyzed the long-

term outcome for the patients with large HCC (10 cm
or more) following surgical resection at a single cen-
tre. We also evaluated the prognostic factors that
may influence the outcome in such patients. We hope
that this data will provide new hope to these patients
who would otherwise be abandoned in terms of
therapeutic options.

MATERIALS AND METHODS

Between July 1995 and December 2006, 166 pa-
tients with large HCC (10 cm or more in greatest
dimension) underwent surgical resection at the Asian
Centre for Liver Diseases and Transplantation, Sin-
gapore. The clinical and histopathological data were
retrieved and analyzed.
Preoperative evaluation of the liver function in-

cluded serum levels of bilirubin, transaminases,
alkaline phosphatase, gamma glutamyl transferase,
albumin and prothrombin time, in addition to a
thorough clinical examination for ascites and
encephalopathy. Patients with Child-Pugh class A
were considered suitable for resection of such a
magnitude. A triphasic CT scan of the abdomen and
X-ray of the chest were performed in all cases to
evaluate the extent of the primary tumor. Additional
studies, such as hepatic angiogram, magnetic reso-
nance imaging and indocyanin green retention test,
were performed at the discretion of the attending
surgeon. The tumor was considered resectable if:
there was no extrahepatic metastasis; there was no
thrombus in the main portal vein or inferior vena
cava; the entire tumor (including the main tumor,

satellites and multicentric tumors) could be encom-
passed in the proposed resection; and the liver rem-
nant volume was considered adequate. There were a
few patients with small contralateral lesions that were
treated with resection or RFA during the same pro-
cedure or with TACE either before the surgery or
after the postoperative recovery.
A standard operative technique for hepatectomy

was followed for these tumors. The abdomen was
entered with a Mercedez incision and a thorough
laparotomy was performed. Depending on the part of
liver to be resected, mobilization was performed. In a
few patients in whom initial mobilization was con-
sidered hazardous, an anterior approach was used.12

Selective clamping of the portal and hepatic artery
branches was done where feasible; if not, intermittent
Pringle maneuver was performed. Parenchymal
transection was performed using CUSA under low
central venous pressure (CVP) anaesthesia.13 The
extent of hepatic resection was classified according to
the Brisbane 2000 Guidelines for Liver Anatomy and
Resection.14 Resection of one lobe of liver (hemi-
hepatectomy) or more (extended resection) were
considered as major hepatectomies.
A standard histopathological assessment was per-

formed for the tumor and the background liver. Tu-
mor size was based on the documentation of the gross
examination in the pathology report. Microscopic
margin was considered positive if viable tumor cells
were present at the margin. The tumors were histo-
logically graded according to Edmondson�s scale,15

and grouped as well differentiated (grade I), moder-
ately differentiated (grade II), or poorly differentiated
(grade III-IV). The background liver was staged on a
4-point scale based on fibrosis and vascular altera-
tions; cirrhosis was defined histologically as stage 4
on the scale.16,17

Postoperative mortality was defined as all deaths
within 30 days of surgery or during the same hospital
stay after liver resection.
Patients were followed up postoperatively every 3

months for the first 2 years, every 6 months for the
next 3 years, and yearly thereafter. Conventional liver
function tests and serum AFP levels were carried out
at each visit in addition to clinical examination and
ultrasonography of the abdomen. CT scan and he-
patic angiogram were done selectively for recurrences
suspected on ultrasonography or because of rising
levels of serum AFP. Recurrences were treated by
TACE, RFA, systemic chemotherapy, or best sup-
portive care.
The protocols, as described above, were approved

by the institutional review committee and were in
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accordance with the relevant guidelines of the Min-
istry of Health, Singapore.

Statistical Analysis

Statistical analysis was performed using the SPSS
statistical software (version 14.0, SPSS, Chicago,
Illinois, USA). Survival analysis was done using the
method of Kaplan-Meier.18 The postoperative mor-
tality was included when calculating the overall sur-
vival. Univariate analysis was performed using the
log-rank test for categorical variables and the Wald
test for continuous variables. A stepwise multivariate
analysis was performed using a Cox proportional
hazard model19 on all variables that were significantly
associated with survival on univariate analysis. Dif-
ferences were considered significant for a two-tailed P
value of less than 0.05.

RESULTS

During the study interval, July 1995 to December
2006, 166 patients underwent surgical resection for
large HCC (10 cm or more in greatest dimension).
The clinicopathological features of the patients are
shown in Table 1.

Survival

The median survival of the patients who underwent
resection for large HCC was 20 months, with overall
actuarial 5-year and 10-year survival values of 28.6%
and 25.9%, respectively (Fig. 1). There have been 23
actual 5-year survivors and 4 actual 10-year survi-
vors.
The postoperative mortality was 3% (5 of 166). Of

the 5 postoperative deaths, 2 occurred due to liver
failure following resection, 1 to sepsis, 1 to myocar-
dial infarction, and 1 because of very early recur-
rence. In addition to the postoperative mortality,
there have been 96 documented deaths so far in this
group of patients. Of these, 87 deaths were related to
tumor recurrence and, in 9 cases, the cause of death
was unknown.

Prognostic Factors

Univariate analysis of prognostic factors for over-
all survival following resection in patients with large
HCC identified viral hepatitis, satellite lesions/multi-
centricity, tumor size, cirrhosis, vascular invasion,
and tumor differentiation as statistically significant

factors determining poor prognosis (Table 2). Age,
gender, type of surgery performed (major or minor
hepatectomy), serum AFP, capsular invasion, and
resection margin (positive or negative) were not sta-
tistically significant. It is difficult to draw a definite
conclusion regarding the importance of margin be-
cause of the small number of patients (11) with a
positive margin.
On multivariate analysis (Table 2), the statistically

significant factors predicting adverse outcome were
satellite lesions/multicentricity (P = 0.006), cirrhosis
(P = 0.034), and vascular invasion (P < 0.001). The
impact of these significant factors is depicted in Fig. 2
(satellite lesions), Fig. 3 (cirrhosis), and Fig. 4 (vas-
cular invasion).
We also compared the 27 patients who had none of

the three risk factors (satellite lesions/multicentricity,

TABLE 1. Clinicopathological features

Age (years)
Median 55
Range 12–83

Gender
Male 143 (86.1%)
Female 23 (13.9%)

Viral hepatitis
Hepatitis B 130 (78.3%)
Hepatitis C 2 (1.2%)
Both hepatitis B and C 1 (0.6%)
None 33 (19.9%)
Alcohol abuse 6 (3.6%)

Serum AFP
Median 147.5 ng/ml
Range 2–364,653 ng/ml

Tumor size
Median 13 cm
Range 10–24 cm

Surgery
Wedge resection 6 (3.6%)
Less than four segments 64 (38.6%)
Four or more segments 81 (48.8%)
Liver plus additional resection 15 (9%)
Additional treatment 101 (60.8%)
TACE 94
RFA 3
Both 4

Satellite lesions/ multicentricity
Yes 71 (42.8%)
No 95 (57.2%)

Vascular invasion
Yes 102 (61.4%)
No 64 (38.6%)

Tumor differentiation
Well differentiated 12 (7.2%)
Moderately differentiated 107 (64.5%)
Poorly differentiated 47 (28.3%)

Margin
Negative 155 (93.4%)
Positive 11 (6.6%)

Cirrhosis
Yes 80 (48.2%)
No 86 (51.8%)

Capsular invasion 26 (15.7%)
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cirrhosis, and vascular invasion) with the others (139
patients) who had at least one. Those with no risk
factors had overall actuarial 5-year and 10-year sur-
vivals of 57.7% each. In contrast, the patients with at
least one risk factor had overall actuarial 5-year and
10-year survivals of 22.5% and 19.3%, respectively
(Fig. 5). The difference in their survival was statisti-
cally significant (P < 0.001).

DISCUSSION

The efficacy of surgical resection for large HCC has
been a subject of considerable controversy and debate.
With the improvements in surgical techniques and
perioperative care, there has been a significant

improvement in the postoperative outcome for pa-
tients following major hepatic resections in large vol-
ume centers.20–22 This has encouraged some surgeons
to reconsider surgical resection for large tumors.
In the present study, the 5-year and 10-year overall

survival values were 28.6% and 25.9%. The Kaplan-
Meier curve showing the survival shows a steep de-
cline within 3 years. However, the curve effectively
plateaus after 5 years. Consistent with the Asian
experience, 80% of these patients had viral hepatitis
and nearly half (48.2%) had histological evidence of
cirrhosis in the background liver. Despite these ad-

FIG. 1. Kaplan-Meier curve showing overall survival of the pa-
tients with large hepatocellular carcinoma (HCC) after surgical
resection.

TABLE 2. Prognostic factors for overall survival

Variables
P value
(univariate analysis)

P value
(multivariate analysis)

Age 0.632
Gender 0.089
Viral hepatitis 0.041
Serum AFP 0.241
Capsular invasion 0.243
Type of surgery 0.524
Additional treatment
(TACE/RFA)

0.482

Satellite lesions 0.049 0.006
Tumor size 0.042
Cirrhosis 0.004 0.028
Vascular invasion <0.001 <0.001
Tumor differentiation 0.036
Resection margin 0.068

FIG. 2. Influence of satellite lesions/multicentricity on overall
survival.

FIG. 3. Influence of cirrhosis on overall survival.

D. PANDEY ET AL.

Ann. Surg. Oncol. (� 2007)



verse factors, the postoperative mortality was 3%,
which compares favorably with the results from other
major studies on large HCC. The values reported in
these other studies are depicted in Table 3.
There have been a few other important studies in

which large HCC has been defined as tumors larger
than 5 cm in size. In a report from a multi-institu-
tional database, 380 patients with large (>5 cm) or
multinodular (>3 nodules) HCC underwent surgical
resection with a postoperative mortality of 2.4% and a
5-year overall survival of 39%.23 In another large
study from China, 2,102 patients underwent surgery

for HCC greater than 5 cm in size between 1990 and
2003. The authors separated the patients into groups
representing two time intervals: before and after the
end of 1996. The postoperative mortality in the earlier
and later time intervals was 3.6% and 0.7%, respec-
tively. The 5-year overall survival improved from
27.9% during the earlier time interval to 38.7% during
the later interval.24 Unfortunately, the authors of
both of the above studies did not separately analyze
the results of tumors greater than 10 cm and, hence,
their data cannot be compared with the present study.
In the present study, 48.2% of the patients had cir-

rhosis. This is in contrast tomost other studies inwhich
the proportion of cirrhotic patients is lower. The cir-
rhotic background not only presents difficulty during
the postoperative recovery, but is also fertile soil for
future tumor recurrences. Indeed, the presence of cir-
rhosis was an independent prognostic factor influenc-
ing survival in our study. The report from Memorial
Sloan Kettering Cancer Center25 offers a perspective
from the West, with only 10% of the patients having
cirrhosis. Their 5-year survival of 33% is somewhat
better than ours (28.6%), which can possibly be ex-
plained by their lower proportion of cirrhotic patients.
In our study, satellite lesions/multicentricity, cir-

rhosis and vascular invasion were independent vari-
ables predicting poorer overall survival. The size and
differentiation of tumor and the margin of resection
were not significant predictors of adverse outcome.
Other studies have found resection margin to be a
significant prognostic factor. The small number of
patients with positive margin (11) in our study makes
it difficult to draw a firm conclusion regarding the
importance of margin.
We have not considered the presence of small

contralateral lesions to be a contraindication for
surgery. The presence of cirrhosis predisposes to
multicentricity and this should not be considered as
metastatic disease. In addition, small lesions in a
cirrhotic liver are difficult to characterize on imag-
ing.26,27 These lesions were either resected or ablated
by RFA during the same procedure or were treated
by TACE either preoperatively or postoperatively.
Indeed, TACE or RFA or both were used in 60.8% of
our patients; the indications being multicentricity,
satellite lesions, tumor rupture, or as a palliative
modality in the patients who refused surgery initially.
TACE and RFA are suited best for small lesions.28,29

A combination of resection of large tumor and
TACE/RFA for smaller lesions can provide a chance
of cure, even in patients with bilobar tumors. How-
ever, we could not find any prognostic significance of
additional treatment (TACE or RFA or both).

FIG. 4. Influence of vascular invasion on overall survival.

FIG. 5. Comparison of patients with no risk factors versus those
with at least one risk factor.
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Another study has emphasized the importance of
intraoperative blood loss as an independent prog-
nostic factor.25 Although we have not analyzed this
factor, it needs careful interpretation. Blood trans-
fusion has been implicated as a poor prognostic fac-
tor in surgery for other cancers, such as colorectal
cancer.30,31 However, the extent of intraoperative
blood loss and the need for transfusions may be
indicative of adverse host and tumor factors and,
thus, may influence survival only indirectly. This
factor needs further exploration in large studies.
Our study shows that major liver resection can be

performed safely in cirrhotic patients with large liver
tumors with a reasonably good oncologic outcome.
Meticulous attention to surgical technique, minimiz-
ing blood loss, low CVP anesthesia, selective portal
clamping, and attentive postoperative care all con-
tribute to the safety of such a major surgical en-
deavor. Proper patient selection, attention to the
principles of surgical oncology, and multimodal ap-
proach to treatment (surgery, TACE, RFA) are
responsible for the good long-term outcome.

CONCLUSION

Surgical resection can be performed safely in pa-
tients with large HCC. The long-term survival of such
patients (28.6% at 5 years and 25.9% at 10 years)
justifies this aggressive approach. There is a pressing
need for effective adjuvant therapy in patients with
tumor-related poor prognostic factors such as vas-
cular invasion and satellite lesions. There is also a
need for effective agents that can halt or reverse the
process of cirrhosis in the background liver in order
to reduce the formation of new tumors.
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