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Abstract

Background: To define the chronological changes of long-term survival among patients with non-

hepatitis-related hepatocellular carcinoma (Non-Hep-HCC) versus hepatitis C-related HCC (HCV-HCC)

over the last two decades.

Methods: Patients who underwent curative-intent resection for HCC between 2000 and 2017 were

identified from an international multi-institutional database. Overall (OS) and recurrence-free survival

(RFS) were analyzed and compared among Non-Hep-HCC versus HCV-HCC patients. Propensity score

matching (PSM) was utilized to mitigate residual bias.

Results: Among 617 patients, 196 (31.8%) patients had HCV-HCC, whereas 421 (68.2%) patients had

Non-Hep-HCC. While patients with HCV-HCC had an improvement in OS over time (5-year OS,

2000–2009 55% vs. 2010–2017 67%, p = 0.034), OS among patients with Non-Hep-HCC remain un-

changed (5-year OS, 2000–2009 53% vs. 2010–2017 52%, p = 0.905). In the matched cohort, patients

with HCV-HCC had a worse OS versus patients with Non-Hep-HCC during 2000 and 2009 (5-year OS,

12% vs. 63%, p = 0.029), but significantly better OS from 2010 to 2017 than patients with Non-Hep-HCC

(5-year OS, 86% vs. 73%, p = 0.035). The recurrence timing, patterns and re-treatments were compa-

rable among Non-Hep-HCC and HCV-HCC patients.

Conclusion: While OS of patients with HCV-HCC improved over time, the long-term survival of patients

with Non-Hep-HCC patients remained unchanged and was more unfavorable.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading cause of
cancer-related death with a 5-year survival of only 15–20%.1,2

Liver transplantation may be the best therapeutic approach for
HCC, yet this option is largely limited to patients with tumors
confined to the Milan criteria.3 In addition, due to the shortage
of donor organs, transplantation is often not feasible for many
patients with early stage disease.4 As such, surgical resection is
employed as the major curative treatment option for many
patients with HCC.5 The incidence of recurrence following
resection of HCC can, however, be as high as 50–70% and
recurrence has been strongly associated with worse long-term
survival.6,7

HCC frequently occurs in patients with underlying liver
disease related to hepatitis. Implementation of new treatment
approaches for hepatitis infection has decreased the incidence
of HCC, and has prolonged the long-term survival of patients
with hepatitis-associated HCC.8–10 Over the last decade, the
treatment of hepatitis C (HCV) has been revolutionized by the
introduction of anti-viral therapies.11–13 In particular, new,
short-duration therapies can result in high sustained viral
response rates for HCV-infected patients. The Centers for
Disease Control and Prevention guidelines recommend
increased screening for HCV as the availability of new therapies
may lead to the treatment of many more people with chronic
HCV infection.13 Despite treatments for HCV, the incidence of
HCC in Western countries has continued to increase.12,14 In
particular, non-hepatitis HCC (Non-Hep-HCC) has been on
the rise.2,15 The etiology of Non-Hep-HCC is multi-factorial,
being linked to non-alcoholic steatohepatitis (NASH), meta-
bolic syndrome related factors, as well as obesity, diabetes
mellitus, and insulin resistance.16–19 In fact, while the peak of
HCV was estimated to have occurred in 2010, the incidence of
NASH or alcoholic liver disease has remained high over
time.17,20

HCC associated with varied backgrounds of chronic liver
damage may have unique genetic and epigenetic aberrations,
perhaps leading to different biological behaviors.21,22 Data on
possible differences in disease course, recurrence patterns, and
prognosis among HCC patients with distinct etiologies are
scarce. In fact, most studies comparing patients with HCV-HCC
versus Non-Hep-HCC were based on single center case series or
involved multi-center data from a single country.23–27 In
particular, no study has investigated outcomes among patients
with Non-Hep-HCC versus HCV-HCC patients over time.
Therefore, the objective of the current study was to define the
clinical presentation and long-term outcomes among patients
with HCV-HCC versus Non-Hep-HCC, as well as characterize
changes over the last two decades using a large international
multi-institutional study.
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Methods

Study population and patient inclusion criteria
Patients who underwent curative-intent surgical resection for
pathological confirmed HCC between 2000 and 2017 were
identified from an international multi-institutional database.
Patients were treated at one of ten institutions: The Ohio State
University Wesner Medical Center, Columbus, OH, USA
(n = 145); University of Verona, Verona, Italy (n = 111); Ospe-
dale San Raffaele, Milan, Italy (n = 37); Curry Cabral Hospital,
Lisbon, Portugal (n = 191); APHP, Beaujon Hospital, Clichy,
France (n = 101); Westmead Hospital, Sydney, Australia
(n = 100); Stanford University, Stanford, CA, USA (n = 98);
Fundeni Clinical Institute, Bucharest, Romania (n = 97); Uni-
versity of Ottawa, Ottawa, Canada (n = 64); The University of
Sydney, School of Medicine, Sydney, Australia (n = 32). Patients
were followed and outcomes were recorded in a multi-
institutional database. The study was approved by the Institu-
tional Review Boards of each participating institution.

Clinicopathological variables
Demographic factors including age, gender, American Society of
Anesthesiologists (ASA) performance score, alcohol intake and
smoking, diabetes mellitus, body mass index (BMI), and HCV
infection were assessed. Data included platelet (PLT) count, al-
bumin, total bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), international normalized ratio (INR),
and a-fetoprotein (AFP). Perioperative variables include Child-
Pugh classification, Barcelona Clinic Liver Cancer (BCLC) stag-
ing, surgical approach (open or laparoscopic), extent (major or
minor) and type (anatomic or non-anatomic) of hepatectomy,
maximum tumor size, tumor number and location, differentia-
tion grade, presence of cirrhosis and microvascular invasion,
underlying liver disease, liver capsule involvement, and width of
resection margin. Fibrosis and NASH were defined in the liver
parenchyma based on the NASH Clinical Research Network
criteria.28

Patients with HCV infection were defined as seropositive for
HCV antibody or HCV RNA, respectively. Protocols of HCV
treatments included interferon, ribavirin, interferon + ribavirin,
direct-acting antivirals, or interferon/ribavirin + direct-acting
antivirals. Sustained virologic response (SVR) indicates aviremia
24 weeks after completion of antiviral therapy for HCV infection.
Postoperative morbidity was graded as I–V according to the
Clavien-Dindo classification.29 Long-term outcomes included
overall survival (OS) and recurrence-free survival (RFS).

Statistical analysis
Clinicopathological variables were summarized using fre-
quencies plus percentages for categorical variables, while me-
dians and interquartile range (IQR) were reported for
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continuous covariates. Categorical covariates were compared
using chi-square test or Fisher’s exact test, and continuous var-
iables with Mann–Whitney U test or the Kruskal–Wallis test as
appropriate. OS and RFS were calculated using the
Kaplan–Meier method and differences were compared using the
log-rank test. Univariate analyses were performed to identify risk
factors associated with OS and RFS, and P values less than 0.1
were included as independent predictors using multivariate Cox
regression model with a forward stepwise method. To reduce the
effect of selection bias and confounding factors, a propensity
score matching analysis between HCV-HCC and Non-Hep-HCC
was performed using the nearest neighbor matching method
without replacement. The propensity score was estimated using
logistic regression, and one-to-one patient matching was
performed. The variables included in the propensity score model
were age, sex, Child-Pugh grade, ASA score, cirrhosis, the largest
tumor diameter, tumor number, and AFP. All statistical analyses
were conducted using SPSS version 23.0 (IBM SPSS, Chicago, IL,
USA). A 2-tailed P value of <0.05 was considered statistically
significant.
Results

Baseline characteristics
A total of 976 patients were identified; patients with inadequate
follow-up or incomplete medical records (n = 212, 21.7%) and
patients who died within 30 days (n = 21, 2.2%) after surgery
were excluded. In addition, patients with HBV infection
(n = 60, 6.1%), HBV and HCV coinfection (n = 5, 0.5%), as
well as those individuals with no information of hepatitis virus
infection (n = 61, 6.3%) were also excluded. A total of 617
(63.2%) patients with Non-Hep-HCC or HCV-HCC who un-
derwent curative-intent resection were included in the analytic
cohort. The baseline clinicopathologic characteristics and sur-
gical details of the whole cohort, as well as of patients with
Figure 1 (a) Overall (OS) and (b) recurrence-free survival (RFS) curves a
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Non-Hep-HCC versus HCV-HCC were summarized
(Supplementary Table 1).

Long-term outcomes of Non-Hep-HCC versus HCV-
HCC
Median, 1-, 3-, 5-year OS were 74 months, 83%, 66%, and 53%
among Non-Hep-HCC patients compared with 141 months,
91%, 71% and 62% among HCV-HCC patients (HR 1.4, 95% CI
1.0–2.0, p = 0.043) (Fig. 1a). RFS was comparable among Non-
Hep-HCC versus HCV-HCC patients (5-year RFS, Non-Hep-
HCC 39% vs. HCV-HCC 32%; p = 0.962) (Fig. 1b). Of note,
OS was different over the time periods examined (2000–2009
versus 2010–2017) (Supplementary Table 2). In particular,
among patients with HCV-HCC, OS improved over time (5-year
OS, 2000–2009 55% vs. 2010–2017 67%, p = 0.034) (Fig. 2a),
yet RFS remained unchanged (5-year RFS, 30% vs. 34%,
p = 0.186) (Fig. 2b). In contrast, both OS (5-year OS, 2000–2009
53% vs. 2010–2017 52%, p = 0.905) and RFS (5-year RFS, 42%
vs. 30%, p = 0.362) remained the same among patients with
Non-Hep-HCC across the time periods examined (Fig. 2c–d). In
turn, while patients with HCV-HCC and Non-Hep-HCC had
comparable OS between 2000 and 2009 (5-year OS, HCV 55%
vs. Non-Hep-HCC 53%, p = 0.694) (Fig. 2e), patients with HCV-
HCC had a more favorable OS in later years (2010–2017: 5-year
OS, HCV 67% vs. Non-Hep-HCC 52%, p = 0.015) (Fig. 2f). As
baseline characteristics among HCV-HCC and Non-Hep-HCC
patients were different (Supplementary Table 1), propensity
score matching analysis was performed (Table 1). In the matched
cohort, patients with HCV-HCC had a roughly comparable OS
with Non-Hep-HCC patients during the study period (5-year
OS, HCV 49% vs. Non-Hep-HCC 64%, p = 0.489) (Fig. 3a).
Of note, when stratified by time period, patients with HCV-HCC
had a worse OS versus patients with Non-Hep-HCC during 2000
and 2009 (5-year OS, HCV 12% vs. Non-Hep-HCC 63%,
p = 0.029) (Fig. 3b), but a better OS from 2010 to 2017 versus
fter surgical resection of Non-Hep-HCC and HCV-HCC
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Figure 2 (a) Overall (OS) and (b) recurrence-free survival (RFS) curves of patients with HCV-HCC surgically treated in 2000–2009 versus

2010–2017; (c) OS and (d) RFS for patients with Non-Hep-HCC surgically treated in 2000–2009 versus 2010–2017; Comparison of OS among

patients with Non-Hep-HCC or HCV-HCC who were surgically treated during time period of 2000–2009 (e) and 2010–2017 (f)
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Table 1 Baseline demographics and clinicopathologic variables of

patients with Non-Hep-HCC versus HCV-HCC after propensity

score matching

Variables Overall
(n [ 176)

Non-Hep-
HCC (n[ 88,
50%)

HCV-HCC
(n [ 88,
50%)

P

Age, years 0.629

�60 57 (32%) 27 (31%) 30 (34%)

>60 119 (68%) 61 (69%) 58 (66%)

Gender 0.744

Male 122 (69%) 62 (71%) 60 (68%)

Female 54 (31%) 26 (30%) 28 (32%)

Diabetes mellitus 69 (40%) 46 (52%) 23 (27%) 0.001

Chronic alcohol
intake

47 (27%) 30 (35%) 17 (20%) 0.023

Baseline liver
disease

<0.001

Fibrosis 67 (44%) 23 (31%) 44 (57%)

NASH 20 (13.2%) 19 (26%) 1 (1%)

PSC 3 (2%) 3 (4%) 0 (0%)

None 61 (40%) 29 (39%) 32 (42%)

AFP > 400, ng/ml 30 (17%) 14 (16%) 16 (18%) 0.668

Child-Pugh
classification

0.799

A 159 (90%) 80 (91%) 79 (90%)

B 17 (10%) 8 (9%) 9 (10%)

Surgery types 0.697

Minimally
invasive

77 (44%) 37 (43%) 40 (46%)

Open 98 (56%) 50 (58%) 37 (43%)

Maximum tumor
size > 5, cm

55 (31%) 30 (34%) 25 (28%) 0.416

Tumor number 0.434

Single 144 (82%) 70 (80%) 74 (84%)

Multiple 32 (18%) 18 (21%) 14 (16%)

Tumor location,
bilobar

8 (5%) 5 (6%) 3 (3%) 0.479

BCLC staging 0.880

0/A 138 (80%) 69 (79%) 69 (80%)

B/C 35 (20%) 18 (21%) 17 (20%)

Liver cirrhosis 105 (60%) 51 (58%) 54 (61%) 0.645

Microvascular
invasion

59 (36%) 31 (37%) 28 (35%) 0.711

Capsule
involvement

29 (24%) 16 (26%) 13 (21%) 0.557

Margin status 0.517

R0 151 (86%) 74 (84%) 77 (88%)

R1 25 (14%) 14 (16%) 11 (13%)

Table 1 (continued )

Variables Overall
(n [ 176)

Non-Hep-
HCC (n[ 88,
50%)

HCV-HCC
(n [ 88,
50%)

P

Postoperative
complications

75 (44%) 35 (41%) 40 (48%) 0.364

Postoperative
liver failure

7 (4%) 3 (3%) 4 (5%) 0.688

BMI: body mass index; ASA: American Society of Anesthesiologists;
NASH: non-alcoholic steatohepatitis; PSC: primary sclerosing
cholangitis; PLT: platelet; ALT: alanine aminotransferase; AST:
aspartate aminotransferase; AFP: a-fetoprotein; BCLC: Barcelona
Clinic Liver Cancer.
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patients with Non-Hep-HCC (5-year OS, HCV 86% vs. Non-
Hep-HCC 73%, p = 0.035) (Fig. 3c).
Among 196 HCV-HCC patients, 137 had available informa-

tion on anti-HCV treatment, among which 77 patients (56%)
had received preoperative anti-HCV treatments. OS was better
among patients who received preoperative anti-HCV treatments
versus patients who did not (5-year OS, 69% vs. 54%, p = 0.016)
(Supplementary Fig. 1a). In addition, among 79 patients who
received preoperative anti-HCV treatment, patients who
achieved SVR (n = 29, 37%) had a much improved OS versus
patients in whom SVR was not achieved (5-year OS, 64% vs.
46%, p = 0.042) (Supplementary Fig. 1b).
With a median follow-up of 28 months, 192 (46%) patients

with Non-Hep-HCC and 94 (48%) patients with HCV-HCC
experienced recurrence (p = 0.585). Patients with Non-Hep-
HCC had a higher incidence of extrahepatic ± intrahepatic
recurrence compared with HCV-HCC patients (33% vs. 17%,
p = 0.024) (Table 2). In addition, among patients who recurred,
the recurrence patients tended to occur within 24 months more
often among Non-Hep-HCC versus HCV-HCC patients (79%
vs. 70%, p = 0.088). In general, similar curative-intent treatment
options were offered to Non-Hep-HCC versus HCV-HCC pa-
tients who experienced a recurrence (Table 2). However, in the
matched cohort, the recurrence timing, patterns, as well as re-
treatments were not significantly different among patients with
Non-Hep-HCC versus HCV-HCC (Table 2).
Discussion

As the incidence of hepatitis-related HCC has decreased, Non-
Hep-HCC has been on the rise becoming the dominant HCC
subtype in many geographic regions.2,30 Data on the clinical and
long-term outcomes of patients with hepatitis versus Non-Hep-
CC have not, however, been well defined, especially in the era of
antiviral therapies. As such, by utilizing a large international
cohort of patients with HCC from a multi-institutional database,
the current study was important because we were able to spe-
cifically delineate distinct clinicopathologic characteristics, as
ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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Figure 3 Overall survival (OS) curves of patients with HCV-HCC or Non-Hep-HCC in the matched cohort during the whole study period (a), from

the year of 2000–2009 (b), or from the year of 2010–2017 (c)
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well as chronological changes in long-term survival, among pa-
tients with Non-Hep-HCC versus HCV-HCC over the last two
decades. Interestingly, OS among HCV-HCC patients increased
over the study periods examined, likely as a result of the intro-
duction of more effective anti-viral treatments.2 In contrast,
patients with Non-Hep-HCC did not have any improvement in
survival over time. In fact, patients with Non-Hep-HCC were
more likely to experience an early recurrence, as well as experi-
ence extrahepatic recurrence compared with patients who had
HCV-HCC, although these were not significantly different in the
matched cohort. Collectively, these data serve to highlight that
Non-Hep-HCC was an aggressive disease process with outcomes
as grave as – or worse – than patients with the previously more
common HCV-HCC.
Perhaps not surprisingly, liver cirrhosis and chronic liver

injury were more common among HCV-HCC versus Non-Hep-
Table 2 Recurrence patterns of patients with Non-Hep-HCC versus H

Variables Before propensity score matching

Total (n [ 617) Non-Hep-HCC
(n [ 421, 67%)

HCV-HCC
(n [ 196, 32%)

Any recurrence 286 (46%) 192 (46%) 94 (48%)

Local recurrence 25 (10%) 17 (10%) 8 (10%)

Recurrence site

Intrahepatic 186 (73%) 116 (67%) 70 (83%)

Extrahepatic 45 (18%) 37 (22%) 8 (10%)

Both 25 (10%) 19 (11%) 6 (7%)

Time to
recurrence

�24 months 216 (76%) 150 (79%) 66 (70%)

>24 months 67 (24%) 39 (21%) 28 (30%)

Treatment for
recurrence

Curative 78 (32%) 48 (29%) 30 (39%)

Non-curative 164 (68%) 116 (71%) 48 (62%)
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HCC patients. Chronic HCV typically progresses to cirrhosis
within 20 years in an estimated 20–30% of patients.31 Certain
HCV proteins, such as core and NS5A, can induce derangement
of lipid metabolism or alter signal transduction of infected he-
patocytes which leads to the production of reactive oxygen
radicals and profibrogenic mediators.32 Importantly, the year
2011 marked the dawn of a new era of Direct-Acting Antivirals
(DAA) for hepatitis C. In turn, usage of DAA resulted in more
effective treatment of patients with much higher probability of
SVR and, in turn, improvements and avoidance of liver fibrosis
and cirrhosis among patients with HCV.2,33 In the current study,
among patients with HCV-HCC, OS was noted to improve over
time, with a markedly better OS in the latter periods correlating
with the introduction of DAA for HCV (Fig. 2a). OS was better
among patients who received preoperative anti-HCV treatments
and, in particular, those individuals who had a SVR had much
CV-HCC before and after propensity score matching

After propensity score matching

P Total (n [ 176) Non-Hep-HCC
(n [ 88, 50%)

HCV-HCC
(n [ 88, 50%)

P

0.585 74 (42%) 38 (43%) 36 (41%) 0.760

0.905 9 (14%) 5 (16%) 4 (12%) 0.645

0.024 0.123

47 (73%) 20 (65%) 27 (82%)

12 (19%) 9 (29%) 3 (9%)

5 (8%) 2 (7%) 3 (9%)

0.088 0.257

56 (78%) 30 (83%) 26 (72%)

16 (22%) 6 (17%) 10 (28%)

0.153 0.537

26 (41%) 12 (38%) 14 (45%)

37 (59%) 20 (63%) 17 (55%)

ancreato-Biliary Association Inc. Published by Elsevier Ltd. All rights reserved.
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improved OS (Supplementary Fig. 1a, b). These data were
consistent with previous data that demonstrated that patients
with HCV-HCC who had a SVR exhibited a much better prog-
nosis – even better than Non-Hep-HCC patients.34

The outcomes of patients following resection of Non-Hep-
HCC relative to HCV-HCC have been inconsistent, and some-
what controversial.18–20,27,35–38 One study from Japan reported
that patients with Non-Hep-HCC had better long-term out-
comes versus patients who had HCV-HCC.27 However, the
majority of patients with HCV in this study had undergone
resection prior to 2005 and the introduction of DAA for HCV.27

As noted above, the clinical use of anti-HCV treatments such as
DAA have dramatically changed the clinical course of patients
with HCV over the last decade.2,33 To this point, the current
study included patients from ten institutions and seven Western
countries and noted improvement in OS among patients with
HCV-HCC over time. While there was a noted improvement in
outcomes among patients with HCV-HCC, the OS of patients
with Non-Hep-HCC remained the same over time. As such, in
more recent periods, patients with Non-Hep-HCC actually had a
worse prognosis than patients with HCV-HCC. Related to this
finding, early and extrahepatic recurrence were more common
among patients with Non-Hep-HCC versus HCV-HCC. In turn,
postoperative recurrence has been associated with a worse
prognosis as timing and patterns of recurrence strongly correlate
with long-term outcomes.27 Taken together, the findings sug-
gested that different postoperative monitoring strategies may be
need to optimize surveillance among patients with Non-Hep-
HCC versus HCV-HCC.
The current study should be interpreted in light of several

limitations. While the use of an international multi-institutional
study provided increased sample size and more generalizability,
the incorporation of patients from multiple different centers
likely contributed to potential heterogeneity with respect to
treatment strategy, follow-up protocols, and identification of
recurrence. In addition, detailed information on possible etiol-
ogies of Non-Hep-HCC was not available in the current
database.
In conclusion, Non-Hep-HCC represented a dominant sub-

type of HCC in the current era. While OS of patients with HCV-
HCC improved over time, the long-term survival of patients with
Non-Hep-HCC patients remained unchanged and was more
unfavorable than HCV-HCC in the more recently time period
examined. The improvement in HCV-HCC was likely related to
the introduction of anti-viral therapy, as patients with SVR had a
much better prognosis. In contrast, patients with Non-Hep-
HCC were more likely to recur early and at an extrahepatic site
following surgical resection. In sum, data from the current study
highlight important differences in clinical, pathologic, as well as
long-term outcomes among patients with Non-Hep-HCC versus
HCV-HCC that can help inform the treatment of patients with
this challenging disease.
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