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Abstract

Background &"Aims: Although hepatitis B virus (HBV) and hepatitis C virus (HCV) infections
remainmajorTrisk factors for hepatocellular carcinoma (HG®@-viral causes of HCC,
particularly noralcoholic fatty liver diseasere becoming increasingly prevalent. The aim of
this studywas:to compare the clinical characteristicssandval of cryptogenic and viral HCC.
Methods: Weseonducted a retrospedaicohort study involving 3,87&nsecutivéHCC patients
seen atwa tertiarycenters in the United States ammk in Taiwan from 2004-2014. We
compaed the clinical characteristidgseatmentind survival of patientsy underlying etiology:
cryptogenic (n=696), HBV (n=1,304), or HCV (n=1,878).

ResultspCirrhesis was present in @86 of the cryptogeniHCC patients, compared with 7467
of HBV-HCC (p=0.001) and 85% of HCV-HCC (p<0.001). Compared to viral HCC,
cryptogenic HC(atients presented with larger tumors and at later stages of diSwasgear
overall survival was 16.3% among cryptogenic HCC patients compared with 31.9% among
HBV-HCC patients and 27.7% among HEMGC patents $<0.001 for both by the log-rank
test).HCC etiology was not an independent predictor of survival, though ethnicity, cirrhosis
statusmeetingMilan criteriaand treatment allocation were.

Conclusiens=Cempared with viral HCC patientdyose withcryptogenic HCC had lower
prevalence ofcirrhosisvere diagnosed with larger tumatsmore advanced stages of disease,
and had poorer.overall survivdldditional efforts are needed to identify patients at risk of
cryptogenic HCC and to identify cryptogenic H@Cearlier stages of disease.

Word count: 239
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Key Points

1. One third of cryptogenic HCC patients were roamhotic, significantly more than viral
HCC patients

2. Cryptogenic HCC patients presented with larger tumors and at more advancewttage
diseaseythan viral HCC patients

3. Compared:to viral HCC patients, those with cryptogenic HCC had worse overall survival
despite often receiving treatments with curativent

4. Cryptogenic etiology of HCC was not an independent predictor of survival afteriagljust
for'factors such as stage of disease and treatment strategy

I ntroductien
Hepatocellular carcinoma (HCC) is a major cause of cancer mortalitywwdedndwasthe
fourth leading cause of death with 800,000 deaths in 201fe United States and Taiwan,

where we practic&-year survival for liver cancés 18% and 28.9%espectively’>

While chronic-nfections with hepatitis B virus (HBV) and hepatitis C virus (H&®)the major
HCC risk factorsglobally (53% and 25%, respectivilpther chronic liver diseasese also
associateavith HCC, such as nomicoholic fatty liver disease (NAFLI)NAFLD is an

increasinglyimportant cause of HC®ith anestimatedylobalprevalencef 25% and rising-®

CurrentHCCsurveillanceguidelines focus on HCC in the setting of chronic viral hepatitis or
cirrhosis?However, a growing body of evidence saggthat a third or more of NAFLDelated
HCC deVelops in patients without a knohistory of cirrhosis®™* Some studies haaso

found that patients with non-viral etiologies of HCC are diagnosed at more advtages] s
possibly due todower rates of surveillari&é® More dataareneeded to understand the
epidemiology of HCC associated with neinal etiologies, particularly NAFLD, in order to

inform guidelines moving forward.
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A clearcut diggnosis of NAFLD or its inflammatory counterpart, naligoholic steatohepatitis
(NASH), is not always possible at the time of HCC diagnosis. Over time, hepatic steatosis may
be replaced by fibrosis and cirrhosis, and the metabolic derangements assotaiediRD,

such as obesity, may not Apparentn endstage liver diseasg As such, there is increasing
acknowledgment that a significant proportion of cryptogenic H@@tis, HCC in the absence

of chronic viraldnfection, alcohol use, or other diagnosed liver diseeslkkely due to

NAFLD:® 1820

To augment the body of knowledge on cryptogenic HCC, we conducted a retrospective cohort
study of 3,878+consecutive HCC patients diagnosed between 2004 and 2014 in the US and
Taiwan comparinghe clinical characteristiand survivabf viral-relatedHCC against tbseof

cryptogenic HCC.

Patients and-M ethods

Study Design.and Patient Population

This retrospective cohort study involved 3,878 consecutive castB\birelated, HCVrelated

or cryptogenic HCC seen @vo tertiary hospitals in the United States ame inTaiwan

between 2004 and 2014CC diagnosis &s based on histology, cytology, or noninvasive
criteria reéommended by the American Association for the Study of Liver Diseases (AASLD)
Thestudy proetecol was approved by tmstitutional review boaslof the Stanford University
Medical Center, the Mayo Clinic in Rochester, and Kaohsiung Medical Universs#pyitdl. An
exemption from informed consent was granted due to the minimal risk posed to participants

this chart reviewstudy.

Adults aged 18 or older were eligible for inclusion if they R&IC andan underlying diagnosis
of HBV, HCVyor if their HCC was cryptogenic. Diagnoses of HBV and HCV wesedan
serologicakiesting as well as nucleic acid tests for vire@ngptogenic HCC was defined as
HCC in the abence of any history eégularalcohol useand without aconfirmed chronic liver
disease such as chronic hepatitis B or C, autoimmune or metabolic liver diseasepsinargs

biliary cirrhosis, primary sclerasy cholangitishemochromatosis or Wilson’s diseaBatients
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with HCC in the presence of multiple underlying liver diseases (e.g. HBV and HCV co-
infection) were excluded. Alcohol intake was not routinely quantified, bus cd4¢CC deemed
to be alcohol-related by the examining physici@sdocumented in their clinical notes) were

excluded. Patient inclusion and exclusion are illustrated in Supplemental Figure 1.

Definition of Cirrhosis

Cirrhosis status was determined basedtiistology, imagingand chart review. Patients were
consideredto'have cirrhosigshey had F4 fibrosis on histology,they hadclinical evidence of
portal hypertensiorp{atelets <120,000L, splenomegaly, ascites gastroesophageal varices on
imaging) or if they had heypic decompensation (hepatic encephalopathy, ascédaseal
bleeding) within 6 months of HCC diagnosis.

Tumor Staging and Survival Outcomes
Tumor stage was assessed by the Milan criteria for transplant and the Barcelona clinic liver
cancer (BCLC) staging system. Tumor size and other imaging characteristics were derived from

computedtemograph§CT) or magnetic resonance imagi(gRlI).

Survival data was based on the date of HCC diagnosis and the date of death or lastdollow

date.

Statistical-analysis

Descriptivestatistics of categorical variablesrereported as proportions (%), while continuous
variables were reported as means wiindard deviations or medians with interquartile ranges.
Comparisons of descriptive statistics were maglag the Student’stest, the chisquare test, or
the MannWhitney U test for normalkgistributed continuous variables, categorical variables,

and nonrermally distributectontinuousvariables, respectively.

Five-yearoverallsurvival was the primary outcome. The primprgdictor variable was HCC
etiology (HBV, HCV or cryptogenic)Secondary predictors inaded ethnicity, cirrhosis, tumor
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stage and treatment strategy. Treatments sultbeasransplanation, surgical resection and
radiofrequency ablatio(RFA) were considered treatments with curative intent, while treatments
such as transcatheter arterial chemoembolization (TACE), radioemboli@Epand sorafenib
were considered palliativélnivariate and multivariate survival models were constructed using
Cox proportienal hazards models. Relevant variables that were sign(fiefined as association
with p<0.08) in.the univariate analysis were included in the multivariate model. Kaybaer
survival'curves and $ear survival ratefor independent subgroups were compared using the

log-rank test.

All statisticalanalyses were performad Statayversion 14(StataCorporation College Station,

Texas). Statistical significance was defined as ataitedp value of <0.05.

Results

Baseline Patient Clinical Characteristics

Of the 3,878'HCC patients, 696 (18.0%) were cryptogenic, 1,304 (33.6%) were HBV-related and
1,878 (48.4%) were HCVelated.The median date of HCC diagnosis was 2008.5 for
cryptogeniesHCC patients, 2008 for HBV-HCC patients, and 2009 for HCZ- patients.

Baseline clinical and laboratory characteristics of the patignk$CC etiology are shown in

Tables 1 and 2. Compared tdipats withHBV-HCC or HCV-HCC, those withcryptogenic

HCC wereolder, had higher BMIs, and were more likely to have metabolic comorbislitets

asobesity diabetesand hypertensian

Clinically apparent cirrhosis was less common among cryptogenicga@éhts; 6.8% of
cryptogenic patients had cirrhosis compared4a% of HBV-HCC patientgp=0.001) and
85.9%6 of HCV-HCC patients§<0.001).

Tumor characteristics
Table 3 compares tumor characteristics across the three etiologies. Patientgpiotpeaic
HCC had larger tumors and more advandestaseat presentation than patients WiHBV-HCC

or HCV-HCC. The medianmaximum tumor sizef cryptogenic HCC patients w&s0cm at
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diagnosis compared to 3.9cm for HBV-HCC and 3.2cm for HE3C (p<0.001 for both
comparisons). Cryptogenic HCC patients were more likely to @sivehepatic metastases
(16.2%) compared to HBV-HCC (11.2%%0.002 and HCVHCC (6.7%,<0.001).Less than
onethird (28.2% of cryptogenic HCC patients met Milan criteria for transplantation compared
to nearly halfef HBV-HCC patientg45.4%) and55.8% ofHCV-HCC patientg(p<0.001 for

both comparisens).

Treatmentallacation

Despite having more advanced tumatrpresentation, cryptogenic HCC patiewere

significantly more likely to receivigeatments with curative intent comparegé&ients with

viral etiologies(31.5% for cryptogenic HCC, A®% for HBV-HCC; p<0.001, and 26% for
HCV-HCGC;p=0.01]) (Table 4). Resection in particular was more common among cryptogenic
HCC patients (26.6%) than in HBV-HCC (16.5p%0.001) or HCVHCC patients(11.2%,
p<0.001).

Overall survival

Averagedength of follow-up was 1.§@ars(SD: 1.97 years). The average length of follow-up

by etiology was 1.1 years (SD: 1.51 years) for the cryptogenic group, 1.6 years (SD: 2.07 years)
for the HBV,group and 1.8 years (SD: 2.00 years) for the HCV group. The rate of loss to follow-
up at 5 years was not significantly different between the cryptogenic HCC group anafither

the viral HCC groups (47.0% cryptogenic, 51.7% HBV, 46.8% HCV; crypto vs. M6,

crypto vs.\HCVp= 0.92).

Five-year arerallsurvival was worse among cryptogeni€E patients(16.3%) comparedith
either HBVAHEC (31.9%, p<0.00)Llor HCV-HCC patientg27.7%, p<0.001) (Figure 1A). This
result persisted after stratification by liver cirrhd$tggure 1BC). Cirrhotic cryptogenic HCC
patientshad werses-yearsurvival than cirrhotic viraHCC (19.4% vs. 26.5%, p<0.001).
Similarly, noncirrhotic cryptogenic HC@atientshad worse Srearsurvival than noreirrhotic
viral HCC (28.2% vs. 47.7%, p<0.001).
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Since cryptogenic HCC patients underwent curative treatragattigher rate than viral HCC
patients, we alsexaminedsurvival by etiology for patients receiving either surgical resection or
RFA as their primary HCC therapy. Cryptogenic HCC patients undergoing either oasarcti

RFA still had worse 5rear overalkurvival (38.1%Yhan either HBYHCC (67.3%,p<0.001) or
HCV-HCC (45.2%,p=0.Q2) (Figure 1D)

Predictors of survival

Favorablespredictors &-year survival in univariate Cox proportional hazard models included
female genderounger ageAsian or Hispanic ethnicity (compared to Caucasian ethnicity),
absence of cirrhosis, absence of CAfizetingMilan criteria, curative or palliative treatments
(comparedstemno treatment), and viral etiology (Tablébihe multivariate analysis, viral
etiology was=no longer a significant predictor of survival. Significant independedtitfors of
survival were Asian or Hispanic ethnicity, absence of cirrhosis, lower MELD sueeting

Milan criteria, and curative or palliative treants.

Analysisby-USvs. Taiwan sites

The distribution’of etiologies and treatment strategies @iffieetween the US and Taiwan sites.
The majority“ofithe cryptogenic and HGWEC patients were from the US whereas the majority
of the HBV-HCC patients were from Taiwan. ThS sites were more likely to perform curative
treatments such as transplant (13.9% vs 0pgk9®,001), resection (19.6% vs. 12.7860.001)

and RFA (11.3% vs. 6.4%<0.001) Supplemental Tablg). However, cryptogenic HCC
patients had«werse survival thamal HCC patients at both US and Taiwan sites. At the US sites,
5-year everall.survival was 16.6% for the cryptogenic HCC patients compared to 3@18% a
27.9% for the'HBVHCC and HCVHCC patients, respectivelp<0.001 for both)

(Supplemental FigureX). At the Taiwan site, byear overall survival was 15.6% for the
cryptogenic HCC patients, 27.5% for the HBMGC patients§=0.03) and 26.2% for the HCV-
HCC patientsg<0.001) Supplemental FigureB).
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HCC survelllance

Data on HCC surveillance was availafie 984 patients from Stanford University Medical
Center and the Mayo Clinic. Surveillance was defined as US or triphasic Chgraghe liver
at 6 month intervals prior to the diagnosis of HCC. Surveillance status wasidetethrough

manual chartsreview.

Of these 330 had cryptogenic HCC, 160 had HB\MGC, and 494 had HCWHCC. HC\V-HCC
patients had a significantly higher rate of surveillance than cryptogenic HERg88.3% vs.
18.8%,p=0:00%). There was a trend towards a higher rate of surveillance amadtig\WYhelCC
patientscompared with the cryptogenic HCC patients (26.3% vs. 188%058).

Among those undesurveillance, there were no significant differences in tumorasiztage
(basedn metastases amdilan criteria)across etiologiesSupplemental Table 2). Among those
not undersurveillancethe cryptogenic group had largerd more advancdadmors tha either

the HBV ar.HCV groupgSupplemental Tabl8).

Patients under surveillant@ad a Syear survival of 2.5% compared to 17.4% for those not
under surveillancep0.001) (Supplemental Figure 3)CC surveillance was a positive
predictor of survival in univariate analygigable 5. However, surveillanceras not included in

the multivariate’model due to the lack of data frhsites.

Discussion

In this large study of 3,878 HCC patient® feund that relative to patients with HB\¢r HCV-

HCC, patients with cryptogenic HCC were less likely to have cirrhosis, had larger tumors, had
more advanced disease, and had wbrgearoverall survivalHowever, HCC etiology was not

an independent predictor of survival after adjusting for covariates such astgtieimitiosis

status, tumor stagand treatment strategy.

It should be,noted that we found worse survival in the cryptogenic HCC group despitetipat gr
being more likely to receivigeatments with curative intent, particularly surgical resection. It is
possible that resection is more commonly offered to this group of patients becensss is

less prevalent compared to patients with viral HCC. However, cryptogenic H@Gtpat
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receiving resection or RFA still had worse survival compared to viral HCC patients receiving the
same treatments. The advanced stage of cryptogenic HCC at presentation is likely an important
contributor to this discrepancy. Cryptogenic HCC patients maydgiieave occult metastases at
presentation, or. may require larger sections of liver to be resected or ablated. These patients also
had more cemorbidities which could reduce overall survival, such as CAD and didbomigh, t

neither of these were independprgdictors of survival in our model.

In a subsetanalysis patients for whom we hadCC surveillancedata, we found that the
cryptogenic group had lower ratessoirveillancethan either of the viral groups. Those who had
prior HCC surnveillancenad better survival than those who did not. Amongptiteentsunder
surveillancethere were no significant differencegimor size or stage across the three
etiologies These findings suggest that a lacladéquate surveillana@®ntributed to the

differencesdetween theryptogenic and viral groups in tumor stage and survival.

There may-have beeeveral barriers to adeapeHCC surveillancen cryptogenic HCC

patients First,’one thirdof cryptogenic HCC patients in our cohort did not have cirrhosis and
hence would nahave meturrentcriteria forHCC surveillanceSecond, prior studies have
reported.lewer HCC surveillance rates for NAR€lated cirrhosis compared to other forms of
cirrhosis, perhaps due to lack of awarersssut the risk of NAFLD progressing to HCE®
Third, the'sensitivity of ultrasound surveillance may be limited in the NAFLD/cryptogenic HCC
population#Obesity and NAFLD cirrhosis have both been associated with inadequacy of
ultrasound*for-the detection of hepatic tunfdr€. These latter two factors may have contributed
to our finding thakvenamory cirrhotic patients, cryptogenic HQ&&tientshadworsesurvival.
Increasing provider awareness of the risk of HCC in NAFLD may improve eddgta, and
more work.is.needed to determine whether or @dvandMRI screeningshould be

incorporated.inte1CC surveillance strategies for patients with NAFLD or obesity

The strengths,of our study includelasgesize andliverse patient population. To our
knowledge, this is the largest international cohort that has been assembled to aanalpane
nonviral HCC.Our data is also consistent with previous studieih found thaNAFLD-HCC
often arises in patients without clinically apparent cisih@nd that NAFLEHCC tends to
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present with larger tumors and at later std§é&?*2?> A nationwide survey in Japan found
cirrhosis in 62% of NAFLBHCC cases, while a US Department of Veterans Affairs study found
cirrhosisin 58.3% of NAFLD-HCC patients; we found cirrhosis in 66.8% of cryptogenic HCC

patients in our study, consistent with these prior repoffs.

Ours is alsdhedargest study, thus far, to evaluate survival in the cryptogenic HCC population.
Survival'datafrom prior studies have been mixed, though the larger studies gdremalhad
results similarto ourk"*>2>2° One study from Taiwan involving 366 cryptogenic HCC patients
found worse londermoverallsurvival in the cryptogenic group comparedtte viral/alcoholic
HCC group; this difference was no longer significant after controlling for confogndi
variables’>An italian study involving 145 NAFLOHCC patients found a similar pattemorse
overall survivaliin the uncorrected analysis and similar survival when dowgrdr

covariates’ The aforementioned Veterans Affairs study by Mittal et @luied 120 NAFLD-

HCC patients and did not find any difference igelr survival compared to alcohol or HCV
HCC Theirresults may differ from ours dueacshorter followup period andactors specific

to the veteranspopulation.

There aresa'number of limitations to our study. First, the study is retrospeatiesign, though
our primary outcome is overall survival, an objective and clear outd@uarecohort isalso

drawn from tertiary referral centers and may not be representative of thepojagationof

HCC patientsHowever, our cohort is geographically diverse. For most patients in our cohort,
cirrhosis wassdiagnosed based on imaging, laboratory values or clinical historythrathiver
histology. These criteria are not sensitive for subclinical cirrhosis and may underestimate the
prevalence of cirrhosis in our cohdie are also limited tdiscussing cryptogenic HCther
than NAFLD-HCC. We cannot reliably obtain formal diagnoses of NAFHOC from our data
despite individual chart review, as hepatic steatosis is not reliably present in patients with
advanced liver diseask should also be noted that we did not evaluate for occult HBV infection,
which is defined abiBV DNA in the liver of a patient with negative HBsA@ccult HBV

infection may contribute to “cryptogenic” HCC in high prevalence areas such asFaiwa
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In summary, we founthat one thircf cryptogenic HCC (most of which ikkély related to
NAFLD) presentedn patients without clinically apparent cirrhosis. Furthermore, these
cryptogenic HCC patientsere diagnosed at later stages of disglaadlarger tumorsand had
worseoverallsurvival. The epidemiology of non-viral naleoholic HCC idifferent from that

of viral HCC.andnanagemenguidelines should take this into account as NAFLD becomes an

increasingly prevalent risk factor for HCC.
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Tables

Table 1: Baselin@atientclinical characteristicsby HCC etiology

Cryptogenic HBV HCV Overall
P value P value
(N=696) (N=1304) (N=1878) (N=3878)
AgeT (yrs) 67.2+/13.4 | 58.3+t12.2 | <0.001 | 63.0+/9.9 | <0.001 | 62.2+/11.8
Male 440 (63.2%) | 1074 (82.4%)| <0.001 | 1248 (66.5%)| 0.125 | 2762 (71.2%)
Asian 317 (45.6%) | 1251 (95.9%)| <0.001 | 1040 (55.4%)| <0.001 | 2608 (67.3%)
U.S. site 412 (59.2%) | 349 (26.8%) | <0.001 | 1054 (56.1%)| 0.162 | 1815 (46.8%)
History of
regularalcohol 0 (0%) 380 (29.3%) | <0.001 | 801 (43.0%) | <0.001 | 1181 (30.7%)
use
Body mass
_ + 27.7+/-6.2 244 +/40 | <0.001 | 26.0+/5.3 | <0.001 | 25.8+t5.2
index (kg/nt)
Hypertension
(HTN) 354 (58.2%) | 403 (31.7%) | <0.001 | 855 (47.1%) | <0.001 | 1612 (43.6%)
DiabetegDM) | 278 (45.7%) | 299 (23.5%) | <0.001 | 594 (32.8%) | <0.001 | 1171 (31.8%)
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>2 of obesityi,
297 (44.8%) | 295 (22.9%) | <0.001 | 604 (32.5%) | <0.001 | 1196 (31.4%)
HTN, DM
Coronary artery
_ 130 (21.5%) | 40 (3.1%) <0.001 | 108 (60%) <0.001 | 278 (7.6%)
disease
Symptomatic-at]
_ : 395 (58.0%) | 491 (39.1%) | <0.001 | 670 (42.8%) | <0.001 | 1556 (44.4%)
diagnosis
Cirrhosis 338(66.8%) | 919 (74.7%) 0.001 | 1497 (85.%%) | <0.001 | 2754 (792%)
Ascites 198 (30.8%) | 345 (27.2%) | 0.099 | 442 (24.3%) | 0.001 | 985 (26.4%)
Encephalopathy 56 (8.4%) 79 (6.2%) 0.063 152 (8.3%) 0.92 287 (7.6%)

TReported as,mean-igtandard deviation

iObesity defined-as BMt30 for non-Asians and25 for Asians (both East Asian and South Asian)

P values are for the comparison to cryptogenic

Table 2: Baselinpatientlaboratorycharacteristicsby HCCetiology

Cryptogenic HBV HCV Overall
P value P value
(N=696) (N=1304) (N=1878) (N=3878)
Platelet coumt 183.5 152 114 137
<0.001 <0.001
(K/uL) (IQR 121259) | (IQR 104217) (IQR 76:163) (IQR 89197)
Total bilirubin* 0.9 1 11 1
0.003 <0.001
(mg/dL) (IQR 0.61.5) (IQR 0.71.5) (IQRO.7%1.7) (IQR 0.71.6)
AIbuminT
3.5+/-0.6 35+L0.6 0.323 3.3+L0.6 <0.001 3.4+L0.6
(g/dL)
International 11 11 <0.001 11 <0.001 11
normalized
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ratio’ (IQR 1-1.2) (IQR 1-1.2) (IQR 1-1.3) (IQR 1-1.2)
Aspartate
55 59 80.5 69
transaminase 0.068 <0.001
(/D) (IQR 36:95) (IQR 38108) (IQR 52124) (IQR 43115)
Alanine
42 48 67 69
transaminase <0.001 <0.001
(UIL) (IQR 27-61) (IQR 3475) (IQR 40107) (IQR 43115)
Log1o AFPi 3.3 4.3 3.7 3.8
<0.001 0.008
(ng/dL) (IQR 1.67.2) (IQR 2.36.9) (IQR 2.36) (IQR 2.26.4)
CTP A 124 (47.7%6) 508(62.9%) 719 (56.0%0) 1351 (575%)
CTPB 113(43.5%) 247 (30.6%) <0.001 | 488(38.1%) 0.027 | 848(36.1%)
CTPC 23 (8.9%) 53 (6.60) 76 (5.9%) 152 (6.5%)
9 9 9 9
MELD* 0.787 0.001
(IQR 7-12) (IQR 7-11) (IQR 813) (IQR 7-12)
TReported as mean-gtandardieviation
iReported as median with interquartile range
SChild-Turcotte Pugh class calculated for cirrhotic patients only
AFP: Alphafetoprotein
MELD: Model for end stage liver disease
P values aresferthe comparisondyptogenic
Table 3:Tumercharacteristicsby HCC etiology
Cryptogenic HBV HCV Overall
P value P value
(N=696) (N=1304) (N=1878) (N=3878)
Max. tumor 6.0 3.9 <0.001 3.2 <0.001 3.7
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size(cm) | (IQR 3.49.7) | (IQR 2.47.3) (IQR 2.1:5.2) (IQR 2.36.5)
Multifocal | 276(44.8%) | 342(33.8%) | <0.001 | 602(35.0%) | <0.001 | 1220(36.3%)
Vascular
, | 127 (19.7%) | 203 (17.9%) | 0.347 | 232 (130%) | <0.001| 562 (15.8%)
invasion
Extrahepatic
w107 (16.2%) | 140 (11.2%) | 0.002 | 123 (6.7%) | <0.001 370 (9.9%)
metastasis
Within
Milan 187(28.2) | 530(45.20) | <0.001 | 974(55.8%0) | <0.001 | 1691(47.3%)
criteria
BCLC C/D | 214(46.8%0) | 323 (B.5%) | <0.001 | 363(26.4%) | <0.001| 900 (32.8%)
BCLC: Barcelona Clinic Liver Cancer stage
P values are forthe comparison to cryptogenic
Table 4:Treatment allocatiagrby HCC etiology
Cryptogenic HBV p HCV p Overall
(N=696) | (N=1304) | value | (N=1878) | value | (N=3878)
Transplant 13(3.2%) | 21 (1.7%) | 0.062 132 (8.3%) | <0.001| 166 (5.1%)
Resection 124 (26.6%)| 204 (16.5%)| <0.001 | 180 (11.2%) | <0.001 | 508 (15.3%)
RFA 39 (9.3%) | 76 (6.2%) | 0.029 154(9.5%) 0.888 | 269 (8.2%)
TACE 252 (54.6%)| 651 (52.2%)| 0.381 | 1039 (61.1%)| 0.011 | 1942 (56.9%)
RE 6 (5.2%) 10 (3.5%) | 0.449 46 (60%) 0.727 62 (5.3%)
Sorafenib 11 (2.8%) | 26 (2.1%) | 0.447 37 (2.3%) 0.621 74 (2.3%)
Curative intent | 174 (31.5%)| 291 (23.0%)| <0.001 | 448 (26.0%) | 0.011 | 913 (25.8%)
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Primary treatment

0.005

Transplant 13 (2.4%) 21 (1.7%)
Resection/RFA | 161 (29.1%)| 270 (21.4%)

TACE/RE 243 (43.9%)| 622 (49.2%)

Sorafenib 6 (1.1%) 20 (1.6%)

No treatment

130 (23.5%)

331 (26.2%)

132 (7.7%)

316 (18.3%)

893 (51.7%)

16 (0.9%)

369 (21.4%)

166 (4.7%)

747 (21.1%)

<0.001 | 1758 (49.6%)

42 (1.2%)

830 (23.4%)

Curative intent Transplant, resection or radiofrequency ablation

RFA: Radiofrequency ablation

TACE: Transcatheter arterishemoembolization

RE: Radioembolization

P values are for the comparison to cryptogenic

Table 5: Predictors dive-yearmortality

Univariate Multivariate
Predictor HR (95% CI) P value HR (95% CI) P value
Male 1.14 (1.021.28) | 0.017 | 0.96(0.83-1.11) | 0.593
Age 1.01 (1.001.01) | 0.019 | 1.00 (..001.01)| 0.492
EthnicityJr
- Caucasian 1 Reference 1 Reference
- Asian (Taiwan) 0.89 (0.791.00) | 0.049 | 0.82(0.680.99)| 0.039
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- Asian (US) 0.59 (0.500.69) | <0.001 | 0.51 (0.460.64) | <0.001

- African-American 1.06 (0.741.52) 0.733 0.89 (0.521.51) 0.657

- Hispanic 0.69 (0.560.86) | 0.001 | 0.59 (0.450.77) | <0.001
Cirrhosis 1.55(1.341.79 | <0.001 | 1.41(1.191.68)| <0.001
Diabetes 1.02 (0.921.14) 0.687

Coronaryartery disease | 1.37 (1.151.63) | <0.001 | 1.17 (0.871.59) 0.300
MELD 1.05 (1.041.06) | <0.001 | 1.05 (1.041.06) | <0.001
Within Milan criteria 0.30 (0.270.34) | <0.001 | 0.33(0.290.38) | <0.001
HCC Surveillance 0.54(0.42-0.70 <0.001

Primary treatment

- No treatment 1 Reference 1 Reference
- Curative 0.09 (0.080.11) | <0.001 | 0.10 (0.080.12) | <0.001

- Palliative 0.33(0.290.36) | <0.001 | 0.35(0.300.40) | <0.001
Etiology

- Cryptogenie 1 Reference 1 Reference
- HBV 0.69 (0.660.80) <0.001 | 0.99 (0.801.22) 0.901

- HCV 0.66 (0.580.75) <0.001 | 0.83 (0.681.02) 0.083

TCaucasian, N=752; Asian (Taiwan), N=1655; Asian (US), N=510; Afrigaun, N=54; Hispanic, N=208

Figure Legends
Figure 1:Five-year overalburvival for patients with cryptogenic and viral HCC. (A) Overall survigl,

HCC etiology. (B) Overall survival for cirrhotic patits only, ly HCC etiology. (C) Overall survival for
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noncirrhotic patients only,ypHCC etiology.(D) Overall survival fopatients undergoing resection or

radiofrequency ablation as their primary treatmbptHCC etiology
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