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Background.and Aims: While HBV and HCV are risk factors for HC@ncertainty
exists as'towhethéheseviral infections have prognostic significanceHCC. Thus,
we compare'the overall survival of patients with HBV, HCV, and ndral HCC,
andevaluatedvhetherthe presence diBV and HCVpredicts patient outcomes.

M ethods*We conducted enulti-cener studyof HCC casesliagnosedt six
Melbournetertiary hospitals between Jan 26D8c 2014. Patient demographitger
diseaseindtumar characteristics, and patient outcomes vedrtainedfrom hospital

databases;omputer records and the VictoriBeath RegistrySurvival outcomes
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were compared betweétBV, HCV and nonviral hepatitis caseand predictors of
survival determined using Cox proportional hazards regression.
Results: There werel436new HCCcasesdentified including 776 due to viral
hepatitis (HBV 235, HCV 511, HBV-HCV 30) and 660m non-viral causs. The
median-survival of HBV, HCV and noviral HCC patents was 59.1, 28.4 and 20.9
months respectively (P<0.0001). On multivariate analysigpendent risk factors
for survival' includedHCC etiology, gender, BCLC stage, serum AFP, total number
and size of lesions, and serum creatinine and albumin. After adjusting for these and
method._of detection, HBV remained an independent predictor of improved overall
survivalhwhen compared to both nemal (HR 0.8, 95% CI 0.35-0.98; P=0.03) and
HCV-related HCCKIR 0.51, 95% CI 0.30-0.85; P=0.01).
Conclusions: In this large multicenter study, HBV is independently associated with
improved overall survival compared with HCV and noral related HCC.Further
studies are needed to determine the underlying factor(s) responsible.

Hepatocellular carcinom@CC) is thefifth most common cancer and the
secondJeading cause of candeath worldwide It accounts for 70%-90% of
primaryliver.cancers, and isiore common in men than womenhe incidencef
HCCis inereasinglobally, particularly in the western world, with an estimated
incidencerateof 2.7 per 100,000 in developed countries and 6.6 per 100,000 in
developing countrigs Most HCC arises in the setting of cirrhosis, with thost
commaon underlying etiologies being hepatitis B and C, and alcohol.

Hepatitis B virus (HBV) and hepatitis C virus (HCV) infectsoare both
major risk factorgor HCC, with an associate&-100 fold increased risk of HCC in
patients with chroni¢iBV infection, and a 15-20 fold increased risk €V
infectior?. While previousstudies reported thath viral infections account for an
estimated.19% of HCC casiesdeveloped countri€sa recenprospective
epidemiological study from our groupdicateshatasmany as 41% of cases are
associatedwith HCV and 22% of cases are di#Bd infectior’.

While the overall 5/earsurvivalwith HCC is poor at 120% ’ this varies
from 6.9%at2-yeassin cases oddvanced disease 50%90%at5 yeardn earlier
stags of diseasehat areamenabléo curative treatment strategfesEstablished
prognostic &ctors associated witturvival includeseverity of liver disease, tumor
stage performance statuslpha-fetoprotein level and treatment respdtfse

However it is unclear whethethe etiology of the underlying liver disease has
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prognosic significance and in particulanwhether survivadiffers between patients
with viral hepatitisB and Cand nonviral hepatitisrelated HC. Moreover, data is
limited as to whether survival differences exist betwbese withviral hepatitisB

and Cgiven ttre differentialavailahlity of effective oral antiviral therapyver the past
two decadsfor thesechronicviral infections Thus,we aimed in his multicenter
observational study to compare theerall survival of patients witAlBV-, HCV-, and

non-viral hepatitisrelatedHCC.

Methods
Sudy design

Thiswasa multicenterstudy ofall cases of HC@iagnosedt six large
Melbournetertiaryreferral academic hospitabver the periodhetweenlan2000 and
Dec2013.Datawereextracted from each acadenientets databasef HCC cases
diagnosed ahe respectivéertiary hospital, he managememf which was
undertakereitherat theone cergror across centewhenspecificservices such as
liver transplantationvererequired. Patients who were managed at more than one
hospitalhwere only included oncnd dataverecaptured across sites for the same
patient.The diagnosis of HCC was based according to Amercian Association of the
Study of the Liver (AASLDYXlinico-radiologic diagnostic criterfaand/orhistdogy.
Cirrhosis was established in patients either by liver biopsy and/or on the basis of
results_of clinicaljaboratory and imaging studiés

Ethics approval was obtaindg the institution review board and ethics
committees at each clinical site prior to commenceroktite study The ethics
approval also covered extraction of mortality data on HCC desmsthe Victorian
Registry of Births, Deaths and Marriagefliowing submission of a written
application.to the Registry. dafrom the individual hospitals wer@malgamatedito
a centralizedlatabaséhatwas designed teecordinformation on population
demographics, including age at diagnosis, country of birth, ethnic background,
etiologyand severityf underlyingliver diseasglaboratoryresultsat diagnosis,
method of diagnosis, radiologidaimor characteristicsnanagement strategies,
response to treatment, follow-up and overall survival.

Missing datavereobtainedrom hospital medical recordwith patient follow
up censored at thad" June 2014. Patientisat haca follow up visit aftethe £ June
2014were consideredlive on the3d" June 2014while those who had a follow up
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visit preceding the 1June 2014, haahortality information obtainedrom the
Victorian Registry oBirths, Deaths and Marriage

The study populationvasdividedinto three separatgroups based on the
etiology of the underlyindtHCC, namelya) HBV -related HCC comprising patients
with HBVinfection only; b) HCVrelated HCC comprising patients with HCV
infection only; and knon-viral liver diseaseelated HCGcomprisng patients with an
etiologyother than HBVandbr HCV. Patients were defined aaving HC\trelated
HCC ifgthey were HCV antibody and/or HCV RNA positive while HBV related HCC
was defined as subjects with hepatitis B surface antigen positive or hepatitis B core

and surface@antibody positive in the absence of other knswiactors.

Satistical analysis

Continuous variables were assessed for normality and expressed as mean +
standard deviation (SD) or median (intprartile range) depending on the underlying
datadistribution.Categorical variables were sumnza usingrequencies or
proportiens.Baseline comparisons between groups (HBV, HCV andirapwere
conducted.using analysis of variance or Krudk@allis test as appropriate for
continuous variables and céguare test for categorical variabl@serall survival
wasthe mainstudy endpoint. Univariate and multivariate analyses were performed
using Cox proportional hazards regression, with results reported as hazardHjios (
and 95% confidence intervals (95%CI). Variables with P <0.05 on univariate analyses
andbr those juded to be clinicdy important were considered for inclusion in the
multivariate models as potential predictor variables.

The following factors were entered into the multivariate regression models:
age at diagnosis, gender, ethnicfigesence of cirrhosj Child Pugh Class, fat
fetoprotein. (AFP) level, portal hypertension, platelet count, creatinine, bilirubin,
albuminyINR,BCLC stagenumber of lesionsscreening as a mode of diagnasisl
size ofilargest lesionTo account for clustering by hospittle analyses were further
adjusted by calculating robust standard errors. The Kdgkiar method was used to
plot overalksurvival as a function of time and comparisons between curves were made
using the logrank test. All reported P values are ttadled and P <0.05 indicated
statistical significance. Analyses were performed with SAS software version 9.4 (SAS
Institute, Cary, NC, USA).
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Results
Sudy population

From January 2000 to December 2013 there were 154@asag of HCC
diagnosed across tlsex ceners. We excluded 11@atientswho had no documented
etiology-ofthe underlyingjver diseaseleaving1436 patientsin the final analysis. In
total, 776 (54%) casdsadviral hepatitisincluding 235 (30%) with HBV mono-
infection, 511 (66%j)vith HCV monainfection and 30 (4%jyvith HBV-HCV co-
infection (Figure L)the coinfection group wagxcluded from comparisons between
HBV, HCVand norviral relatedHCC outcomesThe study cohort comprised
mostlymalesof Caucasian raceith a mean age of 6&arsat diagnosis. Cirrhosis
was presentin 84%, with 59% having Child-Pugh A liver disease and 45% having
portal hypertension (Table 1Pverall 426 had BCLC stag8/A HCC, 19% had
stage B disease26% stage Gand 13% stage D. HCC was diagnosedser@eningn
48%while 21% were diagnosed incidentatiynd 31%via symptoms (Table 1).
Treatment history was availalfler 1243 cases (87%) of the study cohort. Among
these 31%:had potentiallgurative therapiesmcluding resectionjver
transplardition, local ablation(radiofrequencyRFA], microwaveMWA] ,
irreversible electroporatioiRE], percutaneous ethanajection [PEI]) 34% had
palliativeleeo-regionaltherapy {ransarterial chemoembolisation [TACGEglective
internalradation therapySIRT]) and 8%palliative systemicherapy with 13%
having_best supportive care. The median follow up of the cohort was 1.3 years
(range: 013.4).

Patient characteristics according to HCC etiology

Therewas a significantlifference in agéut not gender between thCV,
HBV and.noaviral hepatitisgroups with the non-viral group being older than the
viral hepatitis groupsAlso, HBV-related cases weraorelikely to be bormoverseas
be of Asiansbackground, and to be diagnosed before the age of 40 yedessand
likely tashave a alcohol history compared to those WHEYV and nonviral HCC. In
comparison, therevalence of diabetes was highrethe nonviral group compared to
those withviral hepatitis (Table 1).

Althoughthe presence of cirrhosis was less frequetiienonviral group,

theseverity of liver diseasas measured by Childugh score and serum albunaias
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lowerin the HBV groupwith the groups otherwise similar witespect tahe
presence of portal hypertension asiumbilirubin levels(Table 1).

In addition,significant differences were observed betwgengroupsn some
baseline tumor characteristics including seAlR® and size of lesia although the
number-ofilesions, argresence ofascular invasion anektrahepatic spreagere
similar/between groups. However, those in the HBMted group were more likely
to have a'lower BCLC stage at diagnosis compared to subjebtsHICV, and non-
viral hepatitis related groups (Table 1). Irdaidn, diagnosis vigcreening was more

common, inbotlviral hepatitisgroupscompared to the nowiral group (Table 1).

Overall@survival analysis

Overallsurvivaldatawereavailableon 1197 (80%) of thpatients. From
January 2000 to June 2014, 857%/j2atienthad died, withdeathsequaly
distribuied among the noniral (n=434 and viral hepatitis (n=28) groups. Among
those withviral hepatitis 26% of deaths hatiBV infectionand 74% had HCV
infectionFhe median overall survival w&6.1 months.Patients with H® had a
medianisurvival of 59.1 months, compared to 28.4 months in thosél@\hand
20.9- months in those with nasiral hepatitis HCQP<0.0001).

Univariate analysis of predictors of overall survival

On univariate analysi® CLC stage serumAFP, total number and size of
lesiors, serum creatime, INR, platelet counserumbilirubin, Child-Pughclass age
at diagnosis, angresence gportal hypertension were associated witlucedverall
survival._In contrasthaving viral hepatiti® as theetiology of HCCwas associated
with improved overall survivatomparedo HCV (P<0.0001) andon-viral
(P<0.0001)elatedHCC. Similarly, HCV-related HCC was associated with improved

overall'survival compared to nanral HCC (P=0.0Q) (Table2).

Multivariate analysis of predictors of overall survival

On multivariateanalysisBCLC stageserumAFP, total numberrad size of
lesions,serumcreatining and albumin were independent predictors of poor survival,
whereas malgender was associated with improved overall survival (Table 2).
Notably,HBV was an independenpredictor ofimproved overall survival when
compared to both nowiral (P=0.03 and HCVfrelated HCC P=0.01)(Table2,
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Figure 2). However, thdifferences in overall survivan univariate analysisere no
longer significanbetweerHCV and non-viral HCC (P=0.94) (Table 2).

In view of thedifferentialfrequency of diagnosis by screening among the viral
hepatitis B and C and non-viral groupsjltivariate analysis wasirther adjusted by
including'sereeningsthe modeof HCC detection In this analysisHBV-related
HCC remainedndependently associated with improved overall survival compared to
HCV-rélated HCQHR 0.51; 95%CI 0.31-0.85; P=0.009).

As shown in the KaplaMeier survival curves comparing overall survival
between.the three groupgbe HBV related HCC groupad improved survival
compared to the HCV and natiral related HCQyroupswith P<0.001 (Figure).

Impact of HBV etiology on survival according to BCLC stage

Among thosewith early stage BCL®/A disease, subjectgith HBV had
better overall swival than those with HCV (HR 0.62, 95%CI 0.39-0.98-0.@) and
nonviral related HCC (HR @4, 95%CI 0.28-0.70; P=0.0p(Figure 3A). However,
the survivaladvantagef HBV over both HCV and nomiral HCC was not
maintained.among those with more advantisdasencluding BCLCstageB (HR
0.91,95%C10.47-1.74, P=0.% HCV; and HR 0.90, 95%CI 0.496b, P=0.74/s
nonviral) (Figure 3B) and BCLC stage C (HR 0.85, 95%CI 0.51-1.41, P53
HCV; and HR 0.74, 95%CI 0.46-1.21, P=0xhonviral) (Figure 3CHCC.

Discussion

Our study provides additional insights inib@ potentialimpact of etiology on
the outcome of HCC patientdn this largemulticener study of1406HCC cases
diagnoSedicross six tertiary ceetsover 15 years, we founghtients with HBVY
related"HCC had ngeroverall survival compared to patients witbnviral and
HCV-related HCC Moreover, HBVWasan independent predictor of surviwalen
after adjustindor established prediors of survival including tumor stageeverity of
liver diseasegender, AFP levelhnd modeof diagnosis.

The prognostic role oHBV in HCCis an important findingl'he median
overall survival in the HBV group was 59 montkkich wassignificantly longer than
thatin HCV and nonviral groups being 28 months and 21 moréspectively.More

importantly HBV was an independent predictor of loweortality versus noswviral
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(HR 0.60, 95%CI 0.25-0.95) and HCV (HR 0.51, 95%CI 0.30-0:&2fed HCC
These findings are similar to thoseentlyreported by va Meeret al who found in
multivariate analyis of 1148 casethatHBV infectionwas associated with
significantlyimproved survival compared to HC\atedHCC™*®, However results
across studieare not uniform withothersfinding no difference in swival between
HBV-rélated!HCC and othetiologies”*8, andbr thatHBV is not anindependent
predictor 6f stifvivdf°. In addition, other studidgve suggested that the influence
of HBVhon outcome is dependewrt tumour stagereporting that HBV has no
influence on survival in earlier stage HCC, but a negative survival impact in later
stage diseagt’’ In contrast, we found thatBV seemed to have a protective effect
on suryival in those with early stageseasecompared to those with HCV and non-
viral HCCbut had no beriigial survivalimpactin those with more advanced disease.

How might these findings be explaine@heobviouspossibility is that HBV
subjects had more favorable disease characteristics at diagnosis that joatend
better autcome. In our study, tRBV group did have several favorable
characteristics including higher frequency of age <40 years at diagn@$igd-Pugh
A liver diseaseandearlier BCLC stage However, the groupsere similar in several
other important characteristioxcluding gendenmnarkers oeverity ofliver disease
including_eirrhosis statysumor burden anftequencyof macrovascular invasion
These findingsontrast withother studies reporting a lower survival amotigV
casesn whichHBV patientsvere more likely tde noneirrhotic, and to have gater
tumor burden at diagnosi€?%. Still, the nultivariate analysisdjusted for all these
variableswith HBV remainingan independent predictor of improved survival.
Similarly, there were differences in baseline characteristics between the HBV and
HCV cohortsincluding BCLC stage, Child-Pugh class, and history of excess alcohol,
howeverdBV remained asignificant and independent predictor of survival on
multivariateranalysiafter adjusting for these

Comparativalifferences in thérequency of diagnosis kscreening for HCC
is another plausible reason for the improved survival of the HBV cohort . In our
study, a greater proportion of the HBV grouprediagnosed by screening compared
to the non-viral group, although the proportion was similar to the HCV group.
Severakohort studie¥*28including our own,a recent large prospective study from
the Netherlands, and one randomized controll&él*® have shown that detection by

screenings an independent predictor of patient survinaHCC. Even sa
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comprehensive systematic review of this tamacludedhat robust evidence
demonstrating a survival benefit from screening is lacking, with most studies lbeing o
low quality®®. Neverthelesswe adjusted for mode of diagnosis on multivariate
analysis finding thatiBV remained a independenpredictor ofimproved survival
compared-to the non-viral and HCV groups.

In contrast to HC\infection, efective oral antiviral therapyhas been
availablefor chronichepatitis Bfor two decaded.ong term suppressiaof viral
replicationwith oral nucleos(t)ide therapi€sg.entecavir tenofovir)achieves
multiple_benefits includingmprovement inliver histology, liver functionandclinical
course,;and.a reductioniiisk of severe complicatiorsf cirrhosis includingdCC**

% In addition, adjuvant treatment with oral nucleos(t)ide analogues has been shown
in several rétrospective cohort studies and raatlyses to reduce theeaif HCC
recurrencen HBV-related HCCandto improve survival following a complete

response tpotentially curativeherapied”*. Thus the improved outcome of HBV-
related'HCGCcasesn our cohort could have been in part due to amét therapywith
additional.studies needed to explore this possibility.

Theother findings from our studgreconsistent wittwhat isknownin the
literature.In"addition to disase etiologywe identifiedBCLC stage, AFRevel,
tumoursizeand number, creatinine, and alburasindependent predictors of
survival'similar to what others hastowrt’. Interestingly, recent data suggests that
the masg robust predictors of death in HCC are portal vein thrombosis, tumor size,
AFP level and Child—Pugh class, two of whigkidentifiedin our study.

Our studywhile large and multcenered, has importantimitations. Firstly,
being retrospective inature data capture was incomplete in relation to baseline
characteristicparticularlyon performance statukatwas notroutinely captured
acrossall. centerauntil the last decade whehe BCLC stagingsystembecame widely
acceptedinraddition,the BCLC staging system used wte only tumor
classification system routinely employed across all ditieslly, survival status was
known.in“only 80% of cohort, with the remainder of subjects lost to follow up or
survivalstatusunable to belarified from the Death Registry. However, there were no
clinically significant differences in the baselidemographicdjver diseas€ie.
Child-Pugh class and scorafd tma characteristics includingimour stage and
etiology of HCC between those in whom survival status was known and not known

(data not shown).
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In conclusionthis large multcentercohort study examining prognostic factors
in HCC found that HBV is independently associated with improved survival
compared to HCV and noriral HCC and thamostof this survival benefit appears to
be in those with early stage disease. Further studies are needed to explore the

underlyingprotectivemechanism(s) involved including the role of viral suppression.

Figure legend

Figure'l. Flow chart of patients included in the analysis and grouping of patients
Figure 2. Kaplan-Meier curve comparing overall survival between HBV, HCV and
non-viral hepatitis related HCC

Figure 3. Kaplan-Meier curve comparing overall survival between HBV, HCV and
non-viral hepatitis related HCC according to a) BCLC stage 0/A (Fig. 3A), b) BCLC
stage B,(Fig. 3B), and c) BCLC stage C (Fig. 3C) disease.
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Table 1. Clinical characteristics of patients with viral and non-viral hepatitis related HCC
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Viral-hepatitis HCC Non-viral HCC P value®

Parameter
Overall HBV HCV

I N=1776" N=1235 N=511

Demographics Q
Male, n (%) ! 618 (79.6) 186 (79.2) 406 (79.5) 540 (81.8) 0.51

N=660

Race/ethnicity, #

188 (29.4) 121 (60.8) 57 (13.6) 41(7.8)
(n=639) (n=199) (n=418) (n=526)

202 (31.3) 24 (12.4) 170 (39.7) 302 (56.5
Alcohol, n (%) <0.0001
(n=646) (n=194) (n=428) (n=535)

596 (88.7) 176 (83.8) 399 (91.3) 461 (78.8)

Cirrhosis, n <0.0001
(n=672) (n=210) (n=437) (n=585)
6.9 (1.9) 6.4 (1.7) 7.0 (1.9) 7.1 (2.1)

<0.001

(n=547) (n=162) (n=367) (n=425)

142 (88) 173 (95) 128 (80) 173 (102)
(n=607) (n=181) (n=404) (n=528)

Platelets (x10° <0.001

79 (28) 82 (35) 77 (25) 83 (34)
(n=186) (n=418) (n=547)

(n=632)

1.2(0.3) 1.2(0.3) 1.2(0.3) 1.3(0.3)
INR, Mn (SD) 0.006
(n=620) (n=182) (n=412) (n=529)

Detection method, n (%)
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112 (16.9) 33 (16.5) 74 (16.8) 146 (26.8)
Symptoms <0.001
(n=664) (n=200) (n=441) (n=545)

_ 27(6-216) 14 (5-383) 27 (7-132)
AFP (ng/L), Median (IQR) 9 (4-126) <0.0001
(n=666) (n=202) (n=436)

BCLC 0, n (% 56 (10.7) 18 (11.6) 37 (10.6) 20 (4.4)
H
BCLC B, n (9 96 (18.3) 33(21.3) 61 (17.5) 94 (20.8)

55(10.5) 8(5.2) 40 (11.5) 68 (15.1)

1.6 (0.8) 1.6 (0.8) 1.6 (0.8) 1.7 (0.8)
(n=750) (n=228) (n=494) (n=645)

23 (6.7) 4(3.9) 18 (7.8) 22 (7.6)
(n=345) (n=102) (n=232) (n=291)

ndard deviation, IQR = interquartile range

*Determined in cirrhosis patients

fdincludes 30 patients with HBV-HCV co-infection
°P value compaL\ls HCV vs non-viral

O
-
)

-
<
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Table 2. Relationship between clinical characteristics and overall survival: univariate and multivariate analysis

Univariate analysis Multivariate analysis

Q HBYV vs HCV HBYV vs HCV vs non-viral
- ! HR 95%CI 95%CI 95%CI
HCV vs. non-vi 0.79  0.69-0.90 0.001 0.72-1.36

Male 1.01  0.88-1.15 0.93 0.37  0.20-0.67 0.001 0.57 0.39-0.83 0.004

Caucasian 1.11  0.85-1.45 0.44 1.07  0.51-2.25 0.85 0.88 0.54-1.43 0.60

Cirrhosis 0.85-1.18 0.44-1.55 0.68-1.65

Creatinine (W 1.02-1.08  <0.0001 17 1.07-1.29 0.001 1.03-1.13 0.002
1.45-2.16  <0.0001 0.73  0.31-1.71 0.55-1.42

BCLC 1.89  1.75-2.03 <0.0001 135  1.05-1.72 0.018 1.25 1.07-1.47 0.007
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Total No. of lesions 143 1.29-1.59 <0.0001 1.45 1.14-1.84 0.002 1.46 1.25-1.72 <0.0001

Portalhypertenion ) 127  1.05-1.53  0.013 1.51  0.95-2.42 0.08 1.22 0.89-1.66 0.22

P

H
Reference cahnq
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