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Hepatocellular carcinoma (HCC) is a leading cause of 
cancer-related deaths worldwide, being the fifth most 

common cancer and the third most important cause of cancer-
related mortality in men (1). In North America, HCC is one of 
only four malignancies with an incidence that increased by more 
than 2% per year between 1975 and 2006, including a recent 
annual increase of 5.4% between 2002 and 2006 (2). There is 
evidence that the incidence of HCC is on the rise in Canada. 
Age-standardized incidence rates of HCC in Canada increased 
by 3.4% per year in men, and 1.2% per year in women between 
1969 and 1997 (3). Incidence rates in Canada over the next 
five years (2011 to 2015) are predicted to be as high as 18.5 per 
100,000 (7672 new cases per year) for men and 4.1 per 100,000 
(1709 new cases per year) for women 40 to 84 years of age (4). 

This is due, in large part, to the burden of chronic hepatitis C 

virus infection (the leading cause of HCC in North America 
[5]) and to increased immigration of patients from countries with 
high endemic carrier rates for chronic hepatitis B virus (HBV, 
the leading cause of HCC worldwide [1]). In recent years, we 
have seen an increased burden of HCC in the surgical programs 
in Alberta. A recent review (6) of hepatic resections in the 
Calgary Health Region reported a dramatic increase in liver 
resections performed between 1991 and 2004. HCC is also an 
increasingly common indication for liver transplantation (LT) 
in Alberta (Figure 1). From 1989 to 1999, 7.3% of adult LTs in 
Alberta were performed for HCC; this increased to 19.9% for 
the years 2000 to 2009 (P<0.0001). In 2009, 39.3% of all adult 
LTs in Alberta were performed for patients with HCC. 

The vast majority of HCCs in North America occur in the 
setting of a cirrhotic liver (5,7). It is, therefore, important that 
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Hepatocellular carcinoma (HCC) is one of only a few malignancies 
with an increasing incidence in North America. Because the vast 
majority of HCCs occur in the setting of a cirrhotic liver, management 
of this malignancy is best performed in a multidisciplinary group that 
recognizes the importance of liver function, as well as patient and 
tumour characteristics. The Barcelona Clinic Liver Cancer (BCLC) 
staging system is preferred for HCC because it incorporates the tumour 
characteristics (ie, tumour-node-metastasis stage), the patient’s perfor-
mance status and liver function according to the Child-Turcotte-Pugh 
classification, and then links the BCLC stage to recommended thera-
peutic interventions. However, the BCLC algorithm does not recog-
nize the potential role of radiofrequency ablation for very early stage 
HCC, the expanding role of liver transplantation in the management 
of HCC, the role of transarterial chemoembolization in single large 
tumours, the potential role of transarterial radioembolization with 
90Yttrium and the limited evidence for using sorafenib in Child-
Turcotte-Pugh class B cirrhotic patients. The current review article 
presents an evidence-based approach to the multidisciplinary manage-
ment of HCC along with a new algorithm for the management of 
HCC that incorporates the BCLC staging system and the authors’ 
local selection criteria for resection, ablative techniques, liver trans-
plantation, transarterial chemoembolization, transarterial radioembo-
lization and sorafenib in Alberta.

Key Words: Ablation; Embolization; Hepatocellular carcinoma; Liver 
transplantation; Sorafenib; Surgery

Une démarche multidisciplinaire probante pour la 
prise en charge du carcinome hépatocellulaire 
(CHC) : L’algorithme du CHC de l’Alberta

Le carcinome hépatocellulaire (CHC) est l’une des quelques tumeurs 
malignes à l’incidence croissante en Amérique du Nord. Puisque la 
majorité des CHC se déclarent en présence d’un foie cirrhotique, leur 
prise en charge est mieux assurée par un groupe multidisciplinaire qui 
reconnaît l’importance de la fonction hépatique, les caractéristiques 
du patient et celles de la tumeur. Le système d’établissement des phases 
du cancer hépatique de la clinique de Barcelone (BCLC) est favorisé 
pour le CHC parce qu’il inclut les caractéristiques de la tumeur (p. ex., 
phase tumeur-nodule-métastase), le rendement du patient et la fonc-
tion hépatique conformément à la classification de Child-Turcotte-
Pugh, puis lie le système BCLC aux interventions thérapeutiques 
recommandées. Toutefois, l’algorithme BCLC ne tient pas compte du 
rôle potentiel de l’ablation par radiofréquence aux toutes premières 
phases du CHC, du rôle croissant de la greffe du foie dans la prise en 
charge du CHC, du rôle de la chimioembolisation transartérielle en 
cas de tumeurs uniques importantes, du rôle potentiel de la radioembo-
lisation transartérielle par 90Yttrium et des données limitées sur l’usage 
du sorafénib chez les patients cirrhotiques de catégorie B selon la clas-
sification de Child-Turcotte-Pugh. La présente analyse propose une 
démarche probante pour la prise en charge multidisciplinaire du CHC 
de même qu’un nouvel algorithme de prise en charge du CHC qui 
intègre le système BCLC aux critères de sélection locaux des auteurs à 
l’égard de la résection, des techniques d’ablation, de la greffe du foie, 
de la chimioembolisation transartérielle, de la radioembolisation 
transartérielle et du sorafénib en Alberta.
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clinicians managing HCC recognize the competing risks for 
mortality from the tumour and the cirrhosis. The American 
Association for the Study of Liver Diseases (AASLD) has 
endorsed a multidisciplinary approach to the management of 
HCC using the Barcelona Clinic Liver Cancer (BCLC) staging 
system (7). The BCLC staging system was originally proposed 
in 1999 (8), and was updated recently to include sorafenib as 
the standard of care for patients with advanced stage HCC 
(Figure 2) (9). The BCLC staging system is preferred by many 
in North America (10) because it takes into account the 
patient’s performance status (PS) (Table 1), liver function 
according to the Child-Turcotte-Pugh (CTP) classification 
(Table 2) and the tumour stage according to the modified 
tumour-node-metastasis staging system. The BCLC algorithm 
also has the advantage of linking these patient-, tumour- and 
liver-related factors to specific therapies for HCC. 

In late 2001, a multidisciplinary liver tumour group was 
started at the Tom Baker Cancer Centre in Calgary, Alberta, to 
deal with an increasing number of patients presenting with 
HCC. The group, which has grown in size and diversity over 
the years (Table 3), meets on a weekly basis to review imaging 
and discuss management strategies for these complex patients. 

For the most part, since the inception of the Tom Baker Cancer 
Centre Liver Tumour Group, we have followed the BCLC 
treatment algorithm. However, within the past few years, there 
has been emerging evidence that has changed our management 
of HCC; most importantly, how we list patients for LT in 
Alberta (Table 4) (11). Furthermore, the BCLC algorithm does 
not recognize the potential role of radiofrequency ablation 
(RFA) for very early stage HCC, the role of LT for CTP class C 
cirrhotic patients with HCC, the role of transarterial 
chemoembolization (TACE) in single large tumours, the 
potential role of transarterial radioembolization (TARE) with 
90Yttrium (90Y), and the limited evidence for using sorafenib in 
patients with CTP class B cirrhosis. Therefore, a new algorithm 
is proposed (Figure 3), which incorporates the basic principles 
of the BCLC staging system along with important changes in 
the management of HCC as currently practiced in Alberta 
(12). The present review article provides evidence to support 

TABLE 1
Eastern Cooperative Oncology Group patient performance 
status
Performance  
status Description
0 Fully active and able to function without restriction

1 Unable to perform physically strenuous activities, but 
ambulatory and able to complete work of a light or 
sedentary nature

2 Ambulatory and capable of all self-care but unable to 
complete work activities. Up and about more than 
50% of waking hours

3 Capable of only limited self-care and/or confined to a 
bed or chair for more than 50% of waking hours

4 Completely disabled. Unable to manage any self-care.  
Totally confined to a bed or chair

TABLE 2
Child-Turcotte-Pugh (CTP) classification score
Criteria 1 point 2 points 3 points
Encephalopathy Grade 0 Grade 1–2 Grade 3–4

Ascites None Controlled Refractory

Bilirubin, µmol/L <34 34–50 >50

Albumin, g/L >35 28–35 <28

International normalized ratio <1.7 1.7–2.2 >2.2

CTP class A = 5 to 6 points; CTP class B = 7 to 9 points; CTP class C = 10 to 
15 points

TABLE 3
Multidisciplinary Liver Tumour Group at the Tom Baker 
Cancer Centre (Calgary, Alberta)
Surgeons
   Three hepatobiliary surgeons
Internists
   Three transplant hepatologists
   One medical oncologist
Radiologists
   Six body magnetic resonance imaging specialists
   Three interventional radiologists
   One contrast-enhanced ultrasound specialist
Nursing
   One advance care nurse practitioner
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Figure 1) Number of adult liver transplants in Alberta performed for 
hepatocellular carcinoma (HCC, black bars) and other indications 
(grey bars) according to year (1989 to 2009)
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Figure 2) Barcelona Clinic Liver Cancer staging system. CTP Child-
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the new Alberta HCC algorithm and highlights important dif-
ferences and improvements over the existing BCLC staging 
system (Table 5).

DIAGNOSIS OF HCC 
The AASLD guidelines recommend screening for HCC in all 
cirrhotic patients with ultrasound every six months (7). 
Screening for chronic carriers of HBV is also recommended 
(7), and recent nomograms have been published to help iden-
tify HBV carriers who may benefit from screening (13). After a 
nodule is discovered in a cirrhotic liver, a contrast-enhanced 
study is recommended to search for the typical features of 
HCC – namely, arterial phase enhancement and portal venous 
phase washout (7). This can be accomplished with contrast-
enhanced computed tomography, contrast-enhanced magnetic 
resonance imaging (MRI) or contrast-enhanced ultrasound. 
According to the AASLD guidelines (7), typical findings on a 
single study or atypical findings in association with an alpha-
fetoprotein (AFP) level of greater than 200 ng/mL can estab-
lish the diagnosis of HCC for lesions larger than 2 cm in size. 
Concordant findings on two imaging modalities are required 
for lesions 1 cm to 2 cm in size. For lesions smaller than 1 cm, 
a repeat ultrasound in three months is recommended. A biopsy 
is required only if imaging is discordant for lesions smaller than 
2 cm, or if the AFP level is not elevated and imaging is atypical 
for lesions larger than 2 cm (7). It is important to recognize 
that a biopsy carries an approximately 2% risk of tumour seed-
ing (14), and the false-negative rate can be greater than 10% 
for small lesions (15). This AASLD diagnostic algorithm (7) has 
recently been prospectively validated for focal lesions 0.5 cm to 
2.0 cm in size using MRI and contrast-enhanced ultrasound, and 
has been shown to have a low sensitivity (33%) but a very high 
specificity (100%) for the diagnosis of HCC (16).

VERY EARLY STAGE HCC (BCLC STAGE 0)
According to the BCLC staging system, surgical resection is 
recommended once the diagnosis of a small HCC (smaller than 
2 cm) is established (7). However, surgery should be reserved 
for patients with CTP class A cirrhosis to avoid postoperative 

liver failure. A five-year survival rate of approximately 70% – a 
benchmark for all curative intent therapies – can be achieved 
if patient selection is limited to those with normal bilirubin 
levels and no evidence of portal hypertension (17). Five-year 
survival drops to approximately 50% in patients with a bilirubin 
level above normal (17 µmol/L [1 mg/dL]) and falls to 25% in 
patients with both elevated bilirubin levels and evidence of 
portal hypertension (hepatic venous pressure gradient greater 
than 10 mmHg [17]). It is, therefore, our practice to avoid resec-
tion in patients with elevated bilirubin levels, splenomegaly, evi-
dence of varices on imaging or endoscopy, or a platelet count of 
less than 100×109/L. Surgical resection can carry a risk of signifi-
cant morbidity and mortality. Resection of HCC carried a 9.6% 
risk of perioperative mortality in Calgary during the years 1991 
to 2004 (6). However, mortality following resection of HCC 
decreased from four of 25 cases (16%) between 1991 and 1999, 
to only one of 27 cases (3.7%) from 2000 to 2004 (P=0.13). 
Reasons for improved outcomes in recent years may include 
the increasing number of resections, which are now performed 
primarily by three hepatobiliary surgeons in Calgary, and the 
multidisciplinary management of these complex patients (6).

There is emerging evidence that RFA may provide a less 
invasive yet still effective alternative to surgical resection for 
BCLC stage 0 patients. An Italian study (18) recently subjected 
218 patients with a single HCC 2 cm in size or smaller to RFA. 
After a median follow-up of 31 months, Livraghi et al (18) 

TABLE 4
Liver transplant criteria for hepatocellular carcinoma 
patients in Alberta
Tumour criteria
Listing Total tumour volume ≤115 cm3 AND alpha-fetoprotein 

≤400 ng/mL
Down staging Total tumour volume ≤250 cm3 regardless of  

alpha-fetoprotein level, who achieve listing criteria 
AND remain stable for 6 months

Patient criteria
Age Typically younger than 70 years of age, should have  

no comorbidities if 65 to 69 years of age
Medical No major cardiopulmonary issues, nonsmoker,  

HIV negative, appropriate nutritional status, etc
Social Adequate support, compliance, appropriate  

abstinence and rehabilitation if addiction issues*

*Patients being considered for liver transplantation in which alcohol has played 
a component in the development of liver disease will only be permitted to 
undergo liver transplantation workup after they fulfill the criteria for listing includ-
ing abstinence from alcohol (and in some cases, other illicit drugs including 
marijuana) for six months with certified attendance at an alcohol rehabilitation 
centre
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Figure 3) Alberta Hepatocellular Carcinoma algorithm. The algo-
rithm recognizes the importance of tumour properties (blue boxes 
[size, number, extrahepatic spread and alpha-fetoprotein levels 
[AFP]), patient characteristics (red boxes [performance status (PS) 
and candidacy for transplantation]), and liver function (yellow 
boxes [Child-Turcotte-Pugh (CTP) class along with elevated pres-
sure within or thrombosis of the portal vein]) and links patients to the 
most appropriate therapy (white boxes). Dotted line represents 
potential role of radiofrequency ablation (RFA) in very early stage 
hepatocellular carcinoma. Dashed line recognizes potential role of 
90Yttrium (Y) transarterial radioembolization with 90Y, especially 
for patients who are not candidates for transarterial chemoemboliza-
tion (TACE) because of bland portal vein thrombosis (PVT). 
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demonstrated a 97% complete response rate with RFA, with 
only four patients (1.8%) experiencing significant complica-
tions (bleeding, tumour seeding or hyperbilirubinemia). 
Furthermore, a subgroup of patients who would have been can-
didates for surgical resection (n=100) had a five-year survival 
rate of 68% following RFA. 

EARLY STAGE HCC (BCLC STAGE A)
Unfortunately, in western countries, it is estimated that only 
approximately one-third of patients are candidates for surgical 
resection, RFA, percutaneous ethanol injection (PEI) or LT 
(7). According to the BCLC staging system (Figure 2), patients 
with a single tumour (5 cm or smaller) or three tumours 3 cm 
or smaller may be considered for curative therapies if they 
are CTP class A or B. These tumour characteristics, often 
referred to as the Milan criteria, have been widely adopted 

as the standard listing criteria for LT after Mazzaferro et al 
(19) demonstrated acceptable survival and low recurrence 
rates when these listing criteria were met. According to the 
BCLC staging system, patients with CTP class C cirrhosis, 
regardless of their tumour characteristics, are considered to 
be end stage and should be offered only palliative care. This 
does not recognize the role of LT in patients with advanced 
liver disease who have HCC. In Alberta, we transplanted 
143 individuals with HCC between 1989 and 2009, of which 
40 (28%) had CTP class A, 52 (36%) had CTP class B and 
51 (36%) had CTP class C cirrhosis at the time of LT. More 
importantly, the overall five-year survival rate following LT 
in our program is identical for HCC patients who were CTP 
class C compared with those who were CTP class A or B at the 
time of LT (73.5% versus 72.7%, respectively) (Figure 4). The 
Alberta HCC Algorithm (Figure 3), therefore, proposes that 
patients within the Milan criteria be assigned to the various 
curative treatment modalities based on their CTP score and 
whether they are an LT candidate (Table 4). Candidacy for 
transplantation is decided by a multidisciplinary selection com-
mittee that meets weekly in Edmonton, Alberta, and teleconfer-
ences with Calgary. The patient’s age (typically younger than 
70 years of age), comorbidities (eg, cardiopulmonary disease, 
smoking, diabetes or renal disease), nutritional state (eg, poor 
nutrition or morbidly obese), and social factors (eg, adequate 
support, compliance, abstinence from alcohol and completion 
of an appropriate rehabilitation program) are all factors that 
determine a patient’s candidacy for LT. LT is the only curative 
option for patients with CTP class C cirrhosis because this 
surgical modality treats both the cancer and the liver failure. 
The prognosis is extremely guarded in CTP class C cirrhotic 
patients who are not candidates for LT because such patients 
are too ill to undergo TACE or receive sorafenib chemotherapy. 
Percutaneous ablative therapies are associated with increased 
risk in patients with poorly controlled ascites and coagulopathy, 
and the overall prognosis in such patients may relate more to the 
liver failure than the presence of a small HCC. 

In cirrhotic patients, surgical resection can be considered as 
long as patients are otherwise fit for surgery and have reason-
able liver function (CTP class A, normal bilirubin levels and 
no portal hypertension). Although the Milan criteria are not 
strictly applied to candidacy for surgical resection, a recent 
analysis (20) suggests that larger tumours (which are more 
likely to have microvascular invasion) and patients with many 

Figure 4) Overall survival after liver transplantation for recipients 
with hepatocellular carcinoma in Alberta (1989 to 2009), com-
paring those with Child-Turcotte-Pugh class C cirrhosis (n=51,  
green line) and those with Child-Turcotte-Pugh class A or B cirrhosis 
(n=92, blue line) at the time of transplant

TABLE 5
Important changes in Alberta Hepatocellular Carcinoma (HCC) algorithm compared with the original Barcelona Clinic Liver 
Cancer (BCLC) staging system
BCLC  
stage Alberta HCC algorithm changes
0 Potential role of radiofrequency ablation is recognized

A Superiority of radiofrequency ablation over percutaneous ethanol injection is recognized

Liver transplant offered for HCC patients with Child-Turcotte-Pugh class C cirrhosis

B Expanded role for liver transplant in patients beyond Milan criteria

Transarterial chemoembolization offered to single and multinodular HCC but avoided in portal vein thrombosis

Transarterial chemoembolization with doxorubicin-emitting beads can be offered to patients with performance status = 1

Transarterial radioembolization may be alternative to transarterial chemoembolization, especially in patients with portal vein thrombosis

C Sorafenib therapy only offered to patients with Child-Turcotte-Pugh class A cirrhosis

D May progress to end stage because of tumour, performance status or liver function
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tumours are more likely to experience recurrence after curative 
resection. As with BCLC stage 0, some patients with early 
stage HCC (within Milan criteria) may also be considered for 
RFA as an alternative to surgery. A randomized controlled trial 
(RCT) published by Chen et al (21) in 2006, randomly 
assigned 180 subjects with CTP class A cirrhosis and a single 
HCC 5 cm or smaller to RFA versus surgery, and found similar 
four-year survival rates (67.9% versus 64.0%, respectively) in 
the two groups. However, this study has been criticized 
because 19 subjects who were randomly assigned to RFA 
withdrew their consent and subsequently underwent resec-
tion. Another RCT, published in Chinese (22), randomly 
assigned 105 patients with a single HCC 5 cm or smaller or 
three lesions 3 cm in size or smaller to surgical resection or 
ablation (with microwave or radiofrequency), and found simi-
lar overall three-year survival (86.4% versus 87.1%, respect-
ively) but better disease-free survival in the surgery group 
(82.4% versus 51.3%, respectively; P=0.128). Such an out-
come reinforces the importance of sufficient follow-up in sur-
vival analysis. An analysis of 7185 patients, from the Japanese 
nationwide database (three or fewer tumours, 3 cm or smaller, 
CTP class A or B) found similar overall short-term survival 
rates when comparing surgical resection with RFA and PEI; 
however, two-year recurrence rates were significantly lower fol-
lowing resection (35.5%, n=2857) than with RFA (55.4%, 
n=3022) and PEI (73.3%, n=1306) (23). While these initial 
studies continue to support the superiority of outcomes with 
surgery, further RCTs are underway, which will hopefully better 
define the role of RFA versus surgery in patients with early 
stage HCC and well-compensated cirrhosis. Although RFA 
remains a reasonable alternative in some patients who may not 
otherwise be candidates for surgery due to age or comorbidities, 
surgical resection does appear to offer a clear advantage in 
long-term disease-free survival, especially for tumours larger 
than 2 cm.

Patients with CTP class B cirrhosis, who are not candidates 
for LT (because of age, comorbidities or social factors), should 
undergo therapy with RFA. The Alberta HCC algorithm rec-
ognizes RFA as the preferred percutaneous ablative technique 
(RFA over PEI). Recent meta-analyses (24,25) have found 
that RFA is associated with higher success and lower recur-
rence rates, and provides improved three-year survival rates 
compared with PEI. We only perform PEI in patients who have 
failed RFA therapy or in those who are likely to encounter 
problems with RFA due to tumour location (HCC adjacent to 
blood vessels where heat sink may occur, for tumours near the 
gallbladder, or for subcapsular HCC adjacent to the heart or 
colon). In general, the Milan criteria also apply to our selection 
of patients for RFA therapy. Although single tumours up to 5 cm 
in size can be potentially ablated with RFA, the recurrence rate 
is significant for tumours that are larger than 3 cm. A large study 
from Hong Kong (26) of 273 patients with 357 HCC nodules 
demonstrated that a tumour size of larger than 2.5 cm was 
the most important risk factor for local recurrence. Although 
percutaneous ablative techniques can be used for multiple 
lesions, we typically only offer RFA to patients with three or 
fewer tumours and transition patients with multinodular HCC 
to TACE (Figure 3). A recent meta-analysis of RCTs (27) 
suggested that the combination of PEI and TACE improves 
outcomes in larger HCCs. 

LT is the preferred option for patients within the Milan 
criteria because in addition to treating liver failure, it removes 
the HCC along with the cirrhotic liver, which is prone to HCC 
recurrence. After surgical resection, recurrence rates of approxi-
mately 40% at two years and 70% at five years have been 
reported (17). Conversely, Mazzaferro et al (19) reported 85% 
recurrence-free, four-year survival following LT for patients within 
the Milan criteria. The University of Alberta (UofA, Edmonton, 
Alberta) recently reported its outcomes in 70 patients with HCC 
who received sirolimus-based immunosuppression following LT 
(28). Only two of 34 recipients (6%) within the Milan criteria 
experienced tumour recurrence compared with six of 36 recipi-
ents (17%) who exceeded the Milan criteria (28). A recent 
review of the Scientific Registry of Transplant Recipients 
(SRTR) database demonstrated sirolimus-based maintenance 
therapy to be associated with improved survival after LT for 
HCC (five-year post-LT survival rate of 83.1% versus 68.7%; 
P<0.05) (29). Although this drug has a United States Food and 
Drug Administration ‘black box’ warning over concerns regarding 
hepatic artery thrombosis following LT, this has not been our 
experience in Alberta, and we continue to use sirolimus-based 
immunosuppression in the majority of our LT recipients trans-
planted for HCC. 

Whether patients with CTP class A cirrhosis should 
receive LT instead of surgical resection remains an area of 
debate. Although never compared directly in a randomized 
trial, the Barcelona Clinic has analyzed their results for sur-
gical resection and LT in an intent-to-treat (ITT) manner 
(17). The five-year survival rates for resection and LT were 
nearly identical if patients for resection were carefully selected 
(CTP class A, normal bilirubin levels and no portal hyperten-
sion), and if patients who died or progressed beyond acceptable 
criteria while awaiting LT were accounted for in the analysis. A 
recent ITT analysis (30) of patients with HCC listed for LT in 
the United States (1998 to 2006) found that 18% were 
removed from the list due to death or tumour progression, 
resulting in a five-year ITT survival rate of 61% versus 32% for 
those within or exceeding the Milan criteria. Due to organ 
donor shortages and long wait times for LT in Alberta, we pre-
fer to offer patients with CTP class A cirrhosis surgical resec-
tion (or RFA if high bilirubin levels or portal pressures are 
present) rather than LT as primary therapy. If patients develop 
a recurrence or liver failure following RFA or resection, they 
can then be considered for salvage LT. A recent Markov model 
(31) suggested that the harm to HCC patients with this strat-
egy outweighs the benefits to nontumour patients on the LT 
wait list; however, as wait times and the percentage of patients 
with HCC continue to increase, the strategy of salvage LT 
becomes more attractive.

INTERMEDIATE STAGE HCC (BCLC STAGE B)
The BCLC staging system does not recognize the role of LT 
in patients beyond the Milan criteria. However, LT is able 
to offer substantially improved survival in patients who are 
beyond Milan criteria when compared with TACE (32). Many 
centres, including the University of California San Francisco 
(UCSF, California, USA), have shown that the Milan criteria 
may be too restrictive (33). At the UofA, four-year tumour-
free survival was similar in patients regardless of whether 
they exceeded the Milan criteria (73% versus 75%) (28). 
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Furthermore, an analysis of LT recipients at the UofA, valid-
ated in cohorts from Toronto (Ontario) and Colorado (USA), 
found that a total tumour volume (TTV) greater than 115 cm3 
(calculated as 4/3�r3, in which r = radius of the lesion) was 
a better predictor of survival and tumour recurrence than 
Milan or University of California San Francisco criteria (34). 
Additionally, an analysis of 6478 patients transplanted with 
HCC in the Scientific Registry of Transplant Recipients data-
base (11) determined that a TTV of greater than 115 cm3 and 
AFP level greater than 400 ng/mL were independent predictors 
of survival following LT for HCC. Patients who exceed the 
TTV and/or AFP cut-offs had three-year post-LT survival rates 
of less than 50% (11); therefore, these have been established 
as the new criteria for LT in Alberta (Table 4). A TTV of 
115 cm3 equates to a single tumour size of 6.1 cm; however, 
patients may have many smaller tumours and still remain 
within these criteria. Because of the long wait times for LT, it 
is our practice to offer TACE, RFA and/or PEI to keep patients 
within acceptable criteria while they await LT. It is, however, 
still unclear whether such bridging therapies offer a benefit 
before LT (35,36). In Alberta, patients are awarded Model for 
End-stage Liver Disease exception points for HCC as per the 
United Network for Organ Sharing system (37). Down staging 
tumours to become acceptable for LT is another strategy that 
can be used (38). In Alberta, we have proposed down staging 
of tumours with a TTV of 250 cm3 or less; however, with treat-
ment, patients must reduce their TTV to 115 cm3 or less (with 
an AFP level of less than 400 ng/mL) and remain stable for a 
period of six months before they can undergo LT (Table 4).

According to the BCLC staging system, TACE is the pre-
ferred treatment strategy for patients with multinodular disease 
and good PS (PS=0). TACE takes advantage of the arterialized 
blood supply of HCC to delivery chemotherapy and embolic 
agents to the tumour. Two RCTs published in 2002 (39,40), 
demonstrated a benefit of TACE over best supportive care. 
Patients enrolled in both trials had well-preserved liver func-
tion and good PS and, although most had multinodular disease, 
approximately one-third had large single lesions. Therefore, 
it is more appropriate to consider TACE for patients who 
are beyond Milan criteria and who are not candidates for LT 
(Figure 3). Meta-analyses have confirmed a survival benefit for  
TACE, with an expected median survival of 18 to 20 months 
(41,42). Although TACE is generally well tolerated, it is asso-
ciated with risks of postembolization syndrome (fever, right 
upper quadrant pain, nausea and vomiting) and may induce 
liver failure, especially in patients with CTP class B cirrhosis 
or portal vein thrombosis (PVT) (42). Overall, mortality has 
been reported in 2.4% (range 0% to 9%) of patients within 
one month of TACE (42). In Calgary, from October 2002 to 
December 2008, we performed 119 TACE procedures in 
62 patients and reported a median survival of 20.4 months 
with periprocedural mortality of 3% (43). Interestingly, a 
TTV of greater than 115 cm3 and/or an AFP level of greater 
than 400 ng/mL were also associated with reduced survival 
after TACE in these patients (median survival of 12.3 versus 
30.9 months; P<0.0001) (44). 

There is no consensus on how to perform TACE with regard 
to the type of chemotherapy or embolic agent, including the role 
of lipiodol (42). Doxorubicin-emitting beads (DEBs) have been 
developed to slowly release chemotherapy into the tumour, 

thereby decreasing systemic toxicity (45). Recently, an RCT 
(46) of conventional TACE versus DEBs demonstrated no over-
all significant improvement in tumour response with DEBs, but 
DEBs were associated with fewer chemotherapy-related side-
effects (primarily alopecia). However, DEBs were associated 
with significantly improved outcomes in subgroups of difficult-
to-treat patients, specifically those with CTP class B cirrhosis 
and poorer PS (PS=1) (46). DEBs have been used for TACE in 
both Calgary and Edmonton since the beginning of 2009, and an 
analysis of their cost-effectiveness is underway. 

TARE provides internal beta-emitting radiation with 
90Yttrium particles (TheraSpheres, MDS Nordion, Canada) 
delivered via angiography. It requires two angiograms, the first 
to calculate the safe and effective dose of radiation, the shunt 
fraction through the tumour and to possibly embolize arteries 
that may lead to inadvertent delivery of radiation to other 
areas, and a second angiogram to then deliver the 90Yttrium 
particles. Although the upfront costs are higher with TARE, it 
has the advantage of being performed on an outpatient basis. 
The selection criteria for TARE are similar to TACE, and 
although the two modalities have not been compared directly 
in RCTs, there is emerging evidence from large cohort studies 
that TARE may provide similar outcomes to those observed 
with TACE (47). TARE is particularly attractive in patients 
with PVT, in whom it can be safely administered and has 
resulted in a 10.4-month (range 7.2 to 16.6 months) survival 
rate in patients with CTP class A cirrhosis (47). Despite reports 
of TACE being performed safely in patients with PVT (48), 
we generally believe the risk of ischemia and liver failure is 
too high to pursue TACE in such patients. The Alberta HCC 
Algorithm, therefore, recognizes that TARE may be an option 
for intermediate stage HCC patients, especially for those with 
PVT (Figure 3). Currently, TARE is only offered in a few centres 
in Canada, which in Alberta includes Edmonton. TARE needs 
to be studied in RCTs against TACE (for BCLC stage B) and 
against sorafenib (for BCLC stage C) to fully understand its role 
in the management of HCC. Currently, a health technology 
assessment and policy analysis of TARE is underway in Alberta.

ADVANCED STAGE HCC (BCLC Stage C)
Sorafenib is recommended for patients with advanced HCC 
(malignant portal vein invasion or extrahepatic disease) based 
on the results of two placebo-controlled RCTs (49,50) that 
demonstrated improved overall survival in subjects who 
received this multikinase inhibitor that blocks proliferation 
(RAF kinase) and the receptors of vascular endothelial growth 
factor and platelet-derived growth factor. Sorafenib may also 
be used in BCLC stage B patients who have failed TACE or 
who are not candidates for TACE due to diffuse infiltrative 
disease or PVT. Compared with placebo, sorafenib increased 
survival (7.9 versus 10.7 months [HR 0.69; 95% CI 0.55 to 
0.87; P<0.001] in the Sorafenib HCC Assessment Randomized 
Protocol (SHARP) [49], and 4.2 versus 6.5 months [HR 0.68; 
95% CI 0.50 to 0.93; P=0.014] in the Asia-Pacific study [50]). 
The lower overall survival rate in the Asia-Pacific study likely 
reflected the inclusion of more patients with advanced BCLC 
stage C disease (95% versus 82% in the SHARP study). This 
oral chemotherapy agent is generally well tolerated, but is asso-
ciated with the risk of hypertension, hand-and-foot reaction 
and diarrhea (49,50). Both studies included only a very small 
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number of patients with CTP class B cirrhosis (3%) because 
this was an exclusion criterion for study entry (49,50). 
Although the BCLC staging system recommends sorafenib 
chemotherapy for both CTP class A and B cirrhotic patients, 
further prospective studies in patients with CTP class B cirrho-
sis are needed before we can recommend its use in patients 
with more advanced liver disease. 

The positive results of the SHARP study have led to 
renewed interest in pursuing targeted chemotherapy for HCC. 
Currently, sorafenib is being evaluated in RCTs as adjuvant 
therapy to prevent recurrence following surgical resection or 
RFA (BCLC stage A) in combination with TACE (BCLC 
stage B) and, in combination with doxorubicin, other targeted 
therapies or TARE for patients with advanced HCC (BCLC 
stage C). Furthermore, several new agents (eg, brivinib and sunit-
inib) are being compared with sorafenib in ongoing phase III 
RCTs. 

END-STAGE HCC (BCLC STAGE D)
Unfortunately, approximately 20% of patients with HCC still 
present with end-stage disease and can only be offered pallia-
tive care (7). The Alberta HCC Algorithm recognizes that 
patients can progress to end-stage liver disease if they have 
advanced tumour characteristics in association with pro-
nounced cancer-related symptoms (PS greater than 2), or in 

CTP class C cirrhotic patients who are otherwise not candi-
dates for LT. In general, such patients have a median survival 
rate that is typically less than three months (7). 

CONCLUSIONS
The incidence of HCC is increasing in Canada; therefore, it is 
important that physicians familiarize themselves with the 
growing treatment options available for this malignancy. The 
management of HCC patients is best accomplished in a multi-
disciplinary manner. The BCLC staging system is preferred 
because it takes into account tumour, patient and liver charac-
teristics and links them to specific therapies. The Alberta 
HCC Algorithm has improved on the BCLC staging system in 
several ways (Table 5), and better reflects our current clinical 
practice guidelines in Alberta (12). The management of HCC 
will continue to evolve as new information and therapeutic 
interventions become available in the future. 
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