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GLOBAL AND REGIONAL LONG-TERM SURVIVAL FOLLOWING RESECTION FOR HCC

OS, RFS, and complications in adult patients with HCC undergoing curative
surgical resection. Two authors independently searched the literature and ex-
tracted the data. We screened 6983 articles and included 110 eligible stud-
ies with 82,392 patients, with study periods spanning from 1980—-2017. The
global pooled 1-year and 5-year survival rates were 88.9% (95% confidence
interval [CI] 87.1-90.4) and 56.2% (95% CI 52.8—59.6) for OS and 71.1% (95%
Cl1 67.6—74.3) and 35.2% (95% CI 32.5-38.0) for RFS, respectively. Five-year
OS was higher in Asia (57.03%) than in other regions (Europe 48.3%; North
America 48.0%; and South America 49.5%); p = 0.002. Five-year RFS was
higher in patients with hepatitis B virus versus patients with hepatitis C virus
(34.8% vs. 24.1%; p = 0.02). There was no significant improvement in 5-year
OS and RFS over time. The pooled rate for complications was 27.6% (95%
Cl 23.4-32.3), with 9.7% (95% CI 6.3-14.7) classified as major. One-year
OS after surgical resection for HCC is excellent (~90%). However, 5-year OS
(~55%) and RFS (~35%) are still poor, suggesting that long-term care is sub-
optimal. Greater efforts are required to improve survival through enhanced

INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer death worldwide,™ with an overall 5-
year survival of less than 20%./?! Surgical resection,
along with liver transplantation (LT) and radiofrequency
ablation (RFA), are the only curative therapies for HCC.
However, LT and RFA are limited by organ availability,
tumor size constraints, local expertise, and resourc-
es.[>® Outcome data for surgical resection for HCC
may vary by region due to differences in patient factors,
diverse etiologies for liver disease, and surgical exper-
tise.®=8 For example, hepatitis B virus (HBV) is the
predominant cause of HCC in Asia except for Japan,
whereas hepatitis C virus (HCV) and alcohol are the
dominant causes of HCC in North America and Europe.
In the recent decade, the introduction of effective and
well-tolerated oral antiviral therapies for patients with
HBV and HCV infection,®'? the aging of the popula-
tion with viral hepatitis,[”‘15] as well as the emergence
of nonalcoholic fatty liver disease (NAFLD) as a major
cause of HCC with its associated comorbidities!'®~'%!
could all have affected the outcomes of patients with
HCC undergoing partial hepatectomy.

Therefore, through a systematic review and meta-
analytic approach, we aimed to estimate surgical out-
comes (overall survival [OS], recurrence-free survival
[RFS], and complications) following primary liver re-
section for HCC globally and stratified by region. Our
secondary aims were to compare survival outcomes
between studies from the last 10 years versus those
prior and identify factors associated with survival
outcomes.

surveillance and preventing recurrence through antiviral therapy.

METHODS

In accordance with the Preferred Reporting ltems for
Systematic Reviews and Meta-analyses statement, we
conducted and reported the meta-analysis as recom-
mended for meta-analyses of observational studies
(Table $1).2%

Search strategy and selection criteria

We searched PubMed, Embase, and the Cochrane
Library databases from inception to May 15, 2020, for
original full-text research articles using search terms
based on “HCC,” “resection,” and “survival,” as devel-
oped in collaboration with a medical librarian (C.W.)
from the Lane Medical Library at Stanford University
(Stanford, CA, USA). Details of the search terms and
study selection criteria are available in the Supporting
Information. Briefly, we included original research stud-
ies published as full-text articles that provided data on
(1) adults aged 18 years or older with HCC who had
undergone primary surgical resection with curative
intent without pre-operative neo-adjuvant HCC treat-
ment, and (2) OS and or RFS outcomes. We excluded
(1) studies with fewer than 100 patients to avoid bias
introduced by small studies, (2) studies with a median
follow-up time of less than 2 years since our goal was
to focus on long-term outcomes, and (3) studies that
focused on particular subgroups of HCC (e.g., macro-
vascular invasion, large HCC only).

Two authors independently searched the databases
for relevant articles and screened through them by title
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and abstract review, followed by a full-text review of poten-
tially eligible articles. Discordance was resolved by con-
sensus or consultation with a third and senior author. We
extracted data from eligible studies using a case report
form developed explicitly for this study. We performed
a quality assessment of included studies using scales
also developed for this review based on the Newcastle-
Ottawa scale for retrospective studies and Cochrane risk
of bias tool for randomized control trials.?'?2

Statistical analysis

We used a random-effects model to determine pooled
estimates of demographic and clinical characteristics
of patients with HCC. We also used a random-effects
model to estimate pooled percentages and 95% confi-
dence intervals (Cls) of median, 1-year, 3-year, and 5-
year OS and RFS. We performed preplanned analyses
to determine whether there were sufficient data avail-
able for the following subgroups: median study year
(which would better reflect the study population than
publication year as the latter may significantly lag be-
hind), region, alpha-fetoprotein (AFP) levels, number of
tumor nodules, tumor histology, status of hepatic func-
tion, presence of cirrhosis, and etiology of the under-
lying liver disease. We performed meta-regression to
evaluate factors associated with 5-year OS and RFS for
variables with available data such as age, tumor num-
ber, tumor size, AFP levels, platelet levels, and whether
the resection was performed at a tertiary center.

We assessed for interstudy heterogeneity with the
Higgins' and Thompson's > statistics derived from
Cochran’s Q test and with heterogeneity considered
significant if > > 50%.%%! We used Egger’s test and
funnel plot to assess for publication bias. All statistical
analyses were carried out with the meta-packages in R
statistical software (version 3.6.1). The study was con-
ducted according to the Helsinki Declaration of 1975,
as revised in 2008.

RESULTS
Study selection and study characteristics

We screened 6983 articles, removed 2337 duplicates,
reviewed titles and abstracts of 4646 articles, identi-
fied and reviewed the full text of 673 potentially eligi-
ble articles, and finally selected 110 studies involving
82,392 patients from four continents/regions and 15
countries that met our study inclusion/exclusion crite-
ria (Figure 1). Of these, 95 studies were from Asia, six
from Europe, four from North America, one from South
America, none from Africa, and four from multiple re-
gions. Eighty-three studies had a median study year
before 2010, and 27 studies had a median study year

from 2010 and later. The study sample size ranged from
100 to 23,107. Details of individual study characteristics
are reported in Table S2, while each study’s patient and
tumor characteristics are summarized in Table S3. The
quality assessment for each study is provided in Tables
S4 and S5. All studies were of high quality (n = 108)
except two of moderate quality, and none were of low
quality.

Study patient characteristics, overall/
global and by region or time period

Study patient characteristics are given in Table 1A,B,
and the provided data for these analyses are listed
in Table S6. Overall, most of the patients were male
(80.85%, 95% CI 79.06—82.52), and the pooled mean
age was 57.92 years (95% Cl 56.36-59.47) (Table 1A).
Most patients (62.47%, 95% CI 56.8—67.83) had cirrho-
sis, and the pooled mean Model for End-Stage Liver
Disease (MELD) score was 7.75 (95% CIl 7.17-8.34).
The most common underlying liver disease was HBV
infection (64.77%, 95% CI1 58.02-70.98), followed by al-
cohol (20.9%, 95% CI 13.66—30.62), and HCV infection
(17.88%, 95% CI 13.13-23.88). The pooled mean AFP
level was 89.36 ng/ml (95% CIl 63.48-115.23). With re-
gard to tumor characteristics, the pooled mean tumor
size was 5.01 cm (95% Cl 4.6-5.43), the proportion of
patients with poorly differentiated HCC was 22.95%
(95% CI 18.47-28.14), the proportion with macrovascu-
lar invasion was 15.6% (95% CIl 8.92—-25.87), and the
proportion with Barcelona Clinic Liver Cancer stage C
was 4.82% (2.50-9.11). The pooled median follow-up
was 43.37 months (95% CI 40.04—46.98).

By time period, there was a lower MELD score in
studies 2010 and after compared with before 2010
(7.00 vs. 7.91; p = 0.002). Otherwise, the study, patient,
and tumor characteristics for studies before 2010 and
those after 2010 were similar (Table 1B).

By region, there were significant differences in the
sex and age distribution (p < 0.0001 and p = 0.0003,
respectively), with patients from Asia more likely male
(81.64%, 95% CI 79.72—83.42) than patients from North
America (67.46%, 95% Cl 64.17-70.58), South America
(65.35%, 95% CI 55.59-73.96), and Europe (78.75%,
95% CI 74.9-82.15). In addition, patients from North
America (56.64 years, 95% Cl 46.43-66.85) and Asia
(57.28 years, 95% CI 55.64—58.91) were younger than
those from Europe (64.56 years, 95% Cl 61.43-67.70)
(Table 1A). More patients from Asia had HBV (68.92%,
95% CIl 62.76—74.48) than those from Europe (16.96%,
95% CI 14.94—19.18), North America (16.26%, 95% CI
14.09-18.69), or South America (7.92%, 95% CI 4.01-
15.05) (p < 0.0001), and more patients from Europe
had HCV (45.15%, 95% CI 22.7-69.76) compared with
those from Asia (15.54%, 95% CI 10.99-21.51), North
America (27.99%, 95% Cl 14.66—46.78), or South



America (33.66%, 25.14—43.4) (p = 0.001). Notably, the
mean AFP from Asian studies was higher than those
from Europe (164.73 vs. 13.04, p < 0.0001). Tumor size
and the proportions of patients with poorly differenti-
ated histology were similar among the regions.

Overall survival
Overall, 24 studies (35,143 patients) provided data for

median OS (Asia, 18 studies, 29,965 patients; Europe, 2
studies, 1124 patients; and North America, 2 studies, 992
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A. 1-,3-,5-year Overall Survival Analysis (Table 3)
i. Global: 60 (n=52,668), 66 (n=54,624),
v 80 (n=70,481)
. ii. Europe: 2 (n=286), 2 (n=286), 3 (n=1,203)
Subgroup Analysis iii. Asia: 55 (n=47,668), 61 (1=49,190),
- 69 (n=51,944)
% R iv. North America: 1 (n=106), 0 (n=0),
= > 3 (n=11,075)
E v. South American:0 (n=0), 0 (n=0), 1 (n=101)
v
. . B. 1-,3-,5-year Recurrence Free Survival (Table 3)
st diesT(rl:;lrfni i";}’gaﬁems) i. Global: 48 (n=20,156), 53 (n=21,710),
63 (n=28,270)
A. 1-,3-5-year Overall Survival Analysis (Table 3) ii. Europe: 0 (n=0), 0 (n=0), 2 (n=1,051)
i. <2010: 43 (n=6,589), 49 (n=48,035), 62 (n=53,536) iii. Asia: 45 (n=15,441), 51 (n=17,101),
ii. > 2010: 17 (n=46,080), 17 (n=6,589), 18 (16,945) 55 (n=20,509)
iv. North America: 1 (n=106), 0 (n=0), 2 (n=990)
B. 1-,3-,5-year Recurrence Free Survival (Table 3) v. South America: 0 (n=0), 0 (n=0), 1 (n=101)
i. <2010: 38 (n=15,973), 43 (n=17,527) 51 (n=21,405) . .
ii. > 2010: 10 (n=4,183), 10 (n=4,183), 12 (6,865) C. Median Survival (Table 2
i. Global: 24 (n=35,143)
Study periods spanned from 1980 to 2017 s Eu'rope: 2 (n=1,124)
iii. Asia: 18 (n=29,965)
iv. North America: 2 (n=992)
v. South America: 0 (n=0)
FIGURE 1 Flow chart of literature search and study selection

patients). The pooled median OS was 48.7 months (95%
Cl1 35.72-66.39) (Table 2). The 1-year (60 studies, 52,668
patients), 3-year (66 studies, 54,624 patients), and 5-year
OS (80 studies, 70,481 patients) were 88.85% (95%
Cl 87.13-90.37), 69.93% (95% CIl 66.93-72.77), and
56.20% (95% CI 52.77-59.58), respectively (Table 3).

By time period, the 1-year OS of studies before 2010
versus 2010 and later was 88.35% (95% CIl 86.32—
90.11) versus 90.03% (95% CI 86.58-92.66) (p = 0.37);
and 5-year OS of studies before 2010 versus 2010 and
later was 55.17% (95% CIl 52.22—-58.08) versus 59.89%
(95% CI 48.49-70.31) (p = 0.43) (Table 3).
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By region, the 1-year OS was high across regions at
88.91% (95% CI 87.08—90.51) for Asia, 85.34% (95% CI
66.21-94.54) for Europe, and 87.74% (95% CI 80.02—
92.74) for North America (no available 1-year OS data for
South America) (Table 3). However, the 5-year OS was
notably higher for Asia (57.03%, 95% CI1 53.13%—60.84%)
compared with other regions (Europe 48.30%, 95% CI
45.48-51.12; North America 48.04%, 95% CIl 44.43—-
51.67; and South America 49.50%, 95% CIl 39.89-59.15)
(p = 0.002). For countries with available data, we also
provided country-level 5-year OS (Figure 2). In total, data
from at least two studies were available for six countries
(USA, ltaly, China, Japan, Korea, and Taiwan), with data
from only one study available for four countries (Brazil,
Germany, Hong Kong, and Singapore). The highest
5-year OS was observed for South Korea (69.11%), fol-
lowed by Japan (64.35%) and Singapore (59.09%). The
lowest 5-year OS was observed for Germany (44.03%),
followed by USA (48.04%) and Italy (48.83%).

The studies included in the analyses of OS and RFS
are listed in Table S7.

Recurrence-free survival

The 1-year (48 studies, 20,156 patients), 3-year (53
studies, 21,710 patients), and 5-year RFS (63 studies,
28,270 patients) were 71.05% (95% CIl 67.59-74.28),
45.79% (95% CIl 42.95-48.67), and 35.17% (95% ClI
32.48-37.97), respectively (Table 3).

By time period, the 1-year and 5-year RFS of studies
before 2010 versus 2010 and beyond did not change
significantly (Table 3).

By region, the 5-year RFS in Asia, Europe, North
America, and South America were 35.12% (95% CI
32.11-38.26), 37.67% (95% CIl 28.43—-47.9), 36.14%
(95% CIl 26.44—47.11), and 40.59% (95% CI 31.48—
50.41), respectively (p = 0.72) (Table 3).

As with OS, we presented country-level 5-year RFS
for countries with available data (Figure 2). The 5-year
RFS was highest in Italy (43.73%), Brazil (40.59%)
and South Korea (38.75%), and lowest in Hong Kong
(26.47%) and Singapore (29.55%)).

Meta-regression of factors associated
with survival

Meta-regression of study-level demographic, clinical, and
biochemical characteristics for potentially relevant factors
with sufficient data demonstrated that age, AFP level, plate-
let count, tumor number, tumor size, and whether the resec-
tion was performed at a tertiary center were not significantly
associated with 5-year OS (Table 4). Of these characteris-
tics, only a higher tumor number was inversely associated
with 5-year RFS (coefficient —0.18, p < 0.0001), meaning
that the more the number of tumors, the poorer the RFS.

Complications

Globally, pooled complication rates were 27.6% (95%
Cl 23.35-32.28, 20 studies, 6402 patients) for overall
complications and 9.73% (95% CI 6.34-14.65, 14 stud-
ies, 4968 patients) for major complications (defined as
Clavien-Dindo classification 11I/1V) (Table 2).

Subgroup analyses

The pooled estimates of 1-year (3 studies, 701 patients)
and 3-year (3 studies, 877 patients) OS in Child-Pugh
class A patients was 86.90% (95% CI1 81.43—-90.94) and
69.12% (95% CI 63.63—74.12), respectively (Table S8).

The pooled 5-year OS of patients with HBV (4 stud-
ies, 485 patients) was 48.26% (95% CI 34.31-62.69),
similar to that of patients with HCV (3 studies, 555
patients) at 57.84% (95% CIl 53.68-61.88) (p = 0.22).
However, the 5-year RFS of patients with HBV (4 stud-
ies, 227 patients) was significantly higher at 34.80%
(95% CI 28.89—-41.23) compared to patients with HCV
(4 studies, 677 patients) at 24.10% (95% CIl 18.47—
30.79) (p = 0.02) (Table S8).

Due to insufficient data, we were not able to provide
qualitative pooled summary data for the other sub-
groups. However, we provided summary data for each
study in Table S8.

Sensitivity analysis

One study consisting of a disproportionately large
number of patients (10,085 out of a total sample size of
16,945) from the USA was excluded from the analysis
of studies with median study year after 2010. After ex-
cluding the dominant large study, the 5-year global OS
was 60.73% (95% CIl 48.79-71.5), similar to that of the
main analysis of 59.89% (95% CI 48.49-70.31).

Heterogeneity and publication bias

There was substantial heterogeneity among studies (all
I? statistic > 80%). The funnel plot (Figures S1 and S2)
and Egger’s test were not suggestive of publication bias
for the analysis of 5-year OS and 5-year RFS (p = 0.16
and p = 0.93, respectively).

DISCUSSION

In this extensive systematic review and meta-analysis
of 110 studies and 82,392 patients from 15 countries,
we determined that patients with HCC who underwent
curative surgical resection had a 1-year and 5-year
OS of 89% and 56%, respectively. While the excellent



GLOBAL AND REGIONAL LONG-TERM SURVIVAL FOLLOWING RESECTION FOR HCC

1818 |

1000

1000°0>

(44

100

180

€000°0

1000°0>

10000

190

d

(15°12-66°01)
vSsL

(8¥'vL—
9/°29) 26°89

(L828-¥2'S))
19°VT

(92'02-90°01)
vyl

(z0'89—-¢€¢°29)
£8°29
(20'8—¥2'9) 0%'L

(£1'991-9¢¥¥1)
9Z°5S1

(16°85—19°'5S)
82'LS

(zv'e8—2L61)
¥9'18

(2Z'1y—9¥'6€)

LI'EY

%12t

(0L02-1002) L00Z

abuel/(19 %S6)

09S‘vv
LS
Lyp‘8G
€8
¢08¢

6

0€E8
ol
880°CS
S9
avee

S
9899l
ve
8L6've
1S
L¥1'29
G6

GG8'6C
69
18182
14
129
G6

(u) syuaned

(9269-0222)
SLsY

(8161 —
¥6'v1) 96°91

(L0'66-0122)
6L'¥8
(zo'6-6%2) 52°'8

(15's61
—8¢'1ZL) S¥'8SL

(0£°29-¢€%'19)
95°'%9

(S1'28—06'12)
GL'8.L

(62'95-€2'92)
L1°8€

(LL0Z—8661)
8002

abuel/(19 %S6)

60¢l
€
60¢l

¥+ O © ©o o o

999}

7891

€81

Ggecoc

oLyl

Gecoc

(u) syuaned

(0¥’ €v—1'62)
,99°€€E

(G061 —
LO'Y) ,26°L

,9€°99

(2002-+002)
»L002

abuel/(19 %S6)

10l

=
o

=
o
- - O O O O O O O O O O O O v v« T

- - © O o o

(u) sjuaned

(82°9%—99'71)
66°LT
(69°81—60'71)
9z'9l

(82°62-96°81)
Sh'Sy

(92'2-€8'9)
S0°L

(58'99—¢1°9%)
¥9°95

(85°0L—
L1'¥9) 9v°L9

(V1'65—88°95) »6°LS

(0L02-1002) €002

9/81

066

o O o o

0411

066

o

GLO'LL

196°LL

abues/(10 %S6) (u) syuaned

(88'cz—¢cl'cl) 88°LL

(86°0/-20°8S) LL'¥9

(z9:0£-99°¢1) 06°02

(60°61-22'60) OF°€1

(£8'29-08°99) L¥'29

(re'8=L1L) SLL

(92°591-09°G¥1)
89°6G1

(2¥°65—9€°95) 26°LS

(z6'28—90'62)
G808

(86'9%—¥0°0%)

LEEY

%00°02

(7102-5661) L00Z

abuet/(19 %S6)

GGE'CS
99 (%) AOH
05€'G9
16 (%) AgH
9999
4" (%) 104001y
0€e8
oL (%) se1eqelq
16€'9G
€L (%) sisoydud
880/
4} alan
0/€°8)

}:14 (c01) 1019%E1d
GLY'Ty

19 (s1eaA) aby
26£28
oLl (%) alel
qSonsliajoeiey jusijed
(syyuow)
. uolelinp
806 dn-mojjo;
8L uelpsy
16162

(%) Jeyueo
2z |essyal Aleiua|

26EC8
oLl

o Solsuejoeteyd Apnig

(u)

Jeak
Apnis ueipay

%J/uelpaw/ueajy JO JAqWINN 9% /UBIpaW/UBS\ JO JAQWINN 9,/uUeIpaw/uesly JO JaquinN %j/uelpaw/ueajy jo Jaquinpn %/uelpaw/ueaj sjuaned
Jo JaquinN

(N) saipnys (N) saipnys (N) saipnis (N) saipnis (N) saipmys

Jo JaquinN Jo JaquinN Jo JaquinN Jo JaquinN Jo JaquinN

eisy adoung edlswy yjnog eolawy YjioN .leqojb/jjesano

solsiiajoeleyo Jowny pue ‘uaned ‘Apnis

uoibai Aq pue |eqo|b/|jesanQ (V)

I 379Vl



| 1819

HEPATOLOGY COMMUNICATIONS

(senupuo))

190

/10

1000°0>

(9e'g8-1Lv22) 2218

(6G°G¥—€0°S€E) 96°6€

%25 8l

(¥102-01L02) LLOZ

(12 %S6) %/uelpaw/ueay

zes'ie
L2

LLL'6L
ve
S6S1

zes'ie
L2

(u) syuaned jo JaquinN

(9e'28-€9'82) 95708

(v6'6v—61'0%) L6'¥¥

0/8°09

€8 (%) alen

.S2lisliajorIRYD JUdlled
1€2°12

[ (syjuow) uonelnp dn-mojjo} UeIpa|\

2092 (%) 18yued

%8¥ 02 Ll |eliajal Atenda
0.8°09

] Jeak Apnis uelpapy

(6002-5661) 5002

(12 %S6) %/ueipaw/ues|y

.Sol1s1ajorIRYD APN)S

(u) syuaned jo JaquinN

(N) satpn3s jo saquinN

(N) satpn3s jo saquinN

13)je pue 0102 01L0Z @10j3g
pouad awi Ag (g)
(L'202-vE"22L) 094 (zoz1-91'9) vell 0 0 (ez'sLL-8¥'c9) £5¢'5l
1000°0> eL'v9l 9l vo'€lL 4 = 0 = 0 9¢£'68 6l (Jw/Bu) d4v
788°0L 0 0 0 €221
— (95'6—892)2L'S €z £V°9L l — 0 — 0 (L1'6—05°2) 28'% [-14 (%) 0 0109
. o ) . (%) ABojoisiy
e 090°8) 0 0 60'12-GZ'9) 266 109'0Z paenusiomp
40 86°2C (1174 = 0 = 0 G581 Z (y1'8z-L¥'81) s6°22 124 Ajood
LLeoL 0 0 0 0S80l (9, uoisenur
— (£2'92-6.°8) 6L'S) 1z — 0 — 0 — 0 (/8°62-26'8) 09°GL Z¢  Je|nosenosoepy
LO¥'ZL 661 0 (sv'6-22°¢) GL0°LL G/6°€T
960  (e€'5—vEP) ¥8'¥ 9z (82°9-¥8'¢) 1€'S € = 0 £€'9 € (ev'5—-09'%) LO'S ze 8z|s Jown|
286 0 0 0 890¢
= (z0'z-12'1) 991 € = 0 = 0 = 0 (€8'%—05°0) £9°2 ¥  Jequnuowny

d abuel/(1D %S56) (u) syuaned

abuelt/(19 %S6)

(u) syuaned

abuel/(19 %S6)

(u) syuaned

abuel/(19 %56) (u) syuaned

abuet/(19 %S6)

SolsuejoeIRyD Jown]

(u)

%J/uUelpaw/ueajy JO JAqWINN 9%/ /UBIPAW/UBS\ JO JBQWINN 9/UeIpaw/uesly JO JaquinpN %j/uelpaw/ueajy jo Jaquinpn %/uelpaw/ueaj sjuanjed
Jo JaquinN

(N) saipnys (N) saipnys (N) saipnis (N) saipnis (N) saipms

Jo JaquinN Jo JaquinN Jo JaquinN Jo JaquinN Jo JaquinN

eisy adoung esldwy yynog eoslswy YjioN .leqojb/jjesano

uoibai Aq pue |eqo)b/|jesanQ (V)

(penunuo))

I 379Vl



GLOBAL AND REGIONAL LONG-TERM SURVIVAL FOLLOWING RESECTION FOR HCC

"G00 > 848M ,/ B|qe|IBAR 40} SBNeA d |[B {0°E6 < 4 IV,

‘sisAjeue pajood 4o} saIpn}s Jualdiynsul,

‘GO0 > alam N\ a|ge|leAe Joj sanjeA d ||e ‘salpnjs oM} Uey} alow yum suoibal 1oy 0°e6 < N\ __<n

‘sisAjeue Jeuolbal ay) ul jou Jnq sisAjeue [eqo|B ay) ul papnjoul aJam asay) ‘suoibai ajdinw passedwoous saIpnis SWoS,

‘aseas|q JaAI] abeys-pu3 Joy |apo ‘13N ‘SnJIA O siieday ‘ADH ‘SnJIA g sijeday ‘AgH ‘{[BAJ81UI 80UBPIUOD ‘| L18dUBD JBAIT OlUllD BUO|IIEg ‘D049 ‘uljoidolsl-eydie ‘d4V :suoneinaiqqy

9¢'0

€60

GE0

€20

8¢°0

120

Ge'o

¥1'0

96°0

¢000

160

¥1°0

(€2:221-15°G-) LL'L9

(S1'1Z-v8°0) ¥S'v

(6t°'L€-69°01) 00°61

(00°€Z-vL2)) LT°LL

(22°6-G0v) 99°'%

A

(2z°6Z-21'S) 06°LL

(z¥°6.—08°2S) 69°69

(85726-66°12) 8162

2€0°LL

(6€°22-18°05) €229

(€1'2-28'9) 0072

(68'891-0L'E€¥L) 00951

(01'65-06°2S) 00°9S
(19 %S6) %/uelpaw/uespy

€9¢|
14
12¢G¢
6
1161
€l
8681
€
89¢€°cl
L
6.¢

l

1299
(1]
126
e

€08

[4

ges

l

6598
Ll

443

[4

6€.LY

8
8689l
Ll

(u) syuaned jo JaquinN

(N) satpnis jo saquinN

19}4e pue 0102

(sSvel—€6'22) vL g0l

(y£'8-28°2) 68'¥

(¥6°62—0£°02) 18°¥2

(L'2z-66'L) €£€°SL

(Y9'5-2G8Y) LL'S

(e8'v—05°0) L9°2

(z0'9z-18°€L) 6161

(26°02-20°SS) ¥1'€9

(0v'06-02'LL) 6E°6L

(0S°12—20°0L) L8'¥L

(€2'89—56'SS) 95°29

(8¥'8-v¢2) 16°L

(58°89L—-L¥'2ZPl) £9°6S1

(5£°09-86°9G) 99°8S
(1D %S6) %/uelpaw/uespy

r68°cl
Sl
€09
9l
0€9°CL
34
668
6l
2090}
T4
68.¢

€

¥8.'9Y
9G
626°GS
69
€989
0l
G6..

6
869'LY
96
9919
ol
Leo'el
0C
115'ST
144

(u) syuaned jo JaquinN

(N) satpnis jo saquinN

010¢ 3410429

(Jw/Bu) d4v

(%) 0 07109

(%) ABojoisiy pajenuaiayip Al10od

(9%) uoiseAul Jejnoseoloey

92Z|s Jown|

Jaquinu Jown|
.SO13S1I9)oRIRYD Jown]

(%) ANOH

(%) AGH

(%) 104ooly
(%) sereqelq
(%) stsoyu1o
alaw

(¢01) 1019%E1d

(s1eak) aby

1820 |

pouad awi Ag (g)

(penupuod) | 379VL



HEPATOLOGY COMMUNICATIONS

1821

TABLE 2 Median survival and complication rates of curative resection for HCC

Number of
studies (n)

Study reference
number?®

Median survival® (months)

Global® 24 5,10,20,35,41,42,51,53,5
6,59,65,69,72,73,75,
83,86,89,92,96,104 1
05,106,108

By region®

Europe 2 20,53

Asia 18 5,10,42,51,56,59,65,69,7
2,73,75,83,86,89,104
,105,106,108

North America 41,92

South America 0 —

Complications® (%)

All 20 2,20,37,40,42,45,53,54,
56,60,61,76,77,79,80,
83,87,89,90,93

Minor® 1 2,16,29,30,45,54,56,76,
79,87,105

Major' 14 2,11,16,29,32,40,45,54,5

6,65,76,79,87,105

Number of
patients (n)

Median survival (months) or
complications (%) (95% Cl) P

35,143 48.69 (35.72-66.39)

1124 51.28 (38.48-68.34) 0.76
29,965 55.18 (48.11-63.29)

992 41.24 (16.55-102.75)

6402 27.60 (23.35-32.28) <0.0001
3320 20.02 (13.32-28.95)
4968 9.73 (6.34-14.65)

@Supplemental file reference numbers.

PAll 2 > 96.0 for regions with more than two studies; all p values for available /> were < 0.05.
°Some studies encompassed multiple regions; these were included in the global analysis but not in the regional analysis.

9All 12> 93.0; all p values for /2 are < 0.05.

®Clavien-Dindo classification Grade | or Il (any deviation from the normal postoperative course, with or without the need for specific pharmacological

intervention).

fClavien-Dindo classification Grade 1l or IV (complications that require procedural intervention or life-threatening complications requiring intensive care unit

support).

1-year OS suggests good surgical expertise and short-
term postoperative management, the 5-year OS of only
slightly more than half suggests potential for improve-
ment. The 1-year RFS of 71% suggests that patient se-
lection, as well as rescue therapies, remain important.
The 5-year RFS of only 35% is particularly concerning
and suggests that recurrence is probably a significant
cause of poor long-term survival. In addition, OS is
overall higher than RFS, which suggests that most pa-
tients with recurrent HCC are generally asymptomatic
and/or eligible for additional HCC treatment. Therefore,
it is important to survey patients for recurrence even
after curative treatment such as surgical resection, so
that any recurrence can be detected early and hope-
fully at a treatable stage.

Another important finding of our study is the simi-
lar short-term and intermediate-term outcomes among
the regions but significantly higher long-term 5-year
OS and RFS in studies from Asia. These observa-
tions suggest that there may not be much difference
in surgical techniques or patient selection among the
regions. However, there may be a significant differ-
ence among the regions in the rate of tumor recurrence
and/or early tumor detection, both of which present

important implications for improving the current 5-year
OS and RFS. The predominant cause of liver disease
in Asia was HBV. Effective and well-tolerated antiviral
agents such as nucleoside and nucleotide analogues
for treatment of HBV have been available in Asia for
more than a decade, which may help explain the higher
long-term RFS and OS in studies from Asia.[?*2%! pre-
operative antiviral treatment has also been shown to
reduce microvascular invasion, an important risk factor
for recurrence.?®

Meanwhile, there was a higher proportion of patients
with HCV from Europe (45%) and South America (34%)
versus Asia (16%). However, interferon (IFN)—free
direct-acting antiviral (DAA) therapies for HCV did not
become available until 2014, and the studies providing
data for 5-year OS and RFS of patients with HCV in
the current meta-analysis were all conducted before
2015 before the advent of DAAs. As such, it is likely that
most patients with HCV included in this meta-analysis
were not treated with IFN-based regimens due to sub-
stantial treatment-associated side effects, besides
their lower sustained virological response rates.?’]
In fact, the treatment rate during the IFN era for HCV
was only about 10% in a large population-based U.S.
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TABLE 3 Overall survival (A) and RFS (B) of patients with HCC after curative resection, overall and by time period or region

Number of Number of Number of

studies (N) studies (N) studies (N)

Number of 1 year (%) Number of 3 years (%) Number of 5 years (%)
Region patients (n) (95% CI) P patients (n) (95% CI) P patients (n) (95% CI) P
os?®
Global® 60 88.85 66 69.93 80 56.2

52,668 (87.13-90.37) 54,624 (66.93-72.77) 70,481 (52.77-59.58)
By region®
Europe 2 85.34 0.8 2 64.24 0.2 3 48.3 0.002

286 (66.21-94.54) 286 (54.82-72.69) 1203 (45.48-51.12)
Asia 55 88.91 61 70.26 69 57.03

47,668 (87.08-90.51) 49,190 (67.08-73.25) 51,944 (53.13-60.84)
North America 1 87.74 0 — 3 48.04

106 (80.02-92.74) 0 11,075 (44.43-51.67)
South America 0 — 0 — 1 49.5

0 0 101 (39.89-59.15)
By time period®
Year < 2010 43 88.35 0.37 49 68.9 0.37 62 55.17 0.43

6589 (86.32-90.11) 48,035 (66.11-71.55) 53,536 (52.22—

58.08)

Year 2 2010 17 90.03 17 72.84 18 59.89

46,080 (86.58-92.66) 6589 (64.36-79.93) 16,945 (48.49-70.31)
RFS?®
Global® 48 71.05 53 45.79 63 35.17

20,156 (67.59-74.28) 21,710 (42.95-48.67) 28,270 (32.48-37.97)
By region®
Europe 0 — 0.01 0 — — 2 37.67 0.72

0 0 1051 (28.43-47.90)
Asia 45 70.81 51 45.95 55 35.12

15,441 (67.16-74.20) 17,101 (42.99-48.94) 20,509 (32.11-38.26)
North America 1 83.96 0 — 2 36.14

106 (75.71-89.79) 0 990 (26.44-47.11)
South America 0 — 0 — 1 40.59

0 0 101 (31.48-50.41)
By time period®
Year < 2010 38 70.28 0.29 43 44.3 0.07 51 34.35 0.4

15,973 (66.13-74.11) 17,527 (41.53-47.10) 21,405 (31.97-36.81)
Year 2 2010 10 73.88 10 52.38 12 38.62

4183 (68.34-78.75) 4183 (44.13-60.51) 6865 (29.24-

48.94)

Abbreviation: OS, overall survival.

aAll 2> 82.0 except for North America and South America due to the low number of studies; all p values for available I? were < 0.05.
bSome studies encompassed multiple regions; these were included in the global analysis but not in the regional analysis.

study of over 70,0008 hence, it is likely that well less
than 10% of patients with HCV-related HCC received
HCV treatment prior to 2015. Meanwhile, effective
and well-tolerated antiviral therapy for HBV has been
available since 1998, and about 50% of patients with
HBV-related HCC received antiviral treatment in a
multinational study of patients from the USA, Taiwan,
and Korea.? Therefore, the higher prevalence of HBV

in Asian studies and higher rate of antiviral use with
HBV may explain the higher survival outcomes seen
in studies from Asia as compared with other regions
such as Europe. With the advent of DAAs since 2015,
this disparity may decrease in the future, as long-term
survival outcomes following surgical resection have the
potential to improve with increasing use of DAAs for
patients with HCV-related HCC. Recent data from the
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5 -~

@oss-4698) (o

RFS 38.75%
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FIGURE 2 Country-level 5-year overall and recurrence free survival (RFS) after curative resection for hepatocellular carcinoma

(HCC)

USA and Asia have consistently shown lower overall
and liver-related mortality in patients with HCV-related
HCC following HCV cure with DAA therapy, indepen-
dent of types of HCC treatment.[®?

One strategy for improving long-term survival out-
comes is increasing the uptake of antiviral treatment
in patients with HCC. In a multicenter cohort study in-
volving 2518 HBV-related HCC cases, only 17% of pa-
tients were on HBV antiviral therapy at the time of HCC
diagnosis, and only half received HBV antiviral therapy
at any time before or after HCC diagnosis, highlighting
the massive care gap[24'3°] and a significant opportunity
for intervention. New systemic therapies for HCC may
present additional adjuvant options, but more data are
required, as most of these treatments are not as acces-
sible or as well tolerated.

Another strategy for improving long-term survival
outcomes is early detection of recurrence and optimal
management of tumor recurrence. A study of 734 pa-
tients with HCC that underwent resection found that
lack of tumor surveillance was an independent predic-
tor of mortality.m Unfortunately, as shown in a recent
meta-analysis, the adherence rate for HCC surveil-
lance was generally very poor at 24% among patients
with cirrhosis. However, the true rate is likely only about
10%, because most studies included in this meta-
analysis were drawn from academic centers and or
studies without a strict definition of surveillance.l®'3?
In addition, a recent analysis of the U.S. Truven Health
MarketScan Research Database revealed a com-
pliance to HCC surveillance in only 8.8% of patients
with cirrhosis.®! Therefore, greater emphasis needs to
be placed on enhancing surveillance following resec-
tion; currently, there are no specific recommendations

for how to survey patients following resection among
hepatology society practice guidelines.[z“” We sug-
gest imaging be obtained every 4 months for the first
2 years after surgery, then twice a year thereafter, in
line with the National Comprehensive Cancer Network
guidelines.[34]

Disappointingly, our study did not find a significant
difference in the 5-year OS between studies before
2010 versus studies from 2010 and after. The similar
outcomes may be related to the fact that selection cri-
teria for resection have remained relatively constant
over time; thus, there were no significant differences
in patient and tumor characteristics over time, as also
shown in our study. On the other hand, the observed
lack of improvement over time may still be a true re-
flection of the current situation if there has been no
significant improvement over time in the availability of
adjuvant antineoplastic treatment, adherence to HCC
surveillance, and or the linkage to care for patients with
viral hepatitis. Indeed, a recent large-scale nationwide
study in the USA involving almost 95,000 patients with
HBV found that only 49% of those with HCC received
antiviral therapy.[35]

We acknowledge the following limitations. There
was a relative paucity of data from Europe, North
America, and South America, as well as a complete
lack of data from the Eastern Mediterranean and
African regions. This paucity highlights the need for
more studies from these regions with information
on characteristics and postresection outcomes of
patients with HCC, especially for Africa.®! This is
particularly relevant, as incident cases of liver can-
cer have increased by 35% between 2007 and 2017,
with 819,000 deaths in 2017 globally.’”! Additionally,
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there was a lack of data on outcomes for major un-
derlying liver-disease etiologies such as NAFLD and
alcohol-associated liver disease®®; further studies
are needed to examine the outcomes for these popu-
lations. Finally, we were not able to perform subgroup
analyses for patients with and without cirrhosis and
patients with different tumor stage and characteris-
tics due to lack of survival outcomes for these spe-
cific subgroups.

In summary, we found excellent 1-year OS after surgi-
cal resection for HCC (~90%) without significant re-
gional variation, suggesting that surgical techniques
and immediate postoperative management are likely
to be near optimal. However, 5-year OS (~55%) and
RFS (~35%) are still poor overall, although rates were
higher for Asia, a region with predominantly HBV-
related HCC. The poorer long-term outcomes suggest
that there is substantial room for improvement in long-
term medical care. Greater efforts are required to im-
prove survival by preventing HCC recurrence through
antiviral therapy for those with viral-related HCC and
early detection of tumor recurrence through enhanced
surveillance.
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