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Abstract
Hepatocellular carcinoma 

(HCC) is increasing in incidence in 

the United States and is strongly 

associated with chronic liver 

disease and cirrhosis.   Surgical 

therapy with liver transplantation 

or resection remains the mainstay 

of curative therapy for patients 

with HCC.  Therapeutic decisions 

in patients with HCC are complex 

and are best approached via a 

multidisciplinary group of liver 

transplant and hepatobiliary 

surgeons, oncologists, and 

hepatologists.  In this manuscript, 

we review the current surgical 

management of HCC.

Introduction
Hepatocellular carcinoma (HCC) is 

an aggressive neoplasm associated with 

chronic liver disease.  It is one of the 

most common malignancies in the world 

and it is the third leading cause of cancer 

mortality worldwide.1  The incidence of 

HCC has doubled in the United States 

over the last two decades.2  Chronic 

viral hepatitis is the most common risk 

factor, but any setting in which there is 

chronic infl ammation of the liver places 

a patient at higher for the development 

of cirrhosis and subsequently HCC.  

Chronic infl ammation is the backdrop 

for genetic mutations to amass and 

drive cells toward malignancy.1  Because 

symptomatology is non-specifi c, patients 

are often diagnosed with advanced 

disease at their initial presentation.  For 

those with localized disease, surgery 

represents the only hope for cure.  The 

The surgical management 
of HCC is complex and 
is dependent on multiple 
factors. 

optimal treatment of a patient with HCC 

depends on the anatomic extent of the 

tumor, the patient’s underlying liver 

function, the effi cacy of the treatment 

and the potential additive effects of 

treatment options. 

The surgical evaluation of patients 

with hepatocellular carcinoma begins 

with the diagnosis and assessment of 

the primary tumor burden.  In the 

vast majority of patients, noninvasive 

methods can reliably establish the 

diagnosis and staging of HCC and 

biopsy of the tumor is rarely necessary.  

Either dynamic multiphase computed 

tomography (CT) or magnetic resonance 

imaging (MRI) should be used to detect 

HCC.  If CT is utilized, contrasted 

multiphase imaging is imperative.  

Currently contrasted MRI is considered 

to be the most noninvasive method for 

HCC detection.3,4 The MRI appearance 

of HCC is classically characterized as 

early arterial contrast enhancement 

followed by early washout on the 

delayed phase imaging (See Figure 1).  

Completion of the metastatic work-up 

includes CT of the chest and a bone 

scan, which assesses the two most 

common sites of distant metastasis of 

HCC.  Currently, positron emission 

scanning (PET) scanning has a highly 

selective role in the detection of occult 

HCC metastasis.

There are numerous staging 

methods for hepatocellular carcinoma.  

The American Joint Committee on 

Cancer (AJCC) Tumor Node Metastasis 

(TNM) system was revised in 2010, 

but continues to recognize the most 

important predictors of prognosis: 
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number/size of tumors and the 

presence of vascular invasion.5 

These prognostic factors were 

emphasized by the landmark paper by 

Mazzaferro et al. which established 

liver transplantation as the optimal 

therapy for early stage HCC on 

the background of cirrhosis.6  By 

limiting transplantation to early 

HCC (single lesion < 5cm or one to 

three lesions each < 3 cm, absence 

of vascular invasion, and no regional 

or distant metastasis) the Milan 

group demonstrated that four year 

outcomes following orthotopic liver 

transplantation (OLT) for HCC were 

comparable with OLT in patients with 

benign indications.  The Milan criteria 

which have been validated by further 

studies by other groups are now the 

basis for selecting patients with HCC for OLT.  Currently in 

the United States, livers are allocated for transplantation using 

the Model for End Stage Liver Disease (MELD) score which 

accurately predicts the three-month mortality of patients 

awaiting liver transplantation (See Table 1).  The MELD 

system is of little value to patients with relatively compensated 

cirrhosis who have early stage HCC.  Thus in 2002, the United 

Network for Organ Sharing (UNOS) adopted the Milan 

criteria for allocating exception points to those listed for OLT 

with HCC.  Currently patients listed for OLT with Stage II 

HCC (T2, N0, M0; 1 nodule  5 cm or up to three tumors all 

 3 cm) can receive 22 MELD exception points 

which results in liver transplantation within six to 

twelve months at most centers. 

As a result of the favorable results following 

OLT, an increase in surveillance and early 

detection as well as an increasing incidence 

of HCC, liver transplantation for HCC has 

quadrupled in last ten years7.  The current overall 

fi ve- and ten-year survival 

following transplant for HCC 

is 67% and 50% respectively.7  

This compares favorably with 

the overall fi ve- and ten-year 

survival rates of transplant 

for all causes, 73% and 59%, 

respectively. 7  However, 

excitement for the use of OLT 

as the preferred treatment 

modality for HCC is also 

driven by recent reports of 

64-95% disease free survival following OLT at fi ve years and 

56-95% at ten years (See Table 2).  

To continue to improve these results, many 

centers routinely use locoregional (i.e. transarterial 

chemoembolization, radiofrequency ablation, or 

percutaneous ethanol injection) therapies as a 

neoadjuvant strategy to complement OLT.  These 

strategies are often refered to as “bridge to 

transplantation” as they are designed to prevent HCC 

progression while a patient is awaiting transplant.  The 

use of neoadjuvant therapy is associated with low rates 

Model for End Stage Liver Disease 
= [0.957ln(Cr)+0.378ln(bili)+1.12ln(INR)+0.643]x10

*unos.org

Table 1
Model for End Stage Liver Disease
Serum levels of Creatinine, INR, and total bilirubin are the parameters used to 
predict survival among patients with cirrhosis.

Table 2
Liver Transplantation for HCC
These results compare favorably to patients treated with surgical resection for HCC

Figure 1
HCC Diagnosis
Early arterial contrast enhancement followed by early washout on delayed phase 
imaging characterizes the appearance of HCC on MRI.
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of progression beyond the 

Milan criteria (0-15%) during 

the first six months awaiting 

transplant.8, 9, 10, 11  This strategy 

is reported to reduce the drop-

out rate of those listed for 

OLT and to potentially select 

appropriate candidates for 

downstaging.  In addition, the 

use of TACE has been associated 

with improved survival following 

OLT for HCC2.

Many authors feel that the 

Milan criteria are too restrictive and 

that expanding the maximum tumor size would allow OLT in 

more patients without compromising results, but others feel 

that the expanding criteria for transplanting HCC will tax an 

already scarce resource.  There is evidence that the outcomes 

following transplantation for stage II and stage III patients 

are similar12.  Further, researchers at the University of San 

Francisco have shown that modest expansion of the Milan 

criteria do not adversely affect outcome in a retrospective 

analysis13.  One- and fi ve-year survival were similar following 

transplant for Stage IIIA HCC (“UCSF” criteria: single lesion 

</= 6.5 cm, in diameter or two lesions </= 4.5 cm with 

total diameter </= 8 cm)13.  These fi ndings have been 

prospectively validated based on preoperative imaging with 

one- and fi ve-year recurrence-free probabilities of 96.9% and 

93.6%, respectively14.  In this study the median follow-up 

was 26.1 months.  There is little enthusiasm for extending 

liver transplantation beyond the UCSF criteria as there is 

an approximately 30% decrease in fi ve-year recurrence free 

probability in patients whose explant pathology demonstrates 

histology beyond UCSF criteria14.  In addition, radiographic 

evaluation understages TIII tumors in approximately 30% of 

cases, which can result in the inadvertent transplantation of 

patients beyond UCSF criteria14.  Thus, many groups advocate 

the used of a neoadjuvant “downstaging” strategy to select 

patients with advanced HCC  for transplantation.

While the utility of locoregional therapy as a bridge 

to transplantation has been well substantiated, the use of 

these therapies as a strategy to “downstage” patients is being 

investigated.  The biological aggressiveness of particular 

tumors is diffi cult to assess preoperatively.  In patients who 

present beyond Milan criteria, many investigators feel that 

there exists a subgroup with favorable tumor biology that 

would benefi t from OLT.  Successful downstaging using 

pre-operative locoregional therapy would be the criteria to 

demonstrate a group with favorable biology.  Our group has 

demonstrated that roughly 25% of patients presenting with 

advanced HCC (stage III/ IV) can be downstaged to meet 

Milan criteria15.  Further, downstaged patients have equivalent 

or better early and medium term outcomes following OLT.  

Among the patients who presented beyond Milan criteria and 

were successfully downstaged using TACE, 94% were alive 

at a median of 19.6 months after OLT.15  Setting criteria that 

demonstrates favorable biology through successful downstaging 

is a rational approach in the evaluation of patients for OLT 

with advanced HCC.

Surgical resection of HCC is considered the standard 

therapy for patients who do not have underlying liver disease.  

The results for surgical resection in this setting are variable 

and depend on tumor size, presence of vascular invasion, 

and status of the surgical margin.  A tumor over 5cm 

signifi cantly decreases the fi ve-year survival (63 vs. 37%).16  

An independent, but equally poor predictor is the presence 

of vascular invasion.  Resection of tumors without vascular 

invasion in non-cirrhotics with HCC resulted in one-, three-, 

and fi ve-year survival rates of 93%, 75%, and 53%, versus 

57%, 16%, and 6%, with invasion, respectively.17  Finally, 

one series reported no fi ve-year survivors among those with 

positive surgical margins versus 39% with an R0 resection.17  

In patients with cirrhosis, resection for HCC is much 

more controversial.  The decision to resect HCC is dependent 

on many factors including tumor burden and location, 

underlying liver function and overall fi tness for a major 

operative procedure.  Further, given the excellent outcome 

following OLT, the patient’s suitability to become a transplant 

candidate should be assessed by a multidisciplinary team 

before proceeding with resection.  

Characteristics that preclude resection include bilobar 

tumors, tumors that invade adjacent organs or major 

vasculature, and extrahepatic disease.  Anatomic resection 

with negative margins is the goal in any cancer operation, 

but without adequate hepatic reserve, there are signifi cant 

risks.  Operative morbidity and mortality are greatly 

elevated in the setting of cirrhosis.  Peri-operative mortality 

in cirrhotic patients is best estimated using the MELD 

Table 3
Surgical Resection for HCC
While overall survival is similar among patients treated with either OLT or surgical resection for HCC, 
disease-free survival is increased in the OLT group.
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score.18, 19, 20  A score less than nine is generally considered 

safe for limited liver resection19, 20. Recent papers examining 

liver resection for HCC have been limited to patients with 

MELD scores </= 1220 (See Table 3).  As shown in Table 

3, the overall survival at one- and fi ve-years following 

resection of HCC in highly selected patients with cirrhosis 

is similar to that of OLT.  However, the one-, fi ve-, and ten-

year disease free survival rates are much worse following 

resection.

The idea of using surgical resection as a bridge to 

transplant has been examined by several groups.  These studies 

come from outside the US where the transplant allocation 

schemes are different.  The results of these studies are variable 

with the largest concern being that 25% to 41% of patients 

who underwent resection and then recurred were no longer 

within Milan criteria.21, 22, 23, 24, 25  One of the larger and best 

designed of these studies used an intention-to-treat analysis 

and showed a decreased overall survival in patients who were 

resected prior to transplantation24.  The use of resection for 

HCC in a cirrhotic patient who is within Milan criteria remains 

a controversial decision at most centers in the US.

Summary 
The surgical management of HCC is complex and is 

dependent on multiple factors.  The standard of care therapy 

for patients with underlying liver disease, remains liver 

transplantation with or without neoadjuvant locoregional 

therapy.  In general, surgical resection should be reserved for 

patients without underlying liver disease and only in unusual 

instances should primary resection be considered in a cirrhotic 

patient who meets the Milan criteria and is otherwise an 

appropriate transplant candidate.  Downstaging strategies 

should be considered for patients who present outside the 

Milan criteria.  Cirrhotic patients with HCC are challenging 

and an incorrect initial decision can damage future therapeutic 

options worsening a patient’s overall prognosis.  The optimal 

therapeutic strategy for an individual patient should result 

from a multidisciplinary approach that incorporates the efforts 

of hepatobiliary and liver transplant surgeons, hepatologists, 

and oncologists.  The patient’s suitability for transplantation, 

current institutional expertise, and current organ allocation 

schemes are all important considerations. 
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