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I. Supplementary Materials and Methods
1. Search strategy and results
(1) Summary of search results

No. DB Results Duplication
1 Ovid-MEDLINE 94
2 Ovid-EMBASE 1159
3 CENTRAL 113
4 KoreaMed 53 497
5 KMBASE 34
6 KISS 313
Number of Search Results (including duplication) 1766
Number of Search Results (without duplication) 1269
(2) Keywords
(A) International database
1) Ovid-MEDLINE
PICO No. | Searches
exp Carcinoma, Hepatocellular/co, dt, et, mo, rt, su, th
. [Complications, Drug Therapy, Etiology, Mortality, Radiotherapy,
Patients 1 Surgery, Therapy]
(HCC) 2 ((hepat* or liver) adj5 (neoplas* or cancer* or carcin* or tumo?r* or
malignan*)).ti,ab.
3 lor2
4 exp Aged/
Patients (elderly) (advanced years or ageing or aging or aged or elder” or old* or frail*
or geriatric* or gerontolog* or oncogeriat* or senior adult* or
5 senium or octogenarian).ti,ab.
6 4orb
Patients 7 3and 6
8 exp Hepatectomy/
Intervention (liver or hepat* or segment*) adj5 (surgical or surger* or resect” or
trans?ection® or operat®* or excis® or extirpate* or
9 segmentectom®).ti,ab.
10 | hepatectom®.ti,ab.
11 | or/8-10
Patients & 12 | 7and 11




Intervention

Patients & Intervention | 13 Animals/
(Human
14 Human/
study)
15 | 13not 14
16 | 12not 15
(Randomized Controlled Trials as Topic/ or randomized controlled
trial/ or Random Allocation/ or Double Blind Method/ or Single
Blind Method/ or clinical trial/ or clinical trial, phase i.pt. or clinical
trial, phase ii.pt. or clinical trial, phase iii.pt. or clinical trial, phase
iv.pt. or controlled clinical trial.pt. or randomized controlled
SD(RCT) 17 | trial.pt. or multicenter study.pt. or clinical trial.pt. or exp Clinical
Trials as topic/ or (clinical adj trial$).tw. or ((singl$ or doubl$ or
*SIGN filter treb$ or tripl$) adj (blind$3 or mask$3)).tw. or PLACEBOS/ or
placebo$.tw. or randomly allocated.tw. or (allocated adj2
random$).tw.) not (case report.tw. or letter/ or historical article/)
Epidemiologic Studies/ or exp Case Control Studies/ or exp Cohort
Studies/ or Case-control.tw. or (cohort adj (study or studies)).tw. or
SD Cohort analy$.tw. or (Follow up adj (study or studies)).tw. or
(Observational study) | 18 (observathnal adj (study or .studles)).tw. or Longl.tudmal.tw.. or
Retrospective.tw.or Cross sectional.tw. or Cross-sectional studies/
*SIGN filter
SD total 19 | 170r18
P & I (human study) &
SD(RCT,
20 | 16and 19
cohort)
SD (exclusion study | 21 | Case Study/ or case report.tw. or letter/ or
design
Editorial.pt. or review.pt.
)
Total 22 | 20not 21
2) Ovid-EMBASE
No. | Searches
exp liver cancer/co, dm, dr, dt, et, rt, si, su, th [Complication,
1 Disease Management, Drug Resistance, Drug Therapy, Etiology,
Radiotherapy, Side Effect, Surgery, Therapy]
Patients (HCC) exp liver cell carcinoma/co, dm, dr, dt, et rt si, su, th
2 [Complication, Disease Management, Drug Resistance, Drug

Therapy, Etiology, Radiotherapy, Side Effect, Surgery, Therapy]
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((hepat* or liver) adj5 (neoplas* or cancer* or carcin* or tumo?r* or
malignan*)).ti,ab.

4 lor2or3
5 exp aged/
(advanced years or ageing or aging or aged or elder* or old* or frail*
Patients (elderly) 6 or geriatric* or gerontolog* or oncogeriat* or senior adult* or
senium or octogenarian).ti,ab.
7 5o0r6
Patients 8 4 and 7
Intervention 9 exp liver resection/
10 exp segmentectomy/
(liver or hepat* or segment*) adj5 (surgical or surger* or resect* or
11 | trans?ection®* or operat* or excis* or extirpate* or
segmentectom®).ti,ab.
12 | hepatectom®.ti,ab.
13 or/9-12
Patients & 14 |8and 13
Intervention
15 | Animals/
Patients & Intervention
(Human study)
16 Human/
17 | 15not 16
18 | 14 not17
(Clinical Trial/ OR Randomized Controlled Trial/ OR controlled
clinical trial/ OR multicenter study/ OR Phase 3 clinical trial/ OR
Phase 4 clinical trial/ OR exp RANDOMIZATION/ OR Single Blind
SD(RCT) Procedure/ OR Double Blind Procedure/ OR Crossover Procedure/
*SIGN RCT 19 | ORPLACEBO/ OR randomi?ed controlled trial$.tw. OR rct.tw. OR
filter (random$ adj2 allocat$).tw. OR single blind$.tw. OR double
blind$.tw. OR ((treble or triple) adj blind$).tw. OR placebo$.tw. OR
Prospective Study/) not (Case Study/ OR case report.tw. OR
abstract report/ or letter/ OR Conference proceeding.pt.
OR Conference abstract.pt. OR Editorial.pt. OR Letter.pt.
OR Note.pt.)
Clinical study/ OR Case control study OR Family study/ OR
Longitudinal study/ OR Retrospective study OR (Prospective
SD study/ not Randomized controlled trials/) OR Cohort analysis/ OR
(Observational study) | 20 | (Cohort adj (study or studies)).mp. OR (Case control adj (study or
*SIGN filter studies)).tw.OR (follow wup adj (study or studies)).tw.OR
(observational adj (study or studies)).tw.OR (epidemiologic$ adj
(study or studies)).tw. OR (cross sectional adj (study or
studies)).tw.
SD total 21 19 or 20
P & I (human study) & 18 and 21
SD(RCT, 22
observational)




SD(exclusion  study | 23 | Case Study/ or case report.tw. or conference abstract.pt. or
design) abstract

report/ or letter/ or

Editorial.pt. or review.pt.
Total 24 | 22not 23

3) CENTRAL (Cochrane Central

Register of Controlled Trials)

No. | Searches
MeSH descriptor: [Liver Neoplasms] explode all trees and with
1 qualifier(s): [complications - CO, drug therapy - DT, etiology - ET,
Patients (HCC) mortality - MO, radiotherapy - RT, surgery - SU, therapy - TH]
2 ((hepat* or liver) near/5 (neoplas* or cancer* or carcin* or tumo?r*
or malignan®)):ti,ab
3 [1-#2-#2]
4 MeSH descriptor: [Aged] explode all trees
Patients (elderly) (advanced years or ageing or aging or aged or elder” or old* or
5 frail* or geriatric* or gerontolog* or oncogeriat* or senior adult*
or senium or octogenarian):ti,ab
6 #4 or #5
Patients 7 #3 and #6
8 MeSH descriptor: [Hepatectomy] explode all trees
Intervention (liver or hepat* or segment*) near/5 (surgical or surger* or resect*
9 or trans?ection® or operat® or excis* or extirpate* or
segmentectom®):ti,ab
10 | hepatectom™:ti,ab
11 | [1-#10-#10]
Patients & 12 | #7 and #11
Intervention
Patients & Intervention | 13 | MeSH descriptor: [Animals] this term only
(Human 14 | MeSH descriptor: [Humans] this term only
study) 15 | #13 not #14
16 #12 not #15
Total Trials results
(B) Local database
1) KoreaMed
No | Searches
Patients 1 (("liver cancer"[ALL])) OR ("hepatocellular carcinoma"[ALL])
2 (("hepatic'[ALL])) OR ("liver"[ALL])
3 (("cancer"[ALL]) OR ("neoplasms"[ALL]) OR ("tumor"[ALL])
OR ("carcinoma"[ALL]) OR ("malignant"[ALL]))
4 2AND 3
5 10R 4
Patients 6 ("ageing"[ALL]) OR ("aging'[ALL]) OR ("aged'[ALL]) OR
("elder"[ALL]) OR ("older'[ALL]) OR (“frail'[ALL]) OR




("geriatric"[ALL]) OR ("gerontology"[ALL]) OR ("senior
adult"[ALL]) OR ("senium"[ALL]) OR ("octogenarian"[ALL])

Intervention 7 ("surgical "[ALL]) OR ("surgery "[ALL]) OR ("resection"[ALL]) OR
("operation "[ALL]) OR ("excise"[ALL]) OR ("extirpate"[ALL]) OR
("segmentectomy"[ALL]) OR ("hepatectomy"[ALL])
P&l 8 5 AND 6 AND 7
2) KMBASE
No | Searches
Patients 1 ([ALL=hepatocellular carcinoma] OR [ALL=liver cancer])
Patients 2 (([ALL=aged] OR [ALL=aging]) OR [ALL=elderly]) OR
[ALL=older])
Intervention 3 (((TALL=surgery] OR [ALL=resection]) OR [ALL=operation])
OR [ALL=hepatectomy])
P&l 4 1 and 2 and 3
Patients 5 [ALL=72f]) OR [ALL=Zt M| Z 2 Z])
Patients 6 (IALL=£?l] OR [ALL=3]) OR [ALL=21g]) OR
[ALL=21&))
Intervention 7 [ALL=ZtE )
P&l 8 5and 6 and 7
9 4 OR 8
3) KISS
No | Searches
Patients 1 M| =liver cancer | hepatocellular carcinomal 7+ | ZFM Z R4S
Patients 2 TH| =aginglaged|elderly
3 | HM = ==Y DY XY
Intervention 4 | = surgery | resection | operation | hepatectomy | ZH = X
P&l 5 1 AND 2 AND 4
6 1 AND 3 AND 4
7 5+6




2. Risk of bias
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II. Supplementary Tables
Supplementary Table S1. Detailed characteristics of studies included in the systematic review and meta-analysis

RFA Surgery
. Child | Tumor | Multiple | . . Child | Tumor | Multiple | . .
Stud
Y Inte;‘:rlentl n Age | Male (%) ]:;LS (2//? Pugh class size >3cm| tumors ar:tl);(;sm Control n Age |Male (%) ]zt(;]f (2//? Pugh class size >3cm| tumors cu'g;(;sw
SV A | (@) %) ° B A | (%) %) °
Conticchio | pr o 58 74 64 NA 90 | 20m 0 100 LLR 58 754 76 NA g | median | 100
202212 30cm
Conticchio
o | REA 136 75 7 100 84 |c2em)74| 14 100 IR 136 747 76 100 8 |c2em)7| 12 100
Delvecchio |y 2% 75 65 NA 100 | 205am | 0 100 LR 2% 7426 62 NA g | median | 100
2021[4] 23am
Shin
oo | RFA 139 NR NR 100 NR NR NR SR 131 NR NR 100 NR NR NR
]la_n severe
& RFA 956 NR 656 NR NR ) 177 215 LR 956 NR 663 NR NR 457 172 | fibrosis or
2019[6]
LC189
Kaibori
oy | RFA |4 77 62 NR 89 0 6 NR LR 461 77 61 NR 89 0 5 NR
Harada mean mean mean
o | REA 20 73 55 100 [mean55| 16 |meanll| NR [LLROLR| 2048 | 7470 | 4554 | 100 | 0| 00 | TO0 | NR
B;glsgh[f](e RFA 64 NR NR NA 78 NR 33 77 LR 63 NR NR NA 9% NR » 17
o UICC UICC
RFA 27 71 556 |stageHI| 963 0 22 NR LR 27 69 593 |stageHI| 963 0 74 NR
2016[9]
100 100
Liu vol mean vol mean
aotaqto | REA 139 796 67 69.1 o4 || 173 NR SR 118 789 85 667 788 || 178 NR
2;‘331[‘;51] RFA 89 704 843 NR 876 392 67 100 LR 91 687 846 NR 945 341 143 100




Massarweh

ooy | A | 2 747 | 631 NR 19 47 | 816 LR 209 757 | 612 NR | 809 198
Mirici-
Cappa | RFA | 119 744 | 689 588 | NR NR | 975 LR 3 738 | 719 719 | NR 100
2010[13]




Supplementary Table S2. Comparison of overall survival, disease free survival between surgery and RFA group

Overall survival
Overall survival (months) 3-year survival rate 5-year survival rate
RFA group Surgery group RFA group Surgery group RFA group Surgery group
median 60 60 65.0% 70.0% 53.8% 57.5%
range 15585 35.5-88.8 28.8%-78.5% 47.5-80.2% 8.5%-65.5% 37.3%-76.6%
Disease free survival

Disease free survival (months) 3-year disease free survival rate

RFA group

Surgery group RFA group Surgery group
median 26.3 31.0 62.7% 60.6%
range 20.4-42.3 28.0-57.2 35.7%-75.3%  39.3%-82.0%

5-year disease free survival rate

RFA group Surgery group

30.3% 38.9%

16.3%-64.7%  33.1%-77.4%

Abbreviations: RFA: radio frequency ablation
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Supplementary Table S3. A meta-analysis of overall survival in the surgical group vs. RFA

Univariable analysis

Group if;’éi‘li Pooled HR (95% C1) (random model) P
Overall estimate 10 144 (1.22-1.70) 81%
Using data

Calculated data 5 141 (1.09-1.82) 84%

Reported data 5 149 (1.21-1.84) 66%
Definition of elderly

>65-70 years 9 143 (1.20-1.71) 83%

>75 years 1 1.57 (1.12-2.20) NA
Publication year

20162022 7 1.62(1.32-1.98) 64%

2010-2015 3 1.19(0.94-1.50) 85%
Country

Asia 3 1.26 (0.86-1.87) 84%

Non-Asia 7 1.54 (1.26-1.90) 82%
Risk of bias: comparability

Low risk 4 149 (1.14-1.94) 74%

High or unclear risk 6 141 (1.14-1.75) 81%

Abbreviations: No., number; NA, non-available; HR, hazard ratio; CI, confidence interval
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Supplementary Table S4. Comparison of recurrence in RFA and surgical group

Outcomes No F)f No. of patients, Pooled OR 95% CI ju P of Chi2
studies RFA/surgery

All
Total recurrence 2 115/117 0.79 047-1.32 0% 042
Local recurrence 3 174/176 490 2.16-11.08 0% 043
Intra-hepatic 2 147/149 0.62 038100 0% 0.64
recurrence
Extra-hepatic 2 147/149 0.67 011421 0% 0.70
recurrence
Sensitivity analysis: HCC size <3cm
Total recurrence 1 26/26 117 039350 NA NA
Local recurrence 2 85/85 5.96 191-1864  13% 0.28
Intra-hepati

tra-hepatic 1 58/58 052 022123 NA NA
recurrence
Extra-hepatic 1 58/58 049 004557 NA NA
recurrence

Abbreviations: HCC, hepatocellular carcinoma; No., number; NA, non-available; OR, odds ratio; CI, confidence interval
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Supplementary Table S5. Comparison of hospital stay in RFA and surgical group

Elderly No. RFA Surgery
Study Country definition RFA/surgery Median (range), days P
Conticchio, 202[2]  Europe 70 58/58 (LLR) 3(1-15) 5(2-25) 0.001

Conticchio, 2021[3]  Europe 70 136/136 (OLR)  2(1-23) 7(1:203) <0001

20/20 (LLR) 9(7-14) not sig
Harada, 2016[8 NA 8(2-14
arada, 2016(8]  Japan 20/48 (OLR) @19 15 (7-66) <0.0001
mean 7.6 mean 12.6

lto, 201619 Japan NA ZITER) oo, cr6884)  O5%CI110142) 0008
Peng,2013(11]  China 65 89/91 (LR) mean801,SD270 mean135,SD405 <0.001

Abbreviations: LLR, laparoscopic liver resection. OLR, open liver resection; RFA, radiofrequency ablation; No., number; NA, non-available; CI, confidence

interval; SD, standard deviation
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III. Supplementary Figures
Supplementary Figure S1. Funnel plots
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Supplementary Figure S2. Flow chart

International Database Local Database
(n=1,366) (n=400)
Ovid-Medicine (n=94) KOREAMED (n=53)
Ovid-EMBASE (n=1,159) KM base (n=34)
Cochrane CENTRAL (n=113) KISS (n=313)
| Removed due to duplication
\r (n=497)

Records screened

(n=1.269)

Records excluded by specific criteria
(n=1.123)
irrelevant subjects, reviews, case report,
Abstract only, non-English

Full-text articles

assessed for eligibility

(n = 146) Full-text articles excluded
(n=133)
Wrong population (n=111)

Wrong intervention (n=1)

Wrong comparator (n=5)

Wrong study design (n= 13}

Studies included in Wrong language (n = 3)

meta-analysis
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Supplementary Figure S3. Forest plot of recurrence rate
(a) all, (b) sensitivity analysis (< 3cm)

Recuirence
LAT LR Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Random.95% Cl Year M-H. Random,. 95% CI
1. Total recurrence
Peng 2013 48 89 a7 91 77.2% 0.70[0.39,1.27] 2013
Delvecchio 2021 12 26 1 26 228% 1.17[0.39,350] 2021
Subtotal (95% CI) 115 117 100.0% 0.79 [0.47, 1.32]
Total events 60 68
Heterogeneity: Tau®= 0.00, Chi*=0.66,df=1(P=042),F=0%
Test for overall effect: Z=0.91 (P = 0.36)
2. Local recurrence
Peng 2013 2 89 1 91 11.4% 2.07[0.18,23.23) 2013
Ito 2016 8 27 0 27 7.9% 23.97 [1.31,440.35] 2016 >
Conticchio 2022 25 58 g8 58 80.7% 4.73[1.91,11.76] 2022 ——
Subtotal (95% CI) 174 176 100.0% 4.90 [2.16, 11.08] -
Total events 35 9
Heterogeneity: Tau®= 0.00; Chi*=1.70, df= 2 (P = 0.43); F=0%
Test for overall effect: Z= 3.81 (P = 0.0001)
3. Intrahepatic recurrence
Peng 2013 45 89 55 81 68.0% 0.67 (0.37,1.21] 2013 —
Conticchio 2022 11 58 18 58 32.0% 052([0.22,1.23) 2022 ——
Subtotal (95% CI) 147 149 100.0% 0.62 [0.38, 1.00] ’
Total events 56 73
Heterogeneity: Tau®= 000, Chi*=0.22, df=1 (P = 0.64), F=0%
Test for overall effect: Z=1.94 (P = 0.05)
4. Extrahepatic recurrence
Peng 2013 1 89 1 91 43.2% 1.02 [0.06,16.61] 2013 *
Conticchio 2022 1 58 2 58 56.8% 0.49 [0.04, 557] 2022 i |
Subtotal (95% CI) 147 149 100.0% 0.67 [0.11, 4.21]
Total events 2 3
Heterogeneity: Tau®= 0.00; Chi*=0.15,df=1 (P=0.70); F=0%
Test for overall effect: Z= 0.42 (P = 0.67)
5 t + |
0.01 0.1 1 10 100
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Supplementary Figure S4. Forest plot of hospital stay
(a) all, (b) sensitivity analysis (< 3cm)

Length of hospital stay

(A) oK LAT LR Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1. Publication year: 2010-2019

Peng 2013 8.01 27 83 135 405 91 206% -5.49 [-6.49,-4.49] 2013 .

Harada 2016(2) (1) 8 3 10 258 475 48 202% -1780[20.09,-1551] 2016 =

lto 2016 76 20223 27 126 40446 17 204% -5.00[6.71,-3.29) 2016 s

Harada 2016(1) (2) 8 3 10 875 1.75 20 203% -1.75[-3.76,0.26) 2016 »

Subtotal (95% CI) 136 186 81.5%  -T.46[-12.72,-2.20] *

Heterogeneity: Tau®= 27.97, Chi*= 120.84, df= 3 (P < 0.00001); F= 98%
Testfor overall effect Z=2.78 (P = 0.005)

2. Publication year: 2020-

Conticchio 2021 (3) 7 367 136 545 3367 136 185% -47.505319,-41.81] 2021 -
Subtotal (95% CI) 136 136  18.5% -47.50 [-53.19, -41.81] *
Hetemgeneily: Mot applicable
Test for overall effect Z=16.36 (P < 0.00001)
Total (95% CI) 272 322 100.0% -14.88[-22.44,-7.32) <*
Heterogeneity: Tau?= 72.18; Chi*= 319.68, df= 4 (P < 0.00001); F= 99% F = t |
Test for overall effect Z= 3.86 (P = 0.0001) LU A U L Ll
Testfor subgroup differences: Chi*= 102,48, df=1 (P < 0.00001), = 99.0% Favors RFA Favors Surgery
(B)HCC < 3cm
LAT LR Mean Difference Mean Difference

Study or Subgroup _ Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Ito 2016 7.6 20223 27 126 40446 27 508% -500[6.71,-3.20) 2016 m
Conticchio 2022 (1) 5.5 36 58 925 575 58 492% -3.75[548,-2.01) 2022
Total (95% Cl) 85 85 100.0% -4.38[-5.61,-3.16] |

e Tat®= 0 01 Chit= —1(P= = ' 4 1 f {
Heterogeneity. Tau=0.01; Chi*=1.02, df=1 (P=0.31), F= 2% T 40 0 20 100

Test for overall effect: Z=7.02 (P < 0.00001)

Favors RFA Favors Surgery
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Supplementary Figure S5. Multivariate meta-analysis of overall mortality risk

Hazard Ratio Hazard Ratio
Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random. 95% Cl Year IV, Random, 95% CI
Feng 2013 {13 0EZ86 0233 4 9% TA7[1.19, 286) 2013 -
Bauschke 2016 (2) [BE22 03248  25% 1.94 [1.03, 3.66] 2016 —
kaibor 2018 (3 04253 01871 TA% 1.83[01.06, 221 2018 —
Shin 2019 (4} 04187 01838 T.a% 1.8201.06, 2148 20149 —
Jiang 2019 {8) 047 00681 a7.2% 1E0[1.40,1.83] 20149 |
Conticchio 2021 (8) 03784 0118 200% TAGB[MA7,1.83] 2021 -
Total (95% CI) 100.0% 1.58 [1.43,1.75] +
Heterogeneity: Tau= 0.00; Chi*=1.52, df= § (P = 0.91}); F= 0% l f l i
Testfo?overgll effect £= SI.B? (F= D.UDIDDH ( : 0.01 01 ! 10 100
Favours LAT Favours LR

Footnotes

(1) Covariates : Tumaor size, prothrombin activity

(2) Covariates : Charlson index, AFP, cirrhosis, Child's stage, Diameter of lesions, Number of lesions

(3) Covariates : age, sex, HBsAg, HCVAD, Child-Pugh class, serum albumin, total bilirubin, prothrombin activity, platelet, a-fetoprotein and...
(4) Covariates : Age, BMI, Albumin, Bilirubin, PT, Creatinine, Tumor number, tumaor size, BCLC stages

(5) Covariates : Age, Tumar size, AFP, Fibrosis

(6) Covariates : INR, Multiple nodule, MELD
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