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Abstract

Purpose The prevention of recurrence for patients with hepatocellular carcinoma after curative resection is still

a great challenge in clinical practice. There are numerous studies that trying to search for favorable strategies

to decrease the recurrence and prolong life span for these patients, whereas no consensus is reached till now. Herein,
we aim to compare the efficacy between different reported treatments by network meta-analysis(NMA).

Methods We searched Pubmed, Web of Science and Cochrane Library for abstracts and full-text articles published
from database inception through February 2023. All of the random controlled trials(RCTs) were evaluated and col-
lected as eligible studies. The primary outcome was the prevention of recurrence between different procedures. The
second outcomes were one-year survival, three-year survival and five-year survival.

Results Thirty-two RCTs including 5783 patients were selected, and 12 treatments were classified. Most of the stud-
ies were high quality with low bias. Thirty-one studies including 5629 patients were recruited for recurrence

analysis. The network meta-analysis showed benefits from transarterial chemoembolization(TACE) + portal vein
chemotherapy(PVC)[OR, 2.84 (1.15,6.99)] and internal radiotherapy(IRT) [OR, 2.63 (1.41,4.91)] compared to non-
adjuvant(NA) treatment when considering prevention of recurrence. Seventeen studies including 2047 patients were
collected for one-year survival analysis. The network meta-analysis showed benefit from TACE[OR, 0.33 (0.14,0.75)]
when considering one-year survival. Twenty-one studies including 2463 patients were collected for three-year
survival analysis. The network meta-analysis showed TACE [OR, 0.51 (0.30,0.86)], IRT[OR, 0.41 (0.20,0.83)] and dendritic
cell(DC) [OR, 0.09 (0.01,0.98)] were better than NA when considering three-year survival. Sixteen studies includ-

ing 1915 patients were collected for five-year survival analysis. The network meta-analysis didn't show any benefit
from different treatments when considering five-year survival. Other strategies including external radiotherapy(ERT),
branched-chain amino acids(BCAA), hepatic artery infusion chemotherapy(HAIC), cytokine-induced killer(CIK), adop-
tive immunotherapy(AIT), Huaier, interferon(IFN), oral chemotherapy(OCT) and sorafenib(SOR) didn't show significant
benefit regardless of prevention of recurrence or short-, long- time survival.

Conclusion This NMA found that TACE+PVC and IRT were considered as the procedures to decrease HCC recur-

rence rate. TACE, IRT and DC were preferred when considering the extending of life span for post-operative patients
with HCC. Large scale of RCTs are needed to verify it.
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Introduction

Resection is still one of the main strategies for the patients
with early stage of hepatocellular carcinoma(HCC), and
the expected survival of these patients could reach up to
more than 5 years(Reig et al. 2022). However, nearly 50%
of the patients will develop recurrent HCC within 5 year
after surgical resection(Tabrizian et al. 2015; Yao et al.
2022), which decreases the overall survival(OS) in these
patients and patients with unresectable or advanced
stage indicate poor OS (Sun et al. 2019; Wang et al.
2019, 2022) A study based on large scale of investigation
and follow-up demonstrated that preoperative alpha-
fetoprotein(AFP) level higher than 400 ug/L, tumor size
greater than 5 c¢m, multiple tumors, satellites, micro-
vascular invasion, cirrhosis and intraoperative blood
transfusion were considered as risk factors of tumor
recurrences(Yao et al. 2022).

To decrease the recurrence rate, numerous strategies
were applied to be adjuvant therapy for the patients after
tumor resection, including adoptive immunotherapy(AIT),
external radiotherapy(ERT), hepatic artery infu-
sion chemotherapy(HAIC), interferon(IFN), internal
radiotherapy(IRT), oral chemotherapy(OCT), transarterial
chemoembolization(TACE)(Chen et al. 2021; Huo et al.
2020; Liu et al. 2021). However, there is still no consensus on
the adjuvant treatment for patients with HCC after resec-
tion. Sorafenib(SOR) was not an effective adjuvant therapy
for HCC following resection or ablation based on a large
random controlled trial(RCT)(Bruix et al. 2015), and a post-
hoc study identified that no mutation, gene amplification
or proposed gene signatures predicted adjuvant sorafenib
benefit(Pinyol et al. 2019). A meta-analysis recruited 7 stud-
ies, although most of them were retrospective studies, dem-
onstrated that adjuvant TACE is superior for the patients
with microvascular invasion (MVI)(Shen et al. 2020). How-
ever, another meta-analysis concluded that TACE, radio-
therapy and sorafenib were listed as the beneficial treatment
to prevent recurrence, although the studies included were
mostly retrospective studies(Yang et al. 2021). HAIC was
also identified as an option for adjuvant therapy, which had
favorable prognosis on OS and disease-free survival (DFS)
when compared with control group(Ke et al. 2021; Li et al.
2021). Other attempts such as OCT including 5-fluoroura-
cil or uracil-tegafur(Hasegawa et al. 2006; Yamamoto et al.
1996), adoptive immunotherapy with lymphocyte infu-
sions or cytokine-induced killer cells(Hui et al. 2009; Takay-
ama et al. 2000), IFN(Nishiguchi et al. 2005), oral Huaier
granule(Chen et al. 2018), et al. were identified as effective
therapy for postoperative treatment.

However, there are still limitations for us to get a better
conclusion of adjuvant therapy for these patients. One is
the limited RCTs to verify the effectiveness of treatments,
which needs more high quality studies to be carried out,
another is deficiency of comparison between different
options, which could be the best choice for the preven-
tion of recurrence for the patients with HCC after cura-
tive resection. Herein, we try to collect all of the RCTs
about adjuvant therapy for HCC after curative resection,
and conclude the different effectiveness of variable adju-
vant treatments by network meta-analysis(NMA).

Methods

This study followed the Preferred Reporting Items for
Systematic Review and Meta-Analyses (PRISMA) state-
ment. As current meta-analysis was not based on indi-
vidual patient-level, informed consent was waived.

Search strategies and selection criteria

We searched Pubmed, Web of Science and Cochrane
Library from database inception up through February 2023
for abstracts and full-text articles published about the com-
parison of different adjuvant procedures for patients with
HCC after curative resection. Key words for the data search
included liver cancer, hepatocellular carcinoma, adjuvant,
post-operative. Consensus-based discussions were taken to
solve the disagreements between authors(YYY and YW).

Studies including random controlled trials that com-
pared the efficacy of different treatments for prevention
of recurrence and acquisition of survival were selected.
We excluded single arm studies or non-RCTs. We chose
the most recent or complete study when duplicate pub-
lications or studies published in the same center with
patients overlapped.

Two reviewers(YW and FMY) of us independently
evaluated and extracted data from each study. The basic
information of studies included: author/publication
year, country, group, patients number, sex distribution,
age, tumor size, tumor number, liver cirrhosis status,
hepatitis status, Child-pugh score, Eastern Cooperative
Oncology(ECOG), pre-operative AFP, macrovascular
invasive, microvascular invasive and surgical margin. The
primary outcome was the recurrence rate between dif-
ferent procedures. The secondary outcome was the sur-
vival of different treatments, including one-year survival,
three-year survival and five-year survival.
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Fig. 1 PRISMA Flow diagram of screening and selection strategy

Risk of bias evaluation

The Cochrane risk of bias tool was used to evaluate the
quality, which included the following domains: random
sequence generation, allocation concealment, blind-
ing, incomplete outcome data, and selective outcome
reporting(Higgins et al. 2011). Two authors(HQX and
FMY) evaluated the studies independently and made a
consensus after discussion.

Statistical analysis

The statistical analysis was conducted using Stata soft-
ware (version 16, Stata Corp. LP, College station, TX,
USA). Review Manager 5.3 software (Cochrane Col-
laboration, Oxford, UK) was used to evaluate the risk
bias. The heterogeneity of direct evidence and in-direct
evidence was according to inconsistency factor and the
value of heterogeneity. The assessment of heterogene-
ity was according to the I* test, and cut-off values of less
than 25%, 25-75%, and greater than 75% represented low,
moderate, and high heterogeneity, respectively. Network
meta-analyses(NMA) of different treatments were using

a random-effects models. League tables were generated
for back-transformed network estimates. Odds ratios
(ORs) and 95% confidence intervals were used to com-
pare different treatments.

Results

Study selection and characteristics

Thirty-two studies(Bruix et al. 2015; Chen et al. 2012,
2013, 2018; Chung et al. 2013; Hachiya et al. 2020;
Hasegawa et al. 2006; Hirokawa et al. 2020; Huang et al.
2015; Hui et al. 2009; Izumi et al. 1994; Lai et al. 1998;
Lau et al. 1999; Li et al. 1995, 2006, 2020a, b; Lo et al.
2007; Matsui et al. 2021; Mazzaferro et al. 2006; Nishi-
guchi et al. 2005; Peng et al. 2009; Shi et al. 2022; Sun
et al. 2006; Takayama et al. 2000; Wang et al. 2018; Wei
et al. 2018; Xia et al. 2010; Xu et al. 2016; Yamamoto
et al. 1996; Yu et al. 2014; Zhong et al. 2009) includ-
ing 5783 patients were selected from a total of 5846
records(Fig. 1). The comparison of the studies included:
ERT vs. non-adjuvant(NA)(n = 2); branched-chain amino
acids(BCAA) vs. NA(n=1); IRT vs. NA(n=4); HAIC vs.



Page 4 of 22

320

(2023) 23

Ye et al. BMC Gastroenterology

(%6L€1)8C

(%5'88)¥S (9%6'98)€5:L [€F96 LOLFSSS (€1/8Y) 19 N
(%E01)9:T
(%6'£8)1S (%£'68)C5:L 9CF LY SOLFL'ES (L/19) 85 143 eulyd 71071838 ‘M NA
(%067)61:S <
(9%0'9)9'C < (%0°€€)EEG-€
(%0'85)85 (%06)76:L %08L)8L:€ > (09-€4)¢S (11/68) 00l VN
(%0'GE)SES =
(%0'6)5'C = (%0'5€)SEG-€
(%0'55)SS (%0'56)56:L (%00€)0€€ > (95-8¢)e¥ (8/26) 00l MD eulyd 910z 1832 1NX
(%80 1TT = (CASIaEES (%E7)T€:09 >
(%15)8¢ %TL)ES L (%er)Tee> (%£8)2H09 = 4N 122 VN
(%€€)STT = (%09)8€:€ < (%+€)97:09 >
(%9%)S€ (%6£9)15:L (%05)8€:€ > (9699)05:09 < uN 9. i1\ ueder 000€ '[e 38 ‘L ewiedexe
s> 510G >
(%291)€€ (%001)€¥:L [FEES 8706 < (6/%€) 3% N
¢G> /106 >
9L'64)1E (%001)EV:L 616 9705 < (LL/2€) 134 $95I1N02 9 H|D
vs > ¥1:06 >
(%6'28)7E (%001) L1 JARSES 1705 = oL/1¢) 14 $95IN0D € YD eulyd 600 8190 InH
(9%0)0:€ <
(%9'80):C
%ev1)T (9t L2)0L:L O1L-51)6C (58-25)00L (5/6) Pl VN
(%001)€:€ =
(9%0'00)9:C
(%e€E)0L (%00)1LT:L (0€l-01)0€ (18-9€)5'¢L (01/00) 0¢ od ueder 1Z0Z e 38 "WH Insiepy
(%P1)8'C 2
(%65)5€ (9698) 151 (cL-ole (es-en)es (LL/8Y) 65 YN
(%SOvLT =
(%€9)6¢ (%S)1¥:L SL-0LrE (58-9%)69 (L/8v) SS DIVH ueder 070T '€ 19 4 emexollH
(%9'£0)91:C =
(%€09)5¢ (CCadiradh (091-8'1)5'S 9L F9GS (6/6%) 85 VN
(%6'£8)TTT =
(96T SS)TE (%1'29)9¢:L YO0F8S (69-S0)vS (9/29) 8¢ DIVH eulyd 0207 1e19'S11
(%S)¥:L <
(%85)S¥ (%S6)V/:L (€2-Te)ES (085-CLY)0'€ES (£1/19) 8L N
(%9)5:1 <
(%¥S) Tt (%v6)eL:L (F9-ce6r (8'85-0L¥)0'€S (0z/89) 8/ (qewixmaw-| )14l eulyd 020z 83971
(%00)91:C =
(%£5)9% (9%608)79:L (071-80)6C (58-2¥)0L (#1/99) 08 VN
(%S)iT =
©ep)Le (%56)02:1 (6S1-01)LT (58-21)69 (51/69) v/ vvod ueder 020 ‘(e 19 'H eAIydeH
(%S6€)SL (e-1)L 9T F 88 610l F¥/'SS (9/2¢) 8¢ VN
©L'Tr)9oL (-1 €0CF/8Y 0L F 2795 (s/€¢€) 8¢ (149S)143 eulyd 70T e D 1YS
SISOUAID J3AI]| YUM Jaquinu Jownj (wd)azis sown| (pJo sieak)aby (4/W)xas laquinN dnoin Anuno> 1eaf uonedijqnd/ioyiny

papn|pul syuanied 1oj sonsia1oRIRYD dUldseg | djqeL



Page 5 of 22

320

(2023) 23

Ye et al. BMC Gastroenterology

(%S L0TT T =

(%S'L¥)8¢ (9%5'2£)85:L (€l-L0we (8£-56)¥9 (51/59) 08 VN
(%67€)97T =
(% €Sy (%129)€S:L (cl-ree (52-60)59 (61/09) 6/ (14N)120 ueder 900 e 12 'y emebaseH
(%T8L)T =
YN (%8'18)81:1 (0L-5'1)8¢€ (S2-vO)vs (7/81) 44 VN
%E€e)L TR
uN (%9911 (L7 Dby (L£-€0)1S w/L1) Lz (e )Ll eulyd 6661 e 312 AM NET
%EL1)6:C=
uN (%L 28)er L (08l-¥'1)8¢€ (F8-2)€9 (£/5¥) s VN
(%6°€)TC =
4N (9%1'96)61:L (00s+0)Y (¢8-70)59 oL/1¥) LS (e )Ll a1odebulg €102 1039 AV Bunyd
(%88)€:C =
(%885)0¢ (96T 16)LE L 15TFS9S 0/ ¥ 168Y oL/v2) e VN
%8 LV =
(%6581 (%2'88)0¢€:L SSTFYCO 6/9F 6L0S (6/50) e (I )14 euyd €107 1219 "y usyd
%L TL)SLT =
(9%1'88)¥01 (%€ £8)€01:1 0EF6 Y ¥0S ©l1/201) 8Ll WN
(%9€1)9L:1<
(%1'€8)86 (%°98)201:L LTFEY s (¢1/901) 8Ll Nl eulyD 9007 e 19 'DH ung
UN UN (SE¥0)9T 8 F 009 (0/51) Sl WN
YN UN (SE-61)ST 8SF619 (0/51) Sl Nl ueder S00Z e 19 °S 1yonBIYsIN
(%£50)61:C =
YN (%E11)SSL (SPL-€0)9TTF6l€E (€£-9€)/9 (€2/19) v/ VN
O6t70)L1i T =
YN (%9£1)65:L (6L-€0)SLTFLE€ (v£-1%)S9 (51/19) 9 Nl Aey 900 '[e 38 ‘A O13jezzey
(%01 1T=
(%87)61 (%e1)6T:L 8L-T)LS (PL¥O)vs (9/v€) o VN
(%L1)LT =
(%81)61 (%€8)e€ L (Ce-8 )5S (5-90)6% (6/1¢€) o7 Nl eulyd £00C 12319 'WD 07
(%8¥1)0TT =
(%87S)vL (%58)SLL:L (§e-500°€ (15-9v)6t (€z/eil) SeL VN
(%972)0€:C =
(%675)EL (96t £0)€01:L 07-065°¢€ (¥S-87)0S (5e/801) €€l NI eulyd ZL0z e [Juayd
(6T el)TrolL <
(%59°L€)00L0L > 'S <
6T L)Y T = (%S LYY LS > = (%6L6T1)L¥1S9 =
(99979)861 (961L98) LT 1 (%16'1)STC > (%E0'£8)SLT:59 > (19/552) gle VN
eV LSO =
(%66'7E)OrT0L > 'S 2
%LTEL)L6 TR (%95 6Y)0VES > T2 (6L791)EL1:69 =
(%56'89)€LY (%€£'98)565:1 (%20'8)S5T > (%€5°€8)€£5:69 > (121/599) 989 Jateny eulyd 8107 1212 D Usyd
(9%S9Y)0T:T =
N (%S €9)ETL CLFLS L'SF7'8S (€1/0€) 134 VN
%6T)8L: T 2
YN [CAwASIzd! SLFT9 T9FL'65 (L1/1€) W DIVH eulyd SL0T e 19 XS bueny
SISOYID Ja3AI YUM Jaquinu Jownj AEuva_m Jjownj AU_O m\_mw>vwm< Au_\_\sxwm JaquinN Q:O,_...u ?.ar.:OU 1eak CO_uMU__.u:&\._O_._u:<

(panunuod) | sjqel



Page 6 of 22

320

(2023) 23

Ye et al. BMC Gastroenterology

%1 )€
(969)€'T
(%29 (%€6) 1251 (06L-01)5€ (€8-61)09 (L6/19) 855 VN
(%1)9:€=
(%8):C
(%v9)£5€ (9%16)905:1 (00z-01)5°€ (58-0)8S (SOL/LSP) 955 40S "eulyD'Ajerueder‘ureds G10Z e 39 xinig
(%L0P)LLiT= (%C'S8)€T:S<
(%S'18)CT (%€65)91:L (%81 L)YisS 901l F8%9 (v/€0) LT VN
(%6'€L)/1:C= (%C'59)51:6<
(%978)61 (9%1°90)9:L (%81€)8'6> 68F 179 @10 € VL uedef 7661 219 Y Iwnz]|
(%L 19)S1:C=
(%8'79)61 (%89 LT L (95L-TSI0l (S/5-T6hreES (6/L2) 9¢ VN
(9%£'9€) L LiT=
(9%£°99)/ L (%E'€961:L (1'01-89)58 (65-C05)9%S (#/90) o€ PDVL eulyd 8661 012 DI 1]
yeoL <
UN 0101 UN UN Va4 N
SEIEICNN YN 0€6 > 4N 4N Ly VL eulyd S66118320r N
(%000)6:C2
YN (960°08)9¢€:1 CLFLS 6'6F 605 (9/6€) Sy N
(%SSO)TLT=
YN (%S ¥2)S€L 6LF0G 0'LLF98Y (6/8¢€) Ly DAd+3DVL
(%¥'51)9:C=
YN (%69¥8)€€:L I'TFES YLIFSTS (/7€) 6¢ DVL eulyD 9007 €12 D1
(%YL e=
(%878)8Y (%922)91:L 9EFL6 CLLFT8Y (6/6%) 85 N
(%T LLYYTR
(%£°£8)0S (%8T0)EL:L 8EFS6 YOLFO LY (v/€9) S PDVL eulyd 600¢ e 33 D buoyz
%8110l <
(%9°5E)Ty (%001)8LL:L (%C'28)L6:01-S (£-81)5'8% (¢1/901) 8Ll VN
(%E60)FE0L <
(%1°€%)0S (%001)9L L:L (%£°0£)78:01-S (S£-81)0tY (01/901) oLl PDVL eulyD 8107 12 12 ‘M I3
@l To)LeT= (%1'99)64:S <
(%1°/%)99 (%6'L)601:L (%9€P)L9G S €01F97¢S (1€/601) orL VN
(%1'£0)8€C = (%0'09)78:5 <
(152, (%6T/)20L 1L (%0'07)95'6 > L6FTYS (6l/121) orl OVL eulyd 8107 012 ‘7 buepm
(902).€ (9%6001) € > 6CTF6E8 SLFT0S (€/09) €S VN
(%28)Ty (9%001) € > 0EFH06 8ELFCIY (S/9%) LS IDVL eulyd 600 e 12 'Og Buag
(%e€8)0L 4N YN UN UN Va4 VN
(%59) 1€ 4N UN UN 4N 8¢ (N4DH)1D0O ueder 9661 ‘(e 12 ‘W O10Wewe,
(CIRANI24S (9%0'02)9:09 <
(%6002)1C (9£'98)9C:L OLEFHE9 (%0°08)7C:09 > (6/120) 0¢ VN
%/ 91)5:C= (%001)€:09 <
(%€€9)61 (%€°€8)ST:L LEVFLTL (%006)£2:09 5 (5/50) 0¢ (duiqendaded) 150 eulyd 010Z e 12 A eI
SISOUAID J3AI| YUM Jaquinu downy (wd)azis sown| (pJo sieak)aby (4/W)xas laquinN dnoin A1uno> 1eaf uonedijqnd/ioyiny

(PanunuOd) | 3jqey



Page 7 of 22

320

(2023) 23

Ye et al. BMC Gastroenterology

(9%07C1)Z1:00001 <
(%0°52)ST:00001-001%
(9%0°€ 1)€L:007-5T

uiblew aAnebaN (%011 UN (9%005)05'ST > (90T 1)Z1:1(%0'88)88:0 (960°001)001:Y (9%0'28)/8:AGH
(9%0'6)6:00001 <
(%0°€2)€2:00001-001
(%0 +0)rC:00t-5C
uibiew aanebaN (%070)C 4N (%0 VY)PiST > (%0'L L)L 1:1(%0'68)68:0 (9%0°001)001:Y (%0 78)8:AGH 910 1832 1 NX
(%€0)£1:00% = (%eeved (9%99)6%:ADH
4N (%er)e 4N (%£4)/5:00% > YN (%89)05'Y (%6 )Y L'AGH
(%v2)8L:00% = (%60)7T (9%99)05:ADH
N (%Sh)re 4N (99/)85:00% > YN 9L L)¥SY (9%00)S L'AGH 000¢ "[e 13 ' eweAese|
(%6'00)6:3
wd| < uiblew uondasay (%S'€9)ET 4N (%£°9£)€€ @nmsod 44y 4N 6l 6L)7EY (%17 LEAGH
(%6'00)6'3
wd| < uiblew uondasay (Clrazal! 4N (%1'6/)€ Asod 44y 4N (CANCYA 27 (%£'91)€EAGH
(CAWANYE:!
wd| < ulblew uond>saYy (%S 1YL 4N (9%508)€€ aAIsod 44y YN (%6'T8)YEY (%0'8/)ZEAGH 6007 €32 'QINH
(9%0°05)2:A\DH
4N (%9'80)% 4N (L£7-911)28¢ YN (%600L)7 LY (%€ 7 1)TAIH
(%€'€L)TTADH
N (%0°0€)6 4N (€87-£LL)¥LT 4N (%6001)0€Y (%€°€) L'AGH L20T '[e 32 'WH Insiely
(9€-0)G:uIb (%¥1)8:9 9L ¥)PTADH
-Jewl [e2101NS UBIPS (%61)11 4N (TP98eL-1086 EIN] (9%98) 15V (%8S)PEADH/AGH
(ze-0)5u1b (%1 1)9'g (9%8€) LTADH
-1ew [e2161Ns UBIpI (%SOPL 4N (9/81L7L-1OY6 YN (%68)61'Y (9%79)SEADH/AGH 020C '[213 4 emexoliH
(%¥€)2:9 (%2 1) L'ADH
uibiew aanebaN (%0001)8S UN (000lzL-LS )T 19T s (9%9'96)95'S (%6'/8)LS'AGH
©9//1)1:9 (%¥'€)TADH
uiblew aAnebaN (%0001)85 4N (0001T1-£80)£9/L s (%€'86).5'S (%1'€6)PSAGH 0207129 'S 1
(%£0)1T 00F =
(9%€S) Ly:Wd | < uibiepy (%5€)£2 00%-0C (%¥)€:ADH
(9%6L¥)LE:WD| >uibiepy %Ly)Te 1N (%8€)0€ 07 5 4N 4N (9%9/)09'AGH
(9%£€)97 00 <
(9605)6€:WD | < uIbIepy (%€0)8L 007-0C OADH
(%05) 6€: W | >uibiepy (%0P)LE 4N (O6tr)re 07 S 4N 4N (9658)99:AGH 020Z e N
(9% 1) LAH
N 4N (9%S0)0TAd (0009-0)ZL YN (9%600)91:9 (9608)79:Y (%£8)29
(961)L'AH
YN YN (9%12)91:Ad (00001-0)6 YN (%681)€1:9 (9%78) L9V (9%08)6S 020Z ‘12 'H eAiydeH
suibrew aARIsod (97 €9)T 4N 4N (9%8'59)ST @Aisod 44y 4N (% ¥6)9€:9-5 (%L 76)9€
suibiew aARIsod (9%6'£5)7T 4N 4N (%€°55) 1T @nmsod d4v 4N (%S5°68)7£9-G (%/%6)9¢ 44/ ERERS VIS
SAISBAUL A>UI
uibiew |ed164NS  JBINJSEBA-OIDI|\  DAISEAUL JB[NISEA-OIDB|A (Jw/Bu)d4y aAnelsado-aig D0D3 a10ds ybnd-pjiyd>  /AgH) shnedayyium  1eak uonediignd/ioyiny

(penunuod) L ajqeL



Page 8 of 22

320

(2023) 23

Ye et al. BMC Gastroenterology

(9%6'1) L'AH

ww | zulbrey Apesd (%6907L (%6°€)T:Nd WLLT-€1)leL dN dN (%S 19)CEAGH
(%6'€)TAH
ww < uibiepy Apreapd %v'60)S1 (9%0°7) L'Ad (00£0£-0'1)€'6C dN 1N (%6'99)6T:AGH €102 e 39 ‘AY Bunyd
(%€ 58)67:WOTIUIBIEN (%L 7 1)SADH
96/ v1)G:wdZ>UIbIRN % L)Y L N 9v'86C + 9C6LS dN (%000 ¥EV (% 16)LEAGH
(%€ $8)6:wdCUIBIR (969°£ 1)9'ADH
(96 11)G:wdZ>uIbIe (%009)£L dN ¥6'S9C F L6119 dN (%000 ¥EV (%S9L)9TAGH €107 ('R M uayD
(%5'69)8:0C <
UN (%1'52)06 dN (%5'0€)9€:0T > dN 1N (9%0°001)8L LAGH
(%C09)1£:0C <
dN (%£°92)06 dN (%8'6€)L¥:0C > dN N (9%0°001)81 L'AGH 900 e 19 DH uns
(9%0°00)€:8
4N dN dN (%£90%001 < dN (%008)C 1Y (%000 1)S L'ADH
(%£90)'8
EIN dN dN (%L90)%001 < dN Qe eNLLY (%000 1)S L'ADH A ERERNVRLISIVRIN
(%0°05)€: WL UIbIe (% S)vd
(%0 0S)pEwd L >uibiey (%0 €0)LL dN (8¥99-1)0C dN (%976)0L:Y (9%0°00 YL ADH
(%t 9b)zewd L ZUIBIR
(%9°€5) WD >uibiey %6151 dN (#589-0)91L dN (%6'£)9:9 (%1°26)0LY (9%0°001)9L:A\DH 900 [e 12 '\ Olisjezzey
(%S)TADH
(90)0 dN (%SE)rL (Ovseol-€)ee dN dN (%86)6£:AGH
(9%€) L:ADH
(9%0)0 dN (%8761 (006281-0)9CL dN dN (%S6)8EAGH /00C 819 WD 01
(%¥'£8)811:001 > (%E68)ES L < (%T61)9TADH
aAebau pue wd| < uibiejy (Cazaiss dN (9%9Tl)Z1:001 = (%£°09)8:0 (%60°001)5€1L:L 5 (9%0°06)80 L'AGH
(9%088)£11:001 > (%9°€¥)85:L < (%E00)LTADH
aAebaU pue wd| < ublep (%8061 dN (%0°T1)9L:001 < (%1'95)5£:0 (%0°001)€€EL:L 5 (9%£°6£)90'AGH C10Z e 12 "7 usyd
(9%85°SE) L L L1:00¥= (%16'2)5T'9 (985" 1)SADH
wd| 2 uibley 4N dN (%¢9)L0T:007> dN (9%6076) 16TV (%SO L)Y ECNAIH
(%20°TE)61T:00v< (%L1 1)8ADH
wo| T ubley dN dN (9686'£9)59%°00%> dN (%L29)er9(%EL E6)EVIY (%0€ 6L)vrSAGH 810 e 12 D UayD
(%TL)91'g
UN N dN AR VAL (9%001)2-0 (%829)LTY dN
(%6Tr)81:d
dN dN N L'PS F 795 (9%001)2-0 Ol L9YTY dN SLOT 813 XS bueny
(%0 L¥)ST:uoIsaype AH
(%87 1)6:U0ISaype AH+Ad (%L SS)WEST S (%C'8)SADH
(9%0001) Lo:Wd| Sublrey 9L€l)8 (% °61)C1:U0ISaype Ad (%EVY)LTST < dN (%0001 19V (%6'98)€S'AGH
(%01 €)81:uoIsaype AH
(% £1)0L:uols
-oype AH+Ad (%9°89)¥€:5T > (9 1) L:ADH
(90'001)85: WD = uibiey %LTL)L (%£°00)C1:u0Is3ype A\d Q¥ LYYTST < dN (%0°001)85Y (% 68)CSAGH 10T 1219 M PA
AAISeAUl (ADH
uibiew |ed164nS  JBINDSBA-OMDIN  DAISEAU] JR[NISEA-OIDR|A (Jw/Bu)d4y aAnelado-aigd D0od3 a103s ybnd-pjiyd>  /AgH) shiedayyum  Jeak uonedignd/ioyiny

(PanunuOd) | 3jqey



Page 9 of 22

320

(2023) 23

Ye et al. BMC Gastroenterology

UN UN YN 4N YN 4N UN
N 4N UN 4N 4N 4N 4N G661 210N
©l'15)€T
UN 4N YN 866 F 60 YN (%6'8Y)CCY (%2 28)LE:AGH
(9670v)61:9
UN 4N UN 196 F 6085 YN (%965)8C:Y (%1°S8)0v:AGH
(%0'L7)91:9
N 4N UN L'€8S F 1'065 YN (%60'65)£TY (%178)ZEAGH 900C 123201
(%6t €)CAH
(%55 1)6:7dA 10 €dA (y'coelLses (9%0°0)0:9
WOLOF 'L YN (96LvO)vLizdalo LdA Ad (%9 LL)SYiST< YN (9%60°001)85Y (%£'68)7S:AGH
(%8'1) L'AH
(%€T1)L AN 10 £dn (%1'80)91:57> (%8'1)1:9
w80 F 'L YN (96€°97)S1:zdAJo LdA Ad (%6'LL)L7iGT< YN (%'86)95Y (%0°€6)€SAGH 600 13 "D buoyz
9L'1)TT
(96070)9z: WDz UIBIR (9%569)78:5T = (%6€5)€9:1L %L '1)28
(%0'82)26:WdT>UIbIR 4N UN (%50€)9€:5C > (%67+)£50 (%€86)91L LY (%9°68)10L
(%90)€T
(%9 LO)sT:wWdTRUIBIR (%1'89)6/:ST < (%095)59:1 (9%0°0)0:9
(%1'82) L6:WdT>UIBIR 4N YN (%6'L€)/€:5T > (9%t L)87:0 (9%0°001)91 LY (%0'18)v6 80T 1233 ‘M I9M
(960°0)0:ADH
uibiew ses|> (%129)/8 YN (%9€9)68:0¢<(%+'9€) L 507> YN (9600 01)9/V PIYD (96001)0% L:AGH
(960°0)0:ADH
uibrew ses|H (%£'55)8. UN (%179)/8:07<(%6'LE)ES0CS YN (960001)9/ PIYD (96001)0% L:AGH 8107 '|e 19 ‘7 buepy
(%220) L LydAO6EY)CT:edA
wdg =ulbrep UN (95€)81:7dA 10 | dA Ad (9%2£)8€:00¥2(%87)S 100> 4N (%T€1)/:8 (68'98)9FY  (%9)EADH(9L)0VAGH
(9672) L LFAA(9pE) TT:edA (9%01)S:ADH
wog uIbiey 4N (9%5€)81:¢dA 10 |dA Ad (9%19) LE:00¥2(%6£)0C:001> YN (9%£°€1)£:9 (%€ 98)¥1iY (%19)LEAGH 6002 ‘12 'Dg buad
wo=ubley 4N UN 4N 4N 4N 4N
wdozulbley 4N (%8'1) L'Ad YN YN 4N YN 9661 |19 ‘W OloweuRA
wo|
<uIbiewuondasal S34)-10WN| (%£°99)0C UN (9%009)SL:00=(%005)S L:00%> YN (9%60°001)0€V (%0°08)YT:AGH
wo| (%€ €€)01:00v=
ZUIbIeWUOID3S3I D3)-IoWN| (%6009)81 UN (%£°99)0¢:001> YN (9%60°001)0€Y (%£'98)9C:AGH 0L0Z 1213 A BIX
(%szol:g (960£)95:ADH
UN %E1DLL UN (88€61-1)6C YN (%5 £8)0L:Y (%881)S L'AGH
%6€L)L1:g (%t €£)8SADH
EIN (%8T0)81 4N (S1L6V-0)6T YN (%198)89:Y (%L L1)Y L'AGH 9007 "2 13 "y emebasey
WD | ZUIbIew UOIDIsaI JB3|D (%SH)L UN (0sL1z-9)€LT YN 4N (%198)6 L:AGH
wd|TuIblew uopdsal 1es|d (%8+)1 YN (00€€L-¥)/pL YN YN (%506)6 L:AGH 6661 1232 AM NE
AAISeAUL (AOH
uibiew |ed164ng  JBINDSBA-OIDI\  DAISEAUL JB[NISEA-OIDB|A (Jw/Bu)d4y aAnerado-aig 50D3 al0ds ybnd-pjiyd>  /AgH) shiledayyum  1eak uonediignd/ioyiny

(panunuod) L ajqey



Page 10 of 22

UI9A |B1IOd /d ‘UIdA d1redaH AH ‘dnoin ABojoduQ aAne1adood
uwiglse3 noH7 ‘Adesaylolpes Apoq 21310e102191S | YgS 1odal ON YN ‘JueAn(pe-UoN yN ‘qiuajeios YOS ‘Adeiayiowayd UIaA [e110d DAd ‘Uo1Iezijoquiaowayd [eldle Jalayiedsuel] 3Dy ‘Adelsyiowayd [edQ [D0 ‘UOIaH3| N/
‘Adesayrounwiwl aandopy 1/ 43]|13 padnpul-auoifkd) D ‘|93 anupuaq g ‘Adessyiowsyd uoisnjul A1alue dedaH DjiyH ‘Adesayiolpel [eusalu| 1Y/ ‘spide oulwe uleyd-payduelg g ‘Adessyiolpes jeusaixdy 1437

320

(2023) 23

Ye et al. BMC Gastroenterology

(%1 >)¥'8
(%€)91:L
%1 >)€L (%61)901:9 (%) LSL:ADH
0y Uonoesay (%€€) 7L N (87€S-01)9°S (9%001)SSS:0 (%L0)TEV'S (%/Y)P9TAIH
0'8
(%€)S 1L
%1 >)S'L (%00)CL 19 (%120)61 L'ADH
0y Uonoasay (%c€)orL N (F8re-11)09 (%66) 1550 (%L0)6T¥'S (%15)78TNIH GLOZ B3R M Xinig
(%6 LS L'AH 6L LL)EADH
dN dN (9619 L:Ad (9£°99)81:00C <(%£°€€)6:00C > dN dN (% L)TAGH
(%1°6£)6:AH (9%9'69)91:00C < (9%0°€ )EADH
dN dN (%599)€ L°’Ad (%t°0€)£:00C > dN dN (%1°90)9:NGH Y661 819 Y Iwnz|
(%6°€ 1)S:uIBIew 3AnIsod
WD(/8'1-111D9%S6) S L:ulbiew
uoldosal Uelpay dN (% 777)91 (00888¢-1)0°L8L dN dN (%1°98) LEAGH
(06€°€) L:UIBIRW DAISO ‘WD
(28'1-96'0:1D9%56)6¢ L :uibrew
UOROasal Uelpay dN (% 9r)rL (0005€£-1)59%¢C dN dN (%€ €8)STAGH 8661 1819 D3 e
AISBAUL (AOH
uibiew |ed16inS  JBINJSEBA-OMDI\  DAISEAUL JB[NISEA-OIDB|A (Jw/Bu)d4y aAnesado-aigd D0d3 al0ds ybnd-pjiyd>  /AgH) shiredayyum  Jeak uonediignd/ioyiny

(panunuod) L ajqey



Ye et al. BMC Gastroenterology (2023) 23:320

NA(n=3); dendritic cell(DC) vs. NA(n=1); cytokine-
induced killer(CIK) vs. NA(rz=2); AIT vs. NA(n=1);
Huaier vs. NA(n=1); IFN vs. NA(n=5); OCT wvs.
NA(n=3); TACE vs. NA(n=7); TACE vs. TACE + por-
tal vein chemotherapy(PVC) vs. NA(n=1); SOR vs.
NA(n=1). All of the studies included were random con-
trolled trials, with matched number of patients, sex dis-
tribution, tumor size, liver cirrhosis status, Child-pugh
score, ECOG, pre-operative alpha-fetoprotein(AFP)
in each trial. However, there were some selection bias
between different trials, such as macro-vascular inva-
sive, micro-vascular invasive and surgical margin, which
might be the most important factors that impact the

@ | Blinding of outcome assessment (detection bias)

@ | Allocation concealment (selection bias)

Bruix J, et al.2015
ChenK, etal.2013
Chen LT, etal.2012
Chen Q, et al.2018
Chung AY, et al.2013
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tumor recurrence. The details of the studies were pre-
sented in Table 1.

When we considered the risk of bias, most of the
studies have perfect random sequence generation,
allocation concealment, complete outcome data and
low reporting bias, whereas the different treatments
correlated with different procedures or adverse reac-
tions that were easy to distinguish with non-adjuvant
therapy cause the impossible for blinding of partici-
pants and personnel for nearly all trials. Moreover,
there were a small number of studies reported blinding
of outcome assessment. The risk of bias was presented
in Fig. 2.

Hachiya H, et al.2020

Hasegawa K, et al.2006
Hirokawa F, et al.2020
Huang SX, etal.2015
Hui D, et al.2009

lzumi R, et al.1994

Lai EC, et al.1998

Lau WY, etal.1999
LiJ, etal.2020

LiJQ, etal. 1995

LiQ, etal.2006

QO O O O ® O ® Bindngofparicipants and personnel (performance bias)

Random sequence generation (selection bias)
Allocation concealment (selection bias) _:l
Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) _
Selective reporting (reporting bias) _

Otnerbios

100%

0% 25% 50% 75%

LiS, etal.2020
Lo CM, et al.2007

| - Low risk of bias

\:l Unclear risk of bias - High risk of bias |

Matsui HM, et al.2021
V, et al.2006

Nishiguchi S, et al.2005
Peng BG, et al.2009

Shi C, etal.2022

Sun HC, et al.2006
Takayama T, et al.2000
Wang Z, et al.2018

Wei W, etal.2018

XiaY, etal.2010

XulL, etal.2016
Yamamoto M, et al.1996
YuW, etal.2014

A Zhong C, et al.2009
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Fig. 2 RCTs bias evaluated by Cochrane risk of bias tool
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Network meta-analysis

Thirty-one studies including 5629 patients were col-
lected for preventing recurrence between different
treatments. The network plot showed that most of the
studies were compared different treatments with NA,
whereas there was a loop between TACE, TACE+PVC
and NA(Fig. 3A). The funnel plot also demonstrated uni-
form distribution of different comparisons(Fig. 3B). The
network analysis showed benefit from TACE +PVC[OR,
2.84 (1.15,6.99)] and IRT[OR, 2.63 (1.41,4.91)] when
considering recurrence. SOR[OR, 0.57 (0.24,1.38)] had
the trend of increasing recurrence rate, although there
were no significant differences between them. Other
treatments including TACE, OCT, IEN, Huaier, HAIC,
ERT, CIK, BCAA and AIT didn’t present significant dif-
ference with NA, although all of them had the trend of
preventing recurrence(Table 2). The ranking of different
treatments according to surface under the cumulative
ranking curve (SUCRA) was as follows: TACE+PVC,
88.0%; IRT, 82.3%; ERT, 72.8%; AIT, 71.8%; Huaier, 59.4%;
HAIC, 58.7%; TACE, 51.0%; IFN, 48.0%; OCT, 39.0%;
CIK, 36.7%; DC, 30.7%; BCAA, 30.5%; NA, 23.4%; SOR,
7.8%(Table 3).

When we did network meta-analysis for survival, we
used the endpoints including one-year survival, three-
year survival and five-year survival. For one-year survival,
seventeen studies including 2047 patients were recruited.
The network plot showed that most of the studies were
compared different treatments with NA, and no loop was
presented in different treatments(Fig. 4A). The funnel
plot also demonstrated uniform distribution of different

Page 12 of 22

comparisons(Fig. 4B). The network analysis showed
benefit from TACE [OR, 0.33 (0.14,0.75)] when consid-
ering one-year survival. CIK demonstrated the trend
of decreasing one-year survival[OR, 2.24 (0.64,7.85)],
although no significant difference between CIK and NA.
Other treatments including OCT, IRT, IEN, HAIC and
ERT didn’t present significant difference between them,
although all of them had the trend of increasing one-year
survival(Table 4). The ranking of different treatments
according to SUCRA was as follows: IEN, 77.0%; IRT
67.8%; TACE, 66.8%; HAIC, 63.1%; ERT, 55.6%; OCT,
38.6%; NA, 24.4%; CIK, 6.7%(Table 5).

For three-year survival, twenty-one studies including
2463 patients were collected. The network plot showed
that most of the studies were compared different treat-
ments with NA, and no loop was presented in different
treatments(Fig. 5A). The funnel plot also demonstrated
uniform distribution of different comparisons(Fig. 5B).
The network analysis showed benefit from TACE [OR,
0.51 (0.30,0.86)], IRT[OR, 0.41 (0.20,0.83)] and DC[OR,
0.09 (0.01,0.98)] when considering three-year survival.
CIK demonstrated the trend of decreasing three-year
survival[OR, 1.59 (0.66,3.84)], although no significant dif-
ference between CIK and NA. Other treatments includ-
ing OCT, IEN, HAIC, ERT and IRT didn't present
significant difference between them, although all of them
had the trend of increasing three-year survival(Table 6).
The ranking of different treatments according to SUCRA
was as follows: DC, 92.3%; IRT, 67.9%; AIT, 66.5%; HAIC,
59.7%; TACE, 57.6%; ERT, 47.0%; IFN, 46.6%; OCT,
35.4%; NA, 19.8%; CIK, 7.1%(Table 7).

o 4
HAIC. oRT o
o
DC, .BCAA 4
b
o
NA S
CIK, G w |
2
©
e}
C
8
AT, “ERT »n
Huaier SOR
Fn® ‘TACE+PVC
. [ )
A ocT TACE B

-1 0 1 2
Effect size centred at comparison-specific pooled effect (v x4y )
® TACEvs TACE+PVC @ ERTvs NA ® NAvsIFN
® NAvs OCT ® NAvs SOR ® NAvs TACE
» NA vs TACE+PVC NAvs BCAA @ NAvsIRT
® NAvs HAIC ® NAvsDC ® NAvsCIK
NA vs AIT @ NA vs Huaier

Fig. 3 Network plot and funnel plot of studies included in the analysis of recurrence. A Network plot of studies included in the analysis

of recurrence. B funnel plot of studies included in the analysis of recurrence. ERT, external radiotherapy; BCAA, branched-chain amino acids; IRT,
internal radiotherapy; HAIC, hepatic artery infusion chemotherapy; DC, dendritic cell; CIK, cytokine-induced killer; AT, adoptive immunotherapy;
IFN, interferon; OCT, oral chemotherapy; TACE, transcatheter arterial chemoembolization; PVC, portal vein chemotherapy; SOR, sorafenib; NA,

non-adjuvant
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Table 3 Surface under the cumulative ranking curve (SUCRA)

values for recurrence

Treatment SUCRA(%)
TACE+PVC 88.0
IRT 823
ERT 72.8
AT 718
Huaier 594
HAIC 587
TACE 510
IFN 48.0
oCT 390
CIK 36.7
DC 30.7
BCAA 30.5
NA 234
SOR 7.8

ERT External radiotherapy, BCAA Branched-chain amino acids, IRT Internal
radiotherapy, HAIC Hepatic artery infusion chemotherapy, DC Dendritic cell,
CIK Cytokine-induced killer, AIT Adoptive immunotherapy, IFN Interferon,
OCT Oral chemotherapy, TACE Transcatheter arterial chemoembolization,
PVC Portal vein chemotherapy, SOR Sorafenib, NA Non-adjuvant;

For five-year survival, Sixteen studies including 1915
patients were collected. The network plot showed that most
of the studies were compared different treatments with NA,
and no loop was presented in different treatments(Fig. 6A).
The funnel plot also demonstrated uniform distribution of
different comparisons(Fig. 6B). The network analysis didn’t
show any benefit for different treatments when compared
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to non-adjuvant therapy. TACE[OR, 0.52 (0.25,1.05)],
IRT[OR, 0.49(0.23,1.07)], IEN[OR, 0.42(0.10,1.79)],
ERT[OR, 0.51(0.19,1.34)] and AIT[OR, 0.77(0.22,2.73)]
had the trend of increasing five-year survival, but with no
significant difference(Table 6). Other treatments including
OCTIOR, 1.01(0.38,2.66)], HAIC[OR, 1.00(0.26,3.77)], and
CIK[OR, 1.10(0.44,2.74) didn’t show any benefit(Table 8).
The ranking of different treatments according to SUCRA
was as follows: IFN, 74.1%; IRT, 71.8%; TACE, 69.5%; ERT,
69.1%; AIT, 47.1%; HAIC, 33.6%; OCT, 31.4%; NA, 27.3%;
CIK, 26.1%(Table 9).

Discussion

Most of the patients with early-stage HCC would undergo
curative resection, whereas 50% patients might have dis-
ease recurrence within 5 years(Llovet et al. 2016). Studies
have identified risk factors that associated with recur-
rence after curative resection, including macrovascular/
microvascular invasion, tumor size greater than 5 centim-
eters in diameter, multiple nodes, positive resection mar-
gin or resection margin less than 1 centimeter, hepatitis B
virus infection and AFP greater than 400ng/L(Imamura
et al. 2003; Wang et al. 2020; Zeng et al. 2022). Numerous
procedures were explored to decrease the recurrence rate
and prolong life span. A network meta-analysis included
23 RCTs showed that IRT and HAIC were ranked as the
best strategies for preventing recurrence and providing
survival benefit(Liu et al. 2021). However, A recent evi-
dence-based management of hepatocellular carcinoma
identified 7 RCTs and concluded that adjuvant treat-
ments didn’t improve recurrence-free survival (RFS)
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Fig. 4 Network plot and funnel plot of studies included in the analysis of one-year survival. A Network plot of studies included in the analysis
of one-year survival. B funnel plot of studies included in the analysis of one-year survival. ERT, external radiotherapy; IRT, internal radiotherapy;
HAIC, hepatic artery infusion chemotherapy; CIK, cytokine-induced killer; IFN, interferon; OCT, oral chemotherapy; TACE, transcatheter arterial

chemoembolization; NA, non-adjuvant



Page 15 of 22

(2023) 23:320

Ye et al. BMC Gastroenterology

jueAn(pe-uonN yN

‘Uo11eZ||OqWISOWSYD [elI1IR J313Yledsuel] 3DV ‘Adessyiowsyd [eliQ [ D0 ‘UOISMSIU| N4/ I3||1¥ PaanpuI-auiolf) yiD ‘Adessyiowayd uolisnjul A19rie dnedaH JyyH ‘Adelsylolpes jeusaiu 1y ‘Adessyiolpes jeusaixd 1437

D
(06'1'200) 6
(€1'1'200) S
(62°1'00°0) 800
aw 0'700) ¥
(9S'1'€1'0) S0
(T8€'€00) ¥€0

(EV'75'€5°0) STS

143

(596'£0°0) 180

(¢L'6'C00) L¥O

(¢S2'100)€L0

(LLI9LVE0) #€'C
(8T0E'LL0) 64

(S1'/¥'88°0) 9¥'9
(Lovl'olo) et
DIVH

(85'6'0°0) 050
(18'9C1'0) 06'0
(L¥'€1'290)88'C
(0067'£1°0) 0C'T

(#8'017'82°0) 6£7CL
(€£15010) ¥¥T
(8G'£€'01°0) 86'L

N4l

(Lrogolo) 8Ll
(86'69'(¥70) LL'S
(6TTLLLL0) LEY

(Claz7AN
(LLplel
(8r8'510) ¢
(55'6'€0°0) 950
14l
(L6'11'98°0) LT€
(@8T'1T0) 9T

1)ocL

1)
0) L€
)T
)

(S8'L'¥90) vT'C
(S6'7'90°0) €70
(C9'1'£00) SE0
(S1'T'100)8L0
(91'1'80°0) LEO
WN
(€0901°0) ££0

(LLTE'970) €6'C
(E76'€0°0) 950
(L6'S'€00) S0
(68'S'L0°0) €20
(0L¥'%0°0) LY

(ogoL'zL0) L

100

(550€'25'1) €89
(€901'91°0) 0L
(90'9'81°0) 90'L
¥ £%00) €50
(L¥+'070) 5610
(C69ve L) v0'e

)

(8Y'LT'ST0) €€C

(99°0"€0°0) SL°0

(62°9'60°0) LL°O

(€E¥°'S'L1°0) S6°0

(Lzoz'el o) L8L

(86'¥'T0)90°L

(sco'vLo)ego

(96°€’50°0) €¥°0

IDVL

[PAIAINS JBSA-SUO I0J SISA[PUR-BISW 3JOMISU JO 9|ge) anbes ¢ ajqelL



Ye et al. BMC Gastroenterology

Table 5 Surface under the cumulative ranking curve (SUCRA)

values for one-year survival

(2023) 23:320

Treatment SUCRA(%)
IFN 77.0

IRT 67.8

TACE 66.8

HAIC 63.1

ERT 55.6

oCT 386

NA 244

CK 6.7

ERT External radiotherapy, IRT Internal radiotherapy, HAIC Hepatic artery
infusion chemotherapy, CIK Cytokine-induced killer, IFN Interferon, OCT Oral
chemotherapy, TACE Transcatheter arterial chemoembolization, NA Non-
adjuvant

(Haber et al. 2021). There needs to be more studies to get
more confident conclusions.

In present NMA, we collected thirty-two studies
including 5783 patients from a total of 5846 records,
which was the largest data for the analysis of adjuvant
therapy for post-operative patients with HCC. Further-
more, all the trials included were RCTs with high qual-
ity and low bias according to the Cochrane evaluation.
When considering the treatments that preventing post-
operative recurrence, TACE+PVC[OR, 2.84 (1.15,6.99)]
and IRT[OR, 2.63 (1.41,4.91)] were showed to be benefi-
cial for these groups of patients. PVC was considered as
an effective strategy in preventing recurrence in patients
with portal vein tumor thrombosis(Fan et al. 2005). How-
ever, the surgical skill requirement and high risk limited
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the popularization of the treatment. TACE was con-
firmed to be disease-free survival benefit in MVI-positive
patients, but weekly supports in patients without portal
venous tumor thrombus(PVTT) in meta-analysis(Huo
et al. 2020; Shen et al. 2020; Yang et al. 2021). Alpha feto-
protein level, systemic inflammation response index,
alanine aminotransferase, tumour diameter and portal
vein tumour thrombus were also confirmed to be inde-
pendent prognostic factors of HCC early recurrence in
patients with MVI who underwent TACE(Mao et al.
2022). However, PVC promoted median time to recur-
rence and OS in HCC patients with PVTT(Gao et al.
2019). The combination of TACE and PVC provided
favorable recurrence free in our study, which might be
related with the mixed baseline in studies recruited, and
TACE plus PVC would decrease the recurrence rate in
all patients with HCC after curative resection. The IRT
included I'*'-mAb, Il?’l-lipiodol and I'?® seeds, obvi-
ously three strong RCTs provided the benefits for all the
internal radiotherapy(Chen et al. 2013; Lau et al. 1999;
Li et al. 2020a). However, some studies didn’t show any
recurrence-free or OS benefit(Chung et al. 2013; Fur-
tado et al. 2015).The implantation of internal radioac-
tive source is also technique requirement which might
be restriction of the application. The ranking of differ-
ent treatments according to SUCRA was as follows:
TACE+PVC, 88.0%; IRT, 82.3%; ERT, 72.8%; AIT, 71.8%;
Huaier, 59.4%; HAIC, 58.7%; TACE, 51.0%, IEN, 48.0%;
OCT, 39.0%; CIK, 36.7%; DC, 30.7%; BCAA, 30.5%; NA,
23.4%; SOR, 7.8%. From this data, we found out that adju-
vant sorafenib was not a good choice for the patients to
prevent recurrence according to the STORM trial(Bruix

Fig. 5 Network plot and funnel plot of studies included in the analysis of three-yea survival. A Network plot of studies included in the analysis

of three-yea survival. B funnel plot of studies included in the analysis of three-yea survival. ERT, external radiotherapy; IRT, internal radiotherapy;
HAIC, hepatic artery infusion chemotherapy; DC, dendritic cell; CIK, cytokine-induced killer; AIT, adoptive immunotherapy; IFN, interferon; OCT, oral
chemotherapy; TACE, transcatheter arterial chemoembolization; NA, non-adjuvant
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Table 7 Surface under the cumulative ranking curve (SUCRA)

values for three-year survival

Treatment SUCRA(%)
DC 923
IRT 679
AIT 66.5
HAIC 59.7
TACE 576
ERT 47.0
IFN 46.6
oCT 354
NA 19.8
CIK 7.1

ERT External radiotherapy, IRT Internal radiotherapy, HAIC Hepatic artery infusion
chemotherapy, DC Dendritic cell, CIK Cytokine-induced killer, AIT Adoptive
immunotherapy, IFN Interferon, OCT Oral chemotherapy, TACE Transcatheter
arterial chemoembolization, NA Non-adjuvant

et al. 2015). Apart from the treatments collected in this
study, immune checkpoint inhibitors(Kudo et al. 2022),
antiviral therapy(Yin et al. 2013), Lenvatinib(Bai et al.
2022), and traditional herbal medicine(Zhai et al. 2018)
also indicated recurrence free or OS benefit in single arm
or prospective studies.

As for comparison of one-year survival, three-year
survival and five-year survival in different treatments,
TACE was considered to be favorable prognosis for
one-year survival [OR, 0.33 (0.14,0.75)] and three-year
survival[OR, 0.51 (0.30,0.86)], which was also con-
firmed by the meta-analysis before(Huo et al. 2020; Shen
et al. 2020; Yang et al. 2021). IRT was considered as the

IRT
HAIC
L2
NA

CIK

Standard error of logor

®ERT
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good choice when evaluating three-year survival[OR,
0.41 (0.20,0.83)]. As for DC in the adjuvant therapy, the
small size of the trial which might be selection bias for
this result and more confident evidence needs to be
performed(Matsui et al. 2021). The primary outcome
of studies included in this analysis is the prevention of
recurrence. However, the second outcomes in different
studies are diverse. For example, the comparison of one-
year survival just includes IFN, IRT, TACE, HAIC, ERT,
OCT and CIK, which is fewer than the primary outcome.
Moreover, the basic characteristics in IFN groups are bet-
ter than other comparison, which might cause the differ-
ence and bias.

However, there are limitations in this NMA. Firstly, the
basic characteristic for each trial is not paired enough.
For example, some trials include patients with vascular
invasive, surgical margins are diverse for different trials.
Microvascular invasion and/or positive/narrow surgi-
cal margins are independent risk factors for HCC patients
under hepatic resection(Hwang et al. 2023; Liu et al. 2023;
Wang et al. 2023). The different patients included in trials
might cause the bias of the comparison. For example, most
of the patients recruited in ERT are positive surgical mar-
gins or Margin<1 cm, and the treatment of ERT might
bring significant benefit for these patients(Shi et al. 2022;
Yu et al. 2014). The benefit for IRT is the same as ERT(Chen
et al. 2013; Chung et al. 2013; Li et al. 2020a). Most of the
patients recruited in HAIC are MVI positive, however,
nearly none of the patients collected in CIK are MVI neg-
ative, which might cause the significant different effect
when comparing with observation(Li et al. 2020b; Xu et al.
2016). Apart from the diverse basic characteristic between

AIT

TACE

IFN

A .OCT B

T T
-1 -5 0 5 1
Effect size centred at comparison-specific pooled effect (v #yy)

® AITvs NA

CIK vs NA
ERT vs NA
HAIC vs NA
IRT vs NA
NA vs TACE

Fig. 6 Network plot and funnel plot of studies included in the analysis of five-yea survival. A Network plot of studies included in the analysis
of five-yea survival. B funnel plot of studies included in the analysis of five-yea survival. ERT, external radiotherapy; IRT, internal radiotherapy; HAIC,
hepatic artery infusion chemotherapy; CIK, cytokine-induced killer; AlT, adoptive immunotherapy; IFN, interferon; OCT, oral chemotherapy; TACE,

transcatheter arterial chemoembolization; NA, non-adjuvant
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Table 9 Surface under the cumulative ranking curve (SUCRA)
values for five-year survival

Treatment SUCRA
IFN 74.1
IRT 718
TACE 69.5
ERT 69.1
AIT 471
HAIC 33.6
oCT 314
NA 27.3
CIK 26.1

ERT External radiotherapy, IRT Internal radiotherapy, HAIC Hepatic artery infusion
chemotherapy, DC Dendritic cell, CIK Cytokine-induced killer, AIT Adoptive
immunotherapy, IFN Interferon, OCT Oral chemotherapy, TACE Transcatheter
arterial chemoembolization, NA Non-adjuvant

different comparison, the patients included in the same
comparison are different(Hirokawa et al. 2020; Li et al.
2020b). Secondly, the number of patients collected in each
group are enormous diversity, which might bring bias when
analyzing the data. Thirdly, some treatment such as IRT
including different internal radioactive source which maybe
different effectiveness. Furthermore, some treatment is sin-
gle trial with limited number of patients recruited, which
might restrict the application of the treatment.

In conclusion, the effectiveness for different adjuvant
treatments in post-operative patients with HCC varies in
trials. However, the adjuvant treatments have the trend
of preventing recurrence and increase overall survival,
although most of the procedures are no significant dif-
ference when compared to non-adjuvant therapy. This
NMA found that TACE+PVC and IRT were considered
as the best way to decrease recurrence rate. TACE, IRT
and DC were preferred when considering the extend for
life span. There needs to be more large scale of studies to
confirm the results.
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