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Summary:

Background: Hepatitis'B virus (HBV) is the leading cause of hepatocellular carcinoma (HCC) worldwide. It
remains incompletely understood in the real world how antiviral therapy affects survival after HCC diagnosis.
Methods: This was an international mudtnder cohort study of 2,518 HBWlated HCC cases diagnosed

between 2000 and 2015. Cox proportional hazards models were utilized to estimate hazafidRatwith 95%
confidence intervals (Cl) for antiviral therapy and cirrhosis on patients’ risk disld¢sults: Approximately

48% of patients received antiviral therapy at any time, but only 17% were on therapg ali&ginosis (38% at

US centers, 11% at-Asian centers). Antiviral therapy would have been indicat€i0#6 of the patients not on
antivird therapy based on American criteria. Patients with cirrhosis had loweydaresurvival (34% vs. 46%;

p < 0.001) while patients receiving antiviral therapy had increaseg/&se survival compared to untreated
patients (42% vs. 25% with cirrhosis ar@bb vs. 36% without cirrhosig; < 0.001 for both). Similar findings

were seen for ‘other patient subgroups by cancer stages and cancer treatment types. Antiviral therapy was
associated with a decrease in risk of death, whether started before or afterag@@sdi (adjusted HR 0.62 and
0.79, respectivelyp < 0.001). Conclusion: Antiviral therapy improved overall survival in patients with-HBV
related HCC across cancer stages and treatment types but was severely underutilized at both U.S. and Asia
centers. Kpanded use of antiviral therapy in HB®lated HCC and better linkage-care for HBV patients are

needed.
This article is protected by copyright. All rights reserved
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Introduction:

Hepatocellular carcinoma (HCC) is the thiedding cause of cancer death worldwide with nearly 600,000
deaths in 2008 and hepatitis B virus (HBV) infection is the most common cause of H@Cto 20-40% of
patients with HBYinféction may develop HCC in the absence of clinically-apperemtsis® * The advent of
highly potent antiviral therapy has offered the possibility of greatly decreasimygttience of liverelated

complications, including cirrhosis and HCC, in patients with chronic hepatitis B (ERB).

While antiviral medieations are known to reduce the risk of HCC in patients wilh'@Hs less well

understood how they influence the overall survival of patients with establishedwit most data only

focusing on patients undergoing curative therapy for 52013 randomized controlled trial comparing
nucleot(s)ide analogs to placebo in patients with HBMted HCC treated with partial hepatectomy found that
antiviral therapy-decreased the risk of HCC recurrence,-HGEed mortality, and overall mortalifyThese
findings are supported by an earlier meta-analysis of nine cohorts and a natidmedelatady showing that
HCC patientgeceiving curative therapy for HCC and treated with antiviral agents had skedm@aerall

mortality and recurrence rate ™ Likewise, antiviral therapy after radiofrequency ablation is associated with
decreased HCC recurren@The data on antiviral therapy in patients treated with palliative therapy, including
transarterial chemoembolization (TACE) and sorafenib are more limited, but in the case of TACE, a

randomized controlledstrial demonstrated that antiviral theirgeases survivdf™

Currently, the presence of HCC is not considered an indication for antiviratatieds in international

guidelines for the management of CHB?® In addition, lifelong antiviral medications may not be reimbursed
by third-party payers.in certain areas such as Taiwan if patients have HCC but no clfrfibsis, the question

of how much viral suppression can reduce mortality among HBated HCC patients can have important
policy implications. Related to this issue is the “cascade of care” for patients with CHB, which describes the
reasons for which rates of treatment forECate suboptima® Many patients with CHB have not even been
diagnosed, and among those who are diagnosed many have not established care with theystedf¢dtven
among those with access to appropriate medma, treatment rates of CHB are suboptimal for numerous

reasons including patient loss to follow-up, financial difficulties, and misgiocs about indications for
This article is protected by copyright. All rights reserved



164  antiviral therapy?? A greater understanding of the use of antiviral therapy in HBV-related HCC maggrovi
165  further insight into how CHB patients interact with the healthcare system.

166

167  The goal of this study was to examine the effect of antiviral therapy on overalladwipatients with HBV
168 related HCC, taking into account the presence or absence of cirrhosis hwandatohort of East and West
169  patients.

170

171  Patients and Methods

172  Study design and.patient population

173  We performed am'international multicenter cohort studyi®¥-related HCC at five medical centers. The

174  inclusion criteria were CHB (defined as positive serum hepatitis B surface antigen, detectable AB&M DN
175  antiviral therapy for a history of CHB) and a new diagnosis of HCC (by pathology or imagimdra2e10

176  American Associationgfor the Study of Liver Diseases critéfiRatients with prior HCC or liver transplant

177  were excluded. Patients were screened via and@iagnosis query for HCC and included in the cohort if the
178  above criteria were met based on individual chart review.

179

180  The Kaohsiung Memorial University Hospital cohort included consecutive 1,261 pategeskd between
181 2000 and 2015=TheAsan Medical Center cohort included 496 randeielgted patients diagnosed between
182 2005 and 2015. The.Stanford University Medical Center cohort included 453 consecutive pdagmised

183  with HCC between 2000 and 2014. The Hanyang University Medical Center cohort included 288tc@nse
184  patients seen in glinic between 2005 and 2015. The Mayo Clinic cohort included 44 patiemisetidgriween
185 2005 and 2011, as previously reportédrhis study was approved by the Institutional Review Boards at

186  Stanford University (Stanford, CA, USA) and each of the other participating senter

187

188  Selection biasris:decreased by the use of consecutive patients. Studgssize wredetermined and was based
189  on the number of patients diagnosed with HCC between certain time periods.

190

191  Definition of cirrhosis.and antiviral treatment

192  Laboratory datayimaging findings, and HCC and cancer treatment modaliteeshtained from geents’

193  medical records. Patients were designated as having cirrhosis if they were deemed to have cirrhosis based o
194  hepatology notes, or if there was pathological evidence of fibrosis stage 4] elimiteance of portal

195 hypertension (otherwise-unexplained splenomegaly or platelet count < 120,08€¢ites, or gastroesophageal

196  varices on imaging), prior hepatic decompensation (hepatic encephalopathy, estdtesl gastrointestinal

This article is protected by copyright. All rights reserved
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bleeding), or laboratory evidence of decreased synthetic function (total bilirubin 210 ar international
normalized ratio > 1.2 without alternative explanation). Antiviral therapy stedasdetermined by chart review
and pharmacy records. Criteria for antiviral therapy were based on Am@ssaciation for the Study of Liver

Disease and AsiRacific Association for the Study of the Liver guidelin®s’

Tumor staging .and survival outcomes

Tumor characteristicSiwere determined by triphasic computed tomography or meggw@ience imaging.

Patients were followed-from the date of diagnosis with HCC and either death or lastupltiate in the

medical record. For the Stanford and Mayo cohorts, patients not known to be deceased andwwisiséola

the medical center was before January 1, 2015, we also performed a National Death Index registry search frc
1979-2014. The National Death Index registry is a centralized database of deathnfecoration on file in

state vital statistics offices with over 90% completion for most states and 99% for the statéooifi€alhere

the Stanford cohort is locatéd For the Kaohsiung cohort, telephone intemvigith families were also

conducted to obtain additional follow-up data.

Antiviral therapy indications

Four different standards of antiviral therapy were used: American Associatithe Stdy of Liver Disease
guidelinest® Asia-Pacific Association for the Study of the LiviiMinistry of Health and Welfare for the

Republic of Kore&“and National Health Insurance Administration for TaiWaocal guidelines were defined

as American Association for the Study of Liver Disease guidelines for United States centers, Ministry of Healll
and Welfare reimbursement criteria for Korean centers, andiNdtHealth Insurance Administration for the

Taiwan center (Supp=Table 1).

Statistical Analysis

Descriptive statistics were reported as proportion (%) for categorical variables, ant staadard deviation

(SD) or median.(and.range) for continuous variables. Normally distributed continu@ideswere compared

by Student’d tests."Norparametric statistics were applied when continuous variables were not normally
distributed. Chisquared tests were used to compare categorical variables. dtuttysthe primary outcome

was overall survival of HCC patients. Person-years of follpwvere calculated for each patient as the time

from dates of HCC diagnosis to the date of death or to the last date when patients were last known to be aliv
Mortality rates by various disease status were calculated and expressed per 100gaessdtaplarMeier

methods were utilized to depict the overall survival of patients with or without antiviral therapy; patients lost tc
follow-up were censored. Statisticalfdiiences in overall survival by various subgroups were compared and
examined by logank tests. Cox proportional hazards models were used to estimate the hazard ratios (HRs) a

This article is protected by copyright. All rights reserved
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95% confidence intervals (Cls) relating antiviral therapy and other risk factors with overall survival. Lead time
analysis was performed as previously descfib&l Statistical significance was defined as-@ifed P value <
0.05. Missing data were excluded from analysis. All statistical analyses were performed using Statatd1.0 (S

Corporation, College Station, TX).

Results:

Baseline clinical/tumoeharacteristics

The overall cohortieonsisted of 2,518 patients, of whom 73% had cirrhosis, 81% werench@&%@were

Asian. Baseline clinical and laboratory characteristics of the patients in this cohort by antiviral therapy status
are shown imable L Among the patients with cirrhosis, 30% had had a history of hepatic decompensation
with variceal bleeding; hepatic encephalopathy, or ascites, and 38% had Child@tPogtte (CPT) clasB or

C disease.

In total, 49% of patients had ever received ardglvinerapy at any timd={g. 1). However, only 17% were on
treatment at timesof*HCC diagnosiad. 1). Proportionof patients receiving antiviral therapy before their
diagnosis of HC@lid-net differ between those with or without cirrhosis (17.9% vs. 15m90.12;Supp. Fig.

1A). We next focused on the 83% of patients who were not on antiviral therapy at time afi&t@@sis, in
particular on whether treatment would have been indicated for these patienésswilaronsiderable variation

in whether or not antiviral therapyas indicated depending on the specific guidelinecemdirrhosis status.
Over80% of patients.with decompensated cirrhosis met criteria based on natiorgkeamational guidelines,

while <10% of patients without cirrhosis digi§. 2). The widest variatiobetween guidelinewas seen in

patients with compensated cirrhosis, where 84% of patients met American standards while only 4% met Taiw
reimbursement criteria and 44% met Korea reimbursement andPAsific criteria for antival therapy | <

0.0001) Fig. 2). Centers in different countries could have patients with different virahctaaistics, but even

when matching the patients of each country to the reimbursement guidelines in thoses;dhatoverall trend
persistedwhere antiviral therapy was more frequently indicated in patients with decompensated cirrhosis thar
compensated cirrhosis than no cirrho§isg) ( 3).

Of the patients.who were not on therapy at time of HCC diagnosis, 37% were |ager steantiviral terapy
(Fig. 1). Patients withweirrhosis were more likely to receive antiviral theadigy HCC diagnosis andore

likely to receive antiviral therapgt any timethan those without cirrhosis (49.9% vs. 43.19%;0.001;Supp.
Fig. 1A). Of note, antiviral therapy is reimbursed in Korea for patients with dete¢i@WeDNA and HCC?’

but HBV DNA was detected in 68% of patients who never received antiviral therapy after HCC diagnosis.

This article is protected by copyright. All rights reserved
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Though rates of antiviral therapy were well below 50% at time of HCC diagnosisantrs, it was higher at
the US centers thahe Taiwan or Korea centers (40% vs. 12% vs. 19%§0.001 for threevay comparison;
Supp. Fig. 1B. After HCC diagnosis, 68% of the US and 61% of the Korea center patients were on antiviral
therapy, compared to only 31% in the Taiwan cer@app. Fig.1B; p < 0.001 for three-way comparison).
There was no difference in antiviral therapy use based on date of HCC diagnosis 2008e0p2b66-2010, or
2011 or later: 52%, 52%, and 49% of patients received antiviral therapy at any timejvelgpacthese time
periods p = 0.22);

Patients receiving antiviral therapy were younger (56.4 vs. 59.0 yeau®,001) and more often had cirrhosis
(76% vs. 70%p < 0.001) than those not receiving antiviral therafgble 1). The antiviral medications most
commonly used weresentecavir (49.5%), lamivudine (37.9%), tenofovir (14.9%), and adefovir (1xlitB%)
little use of telbivudine (3.1%) and interferonntaining regimens (1.8%). Patients with cirrhosis more
frequently received antiviral therapy, and those receiaitgyiral therapy were less likely to have
decompensated cirrhosis and had lower CPT class and model fstagediver disease (MELD) scores than
those who did not-receive antiviral therapy<(0.1). In addition, regardless of cirrhosis status, patients
receiving antiviral'therapy had earlier cancer stage, based on Barcelona clinic liver cancer{ageC
smaller maximum tumor size, and decreased prevalence of multifocal tumors, vascular invasion, and

extrahepatic metastasgg <€ 0.001).

Regarding HCby. cirrhosis status, patients with cirrhosis had smaller maximum tumor size than those withou
cirrhosis (5.2 vs. 5.8 cnm = 0.004) but more often had multifocal tumors (55% vs. 42%0.001). Compared

to patients without-eirrhosis, HCC patients wetirhosis also had a greater prevalence of vascular invasion and
extrahepatic metastasis, as well as a higher BCLC sfaged(001 for all comparisons).

Cancer Treatment

Supp. Table 2illustrates cancer treatment based on presence or absence ofgiPhtisnts with cirrhosis

were less likely to'reeeive cancer treatment than patients without cirrhosis (82.4% vs.[88.0%0)1),

particularly partial*hepatectomy (16.4% vs. 39.8%;0.001), though they were more likely to undergo LT (4.4%
vs. 1.0%;p < 0,001). While patients with cirrhosis more often received liver-direberdpy (65.5% vs. 53.5%;

p < 0.001), this difference was largely driven by transarterial chemoembmtizather than curative ablations.

When comparing cancelirected treatmnt modalities based on antiviral therapy staBugpp. Table 3,

patients receiving antiviral therapy were more likely to receive any treatment and most individuahtieatme
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including resection, LT, and liver-directed therapy. As with cirrhosis, therdiite in liverdirected therapy
was driven primarily by palliative transarterial chemoembolization and external radiation therapy.

Mortality ratesand overall survival

Table 2shows the mortality rates by various disease status and treatment types. In total, there were 1415 de;
after 6384 persogearsrof followup, yielding overall mortality of 22.2 per 100 person-years in the study
population. Overall, patients with cirriesiad increased mortality rate compared to those without cirrlposis (
0.001). As expectedymeortality was higher with higher CPT class, BCLC stage, and uséwd theeapiesyf

< 0.05 for all).

Fig. 4 shows overall survival based on antiviral therapy status. Survival was sigthyficegher in patients

receiving antiviral therapgFig. 4A), and notably both among those with cirrhosis (42% vs. 26¢4).001;Fig.

4B) and those without cirrhosis (58% vs. 3% 0.001;Fig. 4C). Subgroup analysis of fivgear survival

based on antiviral treatment status is shownhable 3. Overall, patients receiving antiviral therapy had greater
five-year survivalleompared to untreated patiepts 0.001). This trend was seen in patients with and without
cirrhosis, as well-assin-all Ch#Bugh classes among patients with cirrhosis. Patients receiving antiviral therapy
had higher survival than untreated patients with BCLC stages 0/A, B, angh €/@{01). These differences

were also signifiant in patients receiving various cancer treatment types, from hepatic resection and liver
transplant to tumedirected treatment such as TACE/transarterial radioembolization, and even among patients

who received only. supportive cae< 0.05).

Patients receivingrantiviral therapy before HCC diagnosis may have improved access to medical care includi
HCC screening, whichhmight result in letwahe bias so that the increased survival could merely reflect earlier
diagnosis without improvement in outcomes. To address this question, we performedtgearslysis based

on timing of antiviral therapy, i.e. only after HCC diagnosis vs. before HCC diag&ogip.(Table 4. Patients
receiving therapy.before HCC diagnosis were older and had smaller maximunstzenand more frequently

had multifocal disease’, vascular invasion, and extrahepatic metastases, as well as more advanced BCLC sta
(Supp. Table 4. On"analysis unadjusted for lead time, antiviral therapy before HCC diagnosis was associated
with decreasd mortality vs. antiviral therapy only after HCC diagnosis (14.46 vs. 19.85 deaths persifif pe
years,p = 0.0008 Supp: Fig. 2AandSupp. Table 5. This difference persisted after letuohe analysis with
estimated sojourn 70 and 140 daSsgp. Fig. 2BC), but not at a sojourn of 210 or 280 daSsp. Fig. 2D

E).

This article is protected by copyright. All rights reserved



331  We also compared patients receiving antiviral therapy only after HCC diagnosis with those not receiving
332 antiviral therapy at all. Here, there was no significant difference in maximum tizeppsoportion of

333  multifocal tumors, or vascular invasioBypp. Table §. However, patients not receiving antiviral therapy had
334  greater proportion of extrahepatic metastasis and higher BCLC stage (42.2 vs.32.0%5 for both

335 comparisonsSupp. Table 6. Screening is a related issue which may be related to access to care. Data on
336  screening were available for 1,224 patients (49%). HCC screening rates in patients receiving no antiviral
337 therapy were lower than those in patients receiving antiviralpgiidrafore HCC diagnosip € 0.001) but were
338 no different in patientS-receiving antiviral therapy after HCC diagnpsig)(58).

339

340 Predictors of survival:

341 Table 4shows predictors of mortality amohrtBV-related HCC patient©n unadjusted analysis, prognostic
342 factors associated with increased mortality included younger age, male sex, cirrhosis, decompensated cirrho.
343 (CPT stage B and C), higher MELD score, more advanced BCLC stage, and the Taiwarmp eedt@s for all).
344  Conversely, factors assated with decreased morality included treatment with surgery (resection or liver
345 transplant) or with-either sorafenib or livéirected therapy, antiviral therapy at any time, duration of antiviral
346  therapy both beforerand after HCC diagnosis, and antiviral therapy with agemts (entecavir or tenofovip (
347 < 0.05 for all). We included relevant predictors associated with mortality in the multiple regression model to
348  estimate the adjusted Hithd 95% CI of each predictage, sex, cirrhosis status, MELPedatment type, BCLC
349  stage, and country=We also included antiviral treatment status, strasifremitherapy, therapy only after HCC
350 diagnosis, anditherapy before HCC diagnosis. In this model, antiviral therapybeittwer or only after HCC

351 diagnosis was independently associated with decreased mortality (adjusted HRIGD6Z9arespectivelyy <

352 0.001;Table 4). In'thissmodel, the Taiwan center was no longer independently associated with increased
353  mortality. On subanalysis of the patients for whom screening information was asjdilathi screening and

354  antiviral therapy were associated with increased survival in a multivariate analysis Sugael Table 7.

355

356  Discussion:

357 In this study, we 'characterized a cohort of patients with H&%ted HCGstratified by antiviral therapy

358 utilization and cirrhosis status. We found that the use of antiviral medications at any time-ireldigd HCC

359 patients was associated with a&W% reduction in overall mortality of these patients, a sizable effect epecia
360 when compared to thesmodest survival benefits seen with many standard therap¢ feuc¢th as palliative

361 liver-directed therapy and soraferiib®? The benefit of antiviral therapy holds across a range fafrdiit cancer
362  stages including BCLC stage C/D and treatment types and even in patieniangengdportive care only. In

363  addition, while there was significant differences in the rates of antiviral utilizations and aventallity among
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US vs. Taiwan vs. Korea centers, there was no difference in overall survivdldmseuntry of study sites in

this multicenter international study after adjustment was made for antiviral therapy use.

There is extensive evidence that antiviral therapy in patients with d&dreases risk of liveelated

complications including liver decompensation and HCC developtm&nt'Our current study demonstrates

that antiviral therapy was associated with significantly reduced risk tf dea wide range of patients, from
those without cirrhosis, to those with cirrhosis and advanced liver disease, from those with early to advanced
cancer stage, and'from:those receiving curative therapy to those receiving oaliv@atierapy or even
supportive care only. Antiviral therapy could increase survival following HC@nadsis in either the long- or
short-term through different mechanisms. In the long run, antiviral therapy coulds#eEl€& recurrence

and/or HCC progression. Previous studies showed antiviral therapy was assoithateEtreased HCC

recurrence and increased survival among patients with-kHfed HCC undergoing surgesjth curative

intent® 1°The longterm beneficial effectaould be more significant in patients with eashage HCC and
compensated liver disease. In the short term, antiviral therapy may counter the destabilizing effect by HCC ol
liver function, whieh=may be more important in patients with more advanced HG@ amotre impaired liver
function. This study-found that the increase in survival with antiviral therapy wasrsa range of severity of

liver disease and HCC stage, and, if anything, may have been more pronounced in patierdsevattvanced
diseaseln addition, choice of antiviral therapy used may be important: use of newer angjena ai.e.

tenofovir or entecavir;, was associated with improved survival compared to usewvefder® or adefovir Table

4).

Disappointingly, insthis multinational cohort, there was a strikingly low rate ofiealttherapy. In particular,

there was a much lower rate of antiviral use in the Asian sites compared to the US sites though antiviral there
was still severely underutilized in the US cohort with only 40% receiving antiviral therapy at HCC diagnosis
and only 68% total at any time. There are two potential explanations for these fowhaseatients did not

meet local criteria for.antiviral therapy use (i.e. existing guidelines did not recognize thess pati@gh

risk®>3%) or that theydid meet criteria but nonetheless did not receive antiviral therapy. Our data suggest that
both of these explanations may be true. Regarding the possibility of inadequacy of guidelinete that <10%
of patients witheut cirrhosis met any guideline criteria for antiviral fhedespitedeveloping HCC. Further,

there is wide discrepancy between different guidelines in what proportion efifgatiith compensated

cirrhosis would have met criteria for antiviral therapig( 2 and 3. These differences in guidelines on
management of compensated cirrhosis with CHB one of the most prominent findingsitaditiand suggest

this may be a target for future guideline development.
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Our data also suggest poor linkage to care. Among the patients not on treatmenbaH@diagnosis, >40%
of those with cirrhosis met local and international criteria for antiviral therapy (other than Taiwan
reimbursement guidelines). This figure is even higher for decompensatexsisiriHowever, only 17% of

patients were on antiviral therapy at time of HCQydiasis. This result is consistent with the poor linkage to
care well known among HBV-infected patients with major gaps ranging from undensw and delayed
diagnosis to subeptimal evaluation of patients with known HBV infection and undertneathpatients who

meet professional’soeiety guideline criteria for treatfi¥fftinadequate linkage to care has other consequences
as well: patients receiving antiviral therapy before HCC diagnosis had higher rates of HCC screening and we
diagnosed with HCC at an earlier stage, compared to among patients receivingl #msrapy oty after HCC
diagnosis or not at all. Further, on lead time bias analysis, an estimated sojd@@ diagnosis of at least 210
days (a highly conservative estimate) was needed to adjust for the difference in mortality between patients

receiving antiviraktherapy before vs. only after HCC diagnoSsp. Fig. J.

It should be noted that antiviral treatment rate before HCC diagwassuboptimal in all of our study centers.
This included USspatients from two major university referral centers, whgdgsts that financial coverage is
unlikely to be thesonly=major barrier to antiviral therapy in patients with chronic hepatitis B. In a prior study of
more than 1,000/mostly Asian American patients with CHB from the San Franeg@réa (including
StanfordUniversity Medical Center), financial difficulty was the reason for no antiviral therapy in under 10%
of patients who metthe American Association for the Study of Liver Diseasfor US Panel guideline

criteria for antivifal.therap$* Rather, the most commonly cited reasons were the desire for further-tgilow
patients and/or physicians and the perception that the patients’ serum alanine aminotransferase levels were |
elevated even thoughsthey met guideline crit&rBince CHB is a largely asymptomatic disease until onset of
advanced HCC or enstage liver disease, appropriate management often requires both patients and care
providers to be better informed of the natural history of the disease and the negdl&rmenitoring and

preventive therapy.

HBV-related HCC ean'occur in the abse of liver cirrhosis. According to prior studies, no overt cirrhosis is
seen in 2040% of'patiénts with HCC in primarily Asian cohdft® and approximately 10% in noksian
cohorts* *?In this"study, we found that 27% of patients did not have recognizable cirrhosis. However, for
those with cirrhosis, @verall survival following HCC diagnosis was lower whepad to those without
cirrhosis. This finding holds even when controlling for factors such as BCLC stegenent type, and MELD
score. The most likely explanation for this finding is that there is a highdemz of second HCC
development in patients with cirrhosis. Indeed, in this cohort, the five-year dunvpatients who underwent

liver transplant waglentical in patients with cirrhosis and those without cirrhosis (83% vs. 8699;91), and
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the reason for this is likely that liver transplant is the only available treatment option which removed the
diseased and precancerous livers. Very few transplants were performed in the Asian centers, which somewh
skews these data compared to what would be expected in a US cohort. It is impaortaatihat patients with
cirrhosis and antiviral therapy demonstrated improved survival compared to their untmeateparts, and

antiviral medications may be an important component of managing patients witsisrand HCC.

One limitation of this'study was that the vast majority of patients were of Asiaitigt. Whether the findings

can be applied to'patients of other ethnicities requires further evaluati@ud®eaf lack of longitudinal HBV

DNA data, our data likely underestimate the proportion of patfentshom therapy was ever indicated, since
patients may have had higher HBV DNA concentration at an earlier date, whichiguayagainst our claim

that guidelines are inadequate for identifying high-risk patients. Finallystilnly was retrospective in design

so we were not able to ascertain the reasons for lack of antiviral thArapgngthof this study washat it
includedalarge number of HCC patients with HBV infectionAsian populations seen at both American as

well as Asian center&urther,all of the chart review procedures were standardized at each study site using the
same case report-form with similar definitions for the major outcome and predictor variables susirak a

therapy, liver cirrhoesisy and HCC.

In summary, we report here the largest cohort of diverse-H#ted HCC patients from several medical

centers from three“eeuntries. We found that antiviral therapy at any time was significantlyted seitia2040%
lower mortalitysand.this beneficialfett was independent of age, cirrhosis status, severity of cirrhosis, cancer
stage, and cancer treatment. Unfortunately, this study also found an alarminghyd@# antiviral therapy
utilization in centerssinithe US as well as Asia with the majorifyabients not receiving any antiviral therapy
before their HCC'diagnosis, even though a large proportion of them met both Asia8 &medithent guideline
criteria for therapy. Our data support more widespread use of antiviral therapiemspaith HBV+elated

HCC, while highlighting the needs for improved linkage to care and earlier treatment with antiviral therapy in
high-risk patients. In addition, the discrepancy between guidelines of managemereni$ path compensated
cirrhosis have signifieantealworld implications on which patients are eligible for antiviral therapy. Additional
prospective studiesare needed to understand and overcome the barriers to appropriate management of pati
with HBV infection.
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556  Table 1. Clinical and Tumor Characteristics, Stratified by Antiviral Therapy Use
No antivirals | Antivirals
Characteristic P value
(N =1283) (N =1235)
Age at cancer diagnosis 59.0+12.0 | 56.4+10.8 <0.001
Male 80.0% 82.8% 0.073
Asian 98.7% 97.9% 0.085
Any decompensation 26.6% 20.7% 0.001
Antivirals before cancerdiagnosis N/A 36.9% N/A
Antivirals used
Lamivudine 37.7%
Adefovir N/A 11.0% N/A
Telbivudine 3.0%
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Entecavir 49.0%
Tenofovir 14.3%
Interferon (including pegylated) 1.9%
Other 0.7%
Mean ChildPugh score 6.6+1.8 64+16 0.012
Liver cirrhosis 70.0% 76.0% 0.001
Child-Pugh class
A 64.8% 67.6%
B 27.8% 28.0% 0.008
C 7.4% 4.4%
Model for endstage liverdisease
11.1+£5.2 10.2+4.1 <0.001
score
Maximum tumor size 6.0+45 48+4.0 <0.001
Number of tumors
Unifocal 44.8% 52.1%
Multifocal 55.2% 47.9% <0001
Vascular invasion 28.5% 20.8% <0.001
Extrahepatic metastasis 12.8% 7.5% <0.001
Barcelona clinic liver cancer stage
0 7.3% 10.4%
A 24.7% 37.3%
B 25.8% 24.8% <0.001
C 34.3% 22.6%
D 8.0% 4.9%
557
558  Table 2. Overall Mortality Rates by Various Disease Stage and Treatment Types
Groeup Total Deaths | PersonYears | Mortality (per
Number of Follow-Up 100 person-
years)
Overall 2518 1415 6384.24 22.2
Citthosis No cirrhosis 681 312 1943.64 16.1
Cirrhosis, ChildPugh A 1096 555 3187.25 17.4
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Cirrhosis, ChildPugh B 541 396 878.85 45.1
Cirrhosis,Child-Pugh C 133 103 146.15 70.5
Barcelona 0/A 973 306 3687.16 8.3
Clinic Liver B 618 374 1637.43 22.8
Cancer Stage | C/D 853 681 866.29 78.6
Antiviral Ne.antiviral therapy 1283 783 2423.2 32.3
Therapy Use | Antiviral therapy 1235 632 3961.04 16.0
Resection 572 155 2141.79 7.2
Lliver transplant 87 22 575.69 3.8
Treatment Ablative Therapy 204 61 805.93 7.6
TACE/TARE/XRT 1420 863 3852.33 224
Sorafenib 122 87 122.85 70.8
Suppeortive care only 401 319 334.26 954

559 TACE/TARE/XRTyTransarteriathemoembolization/radioembolization and external radiation therapy.
560

561 Table 3. Fiveyear Survival Rates by Disease Stage and Treatment Types

Group Five-year survival (%) P value
No antiviral therapy Antiviral therapy
Overall 27.9 45.3 <0.0001
Cirrhosis No cirrhosis 36.1 58.4 <0.0001
Cirrhesis, ChildPugh A 34.8 50.5 <0.0001
Circhasis, ChildPugh B 7.2 25.3 <0.0001
Cirrhosis, ChildPugh C 7.2 29.8 0.0062
Barcelona 0/A 58.0 69.8 0.0002
clinic liver B 23.6 34.9 0.0003
cancer stage | C/D 9.1 14.0 <0.0001
Treatment Resection 64.9 74.5 0.0034
Livertransplant 50.0 86.7 0.017
Ablative therapy 67.2 63.3 0.89
TACE/TARE/XRT 25.6 40.3 <0.0001
Sorafenib 9.3 9.4 0.44
Supportive care only 7.1 11.3 0.037
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562 TACE/TARE/XRT, transarteriathemoembolization/radioembolization and external radiation therapy
563
564 Table 4. Predictors of Mortality of Hepatocellular Carcinoma Patients with Hepatitis B Virus Infedion
Characteristic Unadjusted HR P-value Adjusted HR P-value
(95% CI) (95% CI)
Age (peryear) 0.99 (0.98-0.99)| 0.033 | 0.98(0.97-0.99)] <0.001
Male sex 1.23(1.06-1.43)| 0.006 | 0.98 (0.83—-1.16) 0.80
Cirrhosis NoO cirrhosis (Referent) (Referent)
status Cirrhosis 142 (1.03-1.96)| 0.032 | 1.25(1.06 —1.47) 0.008
Cirrhosis, ChildPugh 0.98(0.84-1.13)| 0.74
A
Cirrhosis, ChildPugh B| 2.54 (2.18 — 2.96) | <0.001
Cirrhosis, ChildPugh C| 4.10 (3.25-5.17) | <0.001
Model of end stage liverdisease score| 1.10 (1.09 -1.11) | <0.001 | 1.05(1.04 -1.07)] <0.001
(per point)
Treatment Supportive care only (Referent) (Referent)
type TACE/TARE/XRT 0.33(0.29-0.38) | <0.001 | 0.38(0.32-0.46)] <0.001
Resection/RFA/PEA 0.09 (0.08 -0.11) | <0.001 | 0.15(0.12-0.20)|] <0.001
Livertransplant 0.04 (0.02-0.07) | <0.001 | 0.06 (0.03-0.13)] <0.001
Diagnosis 2000-2005 (Referent)
date 2006-2010 1.07 (0.93-1.23)| 0.35
2011 and after 0.89(0.76 —1.03)| 0.12
Barcelona 0/A (Referent) (Referent)
clinic liver B 2.94 (2.49 -3.46) | <0.001 | 2.47 (2.04 —2.99)] <0.001
cancer stage | C/D 8.41 (7.23-9.77) | <0.001 | 5.86(4.91-7.00)] <0.001
Antiviral therapy
No antivirals (Referent) (Referent)
Antivirals prior to HCC diagnosis 0.45 (0.38 —0.54) | <0.001 | 0.62 (0.50-0.76)| <0.001
Antivirals only after HCC diagnosis 0.62 (0.54 —0.70) | <0.001 | 0.79 (0.68 — 0.92) 0.002
Duration of antiviral therapy before 0.78 (0.72 -0.83) | <0.001
cancer diagnosis (per year)
Duration of antiviral therapy after canc§¢ 0.66 (0.63 —0.70) | <0.001
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diagnosis (per year)

Antiviral type | Lamivudine or adefovir (Referent)

Entecavir or tenofovir | 0.77 (0.65—-0.92) | 0.004

Other 0.96 (0.68-1.37)| 0.83

Country United States (Referent) (Referent)
Taiwan 1.36 (1.18 — 1.57) | <0.001 | 1.15(0.93-1.42)) 0.20
Korea 0.85(0.72-1.02)| 0.054 | 0.99 (0.78 — 1.26) 0.93

565
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HR, hazard ratio;Cl;'eonfidence interval; TACE/TARE/XRT: transarterial chemoembolizationftesiasa
radioembolization/external radiation therapy. RFA, radiofrequency ablation. peEéutaneous ethanol

ablation.

Figure Legends

Figure 1: Treatment with antiviral therapy . Percentage of patients receiving treatment with antiviral therapy,
eitherbefore hepatocellular carcinoma diagndeesl), after hepatocellular carcinoma diagndgieen) or

never(blue). Numbers represent percentages of patients in each category

Figure 2: Indication for treatment with antiviral therapy . For patients who were not on antiviral therapy at
time of HCC diagnosis, y axis shows percentage of patients for whom antivieg\tiveould have been
indicated based en-guidelines applied uniformly to all centBeda are divided based on cirrhosis status:
decompensated-cirrhosis, compensated cirrhosis, and no cirrhosis. Four sets of guweedinesedAASLD
(American Association for the Study of Liver Diseggrey)° APASL (Asia-Pacific Associatin for the Study
of the Liver, yellow)° Ministry of Health and Welfare for the Republic of Korea (purpi@ind National

Health Insurance Administration for Taiwan (gre&h).

Figure 3: Indication for treatment with antiviral therapy . For patients who were not on antiviral therapy at
time of HCC diagnosis, y axis shows percentage of patients for whom antiviegtiveould have been
indicated based o local guidelinesn the country to which the respective medical centers beldaig are
divided based on cirrhosis status: decompensated cirrhosis, compenshtsisciand no cirrhosis. Local
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guidelines were defined as American Association for the Study of Liver Disease guidelines for United States
centers, Ministry of Health and Welfare reimbursement criteria for Korean cefitarsj National Health

Insurance Administration for the Taiwan cerfter.

Figure 4: Overall Survival by Antiviral Therapy . Overall survival for patients with hepatitis B virus (HBV)
associated hepatoeellular carcinoma (HCC), based on antiviral therapy status. (A) Overall cohort. (B) Patient:
with cirrhosis. (C),Patients without cirrhosis. “No antiviralsfers to patients who were never treated with

antiviral therapy directed at HBV, whereas “antivirals” refers to treatment with antiviral agents abhany ti
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