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A cohort
demonstrated that
COltnflle1:e ablation of lesions smaller than 2 cm is
ble in more than 90% of cases, with a local recurrence
rate of less than 1%. 13 These data should be confirmed
other groups before
ablation as the firstline
for very
The recommendations
and method of administration or cherrtoc~mboltzatton
are
Radioembolization, i.e., the intra-arterial
of
bound to
beads or to
resin, has been shown to induce tumor necrosis, but
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according to
size
Fig. 1. Diagnostic algorithm for suspected HCC. CT, computed tomography;
MDCT, multidetector CT; MRI, magnetic
resonance imaging; US, ultrasound.

there are no data
its
to transarterial
chemoembolization or to sorafenib treatment for those
with
vein invasion. However, for
who
have either failed transarterial chemoembolization or
new data
with more advanced
multikinase inhibitor with
vascular endo-

thelia!

factor receptor 2,
receptor, c-Kit receptors, among other
14
m
life. •15 Sorafenib induces a
chi1lG<lly relevant tmpn)ve:mt~nt
and in survival The m<tgnitutde
imon>vemt~nt m
survival compares with other established molecular tarfor other advanced cancers, and the

Fig. 2. The BCLC staging system for HCC. M, metastasis classification; N, node classification; PS, performance status; RFA, radiofrequency
ablation; TACE, transarterial chemoembolization.
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associated
ment-related
adverse
11%
events
versus
8% versus
sus
loss. Sorafenib is now considered first-line treatment in
be treated with
with HCC who can
more effective ther:atptes.
In summary, in the past decade HCC has gone
from
an almost universal death sentence to a
cancer that can be
detected at an
stage, and
proper 1nanage1nent
of
that is most
stage of disease.
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Statement on bltllcleltlli~s~:
of the authors. These recommendations suggest preto the
and
nn~vf•nrivf' aspects of care. In an attempt to characterize
of evidence
the Practice Guidelines Committee of the American
for
of

ts not present in other cancer types
cotrnp>roJrni:se vital organ function. All this
with HCC should be
with all legJtttnlate treatthese circumstances, the
around whom the
process
should
assess liver function and
of various ther;tptes.
The
should also be
for management of the liver disease
and after
cancer
He/she must ensure that
treatments of proven value are administered, rather than
treatments that are
feasible but which have
not been shown to enhance survival.

of Liver Diseases.
Definitions of the terms used in this section are
in 'fable 2. Surveillance for HCC involves more
The incidence of
carcinoma is
in many countries, 3 - 8 , but in a few areas such as
and
the incidence of HCC seems to have
9 1
stabilized or even fallen
Care of the
'
from different discisurgeons, liver transintervemional
and to some extent radiation
In most setthe role of the
or e:a~;tn)erttet·oll)gist
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a process in which sc1·eenir1g
have been standardized and in which
are m
The process of surveillance
what level of risk of HCC
also involves

how abnormal results should
(di;1gnosis and/or
Surveillance for HCC has become
•c;-..cnuy, the absence of evidence of benerandomized controlled trial
of surveillance versus no surveillance that has shown a
survival benefit to a strategy of
surveillance
11
This
with
and ultrasound.
m China, recruited
had markers of current or
Adherence to surveillance was
but in the
in the
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Table 1. levels of Evidence According to Study Design
Grade

11-1
11-2
11-3

Ill

Definition

Randomized controlled trials
Controlled trials without randomization
Cohort
case control analytic studies
Multiple time series
Dramatic uncontrolled experiments
Opinion of respected experts

surveillance arm the H CC related
was
these
reduced
Because of poor
results
represent the minimum benefit that
can be exrlected from surveillance.
these results
should be validated in other
areas and
randomized controlled trials
the benefits of surveillance are still
considered necessary. However, in the West it IS
"ni•I<,Phr that such trials will ever be conducted.
The
of HCC surveillance must be to
decrease
from the disease. Fewer
should die
or if this is
a mtmmum
in survival duration.

SlS

correlate with a reduction in m,;ease-sn,cctnc m()rt:alll:y.
There are several sources of bias to be considered in
such as leadreports of surveillance
bias.
an RCT can eliminate
time bias and
these biases
Several studies have shown
that surveillance does indeed detect earlier disease
mtgranon). 13 - 16 Uncontrolled
all
have also
tmpn)Ved after surveillance.
pr:lCtlcc:d and can
be recommended
certain at-risk groups. HCC detected after the

onset of symptoms has a dismal
In contrast, small HCC's such as
surveillance can be cured
with an
both resection and Jiver tranSI)lant<ltH)n.
free of disease for this duration
considered cured.
that surveillance
smce
advances in our
HCC are less
to come from
it is therefore
to find
disease.

treat
stage
stage

At-Risk Poj)Uh'ltilJ•n

The decision to enter a
into a surveillance
the level of risk for HCC.
program is determined
in turn, is related to the incidence of
and
it 1s incidence that most
use to assess risk.
data to indicate
However, there are no
what level of risk or what incidence of HCC should
surveillance.
decision
has been
gu1dt:lu1es as to the incidence of
used to
HCC at which surveillance may become effective. An
an
intervention IS considered effective if it
.
.
mcrease 111
of about 100
i.e., about 3
set years ago, and
months. 31
may not be
interventions that can
be achieved at a cost of less than about
of life
are considered cost-effective.
now several
decision
ness models for HCC surveillance. The models differ
111 the nature of the theoretical
and in the intervention
these models have several results tn common.
all find that surveillance ts
111 some cases
of surveillance is
find that the
ent on the incidence of HCC. For
et al. 33 studied a theoretical cohort of

Table 2. Definitions
• Screening-application of diagnostic tests in patients at risk for HCC,
in whom there is no
HCC is present.
• Surveillance-the repeated application of screening tests.
• Enhanced follow-up-the series of investigations required to confirm of refute a diagnosis of HCC in patients in whom a surveillance test result is abnormal. In
addition to the use of additional diagnostic tests the interval between assessments is shorter than for surveillance since there is a concern that a cancer already
exists.
• Lead-time bias-This is the apparent improved survival that comes from the diagnosis being made earlier in the course of a disease than when the disease is
diagnosed because of the development of symptoms. Unless properly controlled, studies of surveillance will show enhanced survival simply because the cancer
is diagnosed at an earlier stage.
• Length bias-This is the apparent improvement in survival that occurs because surveillance preferentially detects slow growing cancers. More rapidly growing cancers
to be treated between
visits
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Table 3. Groups for whom HCC surveillance in recommended or in whom the risk of HCC is increased, but in whom efficacy
of surveillance has not been demonstrated
Surveillance recommended
Population group

Threshold incidence fur efficacy

Incidence of HCC

of surveillance {> .25 LYG){%jyear)

Asian male hepatitis B carriers over age 40
Asian female hepatitis B carriers over age 50
Hepatitis B carrier with family history of HCC
AfricanjNorth American Blacks with hepatitis B
Cirrhotic hepatitis B carriers
Hepatitis C cirrhosis
Stage 4 primary biliary cirrhosis
Genetic hemachromatosis
cirrhosis
Alpha 1-antitrypsin deficiency
cirrhosis
Other cirrhosis

0.2
0.2
0.2
0.2
0.2-1.5
1.5
1.5
1.5
1.5
1.5

0.4-0.6%/year
0.3-0.6%/year
Incidence higher than without family history
HCC occurs
a younger age
3-8%jyr
3-5%/yr
3-5%/yr
Unknown, but probably > 1.5%/year
Unknown, but probably > 1.5%/year
Unknown

0.2
1.5
1.5

< 0.2%/yr
< 1.5%/yr
< 1.5%/yr

Surveillance benefit uncertain

Hepatitis B carriers younger than 40 (males) or 50 (females)
Hepatitis C and stage 3 fibrosis
Non-cirrhotic NAFLD

A cirrhosis and found that if the incidence of HCC was
surveillance resulted in
of about 3 months. However,
an increase in
if the incidence of HCC was 6<)/o
vival was about 9 months. This
treatment
which did include liver
et
tn a poputatJ1on of
C
found that
with cirrhosis and normal liver
surveillance with either er scannJmg
ultrasound became cost-effective when the
of HCC was more than 1.4%. However,
has to be
because the
were
characteristics of CT
derived from
not surveillance studleS
Lin et al. 35 found that surveil lance
and ultrasound was cost-effective
of HCC incidence.
for
with
surveillance should be
cirrhosis of
offered when the risk of HCC is 1 ">"!.'l"''"r or greater.
Another more recent
concluded that surveillance with AfP alone was the most cost-effective
strategy,
a combination of AFP
ultrasound was the most effective strategy. The authors
the literature to indicate that AFP was a
more sensitive surveillance test for HCC than ultrasound. Our review of the literature comes to the opposite
in that AFP
other ser·oil)gtcal
are less sensitive than ultrasound as a
test for
HCC. Their model assumes that surveillance would
,,-l,·,..,~·h, HCC's at three different stages,: <2 cm, 2-5
cm, and >5 cm. The target of surveillance is identificastage when
tion of an HCC at its earliest
treatment has the
likelihood of cure.

HCC surveillance should be able to
a lesion
smaller than 2 cm.
smaller than 3 cm, and
this cost-effectiveness
sizes the effect of
AFP as a surveillance test
HCC lesions where AFP is
because it includes
more
to be elevated. Other data suggest that it is
rare for the AFP to be elevated in lesions that are
smaller than 2 cm in diameter.
Table 3 describes the groups of pattents
are
these limits are exceeded. These groups of
also discussed m more detail below. The above costeflectiveness
which were restricted to cirrhotic
cannot be
B carriers
without cirrhosis. A
of surveillance for
B carriers
ultrasound and
AFP levels
that surveillance became costeffective once the incidence of HCC exceeds 0.2%/
J and Sherman M,
observasul)gfiOUI)S of
B carriers in which the
are
in Table 3.
incidence of HCC exceeds
These groups are discussed m more derail below.
ltet»attl~ts

B

et
in a
controlled
showed that the annual incidence of HCC in he]oatitis
B carriers was 0.5%. 39 •40 The annual incidence
increased with age, so that at age 70 the incidence was
1%. The incidence in
with known cirrhosis
The relative risk of HCC was about
was
100,
B carriers were 100 times more
HCC than uninfected persons.
found the incidence of HCC in male
Both these
hep<ltltls B
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at birth or in
childhood.
cohort studies in North
America have indicated that the incidence of HCC in
42-44 Villeneuve et al. 42
HBV carriers varies
found no tumors in a cohort infected with HBY and
followed for 16 years. McMahon et al. 43
an
m a
incidence of HCC of
infected individuals 111 Alaska. Sherman et al. 44
described an incidence of
in their cohort.
B carriers
In
the presence of HCC in
with established cirrhooccurs
in
sis.45•46 Non-Asian chronic carriers who are anti-HBewith
inactive viral
and
who do not have cirrhosis seem to have little risk of
de,,relj::JPing HCC. 47 -50 Whether surveillance is worthis not dear. This 1s not true
while in this
for Asian
B carriers without
who
of rq,hc:atJlon
remain at risk for HCC
the risk of HCC
tus. 47 ·51 - 53
term HBV earners
should continue to
B carriers who lose surIn Caucasian
the risk of HCC seems to decline draThe annual incidence of HCC in male
starts to
exceed 0.2% at about age
1rn~spect1ve of the presence of cirrhosis or disease
contrast, the
risk for HCC in Caucasians is related to intianrrmtat<)fy
and the presence of cirrhosis.
Asian
men should
surveillance from age 40
onwards. HCC will occur in younger
but the
of
surveillance to all carriers younger
than age 40 is
to be low. The incidence of HCC
in women is lower than
incidence rates are not C0111n10111y rr>r>cwtcvl
it seems
to start surveillance at about
age 50 in Asian women. All
B carriers with
of age should be screened for
HCC. In the presence of a
of a first
relsurveillance should start at a younger
ative with
age, 42 ·57
what that age should be is hard to
define. Africans with
B seem to get HCC at a
suggests that surveilyounger age. 58 ' 59
lance in these
should also start at a
younger age. Whether this is true in Blacks born elseB carriers
where is uncertain. In Caucasian
as determined
with no cirrhosis and inactive
a
term normal A[T and low HBV DNA concentration,4(,.4fl,(,o the incidence of HCC is
too low to make surveillance worthwhile. However,
there are additional risk factors that have to be taken
of viral
into account
older age,
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eo-infection with
even
the presence of other liver diseases.
adult Caucasian
in the absence of
with active
B disease are
at risk for
HCC and should be screened.
Hepat:ttis B genotype is also a factor that affects cannrc"'h·ohlv as a consequence of differences in
of
inflammation over
and Middle
as have ge61,62 Genonotypes B and C
type A has a
more favorable ourcome than
risk of cangenotype D, and genotype C has a
cer than genotype B.
There have been two publij:::atiorts that aw~mptt:d
fine tune the selection of n::~tlf'lnt<
tis B for surveillance. In order to most acl.ut;dlt:lY
get those individuals at greatest risk of HCC
several "risk scores" have been
both for
B and C. Yuen et al. 61 have derived
a cohort of more
B followed
chronic
for a median duration of of 67 months. The orc:dJ;:tnre
factors for HCC that
identified included male
HBV DNA levels
age,
core promoter mutations and the presence
of cirrhosis. These factors were combined to
a
score for the risk of de>vel«)ping
5 and
benefit from surveillance.
data from
be more useful for
who do not
need
rather than those who do. The negative
value of these scores is therefore
and has not yet been
Both of these risk
and are therefore not
to
scores need
be used in pr<tctltce.
HetJatil~is

C

The risk of HCC in
with chronic hqJatltiS
among
who have established ctrwhere the incidence of HCC is between
2%-8% per year. It should be noted that these data
procome from clinic-based studies. There is a
of the risk of HCC in
of 12,008
men, the presence of alll.l-~~""V-po;SltJlVlltv conferred a
20-fold increased risk of HCC
to anti-HCY
ne1:!:at1ve ~u•JJ~''-'l~. The presence or absence of cirrhosis
C infected individuals
was not evaluated.
who do not have cirrhosis have a much lower risk of

LIT.001.4333

HEPATOLOGY, Vol. 000, No. 000, 2010

de,vcll::ming HCC 69 ' 70 Based on current knov,rle,dr-,e.
with
C and cirrhosis should nn,rlp•·an
surveillance. In the HALT C
the
risk of
non-cirrhotics
HCC was 4.8%. Whether it
is cost-effective for these
routine
but on the basis
surveillance has not been
of
cost-effectiveness
would fall
below the
incidence cut-off value.
There have been several attempts to
invasive markers to
the stage of
and if
these could be used to determme when to initiate
several
other markers may
a stgmtKamt risk for develHCC. One such marker may be the blood
telet count. It has been sul;ge:ste:d that the incidence of
HCC
C
mcreases
count is less than
IOOx
re!';anjless of liver fimction. This find-
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Col:nfectitm With HIV
Patients who are eo-infected with HIV and either
heJJatltlS B or
C may have more
pro79
and ~-~hen
reach cirrhosis
liver
are also at increased risk of HCC. 80 The MORTAVIC
for
25% of all liver deaths in the
HCC
in eo-infected '"'''"'nr<
to be more
than in mono-infected
l'"'c~~.~,~.~. 81 ' 83 ' 84 If true, this would make it
that surveillance would be effective. Surveillance ts
most effective for
cancers
However, until data are available that show that surthese
should continue
veillance is
to
surveillance.
the criteria for ent:ering
into programs for HCC screeJ111llg
eo-infected
are the same as for mono-infected
i.e., criteria
of liver disease as
based on the stage and
described above.

indices

Cirrhosis due to Causes Other Than Viral

tein Al,

The incidence of HCC in cirrhosis caused
disis, with some excepeases other than viral
known. Most of the studies of the
tions, not
incidence of HCC in alcoholic cirrhosis date from
he]oatltts C virus. Given
85 86
rel;ltrv·elv treqwent tn alooh<)llc:s, •
that heJoatltlS
most of the
HCC incidence rates in earlier
studies are
be over-estimates. However, alcoa risk factor for HCC. In one
holic cirrhosis is
alcoholic liver disease accounted for 32% of all
HCC's. 87 In an Austrian cohort with HCC, alcoholic
liver disease was the risk factor in 35<){J of ~UI'I"'~'"~·
In the United States, the
rate for HCC related to alcoholic cirrhosis IS 8-9/
for
to about
did not determine the mcidence of HCC in alcoholic liver
but it does
risk facconfirm that alcoholic cirrhosis is a
tor for HCC and
suflicient to warrant surof steatoheveillance for HCC. With the
as a cause of cirrhosis has come the
that this too is a risk factor for HCC. No
to
date has followed a
group of such
for
to describe an incidence rate
of
with
for HCC. In one cohort
90
diabetes mellirus was found in 20% of
as the
risk factor for HCC Whether or
not these
were cirrhotic was not noted. Nonalcoholic
has been
with HCC. 91 •92 Since
described in cohorts of

indices have yet to be validated before
use and cannot be recommended at the present time.
There has also been an attempt to
a risk
HCC in
with chronic
score for
he]oatitls C. 70 The cohort was derived from the HALTC
which identified older age, African American
race, lower
count,
alkaline phos]phata5e,
and
varices as risk factors for HCC. This
score also
validation before its use
can be recommended.
B or C who
or with treatment
have a reduced
risk of d.e,,rel<JPtng
with
The results
were exJJressed. as risk reduction per person year. Howthat the reduction in risk is not immenr··,h·ohlv increases with time. Thus it
becomes cost-ineffective to
surveillance for
these
at some
in time. However, since
that
cannot be determined with any
these
should continue to
surveillance
for HCC.
ultrasound-based transient
been used to assess the risk of HCC.
pn11111Mill"'' this state of the art
ts not suffito allow for routine HCC risk
assessment. 64
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the incidence of H CC in cirrhosis due to NAf LD is
it is not
to assess whether surveillance
be efFective or cost-effective. No recommendations can be made whether this group should be
the
screened for HCC or not. This does not
that surveillance is beneficial in this group,
and future data may
this recommendation.
Patients with
hemochromatosis
who
have established cirrhosis have an increased risk of
HCC.
The relative risk of HCC is about 20. The
standardized incidence ratio for HCC in cirrhotic GH
is 92.9
confidence interval
The
incidence of HCC in cirrhosis due to GH is suflithat these
should be included in surveillance programs. The incicirrhosis is
dence of HCC in stage 4
about the same as in cirrhosis due to
C. 96
for cirrhosis due to
defi97'98 there arc insufficient data from cohort
studies to
assess HCC incidence.
that the risk of HCC in
Recent data has
autoimmune
with cirrhosis is
to
warrant survcillancc. 99 Cirrhosis was present m all
to ilie
dHCC, md
n"""''nt< the incidence was about
does not
make the cut-off of 1.5% at which
HCC surveillance becomes cost-effective.
no recommendation can be made
lance in this group.

Treated Chronic
lit~pa:ttt;ts

Viralnt~pattt.ts

B. There is as yet no cot1vtnctmg
that interferon treatment of chronic hqJatttts
the incidence of HCC. Studies in
that interferon
for
survival and
incidence of
HCC. 99 - 101 A
from Taiwan also indicated that
successful interferon
i.e., the
of
was associated with a reduced incidence of
in iliese studies the event rate was
sizes were
small. In connon-l:an.ao•mllZCIO., but matched controlled
cohort folfound that the incidence of
HCC was not decreased in the treated group.
A sinRCT suggests that lamivudine treatment of chronic
he]Jatitls B carriers with cirrhosis does reduce the incidence of HCC. 103 However, when those who develHCC within the first year and who must have
had the H CC
the
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the risk reduction is real and suflicient
successful HBV
that surveillance becomes
is a candidate for
unnecessary is not clear. If a
surveillance before the institution of treaunent, it
seems
continue to offer surveillance even
after
scroconvcrston or
Patients
induced remission of
with cirrhosis from he]Jatttls B who clear virus spontahave a reduced risk of
has not been
should continue to
surveillance.
li•<!ptltttts C. There are a number of studies evaluatC on
the efFect of treatment of chronic
the incidence of H CC. A
RCT in
sugthat the incidence of HCC was reduced in both
respond.ers and
to interferon. 104 These
results could not be confirmed in a second RCT from
105
The results of these and other studies were
France.
summarized in a
which concluded that
the benefit IS
seen in those who were successi.e., had a sustained
response,
number of
the effect was small. 1
studies have co1npare:d the incidence of HCC in treated
107 114
with that in historical controls. 15 ·65 • ·
These have
that there is a reduced incidence
of HCC in treated
However, there are no
or
data that demonstrate iliat
C
eliminates the risk for HCC.
rhosis who have achieved viral clearance on
at least for now, continue to
with treated or sp1Jn1:an.eously
lance. Note that
inactivated chronic
B or C may show regression of fibrosis sufficient to suggest reversal of cirrhodoes
sis. The risk of HCC in ilicsc
not decrease
m
fibrosis. There are many theories about the pa1:ho,ge]nesis of HCC in these
but one common factor
seems to be iliat
rounds of necrosis and
The steps
to initiate the
occur many
years before the disease becomes inactive, and so the
threat of HCC remains even if fibrosis decreases.
Kcgrc:ssc:a cirrhosis is not a reason to withhold survcillance. Patients who clear virus
rhosis have a very low likelihood
and do not warrant surveillance.

Other Predictive

HCC

In the at-risk
there are additional factors
associated with an increased risk of HCC. These
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11

117

in cl udc an elevated AFP concentration, 5'
118
of
small and

presence

cell

albe in surveillance programs because of other recrisk factors such as cirrhosis or chronic
B. The increased
does not
a
The recommendations as to who should
surveillance arc
and arc based
on modelstudies which demonstrate
cut-offs of
HCC incidence at which surveillance became cost. 33-3G H owever, w1.th.m t hese groups tl1ere are
eft.ectlve.
individuals whose cancer risk is
and for whom surveillance
not be necessary. For
about 15-25% of male Asians over age 40 with he1patms
B will
HCC. The REVEAL
and other Hw·esttgatiOillS
with
B,
HCC
increases with viral load even when this was measured
years before the
of HCC. In
risk
for
with chronic
B
it is important to take these studies into account. However, it is
also
the limitations of the stud-

of HCC
it would seem to be in
a
interest
a small HCC
while on the liver
list. One cost-effihas SUj~gc:stcd that the increase in
whole cohort of ,.,..,,.,,,,,.~ '"".,,,.,,..,n
UNOS

that there were
with HCC on the
resection or local ablation.
part on the
of the
list. The
wait, the greater the benefit of intervention.

either
m

the

Recommendation
2. Patients on the

be

list should
HCC because in the USA the develHCC
increased
to screen
HCC meaus that
HCC that may progress
without the
aware

Surveillance Tests
to
other genotypes. Patients recruited into
these studies were at least 30-35 years
so the finddo not
at least in
the REVEAL
even those in the lowest viral load
stratum had an incidence of HCC of
which
exceeds the
cut-off used to decide whether
surveillance should or should not be undertaken m
64
with chronic
B
Table

Recommendation
1. Patients at
HCC
risk
should be entered into surveillance programs
The at-risk groups
whom surveillance is recmnmended are
in Table 3.

Surveillance
List

Patients on the Liver

Waitir.!~

There are several reasons for <rr·r'"',"'a n::~t'''"'" on
the liver
screened for HCC to
cancer that exceeds the
In
in the United States, under the current

assay that is used to determine the presence or
absence of a disease must be validated
a series of
that determine how well the test pertcorrr1s m
cll<tgnostmg the disease
100% acc:urate).

m creases,

accuracy of any test is
of the
disease in
measured
the
i.e., the rates at
nej:;attve results are correct. An estiof a test can also be obtained
free of the influence of disease
the
Youden Index. This is a measure of the combined senand speclhtClty (Sei1SltlVlty/SjJeClhCltySince the
characteristics of a test vary
across the range of the test results the
cut-off
d~<tgrtosls can be obtained from the Receiver
curve, a
of ser1s1:ttv1tv
-sr•eo1hctty over the entire range of the test results.
additional consideration is that the
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natural
of sub-clinical liver cancer is not the
rates
same as for clinical cancer. In
of sub-clinical cancer may be very different than tumor
rates in
sub-clinical cancer may not progress to
tcctablc cancer in all cases. Thus it cannot be assumed
that all sub-clinical lesions found on surveillance will
into cancer.
the
ance characteristics of a test used to dtagnose sub-clinical disease
arc not the same as
'"''"'"'u'"'"''"· Therefore one canpertc>rrr1ar1ce characteristics of a test used
and
the sensisp<~cthcjtty to the surveillance situation.
tests fall into two
Of the sen>log~Ical
ance characteristics of AFP have
131 133
Receiver
curve
test suggests that a value of about 20
the
balance between sensitivHowever, at this level the sensitivi.e., AFP surveillance would miss
40% of HCC if a value of 20
is used as the
lS
sensitive for
cut-off is used a
of HCC's will be
smaller
detected. If the AFP cut-off is raised to, e.g., 200
mL the
to 22%.
the cut-off means that more HCC's would be identihut at the cost of a
rate. This
case control
set at
value of an AFP of 20
was 84.6%>.
However, if the HCC pn:valer1ce rates were more like
those seen m most liver
i.e., about 5%, the
pn:dl<:tnre value
of an AFP of 20
and even
60%. In cohorts
surveillance the incidence of HCC may be even lower
than 5%,
on the criteria for entry into surex;amtpl•e, in non-cirrhotic
B carthe incidence of HCC is usuThe lack of
of AFP as a
surveillance test has been confirmed ri'r'C'ntlv
131
the HALT-C
This was a
of maintenance interferon
the
with he]patitis
ribavirin for the treatment of
an initial standard course of
with
and over the period of the
HCC
in 39
AFP
and
were measured at
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so that measurements were available at the
and 12 months
show that both serolo•gK:al
were
for surveillance purposes, even when
combined. Another recent
that
that
AFP is a
surveillance test suffers from mcthodoflaws.135
a d1al:;nosnc
pc1rtorma111::c characteristics of AFP were still inadequate, with a serJsltlvlt-v of 66% and a
of
82%. heJ·etc>re, AFP is still considered an m:Jtctequate
scree11in:g test for HCC. 38 · 136 •137
Another
test used is the
also
known as Prothrombin Induced
Vitamin K Ab138 141
sence 11
Most reports on the use of
DCP have evaluated the use of this test in a dwtgnostlc
rather than for surveillance. There are reports
of its use in a surveillance mode. However, as discussed above DCP is
accurate for routine
use of this marker. There are also reports that DCP is
a marker for
vein invasion
tumor.
This
would also suggest that DCP is not a
test. A
test should be able to
not late disease. The HAIT-C
that DCP is not a
tool.
tests that have been
included the ratio of giycosylated
total AFP, 143-149
HSP-70.
and cannot be recommended
prc>hlimg may aid the developnu:nt of more accurate markers.
The
test most
used for surveilA small HCC on ultrasound
lance is
may take on one of several different appearances. The
smallest lesions may be
because of the presence of fat in the cells. Other lesions may be
or show a
lesion" appearance. None of
these appearances is
Ultrasound has been
of between 65% and
to have a
80% and
greater than 90% when used as a
scree111n:g test. 16 However, the
characteristics have not been as well defined in nodular cirrhotic
livers
survcillancc. 157 - 160) These
are SUJJerwr
ance
although not
any of the
tests.
The most diflicult ultrasounds are in obese individliver disease and cirrhosis. However, no
uals with
alternative strategy for surveillance has been adc~qttat1~ly
tested. Some reports suggest the use of Cf sc;;mrnng
a
test for HCC. 155 - 157 The
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characteristics of CT
have been
dt;tgrws:nc/stagmg studies m which some other test
of HCC.
these results
come from biased
The
characteristics of CT SGII1t1Inlg in HCC surveillance arc
unknown. In ad(lltlon, for CT scann1mg
will
scans, with
levels of radiation and
tenn
risk. 161 No recommendation
for individuals in
can be made about er
----·-·- ., ----··-· It may be
whom v"""·"'·''Y

done
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or
we offer a
surveillance be undertaken at 6 rnl".nrl,hr intervals.
surveillance or not d.CJJCrld.s
upon the
of risk for
bur the surveilthe tumor
rates
lance interval is determined
and not
the
of risk. This is an
concept because it means that the surveillance interval
who are
to
need not be shortened for
be at higher risk. However,
to make
surveilthe distinction between
those in whom althoug.h
do not have any
reason to suspect
and those in whom surveillance tests have been
abnormal and there ts a concern that HCC is
no

for

such as
different surveillance
modalities at intervals have no basis. The m•ui•noshould be that the best available
should be
Combined use of AfP and
detection rates, but also increases costs and raise-·OClSI162
tive rates.
surveillance had a 5.0% falserate, ultrasound alone had a 2. 9%J false
but in combination the false
rate was
Ultrasound alone cost about
per tum or
whereas the combination cost about
162
per tLunor fOund.

enhanced
the surveillance interval for n::.tlf'lnt< oe1rcetvcd
lower
it
risk of HCC means that when an
be
at a later stage, thus no.sstl)iv negthe benefits of surveillance.

Recommendations

4. Patients should be screened at 6 month intervals

5. The surveillance interval does not need to be
pm~ients

at

risk

Surveillance Interval
The ideal surveillance interval is not known. A surveillance interval of 6-12 months has been
times. The
randombased on tumor
ized control trial described earlier used a 6 month
has r,..r,nrtN1
intcrval. 11 However, a rct:rnsp(:Ctivc
that survival is no different in
12
intervals. 163 Another
hernOJ:lhlltacs suj!;gested that the likelihood of
nodule stage
to
multinodular
was the same with 6 and 12month surveillance intervals. 164 These and other studIes
at surveillance intervals have used surrogate
lesion
such a number of

one
has evaluated survival
and demonstrated that survival IS
with 6 months surveillance intervals com12 months.
rather than
,....,,_;,,,_< with he]::>atitlS

Recall Policies
Recall
are the
instituted to deal
with an abnormal scree11mg
result. This is different than surveillance. The tests are
is different. Recall
cover
interval of
~
thu determine
whether an abnorn·ta.IJity identified on surveillance is or
is not HCC. Recall ts
intertwined with the
a dJagnosis.
process of
The first step is to define an abnormal result.
should be considered
nodule not seen on a
IS
even
abnormal. A mass that
The nodular cirrhotic
liver poses
in ultrasound inteq::>retatiOJ1.
HCC can be difficult to
Some cirrhotic
can be as
2 cm. However, the
of nodules smaller
cm arc not HCC. 16(' It is also ,,.,,"",rr'•nt
classical H CC is described as
HCC can also
hype1:echoic or of mixed eclwj!;enicl1:y.
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Fig. 1. Algorithm for investigation of
small nodules found on screening in
patients at risk for HCC (MDCT = multidetector CT scan).

used.
The tests used to dtagn,ose HCC include racllollogy,
and AfP serolo,gy. Which tests should be used
on the context.
as CT scan or MRI
to determine the extent of disease.

been used for the
sis of H CC. It has also been part of surveillance
the AFP is insufrithms. However, as described
hcJlentlv sensitive or
for use as a surveillance
assay. Recent data also suggest that its use as a cuace:nostic test is less
than was once
AFP can
be elevated in mtrahep;tttc Ch()langJocucJmoma
and in
metastases from colon
of a mass in the liver with an
the
elevated AFP does not
indicate HCC.
ICC is also more common in cirrhosis than in noncirrhotics.
the incidence of ICC is much
lower than
the fact that both are more common
in cirrhosis means that care must be taken to distinthe differences in treatment
between them
and outcomes. Since AFP can be elevated m either
it is recommended that it no
be

the dt;tgrlosts of HCC must rest on radio-

without the
features arc presa contrast-enhanced
In the arterial
HCC
enhances more
than the
liver.
This is because the arterial blood in the liver is diluted
venous blood that does not contain contrast,
arterial blood. In the
whereas the HCC contains
the HCC enhances less than the surrot1n(1mcg liver. This is because HCC does not have a
blood
and the arterial blood
th1·ou1gh the lesion no
contains contrast, whereas
blood in the liver now contains contrast.
IS
the term does
In the
and
sometimes "washout" IS
The presence of
washout is
need for
ent.72'74• 169·

and
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In the
rithms for
on the size of the lesion
based on expert
appearances of HCC on contrast
studies as described above. The
to lesions between 1-2 cm has
oa1:tiallv validated. Forner et al. 175 used contrast ultrasound and MRT to evaluate lesions smaller
than 2 cm found on surveillance. The
I 00%, alt11ot.tgh

was

means that if both tests were
lesion
HCC. However, if one or both tests were

HCC was greater than 50%. The
that under these circumstances a
In this
up to three
an attempt to come to the correct ctla.gnosts.
enhanced ultrasound is not available m the
so
to a North
these results are not
second
came to very
external validation of
pn:se11ted so far
sc<tJUHng as well as contrast
and has also validated the
trast enhanced ,,..,,,+,lttv
value than
two
..,,.,,d ,,,'rnrP value was still better than 90%. Other studies have
external validation of these
but have also shown that
appearances
hyperv;;tsculalnty and venous washout are so
is necessary if
a
The
of
these appearances are present.
dual
for
21%
studies have now shown that
be used to decrease the need for
seq[uennal studies rather than recJmrmg
be
the
spe~Clticll:y fell to 89-97%. However, if
lesions
the
was restored to
100%. Recent studies have also shown that intrahedoes not show washat MRI, further
180
stages.
At the same time,
have been
described for contrast enhanced ultrasound in
with
a
should he
between
obtained if treatment IS to be considered. The

BRUTX AND SHERMAK

11

rithm for imrcstig,ating lesions between 1-2 cm in diameter has been ch:an~~ed to reflect these considerations
the recommendations for
of
screen-detected lesions in the liver were develon,ed for
w~

w~

he]patltls B who may not have
cirrhosis. In both situations, the preof HCC
For
the prenodules detected in an otherwise normal
test
much lower and the
Since racllolo~;tcll dJa~;nc,sJs IS so
it is essential that
carried out. There arc
of HCC that
established
vary
the type of
define the amount
of contrast to be
the method of adJmi111istermg
the agent, the
of the studies after administration of contrast, and the thickness of the slices to be
The
the tests should
know whether the studies have been conducted under
these defined conditions.
It should be noted that these
are not
infallible. There will be
results on initial
but these tumors should he detected
on
before the lesion reaches a stze
where the likelihood of cure is decreased.
Much has been made of the
of hyJJmras<:ul:lr
HCC. This is a lesion that enhances less than the sura dtal2;no·st1c problem
as <2 cm in
these lesions has shown that the reason for the apparent
is that
lesions have a dual blood
may have accjuured
but this is not
established.
arteries
bile
and there is still a
As the tumor matures,
arterialized and the lesion
HCC.
nodules also may show
dis1tinj:~ui~;h

""''"'""~' a

d'vsolasttc nodules from H CC.
the hallmark
nodule
may not be
These
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Markers of H CC
3, 183 - 185 heat shock
syn1thetase. 1
as
whereas in

known and need no further discussion. However, one
of the consequences of surveillance programs is the
as well as
identification of smaller and smaller
nodules. The smaller the
the
more diHicult it is to dls;tlncguish macllgna11t
mgn nodules. This is true both
and
'"'-"''-'''-'Y' a distinction has been made between

and "small" or
H CC, as defined by Japanese
has ill-defined
it has a somewhat vague outline on
ultrasound and may be
on CT scamrnng.
but the

186

Given the dtt·hcul1:y
tissue from
pathollogists use the full
dlsttngm.sh HGDN

the current recommendations
of HCC are
1. for lesions smaller
than 1 cm, the
remam
No detailed
is
because most of
these will be cirrhotic nodules rather than HCC. However, dose
at 3-month intervals is recommended
that first documented the
,,~e,'A'""'>; on

then it is recommended that
ultrasound should be the tf'r'hn'""'~"
For lesions above 1 cm in
either rhnn"rn •r
MRl or multidetector er scanner should be used. The
of these
183
Howdescribed.
ever, contrast
ultrasound is less
If
for HCC on either MRI or
the appearances are
er scan, as described
then no further imres1:ig<tand
of HCC is confor HCC
one of two
other of er
If the appearances
i\1 temtatlvely, an

and strict aoou,care):':animg vascul<tnty and washout. The
hy]Jerva,;cularlty alone is msutttcle:nt,
washout is essential.
is so critical to the
d~<tgrtosis of HCC, it is recommended that

dys}'Jlasia and

HCC

appearances of well-differentiated
HCC and more advanced stages of HCC are well

space
but vesinvasion is absent. These lesions have been called
HCC" in the Barcelona Clinic Liver Can194
scheme.
The
of these
HCC" lesions has been defined in resected
of these
the natural
lesions is unknown. However, the presence of small
HCC within them has been
sugfoci of
that these lesions are precursors of
189 191 192
HCC lesions. ' '
The
with which
In
these lesions
HCC have wellmargir1s on
features of well-differentiated HCC on er and on his189·191·193 These lesions often show microvascular invasion,
their small size. 193 The presence
of microvascular invasion suggests that the
of these lesions after treatment is less
than for
HCC" where vascular invasion is rare. However,
this has not been proven in clinical studies.
The classification and
of
nodules and
HCC has been
revised to harap]Jro,acl:les taken
Western and )ar:,anese
These studies have been undertaken on
resected tissue,
from lesions detected
on surveillance
have a needle
to
that rather than
evaluate. It is
individual discrete states, there IS a continuum
between HGDN and HCC. This
the evalfrom small nodules.
uation of
Patients with liver nodules
and
continue to
cular
""'v·vv-,,u,, There are no data to esbut
tablish
at this
or
CT/MRI to detect furshould be considered. There are eirterJosm'g
that the smaller the
the less
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U

169

is to be
vascular invasion.
addit:tOJn, smaller lesions are more
to be asso190
196
ciated with treatment that will he curative. •195 •
decision
also confirms that
for
the best
the lesion should be smaller than 2
to make
IS

lesions that do not have any ln:alil~n<mt pc>teJntlal
may still regress. This is a fine distinction that is not
to make. An additional concern about
thin needle liver
is the risk of
and neeMost studies that report needle track
dle track
do
the size of the lesion
of needle track
has not been
it is
The
current rate
from thin
small HCC has not been rer:>or1:ed,
different than for
of the liver in
Recommendations

6. Nodules
on ultrasound surveillance that
are smaller than 1 cm should
with ultrasound at intervals
3-6 months
there has been no
years, one can revert to routine
7. Nodules

on ultrasound
cirrhotic liver should be in:vestif!,ati~d
4-,,.,h,:uP multidetector CT scan or
contrast enhanced MRI.
the appearances
HCC
in the artewith washout in the
venous or
the lesion should be treated as HCC.
/ll>tdinJ?:S are not characteristic or the vascular
a second contrast enhanced
should be
or the lesion

8.
lesions should be evaluated
expert
Tissue that is not
HCC
should be stained with all the available markers

the lesion
mtmt.f:llv intervals until the nodule either dnrappetlrs,

tumor stage at
Tumor stage
treatment decisions. However, in HCC
of
IS more COJffif:>lex because the
liver function also affects prognosis There
IS no worldwide consensus on the use of any
HCC
However, most
trials of
HCC
have chosen the BCLC
system, 17 ' 1
it the de
reference staggroups for
system. "The BCLC can define
across the continuum of disease extent seen
with HCC. Hence, it has been
and
used in several
trials to define the
lation to be recruited and to
,..,.,.,<,.,.,..,<,< cate:gories." In order to
berween the outcomes
of individual
studies and the
have to be
the BCLC system
This cannot at present be done with any other
heretot·e, all
should be
system. There are other stagsystems in common use in the USA. These include
203 204
'
or snnp,lltted
the MELD score, 201 ' 202 the
203 204
TNM
system. '
The MELD score was not
to be
H CC
system and does not
outside of

in
systems, this eM'";MC
MELD should not be used as
liver cancer stagThe
TNM
system as
evidence of microvascular
tnvaswn, some:th1ing that is not available except in surThe TNM system has been modified
hut still does not have
prognostic accuracy.
use is limited because
it is based on pa:thc>lO!~ical hndim~s
is not considered.
similar
system
suffers from the same drawbacks.
The Okuda
takes rumor stze
and liver function into account. It
allows the identification of end
but 1s
unable to adeq1.1ately
or mtermediate stage disease.
several different
but none have
systems have been
more than local acceptance and
achieved
stratification with
none except the BCLC link
treatment choices.Z08 . 212
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End stage
(D)
PSTO

N1,M1,PST

1-2
1 HCC

3 nodules

+

!
Increased

--+

Associated diseases

+
Normal

~3cm

No

+
Yes

Sorafenib

Fig. 2. The BCLC staging system
and treatment allocation.

The BCLC
system
was
based on the combination of data from sevln(ier)erlde~nt studies
different disease
stages and/or treatment modalities and has been exterlt includes variables related to tumor stage, liver functional status,
status and
.
cancer re1ate d symptoms. 214-217 'l'h e mam
of the BCLC
system is that it links
with treatment modalities and with an estimation of
life expectancy that is based on
response
rates to the various treatments. It identifies those with
HCC who may benefit from curative
those at intermediate or advanced disease stage who
may benefit from
treatments, as well as those
en•a-sta!''e with a very poor life expectancy
stage disease includes
with
liver function
A and
HCC or up to 3 nodules :S;3 cm m s1ze. These
can be
treated
resection, liver
transpl;;mtanon or percutaneous ablation with oo:ssuJHterm cure, with
from 50% to 75%.
very difficult to
to treatment. In these lesions the absence of microvascular
likcliinvasion and dissemination offers the
, , 1<1--VliO'n A IYltiPlntc may
hood of cure and
I()()<){).

The intermediate stage consists of
A and
B
with
HCC who do not
have cancer related symptoms and do not have macrovascular invasion or
Their survival
at 3 years without
50%. These are

the

candidates for transarterial chemoemholiPatients who present with cancer
symptoms and/or with vascular invasion or extraherr.lmt'r""' the advanced stage.
have a
shorter life expectancy
survival at 1
are candidates for sorafenib
severe deterioration
liver function
are considered end
stage. Their median survival is less than 3 months.
'-J<l~Vlll~ ge11ormc and
studies will charsuch that in the future
acterize HCC more
HCC
may be classified and treated acc:on:itntg
to their molecular
and not
to the
evaluation of tumor burden and conventional
measures of liver function.
Recommendation
10. To best assess the tJr4'Jf!'1.Wsts

account tumour stage, liver .tunc;twn
status. The
treat-ment should also be considered when
the BCLC

li•'!f.Jtttocei'lujrar Carcinoma
of H CC was almost
when
a vanlmpallflTlent. At this late
vil'l'llcdlu no treatment had any chance of
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effect that treatmentthe use
many
stage when liver function is
are no cancer related symptoms.
ad,dltiOJ1, there are several active treatments available
on surhave a
However, to achieve the best outcomes
the careful selection of candidates for each
and the expert
of these
treatment
of the disease and
useful
dia.gnosc:d with liver cancer should be referred
teams
It
surgeons and
note that the level of evidence for
most of the
is limited to cohort
imrest:ig<tticms with few
most of which are limited to the treatment of advanced disease. 194 •218 There
are no
robust studies that compare treatments
considered effective for
stage disease
resection,
are there studies rr''"''''" ro
pn)Pl)Sed treatment strategy has to
of several
cohorts
Availability of resources also has
to be considered in
treatment
relevant when
liver
trans]plant;lti()n, which is well established in the United
but in some areas of the world
is not available or is very limited. For
HCC in the
of decom-

tumors in
cirrhotreatmem strategy is still under debate.
become common to assess outcome
the use of the disease-free survival
Howindex
re~;istering two events: death and recurrence of tumor.
as
relevant in HCC
present with
cirrhosis and
are at risk of death related either to cirrhosis itself
diflerent outor to tumor
comes measured as DFS may be due either to differences in death rate, recurrence rate or both. Disease-free
in clinical
used as an
cancers other than the liver. However,

pn~terre:d parameter for h r l f n c l t V rcvmt1Clt·IS0n between different
is survival. These cornwhat
ments are
the first treatment
with
cirrhosis and with
resection or
In the
pages we will review
the outcomes that might be achieved with the different
that are
available in conventional clinical
We will
the selection criteria that should be used to offer each
that
the best
survival.
the
The
that are known to offer a
rate of
and

non-curative
transarterial chemoembolization and sorafenib have been
survival. 221 ·222 Other
shown to
such as arterial embolization without chemoor radioembolization do show some antitumor ~~··;";~,~~~.~~J but there is no
of their benefit m terms of
ch,emtotherar>y with several agents has
and is not associated with
agents such as taor
are co1npletely ineffective.
,'iuirvicllrl Resection

This is the treatment of choice for HCC in non-cirrho tic
who account for
5% of the cases
in Western countries, and for about 40%J in Asia.
These
will tolerate
resections with low
but in cirrhosis candidates for resection
be
selected to diminish the risk of

tomy. Tvvo
achieved
resection.
survival after resection can exceed 50%.
Several
advances have increased the lOill:!-teJ:ln
the
to~;etl1er with a more accurate
allowed the identification of
stage disease. At the same time,
liver funcmore accurate evaluation of the
tion has
the exclusion of those in whom the
prompt liver
resection would
and death. For years the selection of candidates for
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resection has been based on the

classifica-

tures indicate
and preelude resection.
on the
groups
ln•docv<tmne Green retention test to assess whether surgery is feasible. The decision whether surgery is feasible and the extent of the resection that can be performed is made based on the
of retention of
the
In contrast, in
and the United
candidates for resection is
States, selection of
based on the assessment of the presence of poras assessed
or
vein catheterization. Studies have shown that a normal
bilirubin concentration, and the absence of c·l•n"'"llv
measured by
vein pressure
of excellent outwith almost no risk for postoperaSuch
will not decompensate after resection and may achieve a
201
In contrast, the masurvival of better than 70%. 27 '
of

tors
elevated
or multifocal disease IS less than 3()<)/o at 5 years,
27
of their
stagc. ' 235
measurement of
pressure is a
step in the
if
evaluation of candidates for resection.
upper
shows varices or if diuretic treatment
1s needed to control ascites,
is alsevere and catheterization is not necessary. Clinialso be sus-

remam the first
as defined

In recent years surgeons have refined both selection
Hence, blood transfucriteria and

ston may be needed in fewer than 10% of the cases
and treatment related
should be less than
1o/o-3%. 27 •171 •241 The
ultrasonography allows
of the
tumor, and also
to be
an
anatomic
resections that may include satellite lesions are more
sound than limited resections without a
t'ath<)lc•gi•Cal studies in resected tumors
but some authors have cha1of a
and robust
evidence is
Most groups restrict the indication for resection to
with a
tumor in a suitable location for
CT scan, MRI, or
resection
shown
other
resolution
The size of
the tumor 1s not a clear-cut
factor. As discussed
the risk of vascular invasion and dis242
semination increases with sizc,
but some tumors
mass with no evidence of
may grow as a
invasion. In
surgery may
and the risk of recurrence is not stgmticantly
as
to smaller tumors.
Chemoembolization of the tumor
244
offers no benefit.
The same is true
use of
to induce compensatory liver
in the non-affected
It has also been sugto
ma.ltgnatit h~ep<tto•:yt,es may also
this could result m
uncontrolled tumor
In
vein obstruction may induce an acute mcrease in portal pressure and result in variceal
RCTs are needed to define the benefits and risks
of these pnKcdu1rcs.

Risk
recurrence rate exceeds 70%
tn<:lu.dtng recurrence due to dis251 252
semination and de novo tumors. •
The most
of recurrence are the presence of
microvascular invasion and/or additional tumor sites
This sugbesides the
lesion.
of recurrences arc due to disgests that the
tumor and not metasemination from
m a liver with
chronous
cirrhosis.
recurrence due to disto appear
the first 3
semination 1s
254
There is no effective
years of
tive chemoembolization or ad1tnrar1t chem•nl1erapy are
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the intervention. Inmay have some anti-tumor
results still have to be
This is also the case for retinoid
259 260
and interferon
•
Interhas been used to try to prevent post resection
of
studrecurrence. 2 c' 1 A recent
found that
treatment with interferon did reduce the risk of HCC recurrence. However,
it is not dear whether this outcome is
of
the effect of viral
or viral eradication. Thereinterferon cannot yet be recommended as a
HCC resection.
form of treatment
As
in all
molecular
of
HCC is
to refine risk assessment and several
studies have been
to correlate abnorwith recurrence and outcome.
mal gene
268
However, none of the
markers have
wide acceptance or become routine in clinical
Treatment
area.
resection, but
resection will

of recurrence is a
recurrence might benefit from repeat
in most
recurrence after nnm:>rv
be multifocal because of
29 250 270
nrom,,rv tumor. ·
·
It has
,...,,,..,,..,,..,,..< with recurrence
be
tranSJ)lant<ltHJn. 271 Some retroof
that the

is not
of clinical outcomes. Most of
those that appear
due to turnor dissemination and
have a more
pattern as ('{),,.,,.,,"rc'd
to
turnors. 250 ' 251 Hence,
in whom recurrence is due to de novo oncol~er1es1s
be
to benefit from
of recurrence due to dissemination
1nvaston,
and since
may be identified
t>::>rll'lt1t< IS
the results of transrJ!a:nta.no·n
some authors have
category of
should be listed tmmc:dl:lte.ly after resection.
than
for recurbe
with excessive turnor burden nnss1lhlv
allocation
to be modified to take these hndu1gs
into account.
Recommendations
11. Patients who
lesion can be
sulrf!i,cal resection

have
tur.1ction, normal bilirubin and ""''""""'"··

17

liver

< 10
12. Pre or

po,~t-;•esi~Ctlfon adfUI~ar.~t

tJ'1er·an•v is not

recommended
Liver lhlnspltmtatton
Patients with HCC were
part of the initial
with liver
because of
the lack of alternative treatment and a dismal life expectancy. This was necessary to establish the teas1bthty
of the intervention. At the same time, the initial results
of strict
the rationale for the
benefit from
selection criteria to candidates who
273 271
'
Patients with HCC
the liver
lesion was too
tec:hnJq1.1es had an excellent outcome that did not difwith
fer from that of
ease. 274 These turnors were those
and smaller than 5 ern. Later
France,
showed that excellent results could be achieved in
HCC <5 cm or with up to 3
with
nodules smaller than 3 cm, these criteria
known
as the Milano criteria after the seminal
Mazsurvival of these
zaferro et al. 9 The
stage
HCC
exceeds 70%. This has
as a clear indication for liver
ventional clinical pt<t.... uu::.
The need to obtain the
benefit from the
limited number of organs that are available has
pn)ITtpted the maintenance of strict selection criteria so
as to list
those
with
HCC who
have the
likelihood of survival after traJnsp,lanLt.
However, this means that some
with a
more advanced HCC in whom transrJlaJ1t would offer
an acc:eptatole, but not excellent outcome, are excluded
This has
fuelled
from the prcJCe<:iur·e.
a debate about whether and to what extent the indicaas
for HCC can be
for
There are very limited data to sup188
port
the selection criteria.
The current
more restrictive criteria were
when trnag1ng
tec:hnJq1.1es were not as accurate as
are
meant a variable
of under stagbetween 10% and 15%. 172 •184 •276 At the
time for
same time, in most programs the
that there is a chance that
grow
the
criteria. However, for
with disease
standard
pn)gL-es:;wn of disease has not been extensive
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and there is no m~Kros,:ornc vascular invasion or extrato
the survival is
tra.nspl~mted for disease within the standard
teria. Most groups describe a
50%
for extended critethc lowest
surit is dear that there is some room to
the criteria, but at present there are no data to
define the new limits.
Most of the
studies that support an
are based on an
information that is not available
to surgery. There have been several str<tte!;ies pnJp•Jse:d
to allow
of these criteria,"'" 0 ·"'"":!·"'-''u
mt~thodolc>gt,cal flaws mean that a robust assessment of
novel criteria cannot be made. In most instances, the
correlation with outcome is based on
not available or not unithc '"'""'nr< in the
are
with
within the conventional Milan criteria, resultpoor outcome
m a dilution of the
cohort with those individiuals
a
prognoSIS.
data have shown that any expansmn 1s associated with a reduction in life expectHence, the critical decision is not to what
extent
but
how
much can
life expectancy of the
whole transr)laJ1t cohort be lowered and still be acceptthe donor
will
and what effect
for non-HCC
These are
have on
ethical issues that have not yet been resolved. At the
same time, strong and validated
uu•~u1ul". upon minor pn::Jg1·es,s1on pote:nt11ally e:x:ce:edmg
Milan definitions have not been defined.
The most
of recurrence m the
1s macro- or microabsence of
vascular invasion.
The likelihood of this
to tumor size and number. 193 •294
exJJarldJng the listing criteria is a very controverof
sial issue,
when
the
donors. Tumor differentiation has been pn::JPIJSed
pre:dJc:tor for mH:ro:scoPIC
Since
tumors
arc known to be
the accuracy of this
would be SUI)otJtlstrategy for clinical
mal. The lack of sufficient liver donation is the
There
limitation for liver
between
This varies among programs
tumor will grow and
contraindications
to

tion.
be as

rate of exclusion on the
as 25% if the
list is

list may
than 12
more

and this
will translate into poor survival
tion-to-treat
Studies from
Francisco have shown that if the dn)p(mt rate due to
"ri·v" ,,r,na disease is 25% at 1 year this will translate
based on
into a 60% survival rate for
an intention-to-treat
of
listed for
than those
Data from Mount Sinai describe

while
(macJrosco1pic vascular mvaswn and
are used to de-list
this
will mean that some
will unde1rgo tranSJ)Iant<ltion who have too advanced disease. This will ultithc survival
for
for HCC and put the whole program at risk. The listof
criteria will further
to any
m
worsen this scenario
it is essential to define the exclusion
criteria.

developed a
shortselected

tion,
at
stage cirrhosis: 24
HCC 2 to 5cm or 3 nodules each <3
29 for
cm. 300 After
that
and
too
In addithis was
dl<tgrtosts and who received
did not have HCC m the
liver. The
for HCC
were therefore reduced to 20
and 29, to none
none and 22, respe,cti•velv.
J'JV
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increase is
for every three months on the
list, Results of the new
allocation are unknown.
The MELD
for HCC has resulted 111 an
for
increased number of
HCC. In a recent consensus
criteria for allocation points have been
the future
to allow those
and
post
as
to
MELD scores without HCC.loo,::mL,::nn
The

with
but some may have
agj~ressnre tumors.
excessrve
results may be less than
because of HCC recurrence in the latter subset.
some of
research should be able to
issues and in the future it should be no«•lhlf'
to use clear clinical and molecular data to make clinim
with
cal decisions
known HCC. In addition to the establishment of a
most groups treat the HCC upon
this area also
co1n.1p•anng active intervention vs. no
or
several interventions to each other.
available comes from
All the evidence of benefit
cohort assessments,
a per
rather
than an
or from Markov
publl~;hed clinical outcomes.
some en•20Lua;gm1g preliminary
cohort studies suggest that systermc
ineffective. 305 Most groups
it reduces tumor
moembolization upon
burden and
However, it
is known that in
disease
this treatment may induce liver failure and death.
in all candidates. Patients
Hence, it cannot be
with small tumors can have ablation either
percutaneous ethanol
or any other
rpc·hn•m•P and statistical
has shown that such
intervention is cost-effective if the
than 6 months. 130 The main concern
due

cannot be
liver.

tumors that
a nm of non-tumoral

19

Donor OLT
The most effective
to reduce the ,;,.,·,nr,llr
rate on the Ol.T
list is
of available livers. Several str<ttq~res ''"'"""'·"v transr>lar1t
livers extracted from
use of viral infected Jivers with minimal udlllld)c;t:,
liver
heart
have
been established for this purpose, but the best opporis the
of live donation. 309 After
attem1pr" 0 several thousand
have been
worldwide
US
lobe. Results from
that includes all the interventions
suggest that the outcome after live donor
is the same as with cadaveric donation.
lnlter•estiq;ly, the value of the Milan criteria are further
reinforced in this
the survival and disease
tra1nspJantcd with HCC arc

m«)rtallty) suggest that this is a cost-effective
321
time exceeds 7 months.
intervention that should
expert surgeons to ensure the
to the relowest ITI()rtndrty and best outcome, not
but also to the donor. Lc>mphcat:toJn.s may dein 20% to 40% of the donors and the mcHt<iltty
risk for the donor is still 0.3% to 0.5%. 309
even with liver organ donation the number of donors
is restricted because of blood group
medical contraindications or ps:rdlos;ocial rssues.
The
of
donation has further
of the
stimulated the discussion about
mor burden limits for HCC paltiCllts.
tation can be done with almost no
would be recent, several programs have n•····,n,r><r·rl
donation
be a valid
whose tumor stage does not allow
cadaveric Jiver
Cadaveric livers
with the best
then be allocated
donation livers
with a lower expectancy, around
50% at 5 years. There are no data to support utilizing
such
criteria.

LIT.001.4348

20

BRUIX AND SIIER.c'V!AN

HEPATOLOGY, July 2010

not
the absence of contrast
uptake within the tumor reflects tumor necrosis, while
of contrast
indicates treatment
the
as
failure. The recurrence rate after ablation is as
for resection. Some recurrences will occur in the vicinof the treated nodule and arc due to the presence
of
satellites not included in the ablation
zone.
under
Percutaneous ablation is
ultrasound
Ethanol
is the best
Ethanol
known and best studied
tion achieves necrosis rate of 90-100% of the H CC
smaller than 2 cm, but the necrosis rate is reduced to
70% in tumors between 2 and 3 cm and to 50% in
term studies
H CC between 3 and 5 cm. 329-331
A
with successful tuindicate that
mor necrosis may achieve a 50% survival at 5
years.
This compares well with the outcome
of resection in those candidates who do not fit the
"11.uu·ul'.u

There arc insufficient data to support or discour<tgc
any
type of
aimed at
the
disseminated
path<)lo,gy discloses vascular invasion
a
risk for HCC recurrence there is no effective intervention to prevent or diminish this unfortunate event.
The sole aspect that
be
is the viral re-infection of the
effective
for
with he]Jatltls C the situation is less encoJL!r;;tgtng.
response rate
who
bined

that

C

Recommendations
13. Liver
with HCC

IS

at least in the mathe United
the
cause of

cmrre.rpt~neiinf[

to three nodis

recommendation can be made
the
the standard
Pr,eo1'Jer·at,ive thc~rtJ~vv can be considered
Wt.!lttnf{ list exceeds 6 months

the

Percutaneous Ablation
This is the best treatment
with
stage HCC who are not suitable for resection or
In
cemers this is
offered as the first
Destruction
of tumor cells can be achieved
of
chemical substances \ethanol,
or
microwave,
radiofrequency ablation should be the the first choice for local
but ethanol
remams an
tht:rar)eUltlC tool. The
of percutaneous ablation
IS assessed
1 month after .-h,,,. .,,""J~U

on
separate
sis in tumors
ethanol cannot access the entire tumor volume. This
may be due to the presence of intra-tumoral septa. To
septae and facilitate ethanol
some
authors have
that ethanol
should be
arterial embolization in
HCC.
The rate of initial response is enhanced but d.e,vei<)Dment of viable intra-tumoral nests or distant recurrence
is the rule
and the
outcome IS no
there have
efforts to
alternative ablative
would be able to necrose
tumors m fewer treatment sessions.
has better results in that
or
cooled
electrodes or
electrodes
with
needles that deliver heat around the
of tumor necrosis. The
induces a wide
of RFA in tumors <2 cm is similar to that of ethanol
but
fewer treatment sessions. 333334 The effiin tumors >2 cm is better than with ethanol:333 have shown that RFA
better local
disease control that could result
RCT con1pa1nng
to
assess
mam drawback of radtc)tn~qtlertcy is its higher cost and the
of adverse events
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poor tumor differentiation have been associated with
increased risk of
and
this type of tumor should not be treated with RFA,
Since the
of
is based on heat
and blood circulation inside the tumor may
some authors have
with simultaneous vessel
maneuver may mcrease the area
ne,crc•sts,bllt the lack of evidence of a
its wide tmpl•~mentat:tOJrl.
New studies have further confirmed the
recommendations. A cumulative
has sugthat survival is better after RFA than after etha335
nol
As
mul ticenter
in
HCC lesions < 2 cm
to that of
survival of 70%,
candidates. 310 This
randomised controlled trial colnp,anng
develooed in
it
a definitive answer for the management of

A recent trial
the combination of chemothat this
embolization and
apprc)ach offered an
in survival as cornto chcmocmbolization or ablation alonc. 47 However, this article was retracted
the
A small randomized controlled trial
raciJO!~rc~:jw:nc:y ablation has been
size limitations and the
inclusion
of candidates with different
outstages of
comes with either
does not
sufficient
evidence to f~lVor ablation as the first
candidates.
resection ensures
tumor removal in all tumor
sizes, ablation has a
of failures
in size. Hence, the
in HCC lesions
acceptance of ablation as a first-line treatment
is still controversial. The data rr't'lortPri
al.
for resection should be
ablation
confirmed
other groups before
as the first line
for very
Recommendations
16. Local ablation is
or as a

are
tumors <2 cm. However, the ne-
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erotic
ablation is more predictable in all tumor sizes and in aaatl~toln,
su1~erw1· to that

of treatment is
monitored raclwJlogtEffective treatment is indicated
lack of vascular enhancement in the treated lesion. Recurrence of
tumour in the treated area or elsewhere is defined as
291
re-appearance of vascular cnhanccmcm.
posttreatment
must be
with contrasCTor MRI. There are no
tenhanced
of one
over the
data to indicate
111 whom the scrum AFP level was
other. In
and in whom AFP
elevated
returned to
nse m
AFP may
recurrence.
of
However, this is
AFP levels after
The
ideal
a 3-4
month interval is
to monitor HCC
lesions after initial treament. After about 2 years of recurrence-free
the interval of n.>Lruv•,-uu
examinations can be at less trenw'n>

Non-Curative Treannent
As
to extend life expectancy. The
this for any tht:ra;)eUltlc

a propactive intervention vs.
no treatment. The
review of the
literature
the last 25 years showed
number of RCT that pnmc:rly
ative
have been
life expectancy in
trials are
proven to
transarterial chemoembolization and sorafenib.
temic ciH:m•othcer;;tpy with any of the available agents
and
on
has
of
the
survival.
associated JTI()rtndlty,

it has also sometimes been used
as a control arm in some research studies. This
must be
since if a treatment is
to
it should at least be
be inactive and used as a
in the abnon-toxic and easy to administer. In
the
of health care prosence of effective
viders should be to avoid unnecessary
with
of
of life. Selective intra-arterial
agent,
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has also ne:ghi~lble antitumor acsurvival benefit are
radiation
intra-arterial
or Yttrium-90 labeled
mi.cn:>sr,he~resLL'±,.'""··)'f::> has some antitumor
but
on survival has not been established.
modalities such
radiatherll!JtvuLvt,

data

The
at high
that tamoxifen has no
Some authors have suj;ge:sted

even
we conclude
n:>tlPnt< with HCC.
may
cannot be
mc:gc;;trc)i. 358
the small number of
111 which this agent has
been tested prevents any firm conclusion.

Transarterial Embolization and
Chemoembolization
HCC exhibits intense ne()-angwf!;entc
stages the tumor is not
pn)gt·es:;iojn. 166 At very
vascularised and its blood
comes from
vein. As the rumor grows the blood
so that even well
on the heartery for blood
characteristic providcs the
basis for the
characteristics that are used to
the disease. It also
nn•v•,rlf'< the rationale to support arterial obstruction as
an eflective
Acute arterial obstrucrate
induces ischemic tumor necrosis with a

Wl.nsarterial, or transcatheter arterial emboliWhen 'lAE is combined with the
the
agents,
known as transarterial chemoembolization
artery obstruction can be achieved
pl<tccmc:nt of several agents. Gclfoam careas I mm cubes is the
359
starch
used agent, but
blood
should be not be used as this may cause
age. 363 The
the advancement of the
catheter into the
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to be as selective as n()«•lhlf'
so as to induce
minimal
to the surroundnon-tumorous liver. Multifocal HCC
lobes may
the obstruction of the
artery blood flow.
has to be
111
obstruction. It is usual to
contrast agent used for Jyrnpho,gr:apllliC
selecltlv,~lv retained within the tumor and this
the exposure of the
cells to
The dose of che:mo,the:rar:'Y

undetected clones.
most comagents have been used for
mon is to
or u~IJl,ulJll.
TAE and TACE arc considered for
with
HCC that are also
for percutanerumor
there is no
The main contraindication is the lack of
blood flow
of
portaanastomoses or
Patients
with lobar or
vein thrombosis are
poor candidates for TACE. First, 'lACE has not been
in these
with macroworse that without
from
withvein rumor thrombus cannot be extrapoto those with tumor thrombus. TACE in these
increases the risk of ischemic necrosis of viable
liver and increase the risk of treatment-related death
due to liver failure. Patients with advanced liver disease
and/or clinical symptoms
class B or
en•::t-sta2·e cancer should not be considered for these
have an increased risk of liver failtreatments as
ure and death.
The side effects of intra-arterial m)ecnon of chemoadministration:
are the same as for

that release
have allowed a reduction
of che:mclth(:rar'Y
circulation.
smce
are
and
calibrated the arterial obstruction is
the
while the antitumoral
if not
are
H·tJ"·""' artery obstruction with acute ischemia of the
HCC is associated with the so-called post-<~lnboliZ<ltlcm
.L
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of the
and a
for 24

antibiotics are not rmJnneilv
is a reflection of tumor necrosis, but a ITIJ.nc,nty
severe infectious coJmr'lH:atiorls
The
synself-limited in less than 48 hours and
can he
from the uu.>fl'l"-1.
Both TAE and TACE induce extensive tumor necro21
sis in more than 50% of the
R Treatment
the decrease in the concentraresponse is assessed
tion of tumor markers and the identification of
intra-tumoral necrotic areas and reduction in tumor
burden in
Cf or MRI. 326
after
to see intra-tumoral
arterial obstruction It IS
bubbles that reflect tissue llqueJ·acltlOJrJ.. The evaluation
of the treatment response should take into account the
induction of intra-tumoral necrotic areas in estunaung
the decrease in tumor
and not
a reduction
326
The fact that the
in overall tumor size.
Evaluation Criteria In Solid Tumours
not capture the extent of necrosis r.n~rnr.rc>ri
fication of the assessment of the thc:raJ)etmc
reg;Istnn.g the reduction of the viable tumor.
Ac:cord1ng to criteria that take into account the extent
of necrosis. the
rate of
responses
there
no
ranges between 16% and
differences between TAE and TACE. Fewer than 2%
of treated
achieve a
response.
•v••vvv-ucc, the residual tumor nests recover their blood
and the tumor continues to grow. This consideration prompts treatment
either
intervals or "a la demande" as there is no
co:mr>arlson to support one or other strate:gy.~··
The tumor
rate is reduced after treatment and this translates into a lower risk of vascular
to treatment is associated with a
s1g,ml1c:Jmt unpnwe:rnt:nt in survival. Cumulative metaRCT's
very
rer:,orted in individual tri-

emphasticed that
het:en,genCI)US both in terms of
treatment schedule and agent used.
it has still to be determined which are the best
ob:stnlct:mg agents, the
and
the most effective re-treatment schedule. The improv·e-

ranges from 20<){J
ment 111 survival 111 treated
to 60% at 2
dear that the relevance
of the
to their outcome if
baseline
untre:1te1:i, IS
characteristics
liver function
and
health status.
who have either failed
or who
present with more advanced HCC
the
of sorafenib in pnHong1mg
a mu! tikinase
Raf-1,
c-Kit receptors,
among others
kinases and serine threonine kinases.
11 trial
137
with advanced HCC showed that sorafenib
responses in less than 5% of
but the observed median survival of 9.2
months and median time to
of 5.5 months
the basis to
randomized
This trial included
controlled trial
the interim
tom·"''nno- sorafenib
Based on 321
echo was 0.69
a 3 1<)lo decrease in the risk of death
median survival for sorafenib arm of 10.7 months vs.
7. 9 months for
In
sorafenib showed
benefit in terms of time to
with a median TTP of 5.5 months for sorafenib
adverse events were
loss and
hand-foot skin reaction. Grade 3/4 adverse events such
as diarrhoea
vs.
11% vs.
and
hand-foot skin reaction
quem with sorafenih.
afenib adverse events occurred in 11 %, but
related adverse events were considered m<m<tgeable
no
death occurred. The
the
of survival compares with other
established molecular
for advanced
panc1reanc cancer. 175 •377
m HCC has been reproa randomized
controlled trial that
with HBV-related HCC.
sorafenib is now established as
with HCC who can no
more effective
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and
are also
in the absence
imon)ve:d survival in
evaluated before
treatment.
who would be candidates for Jiver
tramsphmt:ati.on because of poor Jiver function and who
will not have a
have a poor short-term
111
life expectancy from sorafenib
nificant
treatment.

Recommendations
TACE is recommended as

line non-curawith

octreotide or heare not recom21. Radioembolization with Yttrium90-labeled
beads has been shown to induce
tumour necrosis with ac;c:ep'ta41Jle
ever, there no studies
survival and
has not been
and cannot be recommended as standard th;~ra:tJv
advanced HCC out-

side clinical trials
22.
or selective intra-arterial chemotherapy is not recommended and should not be used as
standard

the establishment of an ev1dence based treatment strategy for HCC
relies
on fewer than one hundred
of the
treatment
Almost all the treatment
are based on a critical
of observational studies. In the clinical
"""'""'""" should be stratified by disease stage. For each
stage there should be an indicated treatment. This is
the basis for the BCLC scheme as
194 200
2. 17 •19 • •
The strategy combines in a
proindicated treatment and estimation of
and it can be
to the
of
'"'",_'Pht-C evaluated for HCC.
Patients
at an
mal candidates for resection,
percutaneous ablation. Resection is considered
'"'",_'Pht-C with
tumors, absence of
rele-

vant
but it is uncommon to
with tumors >5cm.
1s
resect
considered in no>r!Pnr< with 3 nodules <3 cm or with
< 5 cm with liver
is
resection or percutaneous treatdonor
ments are recommended
to OLT.
should also be considered. Percutanewith small nonsurous ablation is indicated in
HCC. If these options are not ''-"'~un~., ,..,_,,_;""''"<
have to he considered for pa.llt<ltH)n.
Transarterial chemoembolization is indicated in
with multinodular tumors that
have not invaded vessels nor been disseminated outside
is the best candidate for
the liver. This type of
this
still meet the criteria
for
A stage. 'll·eated
who
to
have an
survival. Patients who
present with a more advanced stage or who fail TACE
are candidates for sorafenih

will not benefit from any treatin earlier
even one with known
no:~tiPint< at a terminal stage with
or masstve
function should receive
avoid unnecessary suttet·m:g.

tus

deJJlctea the current staand treatment of

sis to
and treannent. The elucidation of the molecular steps that determine the transition from
should allow the
to the distinct
stratification of
for new preways that led to cancer and also
ventive and
Identification of new
biomarkers to establish the risk of cancer and/or detect
stage 1s
needed.
its appearance at a
The current
also needs Sl!2:mhcwt
Treatments able to
initial cure
a
rate of disease recurrence
are hamJJer·ed
and there 1s also a need for effective
therathe therap,euttc
for
with
advanced HCC

LIT.001.4353

HEPATOLOGY, Vol. 000, No. 000, 2010

BRUTX AND SHERMAN

of new agents and
for this
group of
is of
relevance.
official
such
the awareness of these needs
as the National Institutes of Health has increased the
research in this area.
resources allocated for

the man-

5.

8.
9.

in which both
and
treatment will have
decreased the number
of HCC related deaths.
In the past decades HCC has gone from
an
almost universal death sentence to a cancer that can be
and can be cured
can be detected
with
detection. Since
most countries
it is incumbent on
for
at
risk to be COJ~mzatlt of the steps necessary to m1111m1Ze
the
disease. This includes
covered m this
B, effective
and C and other liver
such as
proper management of screen detected
for the stage of
sion of
that will
term survival.

Committee of the American Association
of Liver Diseases. This committee
review of the
Guidelines Committee
MD, MPH

extensive
of the PracA. Talwal-

MD

Harrison,

L DM E. Manual for Assessing Heath Practices and Designing Practice
Guidelines. Philadelphia, PA: American College of Physicians 1996.
2. Arnerican Gasuoenrerological Associarion Medical Position Sraternent:

guidelines for rhe use
1995; 108:1280-1281.

of enteral

nmrition.

3. Bosch FX, Ribes J, Diaz M,
R.
liver cancer: worldwide
and trends. Gastroenterology 2004;127:55-516.

10.

1L

U.

14.

15.

25

Stroffolini T Andreone P, Andriulli A, Ascione A, Cra,"i A, ChiaraM,
D, er al. Characteristics of hqxnocellubr
noma in Italy. J Hepatol 1998;29:944-952.
El-Serag HB, Mason
Rising
hepatocellular carcinoma in the United States. N Engl] Med 1999;340:745-750.
Deuffic S, Poynard
Buffat L, Valleron AJ. Trends in primary liver
cancer. Lancet 1998;351:214-215.
'laylor-Robinson SD, l'oster GR, Arora
Hargreaves
Thomas HC.
Increase in
liver cancer in the UK, 1979-94. Lancet 1997:
350:1142-1
International Agency for Cancer Reseach. GLOBOCAN 2002:lmp://
www-dep.iarc.fr(accessed Janua1y 20,2010).
Umemura "I; Ichijo "I; Yoshizawa K, Tanaka E, Kiyosawa K. Epidemiology of hepatocellular carcinoma in Japan. J Gastroenterol 2009;44
Suppl 19:102-107.
Bosetti C. Levi
Boffetta P, Lucchini !', Negri E, La Vecchia C.
"!rends in mortality from hepatocellular carcinoma in Europe, 19802004. Hepatology 2008;48:U7-145.
Zhang BII, Yang BII, "Tang ZY. Randomized controlled trial of
screening for hepatocellular carcinoma.
Cancer Res Clin Oncol
2004; 130:417-422.
Welch HG, Schwartz LM, Woloshin S.
increasing 5-year survival
rates evidence of success against
Janu 2000;283:2975-2978.
Mcl\!hhon BJ, Bulkow L, Harpster A, Snowball M, Lanier A, Sacco E
Dunaway E, et al. Screening for hepatocellular carcinoma in Alaska
natives infected with chronic
1G-year population-based
study. Hepatology 20,00:32:8~f2--846.
Wong LL, Limm WM, Severino R. Wong LM. Improved survival
with screening for hepatocellular carcinoma. Liver 'Iranspl 2000;6:
320-325.
Oka Il, Kurioka N, Kim K, Kanno T; Kuroki T; l\!lizoguchi Y,
Kobayashi K. Prospective study of early detection of hepatocellular
carcinoma in patiems with cirrhosis. Hepatology 1990; 12:680-687.
Bolondi L, Sofia
Siringo S, Gaiani S, Casali A, Zironi G, Piscaglia
et al. Surveillance progranune of cirrhoric patients for early diagnolre:urnent of hepatocellular carcinotna:

Gm 2001;48:251-259.
17. Llovet JM, Burroughs A. Bruix J. Hepatocellular carcinoma. Lancet
2003;:362: 1907-1917.
18. Liu JH, Chen
Asch SM, Busuttil RW, Ko CY. Surgery for hepatocellular carcinoma: does it improve survival) Ann Surg Oncol 2004;
11 :29R-303.
Llovet JM, Bru C, Bruix J. Prognosis of hepatocellular carcinoma: the
BCLC
Semin Liver Dis 1 999; I 9:329-338.
20. Yan1an1oto J, Iwatsuki S, Kosuge T Dvorchik I, Shimada K, Marsh
]\Xi, Yamasaki S,
al. Should hepatomas be
with hepatic
resecr.ion or transplamar.ion? Cancer 1999;86:1151-1158.
21. Molmenti El', Marsh JW, Dvorchik 1, Oliver JH, Jrd, Madariaga J.
1watsuki S. Hepatobiliary malignancies. Primary hepatic malignant
Clin Nonh Am 1999;79:43-57-, viii.
22. Bismuth 11, Majno PE, Adan1 R. Liver tr,msplantation for hepatocellular carcinoma. Semin Liver Dis 1999;19:311-322.
Michel J, Sue B, Montpeyroux F, Hachemanne S, Blanc P, Domergue
], Mouiel J,
al. Liver resection or transplantation for hepatocellular
carcinoma? Rer.mspective analysis of 215 patiems with cirrhosis. J
Hepatol 1997;26:1274-1280.
24. Llovet JM, Bruix J, Gores G]. Surgical resection versus transpLmtation
f(lt early hepatocellular carcinoma: dues for rhe hest
Heparology 2000;,31:1019-1021
Yao FY, Ferrell L, Bass NM, \Xfatson JJ, Bacchetti P, Venook A, Ascher
NL, et al. Liver
for hepatocellular carcinoma:
sion of the mm or size limirs does not adversely
survivaL
tology 2001 ;3:3:1394-14(1:3.
26. Ono G, Heuschen U, Hoiinann WJ, Krumm G, Hinz U, Herranh
C. Survival and recurrence after liver transplantation versus liver resection for hepatocellular carcinoma:
retrospective analysis. Ann Surg
1998:227:424-4:32.

LIT.001.4354

26

BRUlX AND

SHE~iV!J\N

HEP;\TOLOGY, July 2010

27. Llovet JM, Fusrer J,
J. Tmenrion-to-treal
of
treatment for early hepatocellular carcinoma: resection versus
plantation. llepatology 1999;30:1434-1440.
Arii S, Yamaoka Y, Furagawa S, Inoue K, Kobayashi K, Kojiro M,
treatment for
Makuuchi M, et al. Resulrs of
small-sized hepatocellular carcinomas:
retrospective and natiom,~de
survey in Japan. 'I11e Liver Cancer Study Group of Japan. IIepatology
2000;32: 1224-1229.
29. Poon RI; Fan ST Lo CM, Liu CL, Wong J. Long-term survival and
pattern of
after resection of small hepatocellular carcinoma
of
with preserved liver function: implications for a
r.ra.nsr>latHatiottL Ann Surg 2002;235::m<-3il2.
30. Jonas S, Bechstein \VO, Steinmuller 'I; Herrmann M, Radke C, Berg
grading
Settmacher U, et al. Vascular invasion and
dererrnine otncorrle after liver transplantar.ion for

34.

35.

:36.

38.

39.

40.
41.

42.

43.

carci-

noma in cirrhosis. Hepatolos'Y 2001 ;33:1080-1086.
Nairnark D, Naglie G, Detsky AS. The
of life expectancy: what
is
significant
J Gen Intern
1994;9:702-707.
Laupacis A, f'eeny D, Detsky AS, Tugwell PX. llow attractive does a
new technology have to be to warrant adoption and utilization? 'lentative guidelines for using clinical and economic evaluations. Cmaj
1992; 146:473-4R 1.
Sara.sin H', Giostra E, lladengue A. Cost-effectiveness of screening for
detection of small hepatocellular carcinoma in western patients with
Child-Pugh class A cirrhosis. Am J Med 1996;101:422-434.
Arguedas MR, Chen VK, Eloubeidi MA, Pallon MB. Screening for
hepatocellular carcinoma in patients with hepatitis C cirrhosis: costutility analysis. Am J Gastroenterol 2003;98:679-690.
Lin OS, Keeffe EB, Sanders GD, Owens DK. Cost-effectiveness of
screening for hepatocellular carcinoma in patients with cirrhosis
to chronic hepatitis C, Aliment Pharmacal Ther 2004;19:1159-1172.
Thompson Coon J,
G, Hewson P, Wright D, Anderson R,
Jackson S, Ryder S, et
Surveillance of cirrhosis for hepatocellular
carcinoma: cost-utility analysis. Br J Cancer 2008;98:1166-1175.
F,
HS, Su
Marrero JA, Fomana RJ, Barrat A,
GL, Lok AS. Prognosis of hepatocellular carcinoma:
of 7
staging systems in an American cohort. Hepatology 201)5;41:707-7
Trevisani F, D'Imino PE, Morselli-Labate AM, Manella
Caraceni P, Domenicali M, et al. Serum alpha--letoprol.ein
sis of hepatocellular carcinoma in patients with
influence of HBsAg and anti-HCV status. J Hepatol 2001;34:
570-575.
Beasley RP, !Iw,mg LY, Lin CC, Chien
llepatocellular carcinoma
and hepatitis B virus. A prospective study of 22 707 men in "l:Uwan.
Lmcet 1981 ;2: 1129-1 U3.
Beasley R. Hepatitis
virus as the ctiologic agent in hepatocellular
carcinoma.. llepatology 1982;2:21S-2GS.
Sakuma K, Saitoh N, Kasai M,
H, Yoshino I, Yamaguchi
M, Nohurnmo K, et
Rebtive risks of denh due to liver disease
among Japanese male adults having various statuses for hepatitis B s
and e antigen/,mtibody in serum: a prospective study. IIepatology
1988;8:1642-1646.
B, Raymond
Villeneuve JP, Desrochers M,
G, Bourcier M, Cote J,
al. A long-term follow-up study of asymptonl~ltic hepatitis B surface antigen-positive carriers in Montreal. Gasl.roemerology 1994; 106:1000-1 005.
McMahon BJ, Alberts SR, Wain"-right RB, Bulkow L, Lanier AP
B-rclated sequelae. Prospective study in 1400 hepatitis
<U11:1g(;n-po,;rtrve Alaska native carriers. Arch Intern l'vled 1990;

Sherman M, Peltekian KM, Lee C. Screening for hepatocellular carcinoma in chronic carriers of hepatitis B virus: incidence and prevalence
of heparocellular carcinoma in
North American urban population.
Hepatology 1995;22:432-43il.
45. Fattovich G, Brollo L, Giustina G, Noventa F. Pontisso P, Alberti A,
Realdi G, et al. Natural history and prognostic factors for chronic
hepatitis type B. Gut 1991 ;32:294-298.

46. Manna M, Camma C, Schepis
Bassi F, Gelmini R, Giannini
Miselli F, et al. Natural history of chronic HBV carriers in northern
Italy: morbidity and mortality after 30 years. Gastroenterology 2004;
47. Hsu YS, Chien RN, Yeh Cl; Sheen IS, Chiou HY, Chu CM, Liaw
Long-term outcome after spontaneous HBeAg seroconversion in
patiems with chronic hepatitis B. Heparology 2002;35: 1522-1527.
48. de Franchis R, Meucci G, Vecchi M, "htarella M, Colombo M, Del
Ninno E, Rumi MG, et al. The natural history of asymptomatic hepatisurface antigen carriers. Ann Intern Med 1993;118:191-194.
49.
JM,
J, Mas A, Bruguera M,
J. Influence of
hepatitis B virus genotype on the long-term outcome of chronic hepatitis Bin western patients. Gastroenterology 2002;123:1848-1856.
50. Fatrovich
Natural history of hepatitis B. J Hepatol 200.3;39 Suppl
1:S50-58.
Hsiao CK,
51. Yang HI, Lu SN, Liaw YF, You SL, Sun CA, Wang
al. Hepatitis B
the
of hepatocellular
K
Engl J Med 2002;347:168-174.
52.
AA, Chen
EA, Shen FM, Lin \lVY, London \IV'T
Eight-year follow-up of r.he 90,000-person Haimen City cohort: I.
Heparocellular carcinoma mortality,
and gender differenCancer Epidemic[ Biomarkers Prev 2002;11:369-376.
Huo TI, Wu JC,
GY, Lui WY,
SH, Ting LT, et
aL

54.

56.

57.

58.

59.

GO.

61.

of hepatitis B surface aruigen in chronic carriers

does not necessarily imply
good prognosis. Hepatology 1998;28:
231-236.
Yuen MF, W<mg DK, Sablon E,
E, Ng IO,
HJ,
CW, et
al. HBsAg seroclearance in chronic hepatitis B in the Chinese: virological, histological, and clinical aspects. Hepatology 2004;:39:
1694-1701.
G, Giustina G, Realdi G, Corrocher R, Schalm SW Longterm outcome of hepatitis B antigen-positive patients with compensated cirrhosis treated "~th interferon alfa. European Concerted
Action on Viral Hepatitis (EUROHEP). Hepatology
13:38-1342.
Fattovich G. Giustina G, Sanchez-"lapias J, Quem C. Mas A, Olivotto
PG, Solinas A, et al. Delayed clear,mce of serum HBsAg in compenB: relation to interferon alpha therapy
disease
Concerted Action on Viral Hepatitis (EUROc;astnJenter•ol199i\;93:896-900.
Yu MW, Chang HC, Liaw
Lin SM, Lee SD, Liu CJ, Chen PJ,
et al. Ennilial risk of hqxnocellular
chronic hepatiB carriers
their relatives.
Tnst 2000;92:
1159-1164.
Kew MC, Marcus R, Geddes EW Some characteristics of Mozambiheparocellular
Med J 1977;
51::306-309.
Kew MC, Macerollo P. Effect of age on the
litis B virus in hepatocellular carcinoma in
19RR;94:439-442.
Bellent,mi
DMG, Miglioli L, Croce L, l'vlasutti f'
Nawral history of HBV infection: nine
nysius cohort] Heparol 2002;36:228S.
Yuen MP, Tanaka Y, Fong DY, Fung J, Wong DK, Yuen JC, But DY,
et al. Independent risk factors and predictive
.menl

hepatocellular carcinotna in chronic

2009;50:80-88.
62.

Aso;ociati<cms berween hepatitis B virus genmype and
Natl Cancer
risk of hepawcellular

rhe

1

63. Yang HT,
M, Su J, Chen PJ, Liaw YF, Tloeje UH, Chen C].
Nomograms for Risk of Heparocellular Carcinoma in
With
Chronic Hepatitis B Virus Infection. J Clin Oncol. 2010;2i\:
2437-2444.
64.
JD, Yang HT, Tloeje UH, You SL, Lu SK, Wang LY, Su J, et
Carriers of Inactive Hepatitis B Virus Are Still
Risk for

LIT.001 .4355

HEPATOLOGY, Vol. 000, No. 000, 2010

65.

66.

67.

68.

69.

70.

71.

74.

78.

79.

80.

Hepatocellular Carcinoma ,md Liver-Related Death. Gastroenterology
2010;135;1747-1754.
Fau.ovieh G,
Degos F, Tremolada F, OiO<Lui G, Almasio
P, Nevens 1', et al. Morbidity and mortality in compensated cirrhosis
type C
retrospective follow-up study of :384 patients. Gastroenterology 1997;112;46:>-472.
Niederau C, Lange S, Ileintges T; Erhardt A, Buschkamp M, IIurter
D, Nawrock:i M, et al. Prognosis of chronic hepatitis
results of a
large, prospective cohort study. Hepatology 1998;28;1687-1695.
Ganne-Carrie
Farmachidi JP, Degotr
Degos F, Christidis
Gueaier
Trinehet JC, e1
Hepatitis C
related
lime
to occurrence of hepatocellular carcinoma and death. Gut 2000;47;
Ul-136.
Sun CA, Wu OM, Lin CC,
Wu MH, et
al. Incidence and eohu.ors of
carcinoma; a prospective study
demiol 200:3;157;674-682.
Yoshida H, Shiratori Y, Moriyama M, Arabwa Y, Ide
Sata M,
Inoue 0, et al. Tmerferon therapy
the risk
hepatocellular
carcinoma; national surveillance program of cirrhotic and noncirrhotic
patients "~th chronic hepatitis C in
!HIT Study Group. Inhibition of Hqxltocarcinogenesis by
Therapy.
Tnrern Med
1999; U];] 74-181.
Lok AS, Seeff LB, Morgan TR, di Bisceglie AM, Sterling RK, Curto
TM, Everson GT et al. Incidence of hepatocellular carcinoma and
risk factors in hqxltitis C-related advanced liver disease.
Gasuoemerology 2009; 1.36; 138-148.
Pieroni L, Charlotte F, Benhamou Y, PoyImbert-Bismut F Ratziu
nard T Biochemical markers of liver fibrosis in patients with hepatitis
C
infection;
smdy. Lmcet 2001;357;1069-1075.
Ferns X, Ampurdanes S, Llovet J!vl, Aponte J, Quinto L, !vlartinezBauer E, Bruguera M, et al. Identification of chronic hepatitis C
patients without hepatic fibrosis by a simple predictive model. Heparology 2002;36;986-992.
Callewaert N, Van Vlierberghe ll, Van Ilecke A, Laroy \'i(i, Delanghe
Contreras R. Noninvasive diagnosis of liver cirrhosis using DNA
sequencer-based total serum protein glycomics. Nat Med 2004; 10;
429-434.
Moriy,una M, Matsumura ll, Aoki !I, Shimizu T; Nakai
·I;
Yamagami I--I, et al. Long-tern1 outco1ne, vvith monitoring of platelet
counts. in
with chronic hepatitis C and liver cirrhosis after
interferon
Tnrervirology 2003;46;296-307.
Velazquez RI', Rodriguez M, Navascues CA, Linares A, Perez R,
Sotorrios NG, Martinez 1, et al. Prospective analysis of risk factors for
hepatocellular carcinoma in patiems with liver cirrhosis. Hepatology
2003;37;520-527.
Giannini E, Risso D, Botta f 0, Chiarbonello B, f 0asoli A, Malfatti f 0,
Romclgnoli P, et al. Validity and clinical utility of the
aminouanslera.se-alaturt.e arninotransfera...:.e rario in assessing
severiry
in patients
hepatitis C virus-relared chronic
disease. Arch Intern Med 2003;16.3;218-224.
Stroffolini '1; Colombo M, Bollani
Benvegnu L, Mazzella
Bruno
G, Ascione A, er
Susrained virological response ro interferon-alpha
is assnciared wirh improved
in HCV-related cirrhosis; retrospective study. Hepatology 2007;45:579-587
Masuzaki R, 'hteishi R, Yoshida H, Goto E, Sato '1; Ohki
lmamura J, et
Prospective risk assessment. for hepatocellular carcinoma
developmem in [Xlliems wirh chronic hepatitis C hy
raphy. Hepatology 2009;49; 1954-1961.
Pineda JA, Romero-Gomez M, Diaz-Garcia 1', Giron-Gonzalez JA.
Momero JL, Torre-Cisneros J, Andrade RJ, et
HIV coinfenion
shortens the
of patients with hepatitis C virus-relared decompensated cirrhosis. Hepatology 2005;41;779-789.
Giordano TP, Kramer JR, Souchek J, Richardson P, El-Serag HB. Cirrhosis and hepatocellular carcinoma in HIV-infected veterans wirh
without the
C virus; a cohort smdy, 1992-2001. Arch
Intern Mcd 2004: 164;=~3419-2354.

BRUTX AND SHERMAK

27

81. Puoti M, Bruno R, Soriano V, Donato F, Gaeta GB, Quinzan GP,
Precone D, et al. Hepatocellular
in HTV-infecred patients;
presemation
omcome. Aids
epidemiological feaurres,
2004; 11U2H5-2293.
82. Rosenthal E, Poiree M, Pradier C, Perronne C, Salmon-Ceron D,
Geffray
RP, et al. Monaliry due to hepatitis C-related liver
disease in HIV-infected patients in France (Monavic 20(Jl study).
Aids 2003;17:1803-1809.
83. Brau N, Fox RK, Xiao P, Marks K, Naqvi Z, Taylor LE, Trikha A,
al. Presentation
of hepatocellular carcinoma in HTVinfected patients; U.S.-Canadian multicemer study. J Hepatol 2007;
84. Garcia-Samaniego J, Rodriguez M, Berenguer J, Rodriguez-Rosado R,
Carbo J, Asensi V, Sori:mo V. Hepatocellular
in HTVinfected patiems with
hepatitis C. Am J Ga.moenterol 2001;
96;179-18:3.
85. Coelho-Lin.le ME, Jeffers LJ, Bernsrein DE, Goodman JJ, Reddy KR,
X,
al.
C virus in alcoholic
wirh
de Medina M,
and without clinically apparent liver disease. Alcohol
Exp Res
1995;19:1173-1176.
86. Befrits R, Hedman M, Blomquisr L, Allander T, Grillner L, Kinnman
N, Rubin C, et al. Chronic
C
alcoholic
prevalence, genotypes, and correlation to liver
Scand J Gastroenterol 1995;:30:1113-1118.
87. Hassan MM, Hwang LY, Hanen CJ, Swaim M, Li D, Abbruzzese JL,
Risk factors for hepatocellular carcinoma;
Beasley P, e1
of alcohol ~th viral hepatitis and diabetes mellitus. Hcpatology 2002;
36;1206-1213.
Kurilek M, Oesterreicher
Ferenci
88.
M, Muller
A. Hepatocellular carcinoma in Austria; aetiological and clinJ Gastroentcrol Hcpatol 2000;
89. El-Serag HB, Mason AC. Risk factors f(>r rhe rising rates of primary
liver cancer in the United States. Arch Intern Med 2000; 160;
3227-3230.
90. Adami HO, Chow WH, Nyren 0, Benre C, Linel. MS, Ekbom A,
Walk A, er al.
risk of primary liver cancer in patiems wirh diabetes mellitus. J !\ad Cancer lnst 1996;88;1472-1477.
91. Shimada M, Hashimoto E, Taniai M, Hasegawa K, Okuda H, Hayashi N,
K, et al. Hepaweellular
in patient.<
non-alcoholic steatohepatitis. J Hepatol 2002;J7;154-160.
92. Bugianesi E,
N, V:mni E,
G, Brunello
P,
Musso A,
al. Expanding the natural history of nonalcoholic steatocryptogenic

93.

94.

95.

96.

98.

LO

hepatocellular carcinorna.

troenterololo'Y 2002; 123; U4-140.
Hsing AW, McLaughlin JK,
JH, Mellemkjar L, Wacholder S,
Fraumeni JF, Jr. Cancer risk following primary hemochromatosis;
population-based
smdy in Denmark. Im ]
1995;60;
160-162.
Elmherg M, Hultcramz R, Ekhom A, Brandt L, Olsson S, Olsson R,
Lindgren S,
Cancer risk in
with hereditary hemochromatosis and in their first-degree
Gastroenterology 2003; 125:
1733-1741.
Frac:mz.ani AL,
D, Fraquelli M, Taioli F., Mattioli M,
A,
Increased cancer risk in cohort of 230 patients wir.h hehemochromatosis in comparison to matched control patients
with non-iron-related chronic liver disease. Hepatololo'Y 2001 ;J3;
647-651.
Caballeria L, Pares ;\, Castclls A, Gines A, Bru C, Rodcs ]. Hepatocellular carcinoma in primary biliary cirrhosis: similar incidence to
that in hepatitis C virus-related cirrhosis. Am J Gastroenterol 2001;
96;1160-1163.
Eriksson S, Carlson J,
R. Risk of cirrhosis and primary liver
cancer in alpha 1-antinypsin deficiency. N Engl J Med 1986;314:
7:)6-739.
Elzouki AN, Eriksson S. Risk of hepatobiliary disease in adults with
alpha !-antitrypsin deficiency (PiZZ); is chronic viral hepatitis

LIT.001.4356

28

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

llO.

lll.

112.

113.

114.

BRUlX AND

SHE~iV!J\N

B or C
risk facror for cirrhosis
hepatocellular
noma? Eur J Gasuoemerol Hepatol 1996;8:989-994.
Yeoman AD, Al-Chalabi T, Karani JB, Quaglia A, Devlin J, MieliVergani G, Bomford A, er. al. Evaluarion
risk facrors in rhe development of
carcinoma in
hepatitis: Implications for
and screening. Hepatology 2008;48:863-870.
Lin SM, Sheen IS, Chien RN, Chu CM, Liaw YF. Long-term beneficial effecr of imerferon therapy in patiems wirh chronic hepatitis B
rus infecrion. Hepatnlogy 1999;29:971-975.
Niederau C, lleintges T: Lange
Goldmann G, Niederau C!vl,
Mohr L, Haussinger D. Long-term follow-up
HBeAg-posilive
patiems rreared with interferon alfa i(>r chronic hepar.itis B. N Engl J
Med 1996;334:1422-1427.
Yuen MF, llui CK,
CC, Wu Cll, Lai YP, Lai CL. Long-term
follow-up
interferon
treatmem in Chinese patients with
chronic hepatir.is B infection: The eHect on hepar.itis B e
conversion and the development of cirrhosis-related cotmpliclti<ms.
Hepatology 2001;34:139-145.
YF,
JJ, Chow WC, Farrell Lee
Yuen H, Tarr.wand,,e
T, er al. Lamivudine for
wirh chronic hepar.itis B and
advanced liver disease. N
J Med 2004;351: 1521-1531.
Nishiguchi S, Shiomi S, Nakarani S, Takeda T, Fukuda K, Tamori A,
Halm D, et al. Prevention of hepatocellular carcinoma in paliems
with chronic
hepatitis C and cirrhosis. Lancer 2001;.357:
196-197.
Valla DC, Chevallier M, Marcellin P, Payen JL, Trepo
Fonck M,
Bourliere M, et al. Treatment
hepatitis C
cirrhosis:
randomized, controlled trial of interieron alfa-2b
HqxJtology 1999;29: 1870-1 R75.
Camma C, Giunta M, Andreone P, Craxi
Imerferon and prevention of hepatocellular carcinoma in viral cirrhosis: an evidence-based
approach. J Hepatol 2001;.34:59:3-602.
Effect of interferon-alpha on
of cirrhosis to hqlat<lccllu1ar
reuospective
International
Hepatocellubr Carcinonu Smdy
Lancet 1998;351 :15:35-1539.
Fattovich G, Giustina G, Degos
Diodati G, Tremolada
Nevens F,
Almasio
et al. Effectiveness of interferon alfa on incidence of hepatocellular carcinoma and decompensation in cirrhosis type
EuroConcened
on Viral
(EUROHEP). ] Hepatol
1997;27:201-205.
L, Chemello
Noventa
Fattovich G, Pomisso P, Alheni
A. Retrospective analysis of the effect of imerferon therapy on rhe diniof patiems
cirrhosis.
1998;83:901-909.
Hayashi K, Kumada T Nakmo S, T1keda I, Kiriyama S, Sane Y,
Toyoda H, et al. Incidence of hepatocellular
in
hepatitis
afrer interferon therapy. Heparogasuoemerology 2002;49:
SOil-512.
lkeda K, Saitoh S, Kobaya.shi M, Suzuki Y, Suzuki F. Tsubota A,
Y et
Long-rerm interferon ther;tpy for 1
longer
in patiems wirh liver cirreduces the hepatocellular carcinogenesis
by hepatitis
pilm smdy. J Gastroenterol Hepawl 2001;16:406-415.
H,
A, Haya.shi K, Yoshih;tra H, M;tsuEffect of interferon therapy on the incidence
hepatocellular carcinoma and
ol
chronic
hepatitis C: a retrospective cohort study of 738 patients. lnt J Cancer
2000;87:741-749.
Sakamoto M,
Okanoue T, Iwh Y, Minami M, Sakamoro S, Yasui
Nishioji K, et al. Interferon therapy lowers the
of progression to
hepatocellular carcinoma in chronic hepatitis
but not significantly
in an advanced stage:
retrospective study in 1148 patients. Viral
Hepatitis Therapy Study Group. J Hepatol 1999:30:653-659.
Toyoda H, Kumada T, Nabno S, Takeda I,
K, Kiriyama S,
Sone Y, et al. Effect of the dose and duration
interferon-alpha therapy on the incidence of hepatocellular carcinoma in noncirrhotic
jXJtiems
tn interferon f<1r
hepatitis
Oncology 2001;61:134-142.

HEP;\TOLOGY, July 2010

115. Colombo M, de Pranchis R, Del Ninno E, Sangiovanni A, De
Pazio C, Tommasini M, Donato MP, et al. Hepatocellular carcinoma in Italian patients with cirrhosis. N Engl J Med
675-680.
116. Zhang JY, Wang X, Han SG, Zhuang H. A case-control studv of nsk
factors for hepatocellular carcinoma in Henan, China. Am J Trap
!vied llyg 1998;5'):9'17-')51.
ll7. Oka H, 'hmori A, Kuroki
Kobayashi K, Yamamoto S. Prospective
study of alpha-fetoprotein in cirrhotic patients monitored for development of hepatocellular carcinoma. Hepatology 1994; 19:61-66.
118. Hytiroglou P,
ND,
M, Mor E, Miller C,
Macroregenerative nodules in a series of adult cirrhotic liver
issues of classification and nomenclature. Hepatology 1995:21:
703-708.
119. Lee RG,
AC, Demetris AJ. Large cell change
cell
dysplasia) and hepatocellular carcinoma in cirrhosis: matched casecontrol study, pathological analysis, and pathogenetic hypothesis. Hepatology 1997;26:1415-1422.
120. Ganne-Carrie N, Chastang C, Chapel f 0, Munz C, Pateron D, Sibony
M, Deny P, et al. Predictive score for the development of hepatocellular carcinoma and additional value of liver large cell dysplasia in
ern patients with cirrhosis. Heparology 19%;23:1112-111R.
121. Shibata !vl, Morizane T Uchida T Yamagami T Onozuka Y, Nakano
M, Mitamura K, et al. Irregular regeneration of hepatocytes and risk
of hepatocellular carcinoma in chronic hepatitis and cirrhosis with
nq>a<<IIS-\J-VII-US infection.
199f\;351: 1773-1777.
122. Donato MF, Arosio
Del Ninno E, Ronchi G, Lan1perrico P, Morabito A, Balestrieri MR, et al. High rates of hepatocellular carcinoma
in cirrhotic patiems with high liver cell proliferative activity. Heparology
123. Borzio M, Trere D, Borzio F, l'errari AR, Bruno S, Roncalli M, Colloredo G, et al. Hepatocyte proliferation rate is a powerful paran1eter
for predicring hepatocellular carcinoma development in liver cirrhosis.
Molhtho11998;51:96-101.
124. Dutta U, Kench ], Byth K, Khan Mll, Lin R, Liddle C, Farrell GC.
Hepatocellular proliferation and de'>el<Jprnetat of hepatocellular carcinoma: case-comrol srudy in chronic
C. Hum Par.hol 1998;
29:1 279-12R4.
125. Ballardini G, Groff P, Zoli !vl, Bianchi G, Giostra F, hancesconi R,
Lenzi M, et al. Increased
hepatocellular
development in patients wirh cirrhosis and with high hepawcellular proliferation. J
1994;20:21 R-222.
126. Tiniakos DG, Brunt EM. Proliferating cell nuclear
and Ki-67
labeling in hepatocellular nodules:
comparative
Liver 1999;
19:58-68.
al.
127. Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GI;
Risk of hepawcellular carcinoma across biological gradiem of serum
hepatitis B
DNA level. Jama 2006;295:65-73.
128. Chen G, Lin \'(7, Shen F, lloeje UH, London WT Evans AA. Past
HBV viral load as
of mortality and morbidity from HCC
and chronic liver
prospective srudy. Am J Gasrroemerol
2006; 101:1797-1803.
Lu D, &un;m S, Amado R, et al.
129. Saab S, Ly D, Nieto ], Kanwal
Hepatocellular carcinoma screening
waiting for liver
uansplantation: a decision analytic
Liver Transpl 20(1.3;9:
672-6ill.
130. Llovet JM, Mas X.
JJ, Fuster Navasa M, Christensen E,
Rodes J, et
Cos1
of adjuvam rherapy for heparocellular
carcinoma during the waiting list for liver transplantation. Gur. 2002;
50:123-128
131. Izuno K, Fujiyama S, Yamasaki K, Sato M, Sato T. Early detection of
hep;Jtocellubr carcinoma
wirh
by
assay
of des-gamma-carboxy prothrombin and alpha-fetoprotein:
smdy. Hepatogastroetll.erology 1995; 42::387-393.
132. Zoli M, Magalotti D, Bianchi G, Gueli C, Marchesini G, Pisi E. Effiof
ior early
of heparocellular
carcinoma. Cancer 1996;78:977-985.

'1:

LIT.001.4357

HEPATOLOGY, Vol. 000, No. 000, 2010

133. Pateron D, Ganne N, 'Ifinchet JC, Aurousseau
l'vlal F, Meicler
C, Coderc E, et al. Prospective study of screening for hqpatoe<olhuar
carcinorna in
patienrs \virh cirrhosis. J
65-71.
134. Lok AS, Sterling RK, Everhart JE, Wright EC, lloefs JC, Di Bisceglie
AM, Morgan TR, et al.
Prothrombin and
Fetoprorein as Biomarkers
the Early Detecrion of HepaioodllJ:iar
Carcinoma. Gamoemerology 201 0; 13R:493-502.
135. Marrero JA,
Z, Wang Y, Nguyen Mll, Befeler AS, Roberts LR,
Alpha-fetoproiein, des-gamma carboxyprmhrombin,
Reddy KR, e1
and lectin-bound alpha-ietoprotein in early hepatocellular carcinoma.
Gastroenterology 2009; 137:110-1
136. Sherman M. Alphafetoprotein: <U1 obituaty. J llepatol 2001:34:603605.
137. Porner A, Reig M, Bruix Alpha-fetoprotein for hepatocellular carcinoma diagnosis: the demise of brilliant star. Gastroenterology 2009;
137:26-29.
US. Marrero JA, Su GL, Wei W, Emick D, Conjeevaram HS, Fomana RJ,
Lok AS. Des-g,unma carboxyprothrombin can differentiate hepatocellular carcinoma from nonmalignant chronic liver disease in american
patients. Hepawlogy 2003;.37:1114-1121.
ltasaka H, 'hketomi A.
139. Suehiro 'I~ Sugimachi K, Matsumata
Maeda T Protein induced by vitan1in K absence or antagonist ll as
prognostic marker in hepatocellular carcinoma. Comparison with
alpha-fetoprotein. Cancer 1994;73:2464-2471.
140. '1Sai SL, Huang GT Yang PM, Sheu JC, Sung JL, Chen DS. Plasma
des-gamma-carboxyprothrombin in the early stage of hepatocellular
carcinoma. Hepatology 1990; 11:481-488.
A,
C, Jovine E, Miniero R, Gallucci A,
141. Grazi GL,
Palareti G. et al. 'I he role
tumor markers in the diagnosis of hepatocellular carcinoma, with special reference to the des-gamma-carbm:y
prothrombin. Liver Transpl Surg 1995:1:249-255.
142. Koike Y,
Y, Sato S, Obi S, Tera1ani T, Imamura M, Yoshida
H, et al. Des-gamma-carbm.y prothrombin as a useful predisposing
factor for the development of portal venous invasion in patients with
hepatocellular carcinoma: prospective analysis of
patients. Cancer 2001;91:561-569.
143. 'laketa K, Endo Y, Sdciya C, 'hnikawa K, Koji '1; 'laga H, Satomura
S, et al. A collaborative study for the evaluation of lectin-reactive
alpha-fetoproteins in early detection of hepatocellular carcinoma. Cancer Res 1993;5.3:5419-5423.
144. Shiraki K, 'laka.se K, 'lameda Y, Hamada M, Kosab Y, Nakano T. A
clinical study of lectin-reactive alpha-fetoprotein as <U1 early indicator
of hqxltocellular
in rhe follow-up of cirrhotic patients. Hepatology 1995;22:802-807.
145. Sato Y, Nakata K. Kato Y, Shima M, lshii N. Koji '1, 'laketa K.
et al. Early
of hepatocellular carcinoma based on
profiles
alpha-fetoprorein. N
] Med 1993;328:
1802-1806.
146. Kumada
Nal<ano
'lakeda 1, Kiriyama S. Sane Y, Hayashi K.
K.uoh H, et al. Clinical utility of Lens culinaris agglutinin-reactive
a[p,ha-fct:oprotein in small
carcinoma: special
to

147. Okuda K, Tmaka M, Kanazawa N, Nagashima J, Satomura S.
Kinoshita H, Eriguchi N, et al. Evaluation of curability and prediction of
after surgical treatment for hepatocellular carcinoma
by lens
agglur.inin-reactive alpha-fetoprotein. Im J Oncol
1999; 14:265-271.
148. Hayashi K, Kumada T; Nakmo S, T1keda I, Sugiyama K, Kiriyama S,
Sone Y, et al.
of measuremenr of Lens
fraction of alpha-fetoprotein
a marker of prognosis and reof small hepawcellular
Am J Gas1roemerol 1999;
94:3028-30:3:3.
149. Yamashira F, Tanaka M, Sarnmura S, Tanikawa K. Monitoring of lectin-reactive
in patients with hepatocellular carcinoma
using transcatheter arterial embolization. Eur J
Gastroenterol Hepatol 1995;7:627-63:3.

BRUIX AND SHERMAN

29

150.

151.

152.

15:3.

154.

155.

156.

157.
158.
159.

160.

161.
162.

163.

164.

Gttanhsole V, De Marco G.
early detection of hepatocellular carcinoma: a prospective sr.udy
patients with cirrhosis. Cancer 1998;83:2468-2474.
Ishizub H, Nabyama T, Matsuob S, Gowh Ogawa M, Suzuki K,
Tmaka N, et al. Prediuion of
development of netlal!l-C<clll;tlar-carcinoma in patients "~th liver cirrhosis by the serial
of
serum alpha-L-fucosidase activity. Intern Med 1999;38:927-9:31.
Nakatsura T, Yoshitake Y, Senju S,
M, Komori H, Motomura
Y, llosaka
et al. Glypican-3, overexpressed specifically in human
hepatocellular carcinoma, is a novel tumor marker. Biochem Biophys
Res Commun 2003;:306:16-25.
M, Wanless IR, Sherman M, Deboer
Shi W, Miyoshi E,
J. Glypican-J: novel serum <md histochemical marker for hepatocellular carcinoma. Gastroenterology 2003;125:89-97.
Di T<mumso L, Demo A, Seok JY,
E, TemJCciano L, Sangiovanni A, lavarone M, et
The application of markers (HSP70
GPCJ and GS) in liver biopsies is useful for detection of hepatocellular carcinoma. J Hepatol 2009;50:746-754.
Di Tommaso L, Franchi G, Park YN, Fiamengo B, Destro A. MorenE, Montorsi M.
al. Diagnostic value of HSP70,
3, and
synthetase in hepawcellular nodules in
logy
Paradis V, Degos F. Dargere D, Pham N, Belghiti J, Degott C, Janeau
al. Identification of new marker of hepatocellular carcinoma
JL,
by
protein profiling of patients with chronic liver diseases. Hepatology 2005;41 :40-47.
Sherman M. Screening for hepatocellular carcinoma. Baillieres Best
Pract Res Cl in Gamoenrerol 1999; 1):t>L)-b:)).
Bartolozzi CL, R;. Liver Malignances. Diagnostic and Interventional
lbdiology. 1999.
Chen TH, Chen CJ, Yen MF, Lu SN, Sun CA, Hu,mg GT; Yang
PM, et al. Ultrasound screening and risk factors for death from hepatocellular carcinoma in a high risk group in Taiwan. Int J Cancer
2002;91\:257-261.
Larcos G, Sorokopud H, Berry G, Farrell GC. Sonographic screening
for hepatocellular carcinoma in patients "~th chronic hepatitis or cirrhosis: an evaluation. AJR Am J Roemgenol 1998;171 :4:3.3-435.
Brenner DJ, Hall EJ. Computed tomography--an increasing source of
radiation exposure. N Engl J Med 2007;357:2277-2284.
B, Yang B. Combined alpha
testing and ultrasoas a screening test for primary
cancer. J Med Screen
1999:6:108-110.
Trevisani F, DeNS, lbpaccini G, Parinati Benvegnu L, Zoli M, Grazi
GL, et al. Semiannual and annual surveillance of cirrhotic patients for
hqlat,occ:llular carcino1na: effects on cancer stage and
survival
exf>erietH:e). Am J Gas1roemerol
S,mtagostino E, Colombo M, Rivi M, Rumi MG, Rocino A, Linari
S, Mannucci PM. A 6-month versus a 12-month surveillance for hehemophiliacs infected with the hepatitis
patocellular carcinoma in
Blood 2003; 102:78-82.

165. Kim DY, Han KH, :\hnSH, Paik YH, Lee KS, Chom CY, Moon YM.
Semiannual survillance for hepatocellular carcinoma improved patient
survival compared to annual survillance (Korean experience). Hepatology 2007;46:403A.
166. Nakashima T Kl'vl. Hepatocellular carcinoma. 1987.
Alpha-ieroprotein-producing rectal can167. Saw Y, Sekine T,
cer: calculated tumor marker doubling time. J Surg Oncol 1994;55:
Etoh T, Kitano
16H. Adachi Y, Tsuchiha.shi J, Shiraishi N,
AFP-producing gastric carcinoma: multivariate analysis of prognostic
factors in 270 patients. Oncology 2003:65:95-101.
169. Kojiro M. Focus on
nodules and early hepatocellular carcinoma: an Eastern point
Liver Transpl 2004; 1O:S3-8.
170. Levy I, Greig PD, Gallinger S, Langer B, Sherman M. Resection of
hepatocellular Gltcinoma without preoper;llive rumor biopsy.
Surg 2001:234:206-209.

LIT.001.4358

JO

BRUlX AND

SHE~iV!J\N

171. Torzilli
Makuuchi M, Tnnue K,
Y, Kubota K, et al. No-mortality liver resection for hepatocellular carcinoma in cirrhotic and noncirrhotic patients: is there a
way? A prospective analysis of our approach. Arch Surg 1999; U4:
984-992.
172. Burrel M, Llovet JM, Ayuso C, Iglesias C, Sala M, Miquel R, Caralt
T; et al. !v!Rl angiography is superior to helical CT for detection of
HCC prior to liver transplantation: an explant correlation. Hepatology 200.3;38: 10.34-1042.
173. Yu JS, Kim KW, Kim EK,
JT Yoo HS. Contrast enhancement of
small hepatocellular carcinoma: usefulness of three successive early
image
during muhiphase
MR imaging. AJR Am
J Roemgenol 1999; 17:3:597-604.
174. Mucller GC, Hussain HK, Carlos RC. Nghiem HV, Francis I~ Effectiveness of MR imaging in characterizing small hepatic lesions: routine
expert
AJRAmJ Roemgenol2003;11l0:67:)-680.
175. Forner A, Vilana R, Ayuso C, Bianchi L, Sole M, Ayuso J~ Boix L,
et al. Diagnosis of hepatic nodules 20 mm or smaller in cirrhosis:
PnlSpective validation of the noninvasive diagnostic criteria for hepacarcinoma. Hepatology 2001\;47:97-104.
176. Bruix J, Sherman M. Management of hepatocellular carcinoma. Hepatology 2005;42:1208-1236.
V, Vidili G, Pini P, Bolondi
Leoni S, Piscaglia F, Golfieri R,
L. The Impact of Vascular and
Findings on the Noninvasive Diagnosis of Small Hepatocellular Carcinoma Based on the G\SL
and AASLD Criteria. Am J Gastroenterol 2010;105:599-609.
178. Khalili K KT Jang !IJ, !Iaider MA, Guindi M, Sherman !vl. Implementation of AASLD hepatocellular carcinoma practice guideline in
noth arnerica: two years of experience. Hepatology 2008;48:3621\.
179. Sangiovanni
Manini MA, Iavarone M, Romeo R, Forzenigo LV,
Fraquelli M, !vlassironi S, et al. The diagnostic and economic impact
of contrast imaging technique in the diagnosis of small hepatocellular
carcinoma in cirrhosis. Gut 2010;59:570-571.
Bruix
180. Rimob J, Forner A, Reig M, Vilana R, de Lope CR, Ayuso
J. Cholangiocarcinoma in cirrhosis: absence of contrast washout in
delayed phases by magnetic resonance imaging avoids misdiagnosis of
hepatocellular carcinoma. Hepatology 2009;50:791-798.
181. Vilana R, Porner A, Bianchi L, Garcia-Criado A, R.imola J, Rodr!guez
de Lope C, et al. Intrahepatic peripheral cholangiocarcinoma in cirrhosis patients may display a vascular pattern similar to hepatocellular
carcinoma on contrast-enhanced ultrasound. Hepatology 2010;51:
2020-2029.
182. Nakashima Y, Nakashima 0, Ilsia CC, Kojiro !vl, Tabor E. Vascularization of small hepatocellular carcinomas: correlation with differentiar.ion. Liver 1999;19:12-18.
183. Kandil D, Leiman G, Allegretta M, Trotman \1(7, Pantano"~tz L, Goulart R, Evans !vl. Glypican-:3 immunocytochemistry in liver fine-needle aspirates: a novel stain to assist in the differentiation of benign
and malignant liver lesions. Cancer 2007;111:.316-322.
184. Libbrecht L, Biclen D, Verslype C, Vanbeckevoort D, Pirenne J,
Nevens F, Desmet V, et al. Focal lesions in cirrhotic explant livers:
pathological evaluation and
imaging
examinations. Liver Transpl 2002;8:749-761.
Tcssiore S, Allegretta M, Guttmann
185. \Vang XY, Degos F, Dubois
RD, Jothy
et al. Glypican-3
in hepatocellular rumors:
value for
and hepatocellular carcinomas. Hum Pathol 2006;.37:14:35-1441.
186. Park YN, Kojiro M, Di Tommaso L, Dhillon AP, Kondo F, Nakano
M, Sabmoro M, et al. Ducr.ular reaction is helpful in defining early
invasion,
hepawcellular
and dysplastic nodules. Cancer 2007; 109:915-923.
187. Lencioni RLJ. Modified Recist (mRECIST) Assessment for Hepatocellular
Semin Liver Dis 201 0;:30:52-60.
188. Pomfret E, Washburn K, Wald C, Nalesnik M, Douglas D, Russo M.
Roberts JP, et al. Report of a National Conference on Liver Allocation
in Patients
Hqxltocellubr C;Hcinoma in the United States. Liver
Transpl 201 0; 16:262-278.

HEP;\TOLOGY, July 2010

189. Sakamoto M, Hirobashi S. Natural history and prognosis of adenomatou.s
hyperplasia and early hepatocellular carcinoma: multi-institutional analysis
of
nodules followed
for more thm 6 months and 141 patients
carcino.ma lre.ued by

single

190.

191.

192.

193.

194.

195.

resenion

percutaneous ethanol injection. Jpn J Clin Oncol 1998;28:604-608.
Tabyama T Makuuchi M, Hirohashi S, Sakan10to M, Yamamoto J,
Shimada K, Kosuge
al. Early beparocellular carcinoma
an emity
with a high rate of surgical
Hepatology 1991\;21\:1241-1246.
Pathologic diagnosis of early hepatocellular carcinoma: a report of
the international consensus group for hepatocellular neoplasia. Heparology 2009;49:658-664.
"hkayama
Malmuchi M, Hirohashi S, Sakamoto M, Okazaki N,
Tabyasu K, Kosuge T et al. Malignant transformation of adenomatons hyperplasia 10 hepatocellular GHcinoma.
1990;336:
1150-115:3.
Nal<ashima Y, Naka.shima 0, "I:maka M, Okuda K, Nakashima M,
M. Portal vein invasion and intrahepatic micrometasrasis in
hepatocellular GHcinoma by
type. Heparol Res 2003;26:
142-147.
Forner A RM, Rodrigruez de Lope
BruL'< J. Current Strategy for
Staging and Treatment: the BCLC Update and Fmure Prospects
Liver Dis 2010;30:61-74.
Sala M, Llovet JM, Vilana R, Bianchi L, Sole M, Ayuso C, Bru C, et
al. Initial
to
ablation predius
in
patients with hepatocellular carcinoma. Hepatology 2004;40:
1

196. Vilana R, Bruix J, Bru C, Ayuso C, Sole M, Rodes J. Tumor size
determines the efficacy
percutaneous ethanol
the treatment of small hepatocellular carcinoma. Heparology 1992;16:
353-357.
197. Bremner KE, Bayoumi AM, Sherm;m M, Krahn MD. Management
of
1
2 cm liver nodules in patients
compensated cirrhosis:
decision analysis. Can J Gastroenterol 2007;21:
491-500.
198.
MA, Hegab B, Hyde
Guo B, Buckels JA, Mirza DF. Needle
in the
of heseeding following biopsy of liver
patocellular cancer: systematic review and meta-analysis. Gm 2008;
57:1592-1596.
Yu D, Davies N,
D, Burroughs AK.
199. Sr.igliano R, Marelli
Seeding j{,llowing
diagnostic and therapeutic approaches
for
carcinoma. w'har. is r.he risk and r.he our.come' Seeding
for percut;meous approach of HCC. Cancer Treat Rev 2007;
3:3:4:37-447.
lreaunent
in
200. Bruix J, Llovet JM. Prognostic
hepatocellular carcinoma. Hc:pat:ol<>gy
201. Huo TT, Lin
Hsia CY, Wu JC, Lee
Chi CW, Lee SD. The
rnodel for

203.

204.
205.
206.

disea..;,e based cancer staging sysrerns are her-

prognostic
for hepatocellular carcinoma:
prospective sequential survey. Am J Gastroenterol2007;102:1920-19:JO.
PS,
RH, Malinchoc M, Kremers W, Therneau TM,
Kosberg CL, D"Amico G, et al. A model to predict survival in
patients with end-stage liver disease. Ilepatology 2001;:J:J:464-470.
Belghiti J, Mina N,
Vaur.hey JN, Lauwers GY, Esnaola NF, Do
SA, et
Simplified
for hepatocellular carcinmm. ]
Clin Oncol 2002;20:1527-1536.
Fleming ID. AJCC/TNM
staging, present and future. J Surg
Oncol 2001;77:233-2:36.
Greene FL PO, Pleming ID, hitz AG, Blavk CM, Haller DG, MorM,. A) CC.
Staging Handbook. 2002.
1kai 1, "hkayasu K, Omata M, Ok:ita K, Nakanuma Y, Matsuyama Y,
Makuuchi M, et al. A modified
Stage score for prognostic

in

J Ga;;trn-

emerol 2006;41 :884-892.
207. Okuda K, Ohtsuki "1, Obata H, "lomimatsu M, Okazak:i N, Hasegawa
H, Nabjima Y, et al. Natural histmy of hepatocellular carcinoma ,md
in relarion to 1reannent. Smdy of R50
Cancer
1985;56:918-928.

LIT.001.4359

HEPATOLOGY, Vol. 000, No. 000, 2010

208. Omagari K, Honda S, Kadokawa Y, lsomoto H, T1keshima F, Hayashida K, Mizuta Y, et al. Preliminary analysis of newly proposed
for hepatocellular car.cm.oma.
prognostic scoring system (SLiDe
Gastroemerol Hepawl 2004; 19:1\05-H 11.
209. Kudo M, Chung H, Osalci Y.
system for hepatocellular carcinoma (CLIP
a proposal
for a new staging system, the Japan Integrated Staging Score (JTS
J
2003;3H:207-215.
210. Leung T\V, Tang AM, Zee B, Lau W'Y, Lai PB, Leung KL, Lau JI; et
Construction of rhe Chinese University Prngnosric
for
tocellular carcinoma and comparison with the TNM staging system,
the Okuda
and the Cancer of the Liver Italian Program staging system: a study based on 926 patients. Cancer 2002;94:
1760-1769.
211. A new prognostic system f(,r hepatocellular carcinoma: retrospective
smdy of 435
the Cancer of the Liver Italian Program (CLIP)
investigators. Hepatology 1998;28:751-755.
212. Chevrer S,
JC, M:llhieu D, Rached AA,
M, Chasdassification for
survival in
patients with
carcinoma. Groupe
et de
ment du Carcinome Hepatocellulaire. J Hepatol 1999;31:UJ-141.
2U. Grieco A, Pompili M,
G, Miele L,
M, Alfei B,
GL, et al. Prognostic factors f(,r survival in patients with
early-intemrrecliate hepatocellular carcinoma undergoing non-surgical
therapy: comparison of Okuda, CLIP, and BCLC staging systems in a
single Italian centre. Gut 2005;54:411-418.
214. Sorensen JB, Klce M, Palshof "I; Hansen HH. Performance status
assessment in cancer patients. An inter-observer variability study. Br J
Cancer 1993;67:773-775.
215. Verger
sratus
be transformed to the Eastern Cooperative
Group scoring
scale and vice versa? Eur J Cancer 1992;28A:U28-1330.
216. Calvet X, Bruix J, Gines P, Bru C, Sole M, Vilana R, Rodes J. Prognostic factors of hepatocellular carcinoma in the west: a multivariate
analysis in 206 patients. Hepatology 1990;12:75:3-760.
Pugh
IM, Dawson JL, Pietroni MC, Williams R.
Transection of the oesophagus f(,r bleeding oesophageal varices. Br J
Surg 1973:60:646-649.
218. Llovet JM, Bruix J.
review of randornized trials for unresectable hepatocellular carcinoma: Chemoembolizalion improves surHepawlogy 201cl:J:.37:42~9-442.
219. Mazzaferro V,
F, Montalto F, et al. Liver transplantation for the treatmem of small
hepatocellular carcinomas in
with cirrhosis. N Engl ] Med
1996;:334:693-699.
220. Llovet JM, Di
AM, Bruix J, Kramer BS, Lencioni R, Zhu
AX, Sherman M, et
Design and endpoims of clinical trials in hepawcellular carcinoma. J Nail
Ins! 2001\;1 00:698-711.
221. Llovet JM, Ricci S,
P, Gane E, Blanc JP, de
Oliveira
et al. Snrafenih in
N
Engl] Med 2008;:359:378-:390.
222. Cheng AL, Kang YK, Chen Z, 'lsao CJ. Qin S, Kim JS, Luo R. et al.
Efficacy and safety of sorafenib in patients in the Asia-Pacific
advanced hepatocellular carcinoma: phase TTT randomised,
hie-blind, placebo-controlled trial. Lancet Oncol 2009; 10:25-.34.
223. BruiJc J, Llovet JM, Castdls A, Montana X, Bru C, Ayuso MC, Vilana
R, er aL Transarrer.ial ernbolization versus sytnprornaric trearrnenr in

p:ltiems wirh
heparocellular carcinoma:
of a randotnized,
controlled trial in single instiwtion. Hepatology 1998;27: 1578-1583.
224. Kulik LM, Carr Bl, Mulcahy MF, Lewandowsk:i RJ, Atassi B, Ryu
and
'JOY radiotherapy for
RK, Saro KT, et. al.
rocellular carcinoma with and without portal vein thrombosis. Hepatology 2008;47:71-81.
225. Rloul JL, Guyader D, Bretagne JF, Heautot J!', Duvauferrier R, Bourguet
P, Bekhechi D, et al. Prospective randomized uial of chemoembohation
versus
of 131 T-laheled-iodiz.ed oil in the
of hepatocellular carcinoma. Hepatology 1997:26:1156-1161.

BRUTX AND SHERMAK

226. Okada S, Okazak:i N, Nose H, Yoshimori M, Aok:i K. Prognostic factors
patients with heparocellular
receiving
chemotherapy. Hepatology 1992;16:112-1
227. Nerenstone SR, lhde DC, Friedman MA. Clinical trials in primary
hepatocellular carcinoma: current status and future directions. c,mcer
Treat Rev 19RR; 15:1-31.
228. Castells A, Bruix J, Bru C, Ayuso C, Roca M, Boix L, Vilana R, et
al. Treatment of hqJatoc<:llular carcinoma with tamoxifen: a doubletrial in 120 patients. Gastroenterology 1995;
blind
109:917-922.
229. Rmdomized trial of leuprorelin and flutamide in male patients with
hepatocellular carcinoma treated
tamoxiren.
2004;40:1361-1369.
230. Grimaldi C. Blciberg H, Gay F. Messner M. Rougier P, Kok TC, Cirera L, et al. Evaluation of antiandrogen therapy in unresectable hepatocellular carcinoma: results of European
ror Research
and Treatment of Cancer multicentric double-blind uial. J Cl in Oncol
1998;16:411-417.
Lornbard-Bohas
Far231.
hepatocellular carcinoma
with
ocrremide: phase III mulricentre, randomised, double
placebo-controlled study. Eur J Cancer 2009;45: 1788-1797.
232. Yuen MF, Poon RT, Lai CL, Fan ST, Lo CM, Wong Kw, Wong
WM,
al. A randomized placebo-comrolled smdy of long-acting
ocueoride for rhe treatmem of advanced hepatocellular carcinoma.
Hepatology 2002;36:687-691.
23:3. Fong Y, Sun RL, Jarnagin W, Blumgan LH. An analysis of 412 caves
of hepatocellular carcinoma at a Western cemer. Ann Surg 1999;229:
790-799-; discussion 799-800.
234. Grazi CL, Ercolani
Pierangeli F, Del Gaudio M, Cescon M,
A, Mazzioui A.
results of liver resection for hepatocellular carcinoma on
give the procedure added value. Ann
Surg 2001;2:34:71-78.
235.
K, Aoki T, Takahashi M, Tnoue Y,
K,
Neither multiple tumors nor portal hypertension
surgical contraindications for hepatocellular carcinoma. Gastroenterology 2008; 134:1908-191 G.
M, Rimob A, CabGines P, Quimern F., Arroyo V, Teres J,
history and prognostic
alleria J, et al. Compensated cirrhosis:
factors. llepatology 1987;7:122-128.
D'Amico G, Garcia-Tsao G, Pagliaro L. Nawral history and prognostic
of
in
of 11 R smdJ Hcpatol200G:44:217-231.
23H. D'Amico G, Morabiw A, Pagliaro L,
E.
prognostic indicarors in compensated and decompensated cirrhosis. Dig
Dis Sci 1986;31:468-475.
239. Torzilli
Minagawa M, Takayama T, Inoue K, Hui AM,
Oluomo K, e1
evaluation of
lesions without fine-needle biopsy. Hepatology 1999;:30:889-893.
240. Bruix J, Casrells A, Bosch J,
F, Fuster J, Carcia-P:Jgan JC,
],
et al. Surgical resection of hepatocellular carcinoma in cirrhotic
patients: prognostic value of preoperative portal pressure. Gastroenterology 1996;111:1018-1022.
241. Rees M,
Wells J,
S. One hundred
fifty hepatic
resections: evolution of technique towards bloodless surgery. Br J Surg
1996;83: 1526-1529.
242. Poon RT, Fan ST, Ng IO, Wong J. Significance of resection margin
A critic:ll
in hepatecromy f(lr hepatocellular
Ann Surg 2000;231:544-551.
T,
243. Okada S, Shimada K, Yamamoto J,
T,
S, Sakamoto M, et al. Predictive factors for postoperative recurrence
ofheparocellular carcinoma. Gasrroemerology 1994;106:1611\-1624.
244. Yamasaki S,
H, Kinoshita H, Furukawa M, Imaoka S,
K, Kakumoi.O Y, et al. A prospective randomized trial
the
preventive effect of pre-operative transcarheter anerial embolization
recurrence of hepatocellular carcinoma. Jpn J
Res
1996;87:206-211.

LIT.001 .4360

BRUlX AND

245.

246.

247.

249.

250.

251.

252.

25:3.

254.

255.

256.

SHE~iV!J\N

0,
], Kianmanesh R,
JM, Santoro R, Vilal. Portal vein
before right hepatecgrain V, Denys A,
tomy: prospective clinical triaL Ann Surg 2003;237:208-217.
Tanab H, Hirohashi K, Kubo S, Shuto T, Higaki I, Kinoshira H.
Preoperative
vein embolization improves
after
hepatectomy
hepatocellular carcinoma in patients with impaired
hepatic function. Br J Surg 2000;87:879-882.
Shirabe K, Kanemar.su T, Matsumar.a T, Adachi E, Abzawa K,
machi K.
to early recurrence of small hepatocellular
carcinoma after hepatectomy: univariate and multivariate analyses. Hepatology 1991;14:802-805.
Adachi E, Maeda T, Marsumar.a T, Shirabe K, Kinubwa N,
K, Tsuneyoshi M. Risk factors for intrahepatic recurrence in
small hepatocellular carcinoma. Gastroenterology 1995;108:768-775.
Poon RT, Fan ST, Lo CM, Liu CL, Wong J. Tmrahepalic recurrence
curative resection of hq)ar..oct:llu.lar carcinorna: long-terrn results
of treatment and prognostic
Ann Surg 1999;229:216-222.
Minagawa M, Makuuchi M,
T, Kokudo N. Selection criteria
repeat hepatectomy in paliems with recurrem hepatocellular
carcinoma. Ann Surg 2003;238:703-710.
Chen YJ, Yeh SH,
JT, Wu CC,
MT,
Chen PJ, et
Chromosomal changes and donality relationship between primary
Gasuoemerolos'Y 2000; 119:431-440.
recurrem hepawcellubr
Imamura H, Mar.suyama Y, Tanab E, Ohkubo T,
K, MiyaS,
Y, e1
Risk factors contributing to early and late
phase
recurrence of hepatocellular carcinoma after hepatectomy. J llepatol 2003;38:200-207.
Nagasue K, Uchida M, Makino Y, Takemoto Y, Yamanoi A, Hayashi
YC, er al. Incidence
associ:Hed with intrahepatic
recurrence following resection of hepatocellular carcinoma.
terology 199:3; 105:488-494.
Morimoto 0, Nagano H, Sakon M, Fujiwara Y,
of inn·aht:p:Hic
centric
by microsatellite loss of heterozygosity in
and recurrent hepatocellular carcinomas. J lleppatients w~th
atol 200:3;39:215-221.
JD, Schwanz M, Mandeli J, Sung M.
adjuvant therapy for resectable hepatocellular carcinoma: review of the
randomised clinical trials. Lmcet Oncol 2002;:3:59:3-603.
Lau w'Y, Leung T'W, Ho SK, Chan M, Machin D, Lau J, Chan AT,
inrra-anerial iodine-131-labelled
for

HEP;\TOLOGY, July 2010

263.

264.

265.

266.

268.

269.

270.

271.

27:3.
257. Takayama T, Sekine T, Makuuchi M, Yamasaki S, Kosuge T, Yantamoto J, Shimada K, et al. Adoptive immunotherapy to lower postsurgical
rates of hepatocellular carcinoma: a randomised triaL
Lancet 2000;356:802-807.
258. Muro
Moriwaki H, Ninomiya M, Adachi S, Sairo A, Takasaki KT,
Tmalm T et al. Prevention of second primary tumors by an acyclic
retinoid, polyprenoic acid, in patients with hepatocellular carcinoma.
Hepatoma Prevention Study Group. N Engl J Med 1996:3:34:
1561-1567.
259. lkeda K, Arase Y, Saitoh S, Kobayashi M, Suzuki Y, Suzuki Tsubota
A, et
Interferon beta prevents recurrence of hepatocellular
noma after complete resection or ablation of the
tumor-A
prospective
.smdy of hepatitis C
liver cancer.
Heparology 2000;32:228-232.
260. Kubo S,
S, Hirohashi K, 'Ianaka H, Shuro "I; Kinoshita
H.
clinical trial of long-tenn outco1ne
resection of
hepatocellular carcinoma by postoperative
imerferon therapy. Br J Surg 2002;89:418-422.
261. Mazzaferro V, Romito R, Schiavo M, Mariani L, Can1erini T Bhoori
S, Capussotti L,
al. Prevention of hepatocellular carcinoma recurrence with alpha-imerferon after
in HCV
Hepatology 2006;44:154:3-1554.
262. Breitensrein S, Dimitroulis D, Petrowsky H, Puhan MA, Mullhaupt
B, Clavien PA. Systematic
and meta-analysis of imerferon

274.
275.

276.

278.
279.

280.

280.

curative treatment of hepatocellular carcinoma in patients with viral
hepatitis. Br J Surg 2009:96:975-981.
Golub TR, Slonim DK,
P, Huard C,
M,
JP,
Caller H, et al. Molecular classification of cancer: class discovery and class
prediction by gene expression monitoring. Science 1999;286:531-5:37.
Khan J, Wei
Ringner M, Saal LH,
Benhold F,
al. Classillcation and
using gene expression profiling and
Med 2001;7:67:3-679.
Rosenblatt KP, Bryant-Greenwood P, Killian JK, Mehta A, Geho D,
Espina V, Petricoin Ef', :Jrd, et al. Serum proteomics in cancer diagnosis and management. Annu Rev Med 2004;55:97-112.
K, Oka M,
Nishida M, Maeda Y, Mori N,
Takao T
al. Oligonucleotide microarray for prediction of early intrahepatic recurrence of hepatocellular carcinoma after curative resection. Lancet 200:3;361:923-929.
Ye QH, Qin LX,
M, He P, Kim JW,
al. Predicting hepatitis B virus-positive metastatic
carcinomas using gene expression profiling and supervised machine learning. Nat Med 200J;9:416-423.
Smith M\V, Yue ZN, Geiss GK, Sadovnikova NY, Carter VS, Boix L,
Lazaro CA
al. Identification of novel tumor markers in hepatitis C
virus-associated hepatocellular carcinoma. Cancer Res 200:3;6:3:
i\59-864.
Hoshida Y TS, Lachenmayer A, Villanueva A, Minguez B, LLovet
JM. Molecular classification and Novel Targets in Hepatocellular Carcinoma: Recent Advancements. Semin Liver Dis 2010;.30:35-51.
'Jakayasu K, Muramatsu Y, Moriyama N, Hasegawa H, Makuuchi M,
0 kazaki N, Hirohashi S, et al. Clinical ,md radiologic assessments of
the
of hepatecmmy for
hepatocellular carcinoma
rherapemic arterial embobation for postoperative recurrence. Cancer
1989;64:1848-li\52.
Majno PE, Sarasin FP, Memha G, Hadengue A. Primary liver
or primary liver transplamation in
with single, small hepatocellular carcinoma and preserved
function: an outcome-oriented decision <malysis. l Iepatology
2000;31 :899-906.
Sala M, Fusrer J, Llover JM,
M, Sole M, Varela M,
F, et
al. High pathological risk of recurrence after surgical resection for hepatocellular carcinoma: an indication for salvage liver transplantation.
Liver Transpl 2004;10:1294-UOO.
Ringe B, Pichlm:tyr R, Wittekind C, lirsch G. Surgical rre:mnent of
hepatocellular carcinoma: experience with liver resection and transplantation in 198 patients. World J Surg 1991;15:270-285.
Iwar.suki S, Gordon RD,
BW, Jr., Starzl TE. Role of liver transplantation in cancer therapy. Ann Surg 1985;202:401-407.
Bismuth H, Chiche L, Adam R, Castaing D. Surgical uearment of hepatocellular carcinorna in
resection or transj>lattl.al.io:tt?
'lransplant Proc 1993;25:1066-1067.
Llover JM, Bruix J, Fuster J,
A,
JC, Grande
L,
et al. Liver uansplantation for small hepatocellular carcithe
classification
not have prognostic power. Hepatology 1998;27:1572-1577.
Marsh JW,
I, Bonham CA, Twarsuki
p:Hhologic
TNM staging system for patients with hepatoma
of OUtcome' Cancer 2000;88:5:38-54:3.
Marsh JW, Dvorchik I. Liver organ allocar.ion for heparocellular carcinoma: are we
2003;9:69:3-696.
Mazzaferro V, Uovet JM, Miceli R, Bhoori S, Schiavo M,
L,
T, e1 al. Predicting
after liver
in
patiems wirh
carcinoma beyond the Milan crir.eria:
retrospective,
analysis. Lancet Oncol 2009; 10::35-43.
Volk ML, Vijan S, Marrero JA. A novel model measuring the harm
of
hepatocellular carcinorna exceeding Milan crileria.
Am Transplant 2008;8:839-846.
Onac:1 N, Davis GL, Goldstein RM,
LW, Klinnmlm GB.
Expanded criteria for liver uansplamation in patients with

LIT.001.4361

HEPATOLOGY, Vol. 000, No. 000, 2010

282.

283.

284.

285.

286.

287.
281\.

289.

290.

293.

294.

296.

298.

299.

BRUTX AND SHERMAK

hepatocellular carcinoma: a report from the International Registry of
Hepatic Tumors in Liver Transplantation. Liver Transpl 2007:13:
:391-399.
Herrero J1, Sangro B, Pardo F Quiroga J, 1narrairaegui M, Rotellar 1',
Montiel C, et al. Liver transplantation in patients with hepatocellular
Glfcinoma across Milan criteria.
Transpl 20,01\: 14:2/'2-27R.
Cillo U, Vi tale A, Bassanello M, Boccagni Brolese A, Zanus G, Burra
P, et al. Liver transplantation for the treatment of moderately or welldifferentiated hepatocellular carcinoma. Ann Surg 2004;239:150-159.
Decaens Roudot-Thoraval F, Hadni-Bresson S, Meyer C, Gugenheim
J, Durand F, Bernard Pll, et al. Impact of UCSF criteria according to
pre- and
tumor features: analysis of 479 patients listed for
a short waiting time. Liver Transpl 2006; 12:1761-1769.
Llovet JM, Schwartz M, Fuster J, Bruix ]. Expanded criteria for hepatocellular carcinoma through down-staging prior to liver transplantation: not yet there. Semin Liver Dis 2006;26:248-253.
Roayaie S, Prischer JS, Emre SH, Fishbein TM, Sheiner PA, Sung M,
Miller CM, et al. Long-term results with multimodal adjuvant therapy
and liver transplantation for the treatment of hepatocellular carcinolarger than eentimeters. Ann Surg 2002;235:533-539.
Neuberger J. Developments in liver transplantation. Gut 2004;53:
759-768.
Bruix J, Fuster J, Llovet JM. Liver LransFdarttation for hepatocellular
carcinoma: !'oucault pendulum versus
decision. Liver
'Ifanspl 2003;9:700-702.
Yao FY,
L,
NM, Kerlan R, Ascher NL, Robens JP. Liver
transplantation for hepatocellular carcinoma: validation of the UCSFexpanded criteria based on preoperative imaging. Am J 'lfansplant
2007;7:2587-2596.
Toso C, Trotter J, Wei A, Bigam DL, ShahS, Lancaster J, Grant DR,
et al. Total tumor volume predicts risk of recurrence follo"~ng liver
transplantation in patients with hepatocellular carcinoma. Liver
'Ifanspl2008;14:1107-1115.
Pelletier
Fu
Thyagarajan V, Romero-Marrero C, Batheja MJ,
Punch JD, Magee JC, et al. An intention-to-treat analysis of liver
tra:t1sph11ttation for hepatocellular carcinoma using organ procurement
network data. Liver Transpl 2009; 15:859-868.
Navasa M, Bruix ]. Multifaceted perspective of the waiting list for
liver transplantation: the value of pharmacok:inetic models. llepatology;51 :12-1
Plessier A, Codes L, Consigny Y, Sommacale D, Dondero F. Cartes
A, Degos et al. Underestimation of the influence of satellite nodules
as
risk factor for post-tr,msplantation recurrence in patients with
hepatocellular carcinoma. Liver
2004; 1O:S1l6-90.
Hsu HC, Wu TT; Wu MZ, Sheu JC, Lee CS, Chen DS. Tumor invahepatocellular carcinoma. Clinical
siveness and prognosis in
and pathogenetic implications. Cancer 1988;61:2095-2099.
Wayne JD, Lauwers
1kai 1, Doherty DA, Belghiti J, Yamaoka Y,
Regimbeau JM, et al. Preoperative predictors of survival after resection
of small hepatocellular carcinomas. Ann Surg
discussion 730-721.
Yao FY, Bass NM, Nikolai B, Davern '1], Kerlan R, Wu
Ascher
NL, et al. Liver tr<msplantation for hepatocellular carcinoma: analysis
of
to rhe intention-to-tre;lt principle ;md dropout
from the waiting list. Liver Transpl 2002;8:87.3-88:3.
Freeman RB, Mithoefer A, Rurhazer R, Nguyen K, Schore A,
A, Edwards E. Optimizing staging f(,r hepatocellular carcinoma
liver transplantarion: A retrospective analysis of the UKOS/OPTN
Liver Transpl 2006;12:1504-1511.
Roayaie
Haim MB, Emre S, Fishbein TM, Sheiner PA, Miller
CM, Schwanz ME. Comparison
surgical omcomes ior hepatocelluGlfcinoma in parients with hqxltitis B versus hepatiris C:
experience. Ann Surg Oncol 2000;7:764-770.
Freeman RB, Jr., Wiesner RH,
A, McDiarmid SV, Lake J,
allocation system: moving
Edwards E, Merion R, et al. The new
transpbmarion policy.
Transpl 2002;R:
851-858.

e

300. Freeman RB, Wiesner RH, Edwards E, Harper A, Merion R, \Volfe
R. Resulrs of the first year of rhe
liver allocation
Liver
Transpl 2004; 10:7-15.
JOl. Sharma P, Balan V, Hernandez JL, Harper AM, Edwards EB, Rodriguez-Luna H, Byrne T, et al. Liver transplamation for hepatocellular
carcinoma: the MF.LD
Liver Transpl 2004; 10:36-41.
llolman M, I Iarrison D, Stewart A, Stone M, Goldstein R, I Iusberg B,
Klimmalm G. Neoadjuvam chemotherapy and onhmopie
plantation f(>r hepatocellular carcinoma. N] Med 1995;92:519-522.
303. loannou GN, Perkins JD, Carithers RL, Jr. Liver transplantation for
he]patoc<:llttlar carcinoma: impact of the MELD allocation system and
Gastroenterology 2008; 134:1342-1351.
304. Stone MJ, Klintma1m GB, Palter D, Husberg BS, Mennel RG, Ramsay J\!IA, Plemens ER, et al. Neoadjuvant chemotherapy and liver
pilot swdy in 20
uansplantation for hepatocellular
l,;a:SlftJenl,etcJ[Of;y 19')3; 104: 1')6-202.
305. Pokorny H, Gnant M, Rasoul-Rockenschaub S, Gollackner B, Steiner
B,
Sreininger R,
Does additional doxoruhicin chemotherapy improve outcome in patients with hepatocellular carcinoma
by liver transplantation' Am] Transplant 2005;5:788-794.
306. Majno PE, Adam R, Bismuth H, Castaing D, Ariche A, Krissat J, Perrin
H, al. TnAuence of preoperative
lipiodol chemoemholizarion
on resection and transplantation for hepatocellular
in patietm
with cirrhosis. Ann Surg 1997;226:688-70 1-; discussion 701-683.
.307. Livraghi T, Solbiati L, Meloni MF, Gazelle GS, Halpern EF, Goldberg
SN. Treatmem of focal
wirh
radio-frequency ablation:
mult.icemer study.
Radiology 20(13;:~26:441-LiS
.308. Llovet JM, Vilana R, Bru
Bianchi L, Salmeron JM, Boix L, Ganau
S, et al. Increased risk of tumor seeding ali:er percutaneous radiofrequency ablation for single hepatocellular carcinoma. Hepatology
2001 ;J3: 1124-1129.
.309. Trotter JF, Wachs M, Everson GT, Kam I. Adult-to-adult transplantation of the right hepatic lobe from a living donor. N Engl J Med
2002;:346: 1074-1082.
310. Strong RW, Lynch SV,
TH, Matsunami H, Koido Y, Balderson
GA. Successful liver
from a living donor to her son. N
Engl J Med 1990:322:1505-1507.
311. Steinmuller T,
A, Saner I, Theruvath T, Muller A, Settmacher
U, Neuhaus P. Living-donation liver transplantation for hepatocellular
carcinoma: time to drop the limitations? '1ransplant Proc 2002:34:
2263-2264.
312. Kawasaki S. Living-donor liver transplantation for hepatocellular carcinoma. 1lepatogastroenterology 2002;49:53-55.
.313. Gondolesi GE, Roayaie S, Munoz
Kim-Schluger L, Schiano T,
Fishhein TM, F.mre S, et al. Adult
donor liver mll1Splanution
for patients with hepatocellular carcinoma: extending LINOS priority
criteria. Ann Surg 2004;2:)9:142-149.
.314. Todo S, Furukawa H. Living donor liver transplantation for adult
patients with hepatocellular carcinoma: experience in Japan. Ann Surg
2004;240:451-459-: discussion 459-461.
Kim KH, Sung KB, Ko GY,
315. Lee SG, Hwang S, Moon DB, Aim
et al. Expanded indication criteria of living donor liver uansplantation
for hepatocellular carcinoma at one large-volume center. Liver 'Iranspl
2008;14:935-945.
316.
Y
S, Makuuchi M. Living donor
tion for hepatocellular carcinoma: '16kyo University series. Dig Dis
2007:25:310-312.
317. Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey
The
ciation between hepatitis C infection and survival after orthotopic
liver transplantation. Gastroenterology 2002;122:889-896.
31R. Garcia-Reronillo M, Forns
Llovet JM,
M, Feliu A,
A, Bruguera M.
al. Hepatitis C recurrence is more
living donor compared to cadaveric liver tr,msplantation. I Iepatology
2004:40:699-707.
319. Forman LM, 'Ifotter JF, Emond J. Living donor liver transplantation
and hepatitis C. Liver Transpl 2004; 10:347-:348.

LIT.001 .4362

J4

320.

321.

322.

323.

324.
.325.

327.

:no.
331.

332.

333.

334.

:ns.

BRU1X AND

SHE~iV!J\N

PJ, Malireddy S, Levitt BS, Lapoime-Rudow D, Lefkowitch J,
Kit11kl1ab,wala M, Russo MW, et al. Increased risk of cholestatic hepatitis C in recipients of grafts from living versus cadaveric liver donors.
Liver 'Iranspl 2003;9:1028-1035.
FP, Majno PE, Llovet JM, Bruix J,
Living donor liver transplantation for early hepatocellular carcinoma:
A life-expectancy ,md cost-effectiveness perspective. 1lepatology 2001;
33:1073-1079.
Roche B, Samuel D. Liver transpLmtation for hepatitis B virus-related
liver disease: indications, prevention of recurrence and results. J Hepatol 2003;39 Suppl 1:5181-189.
Forns X, Garcia-Retortil!o M, Serrano
l'diu A, Suarez F, de la
Mata M, Garcia-Valdecasas JC, et al. Antiviral therapy of patients
with decompensated cirrhosis to
recurrence of hepatitis C after
transplantation. J
2003;39:.389-396.
Berenguer M, Lopez-Labrador FX, Wright TL Hepatitis
and liver
transplantation. J Hepatol 2001;35:666-678.
Saw S, Shiratori Y, Imamura M, Teratani T, Obi S, Koike Y, Imai Y,
et al. Power Doppler signals after percutaneous ethanol injection therapy for hepatocellular carcinoma predict local recurrence of tumors: a
prospective study using 199 consecutive patients. J Hepatol 2001;35:
225-234.
Bruix J, Sherman !vl, Llovet JM, Beaugrand M, Lencioni R, Burroughs AK, Christensen E, et al. Clinical management of hepatocellular carcinoma. Conclusions of the Barcdona-2000 EASL conference.
European
for rhe Smdy of rhe Liver. J Hqxllol
2001 ;35:421-430.
Livraghi
Giorgio A, Marin G. Salmi A, de Sio 1, Bolondi L, Pompili M, et al. Heparocellular carcinoma and cirrhosis in 746 patients:
long-rerm results of
erhanol injection. Radiology 1995;
197:101-108.
Shiina S, Tagawa K, Unuma T, Terano A. Percmaneous ethanol injection therapy f(1t the treannent of hepatocellular carcinoma. AJR Am J
Roemgenol 1990; 154:947-951.
Okada S. Local ablation therapy for hepatocellular carcinoma. Semin
Liver Dis 1999; 19:323-328.
Ishii H, Okada S, Nose H, Okusaka T; Yoshimori M, Takayama T;
Kosuge
et al. Local recurrence of hepatocellular carcinoma after
percutaneous
injection. Cancer 1996;77: 1792-1796.
Livraghi
Bolondi L, Lazzaroni
Marin G, Morabito A, Rapaccini
GL, Salmi A, et al. Percutaneous ethanol injection in the treatment of
hepatocellular carcinoma in cirrhosis. A study on 207 patients.
1992;69:925-929.
Caramdla D, Cioni ~ Mazzeo S, Bartolozzi
Lencioni R, Vignali
C. Transcatheter arterial embolization followed by percutaneous ethanol
in the treatmem of heparocellular carcinoma. Cardiovasc
Imervem Radio! I 994; 17:70-75.
Lencioni RA, Allgaier He Cioni D, Olschewsk:i M, Deibert P, Crocetti L, Frings H,
Small heparocellular carcinoma in cirrhosis:
of
ahlarion
injection. Radiology 200:3;228:235-240.
SN, Lazzaroni S, Meloni F, Solbiati L, Gazelle
hq1ar-oct:llular carcinotna: rreannent \\<1.rh radio-frequency
ahlarion
ethanol
Radiology 1999;21 0:655-661.
Cho YK, Kim JK, Kim MY, Rhim !I, llan JK. Systematic
of
randomized
f(>r hepawcellular carcinoma treated with percmaneous ablation therapies. Heparology 2009;49:45.3-459.
Shiina S, Tcratani 'I; Obi S, Sato S, Tateishi R, Fujishima "I; Ishikawa
T; et al. A randomized controlled trial of radiofrequency ablation with
ethanol injection for small hepatocellular carcinoma. Gastroemerology
2005;129:122-130.
Lin SM, Lin CJ, Lin CC, Hsu CW, Chen YC. Ra<JiolrreclueJI1cy ablation
prognosis compared with ethanol injection
hepatocellular carcinoma <
=4 cm. Gastroemerology 2004;127:
1714-172:3.
C, Ferraioli G. ComGiorgio A,
plications
radiofrequency ablation

HEP;\TOLOGY, July 2010

339.

J40.

J41.

J42.

of liver tumors: 3-year experience with 336 patients at single center.
AJRAmJ Roentgenol2005;184:207-211.
T,
F,
H,
N, Hironaka K,
Okita K. Percmaneous radiofrequency ablation therapy f(>r patiems
with hepatocellular carcinoma during occlusion of hepatic blood flow.
Comparison with standard percutaneous radiofrequency ablation therapy. Cancer 2002;95:235.3-2.360.
Livraghi '1, Meloni F, Di Stasi M, Rolle E, Solbiati L, Tinelli C, Rossi
S. Sustained complete response <md complications rates after radiofrequency ablation of very early
carcinoma in cirrhosis: Is
resection still the
of
Hepatology 2008;47:82-89.
Chen MS, Li JQ, Zheng Y, Guo RP, Liang HH. Zhang YQ, Lin XJ,
et al. A prospective randomized trial
local abtherapy
parrial hepatecromy
hqxltocellular carciAnn Surg 2006;24:3::321-328.
Okada Chemotherapy in hepatocellular carcinoma. Hepatogastroenterology 1998;45 Suppl 3:1259-1263.
Raoul JL, Guyader D, Bretagne JP, Duvauferrier R, Bourguet P,
Bekhechi D, Deugnier YM, et al. ~mdomized controlled trial for hepa1:ooollrtlar carcinoma with portal vein thrombosis: intra-arterial iouo>e-,,,, -""HLcu oil versus medical supporr. ] Nucl Med 1994;35:

344. Salem R, Lewandowsk:i RJ, Atassi B, Gordon SC, Gates YL, Barakat
0,
Z, e1 al.
unresectable hepatocellular carcinoma
with use
90Y microspheres (TheraSphere): safety, mmor response,
and
] V:tsc Tnterv Radio! 2005;16:1627-1639.
Sangro B, Bilbao Jl, Boan J, Martinez-Cuesta A, Benito A,
J, Panizo A, et al. R<tdioembolizalion using 90Y-resin microspheres
patiems wirh advanced hepatocellular carcinoma. Im J Radiat Oncol
Bioi Phys 2006;66:792-800.
346. Kouroumalis E, Skordilis P, Thermos K, Vasilaki A, Moschandrea J,
Manousos ON.
of hepatocellular carcinoma
tide: a randomised controlled smdy. Gut I 998;42:442-447.
Llovet JM, Sala M, Castclls L, Suarez Y, Vilana ~ Bianchi L, Ayuso
Randomized controlled trial of interferon treatment for
hepatocellular
Hepatology 2000;31 :54-58.
], Park HC, Han KH, Chon CY. Clinical results and prognosin radiotherapy f<1r
hepatocellular c:Jrcinoma:
retrospective smdy of 158 patients. Int J Radiat Oncol Bioi Phys
2003;55:329-336.
Chow PK, 'Jai BC, Tan CK, Machin D, Win KM, Johnson PJ, Soo
KC. High-dose ramoxifen
rhe treatmem of
hepatocellular carcinoma: A
controlled triaL Hepawlogy
2002;36:1221-1226.
.350. Maninez Cerezo FJ, Tomas A, Donoso L, Enriquez J, Guarner
Balanzo J, M:minez Nogueras A, et
Controlled 1rial of
in patients with advanced hepatocellular carcinoma. J Hepawl 1994;
.351. Farinati F, Salvagnini M, de Maria N, Fornasiero A, Chiaramonte M,
Ross:Jro
R.
hepatocellular carcinoma: prospective controlled trial with tamoxifen. J Hepatol1990;11:297-JOL
352. Boix L, Bruix J, Castells A, Fus1er J, Bru C, Visa J, Rivera F, e1 al.
Sex hormone receptors in heparocellular carcinoma. Is there rarionale for
treatmem; J Hepaml 1993; 17:187-191.
N, Ito A, Yukaya ll, Ogawa Y. Estrogen receptors in hepatocarcinoma. Cancer 191\6;57:1\7-91.
354. Manesis EK, Giannoulis G, Zoumboulis
Vafiadou I, Hadziyannis
S]. "Ireatment of hepatocellular carcinoma with combined SUf1pressiion
and inhibition of sex hormones: randomized, controlled
Hepatology 1995;21:1535-1542.
355. Riestra S, Rodriguez M, Delgado M, Suarez A, Gonzalez N, de la
Mata M,
al. Tamoxifen does not improve
of
patients with advanced hepatocellular carcinoma. J Clin Gastroemerol
I 99H;26:200-203.
356. Tamoxifen in treatment of hepatocellular carcinoma: a randomised
controlled triaL CUP
of the Liver Irali:m Prngramme). Lancet 1998;.352: 17-20.

LIT.001 .4363

HEPATOLOGY, Vol. 000, No, 000, 2010

Villa E, Camellini L, Dugani A, Zucchi F, Grouola A, Merighi A,
Buuaioco P, et
Variant
messenger RNA species
detected in hum,m primary
carcinoma, C,mcer Res
1995:55:498-500,
358, Villa E, Dugani A, hmtoni E, Camellini L, Buttafoco P, Grotto!a A,
Potnpe.i

el al. Type

eslrogen receptor detennines

amiesrrogen therapy, Cancer Res 1996;56:3883-:3885,
359, Chuang VP,
S, Soo CS,
C,
T
pcutic Ivalon embolization of hepatic tumors, AJR Am J Roentgenol
1982; 1:38:289-294,
360,
A, Bron K, Orons P, Sammon J, Baron R Phase 11
(degradable starch microspheres) injecred imo the
cispbtin in rhe
carcin,oma: imerim analyMontanya X, Calvet X, Bru
Ayuso
]over L,
et aL Phase II study of transanerial emboliz.ation in European patiems
hepatocellular carcinoma:
ior controlled trials, Hepatology
1994;20:643-650,
Gunji T, Kawauchi N, Ohnishi S, Ishikawa T,
H, Kaneko
'1, Moriyama 'l; et al. 'lreatment of hepatocellular carcinoma associated "~th advanced cirrhosis by transcatheter arterial chemoembolization using autologous blood dot:
preliminary report, Hcpatology
1992; 15:252-257,
S, HaseMakuuchi M, Sukigara M, Mori T, Kobayashi J,
gawa H, Moriyama N, et al, Bile duct necrosis: complication of transcatheter hepatic arterial embolization, Radiology 1985;156:331-334,
364, Bruix J, Sala M, Llovet JlvL Chemoembolization for hepatocellular
carcinoma, Gasuoemerology 2004;127:S179-188,
Malagari K, Chatzimichael K, Alexopoulou E, Kelekis A, Hall B,
Dourakis S, Delis S, et
Transanerial chemoemboliz.ation of unresectable hepatocellular carcinoma with drug eluting beads: results of
an open-label study of 62 patients, Cardiovasc lmcrvent Radio[ 2008;
31:269-280,
366, Varela M, Real MI, Burrel M, Forner A,
M, Brunei M, Ayuso
C, et aL Chemoembolization of hepatocellular carcinoma wirh drug
heads: efficacy
dnxoruhicin
J Hqxllnl
2007:46:474-481,
KS, Fan ST A
Poon RI: Tso \VK, P,mg R\'i\i, Ng KK, Woo R,
phase 1/11 trial of chemoembolization for hepatocellular carcinoma

BRUlX AND SHERMAN

Clin Gastroemerol Hep368, Castells A, Bruix J, Ayuso C, Bru C, Mont<mya X, Boix L, Rodes J.
'Ifansarterial embolization for
carcinoma. Antibiotic
prophylaxis and clinical meaning
posremboliz.arion
J Heparol
1995;22:41 0-415,
Lee TY, Lai ClvL Hepatic arterial embolization in
369, Lin DY, Liaw
patients with unresectable hepatocellular carcinoma--a randomized
controlled triaL Gastroenterology 1988;94:453-456,
of
chemoembolization and conservative treatA
Ulllrese:ctable hepatocellular carcinoma, Groupe d'Ewde et de
Traitemem du Carcinome Heparocellulaire, N Engl J Med
1995;332: 1256-1261'
37L Pcllcticr G, Ducreux M, Gay Luboinsk:i M, Hagcgc H, Dao ·r; Van
Steenbergen \Xi, et al. ·rreatment of unresectable hepatocellular carcilipiodol chemoembolizalion: a multicemer
rriaL Groupe CHC] Heparol1998;29:129-134,
Llover JM, Rell MT,
X, Planas R, Coll S, Apnnre J, Ayuso
C,
aL Arterial embolisation or chcmocmbolisation versus symptomatic treatment in patients with unresectable hepatocellular carcinoma: a randomised controlled trial, Lancet 2002;359:1734-1739.
Lo CM, Ngan H, Tso \lVK, Liu CL, Lam CM, Poon RT, Fan ST, et aL
Randomiz.ed cnmrnlled 1rial
lipiodol chemoemholization f<11
unresecmble hepatocellular ctrcinoma, Hepatolos'Y 2002;35:1164-1171,
374, Wilhelm SM, Adnane L, Newel! P, Villanueva A, Llovet JM, Lynch
M, Preclinical overview of sorafenib, a multikinase inhibitor that targets both Raf and VEGF and PDGF receptor tyrosine kinase signalMol Cancer Ther 2008;7:312'!-3140,
Lynch M, Lowinger T, Dumas
Smirh RA,
375, Wilhelm S, Carter
B, et
Discovery
developmem
a multikinase inhibitor for treating cancer. Nat Rev Drug Discov 2006;5:
835-844,
376, Abou-Alfa GK, Schwartz L, Ricci S, Amadori D, Santoro A, hgcr A,
De
), et aL Phase II study of sorafenib in patients with
hepatocellular
Clin Oncol 2006;24:
4293-4:300,
Llovet JM, Bruix J. Molecular targeted therapies in hepatocellular carcinoma, Hepatology 2008;48:1312-1327,
Conill C, Verger E, Salan1ero lvL Perform,mce status assessment in
cancer
1990;65: 11\64-1866,

