Table A. Included randomized controlled trials and baseline patient characteristics

Child- BCLC ECOG Tumour
Clinical Year Study Patient Age Male Viral Okuda Multifocal Portal vein Follow-up
Pugh (0-A-B-C-D) (0-1-2-3) burden (ml,
Trial & country arms s (n) (years) gender hepatitis (I1-11-1m) or diffuse thrombus (time)
(A-B-C) or TNM (1-1V) or KPS cm, %)
Groupe 1995 TACE 50 63 (43-74) | 48/50 6/50 50-0-0 NA NA NA NA 25/50 1/50
4 years
d’Etude Europe BST 46 65 (34-75) | 44/46 7/46 46-0-0 NA NA NA NA 32/46 6/46
Madden 1993 TACE 25 48 (24-70) 21/25 NA NA 3-18-4 NA 1(1-3) NA NA NA
5 months
etal. South Africa BST 25 49 (18-70) 25/25 NA NA 4-16-5 NA 1(1-3) NA NA NA
Pelletier 1990 TACE 21 64+8 19/21 NA NA 6-11-4 NA NA 34+31% NA excluded
12 months
etal. France BST 21 66+ 11 18/21 NA NA 5-11-5 NA NA 41+27% NA excluded
Pelletier 1998 TACE 37 67 (53-80) 31/37 NA 26-11-0 22-10-5 NA 22-14-1-0 27% (5-60) NA excluded
2 years
etal. France-Belgium BST 36 65 (42—-80) 31/36 NA 30-6-0 22-11-3 NA 20-14-2-0 20% (2-70) NA excluded
2002 TACE 40 62 (53-69) 34/40 34/40 NA 19-21-0 NA 20-16-3-1 7cm (4-14) 23/40 9/40
Lo etal. 3.5 years
Asian pts BST 39 63 (53-70) 29/39 29/39 NA 18-21-0 NA 14-19-4-2 7cm (5-11) 24/39 12/39
TAE 37 64 (62-67) 30/37 32/37 27-10-0 24-13-0 0-0-28-9-0 28-7-2-0 5.2cm (4.6-6.0) 28/37 excluded
2002
Llovet et al. TACE 40 63 (61-66) 32/40 37/40 31-9-0 27-13-0 0-0-35-5-0 35-4-1-0 4.9cm (4.0-5.8) 27/40 excluded 4 years
Spain BST 35 66 (64—68) 23/35 33/35 21-14-0 22-13-0 0-0-27-8-0 27-4-4-0 4.4cm (3.9-4.9) 27/35 excluded
2008 TACE 62 64.9+7.3 52/62 9/62 46-16-0 46-16-0 NA 18-32-4-1 NA 42/62 7/62
FFCD 5 years
France Tamoxifen 61 63.9+7 55/61 10/61 42-19-0 42-19-0 NA 27-26-2-0 NA 44/61 6/61
Mabed 2009 TACE 50 52 (36-60) 32/50 46/50 34-16-0 26-24-0 NA 1(0-2) NA 30/50 NA
1year
etal. Egypt I.V.DR 50 51 (34-60) 33/50 45/50 35-15-0 28-22-0 NA 1(0-2) NA 28/50 NA
TAE 21 49.4+10.3 19/21 16/21 21 (A+B) NA NA NA NA NA excluded
1988
Lin et al. TAE+IV 5FU 21 495+9.2 18/21 17/21 21 (A+B) NA NA NA NA NA excluded 2 years
China IV 5FU 21 49.8+10.1 21/21 17/21 21 (A+B) NA NA NA NA NA excluded
1998 TAE 40 61+9 30/40 31/40 NA 27-13-0 NA 27-11-2-0 NA 32/40 NA
Bruix et al. 4 years
Spain BST 40 64+8 30/40 31/40 NA 27-13-0 NA 27-11-2-0 NA 29/40 NA
1994 TARE 14 65.4+6.5 2/14 8-6-0 3-11-0 NA NA NA 7/13 14/14
Raoul et al. 26/27 1year
France BST 13 67.6 6.7 2/13 6-7-0 5-8-0 NA NA NA 12/14 13/13
1997 TARE 65 64.6+7.0 62/65 NA 53-11-1 35-30-0 NA N=19 >50%liver 32/65 excluded
Raoul et al. KPS>70% 4 years
France TACE 64 65.7+6.0 60/64 NA 44-19-1 37-27-0 NA N=12 >50%liver 33/64 excluded
Kolligs et 2015 TARE 13 65.8+6.73 11/13 NA 9-3-1 NA 0-5-5-3-0 10-3-0-0 137.7ml 67.9% excluded
2 years
al. Germany-Spain TACE 15 66.7 £9.04 13/15 NA 9-4-2 NA 0-4-8-3-0 12-3-0-0 235.6ml (BCLC>A) excluded
2016 TARE 24 62 (58-65) 17/24 16/24 12-12-0 NA 0-18-6-0-0 NA 3.2(2.7-3.7) 11/24 excluded
Salem et al. 2 years
United States TACE 21 64 (62-70) 16/21 15/21 15-8-0 NA 0-17-4-0-0 NA 3.0(2.3-3.6) 10/21 excluded




Lammer et 2009 DEB-TACE 93 67.3+9.1 79/93 38/93 77-16-0 79-14-0 0-24-69-0-0 74-19-0-0 16.1% (<10-50) 35/93 excluded .
6 months
al. Europe TACE 108 67.4+8.8 95/108 36/108 89-19-0 103-5-0 0-29-79-0-0 80-28-0-0 16.1% (<10-50) 50/108 excluded
2011 DEB-TACE 33 713+7.2 23/33 26/33 29-4-0 NA 0-22-11-0-0 NA 4.47 +£2.68cm NA 11/33
Sacco et al. 3.5 years
Italy TACE 34 68.7£8.1 22/34 29/34 25-9-0 NA 0-22-12-0-0 NA 3.85+1.89cm NA 12/34
Malenstein 2011 DEB-TACE 16 67.31+9.8 14/16 8/16 14-2-0 NA 0-2-9-5-0 9-7-0-0 NA 11/16 3/16
1 month
etal. Belgium TACE 14 56.6 +13.4 11/14 4/14 14-0-0 NA 0-1-10-3-0 10-2-2-0 NA 8/14 3/14
Golfieri et 2014 DEB-TACE 89 68.9+£8.0 66/89 68/89 75-14-0 NA 0-41-26-22-0 64-25-0-0 3.1+1.6 44/39 excluded
2 years
al. Italy TACE 88 68.3+8.0 69/88 62/88 77-11-0 NA 0-41-23-24-0 67-21-0-0 34+19 49/88 excluded
1994 TACE 22 64 (43-78) 20/22 NA 13-9-0 NA NA NA NA 13/22 excluded
Chang et al. 2 years
China TAE 24 64 (45-78) 23/24 NA 17-7-0 NA NA NA NA 13/24 excluded
1992 TACE 147 61 (39-83) 125/147 NA 107-33-7 NA NA 71-38-10-3-0 33cm’ NA excluded
Kawai et al. . 3 years
Japan TAE 139 62 (41-83) 118/139 NA 102-25-3 NA NA 77-36-3-1-1 28cm NA excluded
Meyer et 2013 TACE 44 63 (44-79) 39/44 24/44 38-6-0 22-10-0 0-11-18-12-0 31-8-5-0-0 NA 29/44 excluded
3years
al. UK TAE 42 62 (31-85) 35/42 25/42 33-9-0 25-8-0 0-9-16-15-0 27-9-6-0-0 NA 29/42 excluded
2014 TACE 45 65 (26—-86) 37/45 39/45 37-8-0 NA 0-12-33-0 31-12-2-0 NA 23/45 excluded
Yu et al. 4 years
China TAE 45 65 (26—-86) 35/45 42/45 36-9-0 NA 0-5-39-1-0 28-16-0-1 NA 24/45 excluded
Malagari et 2009 DEB-TACE 41 70.7+£6.9 31/41 NA 23-18-0 NA NA 26-15-0-0 NA 18/41 excluded
1 year
al. Greece TAE 43 70+79 34/43 NA 26-17-0 NA NA 28-15-0-0 NA 14/43 excluded
Brown et 2016 DEB-TACE 50 65.5+11.8 41/50 22/50 45-5-0 43-7-0 0-12-23-15-0 43-7-0-0 4.3 +3.1cm 38/50 31/50
6 years
al. USA TAE 51 68.3+£9.7 37/51 23/50 41-10-0 39-12-0 0-10-22-19-0 44-7-0-0 4.7 +3.7cm 39/51 29/51
2015 TARE 12 71.8+7.2 8/12 5/12 10-2-0 NA 0-0-12-0-0 12-0-0-0 6.1+ 3.6cm 12/12 excluded
Pitton et al. 3 years
Germany DEB-TACE 12 70.5+9.0 10/12 5/12 9-3-0 NA 0-1-11-0-0 12-0-0-0 6.1+ 3.8cm 11/12 excluded
Sansonno 2012 TACE + Adj 31 734 18/31 31/31 31-0-0 NA NA 25-6-0-0 7.36+2.22cm 15/31 excluded
21 months
etal. Italy TACE 31 72.8+6.4 19/31 31/31 31-0-0 NA NA 24-7-0-0 6.94 + 3.34cm 13/31 excluded
2011 TACE + Adj 229 69 174/229 186/229 229-0-0 NA NA 201-28-0-0 NA NA
Kudo et al. 122/458 3 years
Japan-S. Korea TACE 229 70 168/229 191/229 229-0-0 NA NA 202-27-0-0 NA NA
Britten et 2012 TACE + Adj 15 61 (50-79) 13/15 11/15 13-2-0 NA 0-1-10-4-0 11-4-0-0 6.5+ 2.0cm 4/15 excluded
5 years
al. USA TACE 15 58 (49-75) 12/15 11/15 15-0-0 NA 0-3-10-2-0 13-2-0-0 7.4%+2.9cm 4/15 excluded
2015 TACE + Adj 16 61.1+8.0 16/16 9/16 11-5-0 NA 0-2-14-0-0 16-0-0-0 NA 9/16 NA
Pinter et al. 46 months
Austria TACE 16 61.3+8.7 13/16 5/16 11-5-0 NA 0-2-14-0-0 16-0-0-0 NA 10/16 NA
2015 TACE + Adj 61 55 (33-70) 51/61 61/61 52-9-0 NA 0-0-51-10-0 NA NA 15/61 10/61
Wang et al. 40 months
China TACE 64 55 (31-70) 55/64 64/64 54-10-0 NA 0-2-50-12-0 NA NA 26/64 12/64
2009 TACE + Adj 108 77/108 77/108 98-10-0 70-38-0 NA NA 4.9+ 1.3cm 59/108 excluded
Lietal. 48 (20-73) 3 years
China-Singapore TACE 108 74/108 86/108 99-9-0 70-38-0 NA NA 4.8+1.2cm 59/108 excluded




2014 TACE + Adj 249 57 (21-85) 206/249 207/249 239-9-1 NA 0-65-129-54-1 201-48-0-0 NA 158/249 NA
Kudo et al. 3 years
Multinational TACE 253 59 (25-85) 216/253 | 210/253 | 231-20-2 NA 0-57-150-44-2 203-50-0-0 NA 170/253 NA
2013 TACE + Adj 50 NA 39/50 42/51 40-9-0 NA 3-18-24-5-0 45-5-0-0 NA 30/50 NA
Inaba et al. 3 years
Japan TACE 51 NA 43/51 40/51 45-6-0 NA 9-13-27-2-0 49-2-0-0 NA 28/51 NA
Lencioni et 2016 DEB-TACE + Adj 154 64.5 135/154 102/154 154-0-0 NA 0-0-154-0-0 154-0-0-0 NA 154/154 excluded
800 days
al. Multinational DEB-TACE 153 63.0 126/153 95/153 153-0-0 NA 0-0-153-0-0 153-0-0-0 NA 153/153 excluded
2008 TACE + RFA 24 59.1+11.4 18/24 NA 11-5-1 NA NA NA 6.610.6 19/24 NA
Yang et al. 2 years
China TACE 11 57.6+11.8 8/11 NA 10-5-0 NA NA NA 6.4+1.0 4/11 NA
Bartolozzi 1995 TACE + PEI 26 65.3+6.2 19/26 23/26 14-12-0 NA NA NA 4.84 + 1.44cm 8/26 excluded
3 years
etal. Italy TACE 27 66.1+4.9 22/27 25/27 11-16-0 NA NA NA 5.09 £ 1.36cm 13/27 excluded
Becker et 2005 TACE + PEI 27 64 (47-76) 20/27 7/27 17-10-0 17-9-1 NA NA NA 14/27 10/27
30 months
al. Germany TACE 25 63.6(48-79) 21/25 7/25 22-3-0 19-6-0 NA NA NA 16/25 9/25
1998 TACE + PEI 50 55+18 47/50 NA 40-8-2 NA NA NA 5.2+2.3cm NA NA
Wou et al. 3 years
China TACE 52 55+16 49/52 NA 40-9-3 NA NA NA 5.242.1cm NA NA
2002 TACE + PEI 23 NA NA NA 23-0-0 NA NA NA >5cm 0/23 NA
Xu et al. 3 years
China TACE 22 NA NA NA 22-0-0 NA NA NA >5cm 0/22 NA
Yamamoto 1997 TACE + PEI 50 NA 42/50 NA 17-23-10 NA JIS NA >2cm 28/50 included
3 years
etal. Japan TACE 50 NA 45/50 NA 20-19-11 NA Stage II-IV NA >2cm 24/50 included
2009 TACE +RFA + PEI 39 53+13 NA NA 35-4-0 NA Advanced HCC NA 7.0£1.9cm NA NA
Liu et al. 2 years
China TACE 39 53+11 NA NA 32-7-0 NA Advanced HCC NA 6.912.2cm NA NA
2007 TACE + RFA 43 58.2* 32/43 NA 34-9-0 NA (Median NA Median NA excluded
Wang et al. 1year
China TACE 40 58.5*% 34/40 NA 32-8-0 NA TNM stage IlI) NA 3.0-3.5cm NA excluded
2011 TACE + RFA 23 NA NA NA NA NA Advanced HCC NA <5cm <=3 lesions 23/23
Zhao et al. 3 years
China TACE 24 NA NA NA NA NA Advanced HCC NA <5cm <=3 lesions 24/24
Huang et 2016 TACE + CRYO 60 N=29 <60y 44/60 NA 54-6-0 NA Intermediate NA 5.3%1.3cm 1/60 NA
5 years
al. China TACE 60 N=29 <60y 48/60 NA 53-7-0 NA Intermediate NA 4.9+1.2cm 0/60 NA
1995 TACE +RT 21 NA NA NA A+B NA (AJCCTNM NA NA NA excluded
Xue et al. 1vyear
China TACE 20 NA NA NA A+B NA stage Il) NA NA NA excluded
2000 TACE +RT 36 NA NA NA 36-0-0 NA (0-7-25-4) >65 9.7cm NA NA
Leng et al. 3 years
China TACE 39 NA NA NA 39-0-0 NA (0-7-29-3) 265 10.4cm NA NA
2000 TACE + RT 20 35 18/20 5/20 16(A+B) NA (0-0-14-6) NA NA 5/20 NA
Wang et al. 5 years
China TACE 20 38 19/20 5/20 18(A+B) NA (0-0-15-5) NA NA 7/20 NA
2000 TACE +RT 43 NA NA NA NA NA (AJCCTNM NA n=19 >10cm NA 11/43
Peng et al. 5 years
China TACE 48 NA NA NA NA NA stage Il) NA n=20 >10cm NA 9/48




2003 TACE + RT 41 50.3 NA NA 27-14-0 NA NA NA 3.2-11.5cm NA excluded
Lietal. 3 years
China TACE 41 51.8 NA NA 23-18-0 NA NA NA 3.6-9.0cm NA excluded
2006 TACE + 3D-CRT 49 53 32 NA 49-0-0 NA (36-13-0-0) 270 <6cm NA excluded
Zhao et al. 3 years
China TACE 47 52 28 NA 47-0-0 NA (31-16-0-0) >70 <6cm NA excluded
2007 TACE + 3D-CRT 40 52 NA 32/40 40 (A+B) NA (28-12-0-0) 270 All <6cm NA excluded
Shang et al. 3 years
China TACE 36 54 NA 30/36 36 (A+B) NA (22-14-0-0) >70 All <6cm NA excluded
2008 TACE + 3D-CRT 30 NA NA NA 19-11-0 NA (10-12-8-0) 270 2.8-14.5cm NA 13/30
Xiao et al. 3 years
China TACE 30 NA NA NA 20-10-0 NA (12-13-5-0) 270 2.5-16.0cm NA 8/30
2010 TACE + 3D-CRT 24 NA NA NA NA NA NA NA NA
Liao et al. 34-14-0 (TNM 111-1V) 3years
China TACE 24 NA NA NA NA NA NA NA NA
2006 TACE + RT 54 NA NA NA (A+B) NA (0-8-39-7) 265 n=19 >5cm 5/54 NA
Wang et al. 3 years
China TACE 54 NA NA NA (A+B) NA (0-10-38-6) 265 n=22 >5cm 4/54 NA
2012 TACE +y knife-RT 135 53 NA NA (A+B) NA NA NA NA 35/135
Zhang et al. Advanced HCC 2 years
China TACE 124 53 NA NA (A+B) NA NA NA NA 31/124




Table B. Active and control treatment received in randomized controlled trials

Conventional transarterial chemoembolization (TACE) versus best symptomatic treatment (BST)

Clinical trial

TACE protocol

Anticancer drug

Control treatment

Drug

Comments

Groupe d’Etude

Every 2m months for
a total of four courses

Cisplatin70 mg + Lipiodol10 ml +
Gelfoam particles

Pain medications and treatment of
complications

Acetaminophen or morphine, given
in doses appropriatefor pain level

Amoxicillin—clavulanicacid (3 g per
day) and metronidazole (1.5 g per
day) were administered

IV for 24h before procedure and
continuedfor 8d either IV orp.o.

Madden et al. One dose and the repeated 4w later | 5-epidoxorubicin (60 mg/mi) Symptomatic NA
if the patient still satisfied the entry emulsified in 6 ml
criteria of the trial. Lipiodol and 5 ml

meglumineiothalamate,

Pelletier et al. One dose and then treatment Doxorubicin (50 mg per course) and | Symptomatic NA
repeated at the 2nd, 6th and Gelfoam powder
12"months.

Pelletier et al. Repeated every 3m during the 1sty Cisplatin (2 mg/kg) (+lipiodol+ Tamoxifen Tamoxifen (40mg) b.i.d. 1.5 I/day of intravenous fluid
and thereafter every 4m, unless lecithin + Gelatin sponge) from24h before to 48 h after
contraindicated +Tamoxifen (40mg) b.i.d. treatment. Amoxicillin-clavulanic

acid (3 g per day) was given for 5d IV
or p.o.
Loetal. Repeated every 2 to 3m unless Cisplatin (1 mg/mL, max 30mg) + Symptomatic Treatment for symptoms and IV fluids and Amoxicillin-clavulanic
contraindicated lipiodol + gelatin-sponge mixed with complications acid (1.2 g), mannitol (20 g), and
40 mg of gentamicin. tropisetron (5 mg) given before the
procedure. After procedure,
oral amoxicillin-clavulanic acid (375
mg 3 t/d) and sucralfate (500 mg
4t/d) for 3d

Llovet et al. Baseline, 2mand 6m then every 6m. Doxorubicin adjusted to bilirubin Conservative Liver decompensation was treated No antibiotic prophylaxis given.
Treatment was discontinued if any (<25:6 umol/L, 75 mg/m2; 25-6— as in patients with non-neoplastic
exclusion criteria developed or at 51-3 umol/L, 50 mg/m2; 51-3-85-5 liver disease.
the patient’s request. Progressive umol/L, 25 mg/m2) + 10 mL lipiodol
disease led to discontinuation of + Gelfoam fragments
treatment if vascular invasion or
extrahepatic spread developed.

FFCD Every 2m until tumour stabilisation. Epirubicin 50 mg + 15 mL lipiodol+ Tamoxifen Tamoxifen daily dose of 20 mg 3-4 L/d fluids + furosemide +
After checking for absence of Gelfoam cubes + Tamoxifen daily analgesics if needed. Ceftriaxone
hepatic insufficiency, additional dose of 20 mg (2 g/d) IV 2—3d and then 7-8dp.o.
following a 2m period. Later
repeated following 4m and then
every 6m.

Mabed et al. Single session Cisplatin 50-mg + 40-mg Doxorubicin. Cycles repeated as 45 mg/m’for 4w (15 mg/m’IV on

Doxorubicin +lipiodol 10 mL mixed
with 10-mgdoxorubicin

long as dose of 500 mg/mzwas
notexceeded.

days 1,8 and 15)

Bland transarterial embolization (TAE

versus best symptomatic treatment (BST)

Clinical trial

TAE protocol

Control treatment

Drug

Comments

Lin et al.

Baseline and then every month until
no new vessel formation was found
or until technical failure,
development of extrahepatic
metastasis or other
contraindications for TAE were
encountered.

Ivalon particles and Gelfoam
powder or cubes.

1.V. 5-FU unless leukopenia,
thrombocytopenia, or other
contraindications
developed.

5-fluorouracil (1.0 g/m2 body
surface day for 5 days)

Analgesics and antibiotics were not
given routinely after TAE unless
abdominal pain or fever suggestive
of infection developed.




Bruix et al. Single session Small cubes (131 mm) of gelatin Symptomatic Pain was treated avoiding the use of | Analgesics (pentazocine or
injected until achieving absence of nonsteroidal anti-inflammatory meperidine) were administered if
flow. In patients with unilobar agents. necessary.
disease, the distal embolization with
gelatin was combined, with the
proximal placement of a steel coil.

Llovet et al. Baseline, 2 m and 6 m then every 6 Gelfoam fragments until flow Conservative Liver decompensation was treated No antibiotic prophylaxis given.

m. Treatment was discontinued if
any exclusion criteria developed or
at the patient’s request. Progressive
disease led to discontinuation of
treatment if vascular invasion or
extrahepatic spread developed.

stagnation was achieved.

as in patientswith non-neoplastic
liver disease.

Transarterialradioembolization (TARE) versus best symptomatic treatment (BST)

Clinical trial

TARE protocol

Drug

Control Treatment

Drug

Comments

Raoul et al.

Baseline and then 2, 5, 8 and 12m;
canceled or postponed in case of

131

3ml of ““liodized oil (60 mCi)

Conservative

Tamoxifen (20-40 mg/day), NSAIDs,
corticosteroids or antalgic drugs at

After the therapeutic injection, the
patients were isolated for 7

poor performance status or any days for radioprotection of other
occurrence of extrahepatic time. patients and visitors.
metastasis

Transarterialradioembolization (TARE) versus conventional transarterial chemoembolization (TACE)

Clinical trial TARE protocol Drug TACE protocol Drug Comments

Raoul et al. Baseline and then 2, 5, 8, 12, and 18 | 3 ml of “'I-labeled Lipiodol (60 mCi, Baseline and then 2, 5, 8, 12, and 18 | Cisplatinum 70 mg diluted in 140 ml Antibiotic prophylaxy using
m (If patient’s general health status 2.2 GBq). m (If patient’s general health status of saline solution and 10 ml Lipiodol. | amoxicillin and clavulanic acid was
remained satisfactory and no signs remained satisfactory and no signs Gelatin-sponge fragments were given to all patients before and after
of metastasis) of metastasis). If portal vein then injected. injections.
thrombosis no Gelatin sponge after
TACE.
Kolligs et al. Single Session Selective intraarterial implantation Repeat TACE was conducted every 6 | Epirubicin 50 mg/m?’, lipiodol
of 0.5-3 GBq 90Y-resin w until tumor enhancement was not | (median 7.0 mL) and embolizing
microspheres as a lobar, segmental observed on MRI or until agent.
treatments or whole-liver approach tumor progression was confirmed
Salem et al. Planning angiography followed by Glass microspheres Drug/lipiodol 75 mg/ m2 (maximum, 150 mg)

treatment on an outpatient
basis

(TheraSphere; BTG International,
West Conshohocken, PA) at a 120-
Gy dose

was followed by embolic
microspheres (Embospheres; Merit
Medical Systems, South Jordan, UT)

dosing

Drug-eluting beads chemoembolization (DEB-TACE) versus conventional tran

sarterial chemoembolization (TACE)

Clinical trial DEB-TACE protocol Drug TACE protocol Drug Comments
Lammer et al. Maximum of 3 chemoembolizations 4 ml DC Bead (1 vial of 300-500 Im Maximum of three doxorubicin (50-75mtoa
(at baseline, 2 months, and 4 first, followed by 1 vial of 500-700 chemoembolizations (at baseline, 2 maximum of 150 mg, adjusted
months) Im) loaded with doxorubicin (150 months, and 4 months) for bilirubin concentration and body
mg per procedure) mixed with surface area) in lipiodol followed by
nonionic contrast medium. Lipiodol particle embolization with an
was not used embolic agent
Sacco et al. 1.1 cycles 2—-4 mL of DC Bead (100-300um 1.4 cycles Doxorubicin (50-75 mg; mean, 57.0 Performed under local analgesia,
particle size) loaded with mg) and Lipiodol (10-25 mL; mean, with antibiotic prophylaxis
Doxorubicin (50 mg per vial; range, 16.6 mL), followed by selective (ceftriaxone 1 g on days 0, 1, and 2)
25-150 mg; mean, 55 mg). arterial embolization with gelatin and antiemetic medications
sponge particles
Malenstein et al. N/A 1 vial of 25 mg dry microspheres N/A 2 syringes ( 5 ml NaCl 0.9%, 2.5 ml No prophylactic antibiotics were

with a nominal diameter of 50-100

lipiodol and 1.25 mg doxorubicin),

used.




um was mixed with doxorubicin and
dissolved in 10 ml NaCl 0.9% and 10
ml of contrast medium.

and 1 infusion unit containing the
remaining amount of doxorubicin
dissolved in NaCl 0.9%.

Golfieri et al.

Repeated ‘on demand’ upon
demonstration of a persistent viable
tumour (i.e.the absence of complete
response (CR)) or intra-hepatic distal
recurrence at imaging follow-up,
provided that liver function had

not deteriorated

DC-Beads 100—300 mm (each vial
was loaded with 50 mg of a
doxorubicin solution).

Repeated ‘on demand’ upon
demonstration of a persistent viable
tumour (i.e.the absence of complete
response (CR)) or intra-hepatic distal
recurrence at imaging follow-up,
provided that liver function had

not deteriorated

Epirubicin manually emulsified with
iodised oil in a proportion of 1 to

1 vial (50 mg of drug with 10 ml of
Lipiodol) to a maximum
administered dose of 75 mg,
followed by embolisation with
absorbable gelatin sponge particles

Bland transarterial embolization (TAE

versus conventional transarterial chemoembolization (TACE)

Clinical trial

TAE protocol

TACE protocol

Drug

Comments

Chang et al. Every 2-3 months until there was no Lipiodol + gelfoam particles Every 2-3 months until there was no | Cisplatin (50 mg) + Lipiodol +
visible tumor, or the patient could visible tumor, or the patient could Gelfoam particles
not sustain further TAE, or the not sustain further TAE, or the
patient died. patient died.
Kawai et al. After 4™ week could receive Lipiodol + Gelatin sponge After 4™ week could receive Adriamycin 40 mg/m2 + Lipiodol +
additional treatment. additional treatment. Gelatin sponge
Meyer et al. Repeated up to 3 times at 3-week, Polyvinyl alcohol particles (PVA) 50— | Repeated up to 3 times at 3-week Cisplatin (50 mg in 50 ml) + 4-6h Prophylactic antibiotics were
and after that up to investigator’s 150 mm. intervals unless haematological later Polyvinyl alcohol particles administered to reduce the risk of
discretion. toxicity or if they experienced any (PVA) 50-150 mm. infection
grade IV non haematological
toxicity. TAE could continue after
that and was up to investigator’s
discretion.
Yu et al. Two treatment sessions conducted Ethiodized oil-ethanol Two treatment sessions conducted Cisplatin—ethiodized oil emulsion Prophylactic antibiotic was not given

2 months apart

solution

2 months apart

(0.5 mg cisplatin/ml), followed by
1mm of gelatin-sponge pellets/ml)

Drug-eluting beads chemoembolization (DEB-TACE) versus bland transarterial embolization (TAE)

Clinical trial DEB-TACE protocol Drug TAE protocol Comments
Malagari et al. Every 2 months, to a max of 3 DC Beads loaded with Doxorubicin Every 2 months, to a max of 3 Bead Block

at 37.5 mg/ml of bead suspension

(intention to administer 150 mg of

Doxorubicin)
Brown et al. A median of two embolizations Doxorubicin 150 mg onto 4 or 6 ml A median of two embolizations Bead Block

of LCB microspheres (37.5 or 50

mg/mL), depending on assessment

of a combination of tumor volume

and vascularity
Drug-eluting beads chemoembolization (DEB-TACE) versus transarterialradioembolization (TARE)
Clinical trial DEB-TACE protocol Drug TARE protocol Drug Comments
Pitton et al. TACE was repeated every 6 w until Doxorubicin 150 mg per session on TARE could be repeated once Angiography of the hepatic artery Patients with crossover from TACE

no more viable tumour was
detected by MRI. If
contraindications appeared,
crossover to SIRT was possible
according to the protocol.

drug-eluting beads (100-300 um).

according to the study protocol. In
cases with contraindications,
crossover to TACE was permitted.

and protective coiling of side
branches + 150 MBgq 99mTc-MAA
(macroaggregated albumin) + Resin-
based 90Y loaded microparticles
performed in a lobar approach. In
case of bilobar tumor spread,
treatment was split in two sessions

to SIRT were not censored.

Conventional transarterial chemoembolization (TACE) plus adjuvant systemic therapy versus conventional transarte|

rial chemoembolization (TACE)

Clinical trial

TACE protocol

Anticancer drug-Adjuvant therapy

TACE protocol

Anticancer drug

Comments

Sansonno et al.

Repeated at intervals of 4—6w until

TACE + Sorafenib (400mg/twice

Repeated at intervals of 4—6w until

TACE + Placebo




complete necrosis of tumor
detected.

Sorafenib administration was
stopped following evidence of
tumor progression.

daily) 30 days after TACE

complete necrosis of tumor
detected.

TACE: Doxorubicin (30 mg) and
mitomycin C (10mg) with 10 mL of
iodinated nonionic contrast media
and 20mL Lipiodol

Kudo et al. Trial was divided into 28-day cycles. TACE + Sorafenib (400mg/ twice Trial was divided into 28-day cycles TACE + Placebo Dose reductions (first 400 mg qd,
daily) TACE: Gelatin foam + lipiodol + then 400 mg qod) were allowed for
Chemotherapeutic (epirubicin, drug-related toxicity
cisplatin, doxorubicin, mitomycin)
Britten et al. Day 8 and after once more in 14" TACE + Bevacizumab: 10 mg/kg IV Day 8 and after once more in 14" TACE: doxorubicin 25 mg/m2 + Cross-Over to Bevacizumab was
week. on day 1, one week prior to the first week. lipiodol + cisplatin 50 mg/m2 + allowed If progressive disease
TACE. Post-TACE 10 mg/kg every 2 mitomycin-C 5 mg/m” + by 16" Week. No placebo.
weeks, as Embosphere® microspheres. Stump
long as serum transaminases had occlusion of segmental or
returned to pre-TACE levels, or subsegmental feeding branches was
within normal range performed with microfibrillar
collagen
Pinter et al. TACE was repeated twice at 4-week TACE + Bevacizumab: 5 mg/kg IV TACE was repeated twice at 4-week TACE + Placebo (saline infusion)
intervals if it was technically feasible | prior to the first TACE (same day) intervals if it was technically feasible | TACE: doxorubicin 75, 50, or 25 mg/
and if contrast enhancement of and every 14 days thereafter for 52 and if contrast enhancement of m’ adjusted for a serum bilirubin
nodules was present at follow-up weeks. nodules was present at follow-up level of less than 1.5 mg/dL, 1.5-3.0
Imaging. Imaging. mg/dL, or greater than 3.0 mg/dL +
lipiodol (1:1 ratio) in a total volume
of 20 mL, + Bead Block
Wang et al. 4 courses of As203 therapy (21d of TACE + Arsenic trioxide (As,03): 10 TACE 2 times at the same interval TACE: Oxaliplatin (100 mg) + 30 to
treatment per course 2-week mg/d IV (drip at least 4h). period with other group. 50 mg of Epirubicin + 2 to 10 mL of
interval) + TACE twice within the Lipiodol +Gelatin sponge.
courses of As203 therapy
Li M et al. TACE: Baseline, at week 5 and at TACE + IFN-alb: 3mu, 3 times a Baseline, at week 5 and at week 13. TACE: Cisplatin (50 mg) + Lipiodol Management of IFN-alb toxicity
week 13. week M. (10ml) + Gelatin sponge particles Influenza-like syndromes:
IFN-alb: One week after each TACE, acetaminophen.
stopping one week before the next. Leucocytopenia (< 2500 X 109/1) and
Stopped if recurrence occurred and thrombocytopenia (< 40 X 109/1): 20
if haematological disorders lasted mg Leucogen + 50 mg Batilol three
>4weeks times a day.
Kudo et al. TACE: Once or twice TACE (or DEB TACE) + Brivanib: Once or twice TACE (or DEB TACE) + Placebo Treatment interruptions and dose
Brivanib: 28-day cyces 800mg once daily p.o. (b/w 2-21d TACE: single anticancer agent + reductions (first 400 mg qd, then
after TACE) lipiodol + embolization agent or 400 mg qod) were allowed for drug-
DEB + single anticancer agent related toxicity
Inaba et al. TACE: performed once TACE + TSU-68 200 mg twice daily Performed once TACE: epirubicin + lipiodol + gelatin No placebo given

TSU-68: Discontinued when
radiological progression observed or
the occurrence of unacceptable
adverse events.

(within 2w from TACE)

sponge

Drug-eluting beads chemoembolization (DEB-TACE) plus adjuvant systemic therapy versus Drug-eluting beads chemoembolization (DEB-TACE)

Clinical trial

DEB-TACE protocol-Anticancer Drug

Adjuvant systemic therapy

DEB-TACE protocol

Comments

Lencioni et al

Sorafenib: 4-week cycles

TACE treatments were performed
on day 1 (+4 days) of cycles 3, 7, and
13 and every 6 cycles thereafter.

Sorafenib 400 mg twice daily
continuously

TACE treatments were performed
on day 1 (4 days) of cycles 3, 7, and
13 and every 6 cycles thereafter.

DEB-TACE: Doxorubicin 150mg, 300-
500 um beads (3-7 days after
placebo) + Placebo

Treatment interruptions and up to
two dose reductions were permitted
for drug-related adverse events

Conventional transarterial chemoembolization (TACE) plus local tumour ablation versus conventional transarterial chemoembolization (TACE)

Clinical trial

TACE protocol — Anticancer drug

| Tumour ablation technology

‘ TACE protocol

Anticancer drug

Comments




Yang et al.

TACE: 1-3 treatments; if not
improved RFA after 1 week

RFA Power: 100 W, Frequency
30/sec

3-7 times per patient.

Epirubicin (30-50mg) +
Hydroxycamptothecin (15-20mg) +
Lipiodol + Gelatin sponge (15-30ml)

Bartolozzi et al.

One TACE + Ethanol Injection 3-4w
later in 6-16 sessions (1-2/week)

Ethyl Alcohol 95% (sterile): 16-
215ml

TACE: 2 sessions in 3-m interval

TACE: Doxorubicin (20-70mg) +
lipiodol (5-20ml) + gelatin sponge

Becker et al. TACE: Every 2-6w and then Ethyl Ethyl Alcohol 96% (sterile): 1-10ml TACE: Every 2-6w TACE: Mitomycin C (10 mg) +
Alcohol 10d after each TACE session Lipiodol (10mL) + Gelatin-sponge
(6-12 injections per lesion 1-6 d particles
apart) until: no viable tumor,
contraindications, patient’s death
Wu et al. N/A Intratumour Ethyl Alcohol/Lipiodol N/A N/A
Xu et al. N/A Percutaneous ethanol injection N/A N/A
Yamamoto et al. N/A Percutaneous ethanol injection N/A N/A
Liu et al. N/A Ethyl Alcohol + RFA N/A N/A
Wang et al. One TACE then RFA every 2-3w RFA: 460-KHz generator. Electrode TACE every 4w TACE: Epirubicin-adriamycin (E-ADM
consisted of 9 hook-shaped prongs 60-80 mg)+ Cisplatin 80-100 mg +
and is able to ablate a Mitomycin-C (8—10 mg) + Lipiodol +
5.0 cm region. Tumors >3.5 cm were Gelatin sponge particles
treated with multiple overlapping
ablations
Zhao et al. N/A RFA N/A N/A
Huang et al. Argon-helium cryoablation Platinum 25-50mg + Adriamycin 10- Conventional TACE. Repeat monthly | Platinum 25-50mg + Adriamycin 10- CT-guided cryoablation for 10-

combined with TACE. Repeat
monthly if patient survival.

40mg + iodine oil 10-20ml

if patient survival.

40mg + iodine oil 10-20ml

15min (down to -140°C) after TACE

Conventional transarterial chemoembolization (TACE) plus external radiotherapy versus conventional transarterial chemoembolization (TACE)

Clinical trial TACE protocol — Anticancer drug Radiotherapy protocol TACE protocol Drug Comments
Xue et al. Radiotherapy after TACE once daily Moving Strip: Fraction 1.5-2Gy N/A TACE: ADM (20mg) + 5-Fu (1.0g) +
over 5-6w Lipiodol
Leng et al. N/A Radiotherapy N/A N/A
Wang et al. TACE: Every 4, 6, and 8 weeks. Whole-liver irradiation with the Every 4, 6, and 8 weeks. TACE: Cisplatinum (60mg) + A third group receiving only
Radiotherapy: 1/d 5/w (2w after moving strip technique (150— Adriamycin (40mg) + Mitomycin, Radiotherapy was also recruited
TACE). 180cGy), when the tumor dose at (10mg) or Floxuridine (1000mg) +
the center section reached 20— Lipiodol (2-10ml of 40%) +
25Gy, the residual foci, as localized pledgets of gelatin sponge.
by ultrasonography, were treated
with local small-field irradiation,
150-180 cGy to a dosage of 20—
25@Gy, boosting the total tumor dose
to 50Gy
Peng et al. TACE: PDD (20-40mg) + Adriamycin | 120Gy per fraction, two fractions TACE: PDD (20-40mg) + Adriamycin
(40-80mg) + Mitomycin (10-20mg) + | per day with 6 hours. Total dose 4- (40-80mg) + Mitomycin (10-20mg) +
5- FU (1000-1500mg) + Lipiodol 5Gy in 3-4 weeks 5- FU (1000-1500mg) + Lipiodol
(40% <20mL) + Gelatin sponge (40% <20mL) + Gelatin sponge
Lietal. 2 TACE cycles with interval of 1 Tumor dose: 45Gy delivered in daily | 2 TACE cycles with interval of 1 TACE: Mitomycin-C (6 mg/m?) + 5- Whole liver irradiation was always

month and then 3D-CRT was
started at an interval of 10 to 14d
after the 2" cycle of TACE

fractions of 1.8 Gy, and then
another 5.4 Gy were boosted with A
shrinkage technique based on CT
scan in 1.8 Gy per fraction.

The total dose was 50.4 Gy in 28
fractions

month

FU (1000 mg/m?), and cisplatin (40
mg/m?) + Lipiodol (8-20 mL) +
Doxorubicin (30 mg/m?) + Gelatin
sponge particle.

avoided




Zhao et al. 3D-CRT after TACE every two days 3D-CRT: Fraction 4-5Gy N/A TACE: 5-Fu (0.75 g) + DDP (40mg) +
over 2-3w HCPT (15 mg) + Lipiodol (20 ml)
Shang et al. 3D-CRT after TACE once daily over 3D-CRT: Fraction 2.0Gy N/A TACE: 5-Fu (1.0 g) + DDP (40-60mg)
5—6w + EPI-ADM (60mg) + MMC (10—
20mg) + Lipiodol (5-20 ml) + Gelatin
sponge
Xiao et al. 3D-CRT 7-21d after TACE 3D-CRT: Fraction 5Gy N/A TACE: DDP (100mg) + 5-Fu (1.0mg) +
EPI-ADM (50-100mg) + LP (10-30mL)
+ Gelatin sponge 1-2mm
Liao et al. N/A 3D-CRT N/A N/A
Wang et al. Moving Strip: twice daily over 4-6w | Moving Strip: Fraction 1.15-1.4Gy N/A TACE: 5-Fu (1.0g) + DDP (60 mg) +
ADM (50 mg)
Zhang et al. 3D-CRT 28-36d after TACE 3D-CRT: Fraction 4-5Gy N/A TACE: Oxaliplatin (100mg/m2) +

Epirubicin (30mg/m?) + Lipiodol (10-
20mL)




Table C. Inconsistency analysis of treatment effects (random effects models - 95% Crl)

Comparison

Consistency model

Unrelated mean effects

SERIOUS ADVERSE EVENTS

Control versus TACE

0.068 (0.015-0.214)

0.073 (0.015-0.247)

TARE versus TACE

0.431 (0.107-1.879)

0.399 (0.089-1.869)

TACE + ablation versus TACE

0.790 (0.136-4.706)

0.800 (0.128-5.0.38)

TAE versus DEB-TACE

0.932 (0.282-3.206)

0.805 (0.141-4.486)

TAE versus TACE

1.040 (0.368-3.095)

0.992 (0.268-3.751)

DEB-TACE versus TACE

1.115 (0.373-3.386)

1.012 (0.260-3.975)

DEB-TACE+adjuvant versus DEB-TACE

2.207 (0.246-20.08)

2.202 (0.220-22.24)

TACE+RT versus TACE

3.598 (0.328-41.60)

3.550 (0.293-45.65)

TACE + adjuvant versus TACE

4.674 (1.836-12.02)

4.665 (1.766-12.50)

OBJECTIVE RESPONSE

Control versus TACE

0.072 (0.032-0.144)

0.113 (0.049-0.232)

TAE versus DEB-TACE

0.932 (0.530-1.630)

0.703 (0.319-1.531)

TAE versus TACE

1.165 (0.776-1.824)

1.112 (0.694-1.789)

DEB-TACE versus TACE

1.249 (0.761-2.155)

1.073 (0.588-1.946)

TACE + adjuvant versus TACE

1.339 (0.865-2.248)

1.331 (0.886-2.176)

DEB-TACE+adjuvant versus DEB-TACE

1.422 (0.618-3.309)

1.430 (0.646-3.149)

TARE versus TACE

1.926 (0.769-4.969)

1.892 (0.774-4.740)

TACE + RT versus TACE

3.775 (2.551-5.579)

3.770 (2.575-5.518)

TACE + ablation versus TACE

10.19 (5.524-19.27)

10.20 (5.595-19.01)

PATIENT SURVIVAL

TACE versus Control

0.764 (0.641-0.911)

0.786 (0.646-0.955)

TAE versus Control

0.666 (0.522-0.845)

0.740 (0.488-1.117)

TARE versus Control

0.571 (0.401-0.814)

0.320 (0.169-0.611)

TAE versus TACE

0.870 (0.711-1.065)

0.813 (0.636-1.041)

TARE versus TACE

0.748 (0.537-1.045)

0.909 (0.575-1.440)

DEB-TACE versus TACE

0.881 (0.645-1.200)

0.991 (0.639-1.536)

TACE + adjuvant versus TACE

0.905 (0.803-1.031)

0.905 (0.805-1.036)

TACE + ablation versus TACE

0.545 (0.458-0.649)

0.549 (0.452-0.664)

TACE + RT versus TACE

0.603 (0.529-0.687)

0.603 (0.530-0.686)

DEB-TACE versus TAE

1.012 (0.738-1.388)

0.920 (0.593-1.423)

DEB-TACE versus TARE

1.178 (0.765-1.823)

1.054 (0.365-3.028)

DEB-TACE+adjuvant versus DEB-TACE

0.897 (0.588-1.369)

0.897 (0.591-1.367)




Table D. Heterogeneity and model fit (95% Credible Intervals)

Endpoint Model Heteroheneity I° Residual DIC
(95%CI) deviance statistic
Serious Fixed effects (67 arms) 39.711 385.534
Adverse Events Random effects 1.01 (0.61-1.64) 53.824 325.631
Objective Fixed effects (79 arms) 47.194 434.144
Response Random effects 0.29 (0.03 - 0.63) 55.535 432.936
Patient Fixed effects (105 arms) 9.959 20.658
Survival Random effects 0.06 (0.001 -0.17) 14.081 23.252

Table E. Meta-regression analysis with arandom effects models (95%Crl)

Endpoint

Covariate

Regression coefficient

Serious adverse events

Publication year

-0.050 ((-0.278) — 0.134

Patient age

0.103 ((-0.125) — 0.338

Male gender

-4.121 ((-16.74) — 8.043

Child-Pugh A stage

-4.006 ((-13.15) — 3.239

Multinodular HCC

27.35 (9.329 — 49.66)

Follow-up period

-0.311 ((-1.295) — 0.507

Objective response

Publication year

-0.119 ((-0.268) — 0.010)

Patient age

0.071 ((-0.057) — 0.195)

Male gender

0.387 ((-7.583) — 8.740)

Child-Pugh A stage

-2.883 ((-7.111) — 0.946)

Multinodular HCC

61.13 (17.76 — 128.4)

Follow-up period

0.516 ((-0.076) — 1.161

Patient survival

Publication year

0.004 ((-0.020) — 0.030)

Patient age

0.012 ((-0.019) — 0.043)

Male gender

-0.506 ((-2.643) — 1.584)

Child-Pugh A stage

-0.002 ((-0.009) — 0.005)

Multinodular HCC

2.914 ((-0.565) — 6.306)

Follow-up period

0.049 ((-0.060) — 0.158)




SERIOUS ADVERSE EVENTS - Fixed Effects - LEAGUE TABLE

TACE+adjuv
1.02
(0.20 - 3.13) TACE+RT
153 1.50 .
(0.73-3.20) (0.41—6.24) |PEB-TACE+adjuv
3.38 331 2.20
(1.99 - 5.73) (1.01 — 12.48) (1.32-3.71) DEB-TACE
361 353 2.36 1.07 TACE
(2.81 - 4.67) (1.19 - 12.21) (1.18 — 4.74) (0.67 — 1.70)
3.79 372 2.48 1.12 1.05 AR
(2.24 — 6.46) (1.14 - 14.00) (1.21-5.12) (0.68 — 1.86) (0.66 — 1.68)
4.93 4.86 3.22 1.46 1.36 1.30 .
(1.77 - 14.02) (1.10 - 23.82) (0.96 — 11.00) (0.49 — 4.45) (0.51 - 3.77) (043-397) | 'ACEtablation
13.77 13.58 9.00 4.08 3.81 3.63 2.80 TARE
(673-29.24) | (3.74-56.17) | (3.42-24.18) (1.80 —9.51) (1.95-7.75) (1.60 — 8.43) (0.83 — 9.49)
27.37 27.07 17.92 8.12 7.56 7.22 5.58 1.99 Control
(13.87-57.70) | (7.57-111.20) | (7.05-47.51) | (3.75-18.65) | (4.05-15.29) | (3.37-16.37) | (1.69—18.68) (0.78 —5.17)




SERIOUS ADVERSE EVENTS - Random Effects - LEAGUE TABLE

TACE+adjuv
1.30
(0.10—17.21) TACE+RT
1.90 147 .
(0.14 — 26.14) (0.05_45.04) |PEB-TACE+adjuv
4.20 3.24 221
(098-17.78) | (0.23-47.30) | (0.25-20.03) DEB-TACE
4.52 3.48 237 1.07 A
(1.07-1813) | (0.24-49.07) | (0.19—28.58) (0.31 — 3.55)
4.67 3.60 2.46 1.12 1.04 TACE
(1.84-12.02) | (0.33-4160) | (0.21—29.16) (0.37 — 3.39) (0.37 — 3.10)
5.91 455 3.10 1.40 1.31 1.26 .
(079-4333) | (023-9234) | (0.15-63.65) | (0.17-11.25) | (0.17 —10.40) (0.21-7.35 | ACEtablation
10.85 8.38 571 2,59 2.41 232 1.84 TARE
(1.90-57.64) | (049-13590) | (0.32-9516) | (0.41-1528) | (0.40—13.98) (0.53 - 9.35) (0.18 — 17.59)
68.51 53.10 35.80 16.33 15.15 14.63 11.70 6.35 control
(16.21-426.00) | (4.03—1016.00) | (2.76—726.30) | (3.58—110.68) | (3.60—100.15) | (4.67—67.70) | (1.50-128.70) | (1.11—5559)




OBJECTIVE RESPONSE - Fixed Effects — LEAGUE TABLE

TACE+ablation

2.80
(1.54 — 5.25) TACE+RT
6.20 221 DEB-
(2.80 — 13.92) (112 - 4.32) TACE-+adjuv
5.78 2.06 0.93
(2.14 — 15.46) (0.84 — 4.94) (0.33 - 2.58) TARE
8.48 3.03 1.37 1.47 .
(4.77 — 15.49) (2.05 — 4.48) (0.72 - 2.62) (0.63 — 3.54) TACE+adjuv
8.81 3.15 1.43 153 1.04
(4.71 - 16.94) (1.97 - 5.02) (0.88 —2.32) (0.62 - 3.82) (0.68 — 1.60) DEB-TACE
9.47 3.38 153 164 112 1.07 TAE
(5.15 — 17.89) (2.18 — 5.26) (0.81 - 2.90) (0.68 — 4.04) (0.75 - 1.67) (0.71 - 1.63)
10.63 3.80 172 1.84 1.26 121 1.12 TACE
(6.34 — 18.51) (2.81 - 5.16) (0.95 - 3.14) (0.81 - 4.29) (0.98 — 1.60) (0.85 - 1.72) (0.82 — 1.55)
145.40 51.58 23.48 25.25 17.05 16.43 15.26 13557 Control
(62.64 — 366.60) | (25.07-117.00) | (9.71-60.58) | (8.72—77.64) | (8.48-37.86) | (7.89-37.44) | (7.77-33.26) | (7.08-29.05)




OBJECTIVE RESPONSE - Random Effects — LEAGUE TABLE

TACE+ablation

2.70
(1.30 — 5.70) TACE+RT
5.31 1.96
(1.70-16.29) | (0.70—5.34) TARE
5.75 213 1.08 DEB-
(1.72-18.02) | (0.71-594) (0.28 — 4.15) TACE+adjuv
757 2.82 143 132 .
(3.37 - 16.45) (1.46 — 5.01) (0.50 — 4.02) (0.44 —3.91) UAGS LY
8.16 3.02 1.54 142 1.08
(356-18.27) | (1.54—-567) (0.53 — 4.46) (0.62 - 3.31) (0.54—2.19) DEB-TACE
8.74 3.23 1.65 152 115 1.07 AR
(4.05-18.68) | (1.78-5.66) (0.60 — 4.60) (0.56 —4.18) (0.62 -2.19) (0.61—1.87)
10.19 3.78 1.93 1.78 1.34 1.25 117 ACE
(552-19.27) | (2.55-5.58) (0.77 - 4.97) (0.68 —4.92) (0.87 —2.25) (0.76 — 2.16) (0.78 —1.82)
142.00 52.39 26.95 24.83 18.72 17.44 16.18 13.85 Control
(55.92 - 395.40) | (23.60—128.90) | (8.44-93.81) | (7.78-8897) | (8.25-49.32) | (7.59-4552) | (7.78-38.77) | (6.91—31.32)




PATIENT SURVIVAL - Fixed Effects - LEAGUE TABLE

TACE+ablation

0.90

(0.74—-1.11) TACE+RT
0.73 0.81
(051-1.05) | (0.57—1.14) TARE
0.69 0.76 0.94 DEB-
(041-116) | (046-128) | (053—167) |TACE+adjuvant
0.63 0.69 0.86 0.91 TAE
(049-0.81) | (0.55-0.87) | (0.59—1.24) | (0.55—1.49)
0.62 0.69 0.85 0.89 0.99
(0.44—087) | (0.50-095) | (056-129) | (061-133) | (0.73—134) | PEBTACE
0.61 0.67 0.83 0.88 0.97 0.97 .
(051-072) | (058-077) | (060-1.15) | (053-144) | (0.79-118) | (0.72—133) | ACE+adjuvant
055 0.60 0.75 0.79 0.87 0.88 0.90 ACE
(046-064) | (0.53-068) | (054—103) | (048-129) | (0.72-1.05) | (0.65-1.19) | (0.84-0.96)
0.42 0.46 057 0.60 0.67 0.67 0.69 076 Control
(033-053) | (0.38-057) | (0.40-0.80) | (0.36—1.01) | (0.53-0.84) | (0.48-0.94) | (0.58-0.83) | (0.65-0.90)




PATIENT SURVIVAL - Random Effects — LEAGUE TABLE

TACE+ablation

0.90
(0.72-1.12) TACE+RT
0.73 0.81
(050—1.06) | (0.56—1.15) TARE
0.69 0.76 0.94 DEB-
(040-1.19) | (045-130) | (052-1.72) |TACE+adjuvant
0.63 0.69 0.86 0.91 TAE
(048-082) | (0.55-0.88) | (0.59-126) | (0.53—1.54)
0.62 0.68 0.85 0.90 0.99
(0.43-0.88) | (0.49-096) | (055-131) | (059-137) | (072—136) | PEBTACE
0.60 0.67 0.83 0.87 0.96 0.97 .
(049-074) | (056-079) | (058-1.18) | (050—149) | (0.75-122) | (069—135) | ACEFadjuvant
0.54 0.60 0.75 0.79 0.87 0.88 0.90 TACE
(046-0.65) | (0.53-069) | (054-105) | (047-133) | (0.71-107) | (065-120) | (0.80—1.03)
0.42 0.46 057 0.60 0.66 0.67 0.69 0.76 Control
(032-053) | (0.37-057) | (0.40-081) | (0.35-104) | (0.52-0.85) | (048—-095) | (0.56—0.86) | (0.64—0.91)
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Abstract: Background: The optimal transcatheter embolization strategy for patients with
unresectable hepatocellular carcinoma (HCC) remains elusive. We conducted a
systematic review and network meta-analysis (NMA) of different embolization options
for unresectable HCC.

Methods: Medical databases were searched for randomized controlled trials evaluating
bland transarterial embolization (TAE), conventional TACE, drug-eluting bead
chemoembolization (DEB-TACE), or transarterial radioembolization (TARE), either
alone or combined with adjuvant chemotherapy, or local liver ablation, or external
radiotherapy for unresectable HCC up to June 2017. Random effects Bayesian models
with a binomial and normal likelihood were fitted (WinBUGS). Primary endpoint was
patient survival expressed as hazard ratios (HR) and 95% credible intervals. An
exponential model was used to fit patient survival curves. Safety and objective
response were calculated as odds ratios (OR) and accompanying 95% credible
intervals. Competing treatments were ranked with the SUCRA statistic. Heterogeneity-
adjusted effective sample sizes were calculated to evaluate information size for each
comparison. Quality of evidence (QoE) was assessed with the GRADE system
adapted for NMA reports. All analyses complied with the ISPOR-AMCP-NCP Task
Force Report for good practice in NMA.

Findings: The network of evidence included 55 RCTs (12 direct comparisons) with
5,763 patients with preserved liver function and unresectable HCC (intermediate to
advanced stage).All embolization strategies achieved a significant survival gain over
control treatment (HR range, 0.42-0.76; very low-to-moderate QoE). However, TACE,
DEB-TACE, TARE and adjuvant systemic agents did not confer any survival benefit
over bland TAE alone (moderate QoE, except low in case of TARE).There was
moderate QoE that TACE combined with external radiation or liver ablation achieved
the best patient survival (SUCRA 86% and 96%, respectively).Estimated median
survival was 13.9 months in control, 18.1 months in TACE, 20.6 months with DEB-
TACE, 20.8 months with bland TAE, 30.1 months in TACE plus external radiotherapy,
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Opposed Reviewers:
Response to Reviewers:
Additional Information:
Question

Financial Disclosure

Please describe all sources of funding
that have supported your work. This
information is required for submission and
will be published with your article, should
it be accepted. A complete funding
statement should do the following:

Include grant numbers and the URLs of
any funder's website. Use the full name,
not acronyms, of funding institutions, and
use initials to identify authors who
received the funding.

Describe the role of any sponsors or
funders in the study design, data
collection and analysis, decision to
publish, or preparation of the manuscript.
If the funders had no role in any of the
above, include this sentence at the end of
your statement: " The funders had no role
in study design, data collection and
analysis, decision to publish, or
preparation of the manuscript."

However, if the study was unfunded,
please provide a statement that clearly
indicates this, for example: " The author(s)
received no specific funding for this work."

and 33.3 months in TACE plus liver ablation. TARE was the safest treatment (SUCRA
77%), however, all examined therapies were associated with a significantly higher risk
of toxicity over control (OR range, 6.35 to 68.5). TACE, DEB-TACE, TARE and
adjuvant systemic agents did not improve objective response over bland embolization
alone (OR range, 0.85 to 1.65). There was clinical diversity among included
randomized controlled trials, but statistical heterogeneity was low.

Conclusions: Chemo- and radio-embolization for unresectable hepatocellular
carcinoma may improve tumour objective response and patient survival, but are not
more effective than bland particle embolization. Chemoembolization combined with
external radiotherapy or local liver ablation may significantly improve tumour response
and patient survival rates over embolization monotherapies. Quality of evidence
remains mostly low to moderate because of clinical diversity.

Systematic review registration: CRD42016035796
(http://www.crd.york.ac.uk/PROSPERO)

Konstantinos Katsanos, M.Sc., M.D., Ph.D., E.B.I.R.
Panagiotis Kitrou

Stavros Spiliopoulos

loannis Maroulis

Theodore Petsas

Dimitris Karnabatidis

Please refer to attached letter outlining our point-by point response.

Response

The author(s) received no specific funding for this work.
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Competing Interests The authors have declared that no competing interests exist.

You are responsible for recognizing and
disclosing on behalf of all authors any
competing interest that could be
perceived to bias their work,
acknowledging all financial support and
any other relevant financial or non-
financial competing interests.

Do any authors of this manuscript have
competing interests (as described in the
PLOS Policy on Declaration and
Evaluation of Competing Interests)?

If yes, please provide details about any
and all competing interests in the box
below. Your response should begin with
this statement: | have read the journal's
policy and the authors of this manuscript
have the following competing interests:

If no authors have any competing
interests to declare, please enter this
statement in the box: "The authors have
declared that no competing interests
exist."

* typeset
Ethics Statement N/A

You must provide an ethics statement if
your study involved human participants,
specimens or tissue samples, or
vertebrate animals, embryos or tissues.
All information entered here should also
be included in the Methods section of your
manuscript. Please write "N/A" if your
study does not require an ethics
statement.

Human Subject Research (involved
human participants and/or tissue)

All research involving human participants
must have been approved by the authors'
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according to the principles expressed in
the Declaration of Helsinki. Informed
consent, written or oral, should also have
been obtained from the participants. If no
consent was given, the reason must be
explained (e.g. the data were analyzed
anonymously) and reported. The form of
consent (written/oral), or reason for lack of
consent, should be indicated in the
Methods section of your manuscript.

Please enter the name of the IRB or
Ethics Committee that approved this study
in the space below. Include the approval
number and/or a statement indicating
approval of this research.

Animal Research (involved vertebrate
animals, embryos or tissues)

All animal work must have been
conducted according to relevant national
and international guidelines. If your study
involved non-human primates, you must
provide details regarding animal welfare
and steps taken to ameliorate suffering;
this is in accordance with the
recommendations of the Weatherall
report, "The use of non-human primates in
research." The relevant guidelines
followed and the committee that approved
the study should be identified in the ethics
statement.

If anesthesia, euthanasia or any kind of
animal sacrifice is part of the study,
please include briefly in your statement
which substances and/or methods were
applied.

Please enter the name of your Institutional
Animal Care and Use Committee (IACUC)
or other relevant ethics board, and
indicate whether they approved this
research or granted a formal waiver of
ethical approval. Also include an approval
number if one was obtained.
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Please indicate the name of the institution
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Data Availability Yes - all data are fully available without restriction

PLOS journals require authors to make all
data underlying the findings described in
their manuscript fully available, without
restriction and from the time of
publication, with only rare exceptions to
address legal and ethical concerns (see
the PLOS Data Policy and FAQ for further
details). When submitting a manuscript,
authors must provide a Data Availability
Statement that describes where the data
underlying their manuscript can be found.

Your answers to the following constitute
your statement about data availability and
will be included with the article in the
event of publication. Please note that
simply stating ‘data available on request
from the author’ is not acceptable. /f,
however, your data are only available
upon request from the author(s), you must
answer “No” to the first question below,
and explain your exceptional situation in
the text box provided.

Do the authors confirm that all data
underlying the findings described in their
manuscript are fully available without
restriction?

Please describe where your data may be All raw data is contained in the tables and figures of the submitted manuscript.
found, writing in full sentences. Your

answers should be entered into the box

below and will be published in the form

you provide them, if your manuscript is

accepted. If you are copying our sample

text below, please ensure you replace any

instances of XXX with the appropriate

details.

If your data are all contained within the
paper and/or Supporting Information files,
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For example, “All relevant data are within
the paper and its Supporting Information
files.”

If your data are held or will be held in a
public repository, include URLs,
accession numbers or DOls. For example,
“All XXX files are available from the XXX
database (accession number(s) XXX,
XXX)." If this information will only be
available after acceptance, please
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to provide details of access elsewhere,
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“Data are available from the XXX
Institutional Data Access / Ethics
Committee for researchers who meet the
criteria for access to confidential data.”

“Data are from the XXX study whose
authors may be contacted at XXX.”
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Additional data availability information: Tick here if your circumstances are not covered by the questions above and you need
the journal’s help to make your data available.
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Cover Letter

To: Editor in Chief
PLoS ONE Editorial Office London, August 19th, 2017
Dear Editor,

We would like to thank you and the expert referees once again for the time and effort
spent and their interesting comments and constructive criticisms of our manuscript
entitled: “Comparative effectiveness of different transarterial embolization
therapies alone or in combination with local ablative or adjuvant systemic
treatments for unresectable hepatocellular carcinoma: A network meta-
analysis of randomized controlled trials” that was submitted for consideration for

publication in the journal of PLoS ONE.

We have followed the comments of the referees and we hope that we have
addressed their questions adequately. We apologise for the delay in submitting our
revision as we had to include another 2 RCTs (Salem et al. 2017 and Huang et al.
2017) and hence, we had to re-run all analyses and revise all numerical results
accordingly (minor decimal differences). Please find attached a point-by-point list of
all the changes and revisions made. We also attach separately an annotated red-

lined text file with numbered lines where you can refer for each revision made.

We believe that the present paper may be of particular interest and value for the
average PLoS ONE reader as it shows that (1) transcatheter arterial embolization
therapies actually improve patient survival over control medical treatment by
reducing the hazard of death in the range of 24% (in case of chemoembolization) to
34% (in case of bland transarterial embolization) or 43% in case of
radioembolization, (2) Transcatheter chemo- and radio-embolization monotherapies,
or even combined with systemic chemotherapy, are not more effective than plain
bland particle transarterial embolization, and (3) Chemoembolization combined
with external radiotherapy or local liver ablation may significantly prolong
patient survival over transarterial embolization monotherapies by 12-15 months
extra median survival time. Therefore, the current trends of chemoembolization for
unresectable HCC are clearly open to question and international guidelines may

need to be revised.



All authors have made significant contributions to the submitted work and have

approved the final version of the manuscript.
In addition, the authors certify that:

(1) There has been no duplicate publication or submission of any part of the work

elsewhere,
(2) None of the paper’s contents have been previously published

(3) There is no financial arrangement or other relationship with the industry that

could be construed as a conflict of interest.

Looking forward to hearing from you,

We thank you in advance,

Yours sincerely,

On behalf of the authors

Dr. K. Katsanos



Editor:

1. Please ensure that your manuscript meets PLOS ONE's style requirements,
including those for file naming. The PLOS ONE style templates can be found

online

Authors’ response: We have followed the PLOS ONE's style requirements and
have revised the whole manuscript and appended files according to the relevant

style template available online.

2. Please present the full electronic search strategy for at least one database,

including any limits used, such that it could be repeated.

Authors’ response: We have inserted an example of our electronic search at the

end of the manuscript as follows:
Lines 708-727:
Search strategy

1 “hepatocellular carcinoma”[MESH)], 2 “hepatocellular carcinoma”[TW], 3 “liver
cancer’[MESH], 4 “liver cancer’[TW]

5 “unresectable”[TW], 6 “inoperable”[TW], 7 “advanced”[TW]

8 “Clinical trial’[Mesh], 9 “Randomized Controlled Trial’[Mesh], 10 “Clinical trial’[TW],
11 “Randomized”[TW], 12 “Meta-analysis’[Mesh], 13 “Meta-analysis’[TW]

14 “embolization’[MESH], 15 “chemoembolization’[MESH)], 16 “sorafenib”’[MESH)],
17 “embolization”’[TW], 18 “chemoembolization’[TW],19 “sorafenib”[TW], 20
“transcatheter” [TW], 21 “ablation”[TW], 22 “radiotherapy”’[TW], 23 “radiation”[TW],
24 “radioembolization”[TW], 25 “selective internal radiation therapy”’[TW], 26
‘radiofrequency’[TW], 27 “alcohol’[TW], 28 “drug-eluting”[TW], 29 “anti-
angiog*’[TW], “bevazicumab’[TW], 30 “TACE”[TW], 31 “TAE"[TW], 32 “DEB-TACE”,
33 “TAE’[TW], 34 “SIRT’[TW], 35 “TARE"[TW]

Search String



(#1 OR #2 OR #3 OR #4) AND
(#5 OR #6 OR #7) AND
(#8 OR #9 OR #10 OR #11 OR #12 OR #13) AND

(OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23
OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33
OR #34 OR #35)

3. Please state in the methods section who conducted the search, data

extraction, and risk bias assessment.

Authors’ response: We have provided the requested information as follows:

Line 150: KK, PK and SS performed the literature search and data extraction.

Line 169: A standardized data extraction form was used to collect the following
information from all included trials (by KK, PK and SS):

Line 187: Risk of bias assessment was performed by KK, SS and DK.

4. Please assess the publication bias using statistical methods (in addition to
funnel plots)

Authors’ response: We have provided basic and comparison-adjusted funnel plots
in the supporting supplemental material. In the case of network meta-analysis,
comparison-adjusted funnel plots is the proposed method for evaluating potential
publication bias; no formal statistical methods are currently available. Please refer to
Salanti G, Del Giovane C, Chaimani A, Caldwell DM, Higgins JP. Evaluating the
quality of evidence from a network meta-analysis. PLoS One. 2014 Jul
3;9(7):€99682. doi: 10.1371/journal.pone.0099682.



5. Please include captions for your Supporting Information files at the end of
your manuscript beneath the references, and update any in-text citations to
match accordingly. Please see our Supporting Information guidelines for more

information: http://www.plosone.org/static/supportinginformation.

Authors’ response: We have updated all relevant in-text citations and we have
included a caption describing the supplementary supporting Information material (S1

Appendix) that reads as follows:

Lines 729-735: S1 Supplementary material and supporting information.
Supplemental material containing Table 1. Included randomized controlled trials and
baseline patient characteristics, Table 2. Active and control treatment received in the
randomized controlled trials, Table 3. Inconsistency analysis, Table 4. Heterogeneity
and model fit, Table 5. Random effects metaregressions analyses, League tables
with fixed and random effects models for all endpoints, and Funnel plots (adjusted)

to assess publication bias.



Reviewer #1:

6. Obviously, the authors spent lots of time on the work. The issue discussed
in this work is relatively broad. Several major revision comments should be
addressed. The text was so long that the readers cannot easily catch the major

findings.

Authors’ response: We thank the reviewer for his time and efforts. We have
addressed his concerns in detail further below. We understand that the text may
appear too long, but this is necessary due to the complexity of the statistical
analyses and the multiple endpoints (we have tried to present the results of direct
frequentist and mixed Bayesian analyses in a succinct order for each endpoint).
Considerable part of the results is available as a supplementary material. We also
note that following the advice of the 2" reviewer, we included another 2 RCTs
(Salem et al. 2017 and Huang et al. 2017) and hence, we had to re-run all analyses
and revise all numerical results accordingly (minor decimal differences — revised

figures and Tables throughout the manuscript — results overall nearly identical).

7. Unfortunately, the authors’ findings were similar to several previous meta-
analyses. | strongly recommend a deep discussion and comparison with
similar work. A recent overview of meta-analyses regarding HCC management

identified the following:

1) 7 meta-analyses compared the outcomes of TACE/TAE versus no active

treatment or supportive care. Finally, TACE/TAE should be favored.

2) 3 meta-analyses compared the outcomes of TACE versus TAE. Finally,
TACE was similar to TAE in term of OS.

3) 3 meta-analyses compared the outcomes of DEB-TACE versus cTACE.

Finally, DEB-TACE was similar to cTACE in the term of tumor response.

4) 1 meta-analysis compared the outcomes of TACE in combination with 3D-
CRT versus TACE alone. Finally, the combination therapy was superior to

TACE alone in terms of 1- and 3-year survival.



5) 2 meta-analyses compared the outcomes of TACE in combination with
radiotherapy versus TACE alone. Finally, TACE plus radiotherapy should be
favored in term of OS.

6) 4 meta-analyses compared the outcomes of TACE in combination with
sorafenib versus TACE alone. TACE plus sorafenib was not favored in term of
Os.

Authors’ response: We thank the reviewer for his points. We have expanded our
discussion (even though the manuscript is already quite long) with an additional
paragraph discussing similarities and agreements of our work (comprehensive
network meta-analysis) with other individual direct meta-analytic efforts by citing the
relevant papers aforementioned by the reviewer. To our knowledge, the present
work combines all currently available randomized data from different
treatments/strategies into a single unified body of evidence that may help
guide/transform everyday practice and help change/revise national and international

guidelines in the future.

Lines 586-604: “Overall, the findings of the present network meta-analysis are very
much in line with the results of several individual direct meta-analyses exploring
individual (chemo)-embolization strategies. A recent overview of the major findings of
meta-analyses on the management of hepatocellular carcinoma summarized the
body of evidence from more than 20 direct meta-analytic reports on embolization
therapies for inoperable liver cancer [124]. Seven meta-analyses compared the
outcomes of TACE/TAE versus no active treatment or supportive care and overall
survival outcomes favoured TACE/TAE [27,33,125]. Another 3 reports compared the
outcomes of TACE versus TAE and concluded that there was no survival difference
[27,126,127]. Furthermore, 3 reports looked into DEB-TACE versus TACE and found
benefit only in terms of tumour response like in the present work [24,128,129]. Four
meta-analyses reported outcomes of TACE combined with sorafenib versus TACE
alone and again found no survival benefit with the addition of sorafenib [29,130].
Last, there were 3 meta-analyses exploring the combination of TACE with plain
external or conformal radiotherapy and also found that combination therapy

produced superior survival outcomes [18,124]. The present work corroborates all of



the above in a single model and further raises the combination of TACE and
percutaneous tumour ablation as the best treatment option in terms of both local

tumour response and overall patient survival.”



8. The potential analyses and conclusions were partially overlapped. The

advantages and disadvantages of different work should be discussed.

Authors’ response: We believe that we have embarked into already extensive
discussion of our findings in comparison to the literature and previous plain meta-
analyses. In addition, the manuscript is already long enough for any further

comments.

9. The authors identified two RCTs comparing the outcomes of TARE versus
TACE. Two papers were published during an interval of 18 years. Over two
decades, the understanding of HCC pathogenesis and management has been
largely improved. Is the combination of the two studies appropriate? Please
provide the difference and similarity in the study design between them.

Authors’ response: All studies included in the TARE-radioembolization arm include
use of a beta-emitter (including *3%-labeled Lipiodol [77,112] or Yttrium-90
microparticles [76,78,109]). Otherwise, details about the study design and
characteristics are provided in detail in the supplementary Tables 1 and 2. They all
seem to be similar in terms of patient inclusion criteria. However, we do
acknowledge that there are always changes in medical practice over the years that
may introduce other unknown risk modifiers. In the limitation paragraph the revised

manuscript reads:

Lines 648-650: Another limitation is that all 55 studies span 2 decades of medical
practice and patient population reflects, as expected, the well-known clinical and
anatomical heterogeneity of patients with unresectable HCC.



Reviewer #2: Very informative and properly conducted meta-analysis.

Authors’ response: We thank the reviewer for his positive comment.

10. | suggest to add to the bibliography a recent meta-analysis comparing
TACE and TAE: Facciorusso A, et al. Transarterial chemoembolization vs
bland embolization in hepatocellular carcinoma: A meta-analysis of
randomized trials. UEG Journal 2017, in press.
http://journals.sagepub.com/toc/ueg/0/0

Authors’ response: We have introduced several more references (including the one

proposed above) in a whole new discussion paragraph as noted previously.

Lines 586-604: “Overall, the findings of the present network meta-analysis are very
much in line with the results of several individual direct meta-analyses exploring
individual (chemo)-embolization strategies. A recent overview of the major findings of
meta-analyses on the management of hepatocellular carcinoma summarized the
body of evidence from more than 20 direct meta-analytic reports on embolization
therapies for inoperable liver cancer [124]. Seven meta-analyses compared the
outcomes of TACE/TAE versus no active treatment or supportive care and overall
survival outcomes favoured TACE/TAE [27,33,125]. Another 3 reports compared the
outcomes of TACE versus TAE and concluded that there was no survival difference
[27,126,127]. Furthermore, 3 reports looked into DEB-TACE versus TACE and found
benefit only in terms of tumour response like in the present work [24,128,129]. Four
meta-analyses reported outcomes of TACE combined with sorafenib versus TACE
alone and again found no survival benefit with the addition of sorafenib [29,130].
Last, there were 3 meta-analyses exploring the combination of TACE with plain
external or conformal radiotherapy and also found that combination therapy
produced superior survival outcomes [18,124]. The present work corroborates all of
the above in a single model and further raises the combination of TACE and
percutaneous tumour ablation as the best treatment option in terms of both local

tumour response and overall patient survival.”



11. Even though it was published after the literature search period, i strongly
suggest to include the recent RCT conducted by the Chicago group on the
comparison between TACE and TARE: Y90 Radioembolization Significantly
Prolongs Time to Progression Compared With Chemoembolization in Patients

With Hepatocellular Carcinoma. Salem R et al, Gastorenterology 2016.

Authors’ response: We thank the reviewer for his valuable suggestion. Indeed, we
updated our literature search and have introduced 2 more RCTs in the revised
analysis (1 in the TARE arm and 1 in the combine TACE and ablation arm) and
we have re-iterated all numerical calculations. Revised results (minor mostly
changes without any change in the overall hierarchy, direction and magnitude of the

results) and updated figures are presented throughout the revised manuscript.

- Salem R, Gordon AC, Mouli S, Hickey R, Kallini J, et al. (2016) Y90
Radioembolization Significantly Prolongs Time to Progression Compared With
Chemoembolization in  Patients With  Hepatocellular  Carcinoma.
Gastroenterology 151: 1155-1163 e1152.

- Huang C, Zhuang W, Feng H, Guo H, Tang Y, et al. (2016) Analysis of
therapeutic effectiveness and prognostic factor on argon-helium cryoablation
combined with transcatheter arterial chemoembolization for the treatment of

advanced hepatocellular carcinoma. J Cancer Res Ther 12: C148-C152.



12. Be careful when including in the analysis the paper by Meyer et al (ref 9) as
it is performed not exactly with TACE but with chemotherapy infusion over 15
minutes followed by embolization 4-6 hours later. This aspect should be at

least commented in the discussion.

Authors’ response: We have acknowledged this aspect of the Meyer et al

randomized study in the methods section as follows:

Lines 372-373: “In the TACE treated arms, conventional transarterial
chemoembolization was performed with a lipiodol emulsion of a single chemotherapy
agent (doxorubicin [61,68,70,73-75,78,83,86], or epirubicin [63,66,72,76,80], or
cisplatin [9,62,64,67,69,71,77,82], or mitomycin [87], or a combination chemotherapy
regimen [65,79,81,84,85,89,93,95,97,99-106], and was most often followed by
gelfoam or other particle embolization of the primary feeding vessels. Meyer et al.

performed cisplatin infusion first followed by particle embolization 4-6 hours later [9].”



13. | am not sure the analysis takes properly into account all the variables,
such as tumor stage, treatment scheduled (whether "on demand" or pre-

defined), number of sessions, response criteria adopted, and so forth.....

Authors’ response: Baseline patient variables and tumour index characteristics of
all included studies are provided in Table 1. We performed a random effects meta-

regression analysis to search for risk modifiers and predictors that may significantly

affect our results. The findings are outlined in supplementary table 5 as below.

Table 5. Meta-regression analysis with a random effects models (95%Crl)

Endpoint

Covariate

Regression coefficient

Serious adverse events

Publication year

-0.050 ((-0.278) — 0.134

Patient age

0.103 ((-0.125) — 0.338

Male gender

-4.121 ((-16.74) — 8.043

Child-Pugh A stage

-4.006 ((-13.15) — 3.239

Multinodular HCC

27.35 (9.329 — 49.66)

Follow-up period

-0.311 ((-1.295) — 0.507

Objective response

Publication year

-0.119 ((-0.268) — 0.010)

Patient age

0.071 ((-0.057) — 0.195)

Male gender

0.387 ((-7.583) — 8.740)

Child-Pugh A stage

-2.883 ((-7.111) — 0.946)

Multinodular HCC

61.13 (17.76 — 128.4)

Follow-up period

0.516 ((-0.076) — 1.161

Patient survival

Publication year

0.004 ((-0.020) — 0.030)

Patient age

0.012 ((-0.019) — 0.043)

Male gender

-0.506 ((-2.643) — 1.584)

Child-Pugh A stage

-0.002 ((-0.009) — 0.005)

Multinodular HCC

2.914 ((-0.565) — 6.306)

Follow-up period

0.049 ((-0.060) — 0.158)




Random effects meta-regression analyses to check for risk modifiers demonstrated

only weak non-significant correlations in the majority of the tests. Multinodular HCC

was the only variable found to be strongly and significantly related to increased rate
of adverse events, as well as of higher rates of radiological response (Supplemental

table 5).
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Abstract

Background: The optimal transcatheter embolization strategy for patients with
unresectable hepatocellular carcinoma (HCC) remains elusive. We conducted a
systematic review and network meta-analysis (NMA) of different embolization

options for unresectable HCC.

Methods: Medical databases were searched for randomized controlled trials
evaluating bland transarterial embolization (TAE), conventional TACE, drug-eluting
bead chemoembolization (DEB-TACE), or transarterial radioembolization (TARE),
either alone or combined with adjuvant chemotherapy, or local liver ablation, or
external radiotherapy for unresectable HCC up to June 2017. Random effects
Bayesian models with a binomial and normal likelihood were fitted (WinBUGS).
Primary endpoint was patient survival expressed as hazard ratios (HR) and 95%
credible intervals. An exponential model was used to fit patient survival curves.
Safety and objective response were calculated as odds ratios (OR) and
accompanying 95% credible intervals. Competing treatments were ranked with the
SUCRA statistic. Heterogeneity-adjusted effective sample sizes were calculated to
evaluate information size for each comparison. Quality of evidence (QoE) was
assessed with the GRADE system adapted for NMA reports. All analyses complied

with the ISPOR-AMCP-NCP Task Force Report for good practice in NMA.

Findings: The network of evidence included 55 RCTs (12 direct comparisons) with
5,763 patients with preserved liver function and unresectable HCC (intermediate to
advanced stage).All embolization strategies achieved a significant survival gain over
control treatment (HR range, 0.42-0.76; very low-to-moderate QOE). However,

TACE, DEB-TACE, TARE and adjuvant systemic agents did not confer any survival



benefit over bland TAE alone (moderate QoE, except low in case of TARE).There
was moderate QoE that TACE combined with external radiation or liver ablation
achieved the best patient survival (SUCRA 86% and 96%, respectively).Estimated
median survival was 13.9 months in control, 18.1 months in TACE, 20.6 months with
DEB-TACE, 20.8 months with bland TAE, 30.1 months in TACE plus external
radiotherapy, and 33.3 months in TACE plus liver ablation. TARE was the safest
treatment (SUCRA 77%), however, all examined therapies were associated with a
significantly higher risk of toxicity over control (OR range, 6.35 to 68.5). TACE, DEB-
TACE, TARE and adjuvant systemic agents did not improve objective response over
bland embolization alone (OR range, 0.85 to 1.65). There was clinical diversity

among included randomized controlled trials, but statistical heterogeneity was low.

Conclusions: Chemo- and radio-embolization for unresectable hepatocellular
carcinoma may improve tumour objective response and patient survival, but are not
more effective than bland particle embolization. Chemoembolization combined with
external radiotherapy or local liver ablation may significantly improve tumour
response and patient survival rates over embolization monotherapies. Quality of

evidence remains mostly low to moderate because of clinical diversity.

Systematic review registration: CRD42016035796

(http://www.crd.york.ac.uk/PROSPERO)

Keywords

Hepatocellular carcinoma, embolization, chemoembolization, radioembolization,
ablation, radiotherapy, survival, network meta-analysis, objective response,

unresectable, systematic review



Abbreviations

HCC Hepatocellular carcinoma

RF Radiofrequency ablation

MW Microwave ablation

TAE Transarterial embolization

TACE Transarterial chemoembolization

DEB-TACE Drug-eluting bead transarterial chemoembolization
TARE Transarterial radioembolization

SIRT Selective internal radiation therapy

BCLC Barcelona Clinic Liver Cancer staging system
RCT Randomized controlled trial

NMA Network meta-analysis

QoE Quality of Evidence

DIC Deviance information criterion

EASL European Association for the Study of the Liver
RECIST Response Evaluation Criteria In Solid Tumors
OR Objective response

SAE Serious adverse events

HR Hazard ratio

CTCAE Common Terminology Criteria for Adverse Events
SUCRA Surface Area Under the Cumulative Rankograms

Crl

Credible intervals




Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of all cancer-related
deaths globally and accounts for 90% of primary liver cancers and approximately 7%
of all cancers, representing the fifth most common cancer in men and eighth for
women.[1-3] Liver transplantation and surgical resection remain the proposed
treatment options for very early and early stage HCC in good surgical candidates.
Unfortunately, more than three-quarters of the patients are diagnosed during the
intermediate or advanced stages of the disease and considered ineligible for curative
resection.[1,4] In the past, the prognosis of unresectable HCC was poor and its
management was limited to systemic pharmacotherapy, external radiotherapy or
plain supportive treatments.[5] With the advent of Interventional Oncology that
encompasses different percutaneous, image-guided, locoregional therapies,[6,7]
treatment options for unresectable HCC quickly expanded to include transcatheter
embolization with or without chemotherapy [8]; i.e. bland transarterial embolization
(TAE)[9], conventional transarterial chemoembolization (TACE)[10] or
chemoembolization with drug-eluting beads (DEB-TACE)[11]; and percutaneous liver
ablation either with chemical agents like alcohol[12], or alternatively with application
of radiofrequency (RF) or microwave (MW) energy.[13] Conventional TACE with the
transcatheter delivery of a mixture of chemotherapy and embolic material is the
current standard of care for unresectable intermediate or advanced stage HCC in
patients with preserved liver function.[4,10] Local radiotherapy with the transarterial
delivery of beta-emitting microparticles, currently known as radioembolization
(TARE) or selective internal radiation therapy (SIRT) [14,15], is another emerging

treatment for unresectable HCC. In addition, various combinations of locoregional



ablative treatments with adjuvant systemic therapies[16,17] or even external organ

radiotherapy have been proposed.[18]

In general, interventional targeted embolization and ablative therapies for the
treatment of unresectable HCC aim to increase overall patient survival, while limiting
treatment-related side-effects, avoiding untoward complications, and improving the
quality of life.[4] Theoretically, this can be accomplished by the inherent advantages
of transcatheter (chemo)embolization treatments, which include a minimally invasive
approach, enhanced pharmacokinetic profile and intra-tumorous bioavailability due
to targeted drug delivery, and presumably more extensive tumour necrosis by
combining the ischemic effect of embolization, while sparing surrounding normal liver
parenchyma.[8,19] Moreover, transcatheter embolization treatments do not require

general anesthesia or prolonged hospitalization periods.[3,8]

However, in spite of extensive animal and clinical investigations, and numerous
randomized controlled trials (RCT) over the last decades, the optimal embolization
treatment strategy for patients with intermediate to advanced stage HCC remains
elusive.[7,8] The authors pursued to perform a mixed treatment comparison with
guantitative statistical methods — network meta-analysis (NMA) - of the various
transcatheter embolization therapies with or without local ablative or adjuvant
systemic treatments for unresectable HCC. Comparative effectiveness of treatments
that have or have not been directly compared with each other in head-to-head RCTs
can be assessed in a network meta-analysis (NMA) using Bayesian statistics, on the
condition that all competing therapies share a common chain or network of
evidence.[20,21] We conducted a Bayesian network meta-analysis of all relevant
randomized controlled trials to identify the best treatment option for patients with

unresectable intermediate/advanced stage HCC.



Methods

Search methods

This systematic review has been registered in the PROSPERO public database
(CRD42016035796; http://www.crd.york.ac.uk/PROSPEROQO). The authors initially
collated randomized controlled trials reporting outcomes for unresectable HCC from
different transarterial embolization strategies (alone or in combination with other
treatments) from previously published relevant meta-analyses.[8,10,12,15,18,19,22-
33] Subsequently, electronic searches of PubMed (Medline), EMBASE (Ovid),
AMED, Scopus, CENTRAL, the China/Asia On Demand (CAOD) research portal, the
PROSPERO and DARE meta-analyses databases as well as online material were
performed until June 2017. The terms used included ‘hepatocellular carcinoma’,
‘primary liver cancer’, ‘unresectable’, ‘transcatheter’, ‘embolization’, ‘bland’,
‘chemoembolization’, ‘selective internal radiation therapy’, ‘radioembolization’,
‘radiotherapy’, ‘ablation’, ‘radiofrequency’, ‘alcohol’, ‘TAE’, ‘TACE’, ‘DEB-TACFE’,
‘TARE’, ‘SIRT’, ‘sorafenib’, ‘bevacizumab’, ‘drug-eluting’, ‘anti-angiogenic’,
‘randomized’, ‘controlled trial’, and ‘meta-analysis’ along with the pertinent Medical
Subjects Headings (MeSH) and combinations thereof with Boolean syntax.
Keywords were searched using both British English and American English grammar
(e.g. embolisation & embolization). In addition, Interventional Radiology, Medical
Oncology and Radiation Oncology peer-reviewed journals in PubMed and Embase
were examined. There were no restrictions on language, date or type of publication.

KK, PK and SS performed the literature search and data extraction.



Trial selection and good meta-analysis practice

All steps of the trial selection process complied with the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses) statement.[34] We
searched for and included only RCTs comparing any of the aforementioned
endovascular devices with each other, and reporting any of the primary and/or
secondary outcome measures as defined below. RCTs were assessed for inclusion
in the network meta-analysis (NMA) using a specifically structured question checklist
developed in consensus by all authors. Published and unpublished randomised trials
with an open-label, single-blind or double-blind design were eligible for inclusion
provided that they investigated any type of transcatheter arterial embolization for
unresectable hepatocellular carcinoma; with or without chemotherapy, plain or drug-
eluting beads, radioactive embolic material; as a stand-alone treatment or in
combination with other types of locoregional ablation; chemical or thermal or external
radiotherapy; or combined with adjuvant systemic treatments; anti-angiogenic
molecules or other agents. RCTs were included provided they reported any of the

agreed outcome measures (see endpoints below).

A standardized data extraction form was used to collect the following information
from all included trials (by KK, PK and SS): (1) characteristics of the study design
methods (randomization, blinding, concealment of allocation, drop-outs, outcome
reporting, risk of bias); (2) patient sample size and baseline clinical characteristics
(age, gender, tumour size and morphology, liver function, vascular invasion, and
performance status); (3) HCC staging according to the Okuda, BCLC, JIS or TNM
classification systems; (4) description of active and control interventional treatment

(chemotherapy regimen, type of embolic agents, treatment courses, dose and
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fractionation of radiotherapy, adjuvant anticancer agents, other ablation procedures);
and (5) clinical outcomes including overall patient survival, objective response of the
treated index tumours, and serious adverse events. Terminology and classification of
percutaneous and transcatheter image-guided liver therapies complied with
standardized nomenclature and universal reporting criteria proposed by the Society

of Interventional Radiology Technology Assessment Committee.[35]

The quality of the RCT trials was assessed independently by two of the authors with
the Cochrane Collaboration’s tool for evaluating the risk of bias that examines 7
different methodological items including randomized sequence generation, allocation
concealment, blinding of patients and investigators, completeness and selectivity of
outcome reporting, and other potential sources of bias.[36] Risk of bias assessment
was performed by KK, SS and DK. To help inform healthcare decision making, all
analysis methods, reporting quality and interpretation of findings complied with the
26-domain questionnaire of the ISPOR-AMCP-NCP Task Force Report for good
practice in indirect treatment comparisons and NMA.[37] Finally, the quality of
evidence (QoE) was assessed with Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system as adapted for the rating of pooled
effect estimates in the case of NMA studies,[38,39] which considers directness,
heterogeneity and imprecision of the mixed treatment comparisons as potential

reasons for downgrading of the level of confidence.
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Endpoints

In terms of survival outcome measures, few studies were found to report
progression-free survival. Therefore, the primary endpoint was set at overall patient
survival that was uniformly reported by all studies and was synthesized on the log-
hazard scale as indicated for time-to-event outcomes in cancer studies.[40,41]
Study-specific Hazard Ratios (HRs) and respective variances were retrieved from
individual publications or back-calculated from the summary or Kaplan-Meier time-to-
event data and quoted log-rank statistics with the equations of Parmar et al.[42] and
methods of Tierney et al.[43]. If hazard rates were not available, HR was
approximated from event rates under the assumption of constant hazards. Random
effects models were fitted to account for clinical diversity and heterogeneity and HRs

with 95% credible intervals were calculated.

Treatment effectiveness was assessed by the radiologic response on cross-sectional
follow-up imaging as reported by each individual RCT. The effectiveness endpoint
was set at Objective response (OR) of the index tumour defined as Complete and
Partial Response (CR+PR) according to well-accepted classification systems
including the World Health Organization (WHO),[44] the European Association for
the Study of the Liver (EASL),[45] the Response Evaluation Criteria In Solid Tumors

(RECIST),[46] and modified RECIST (MRECIST)[47] schemes.

All outcome measures of this systematic review were defined according to previously
published terminology and accepted reporting criteria for transcatheter therapies for
liver malignancies.[35] The safety and toxicity endpoint was set at Serious Adverse
Events (SAE) grade 3 and above as defined by the National Cancer Institute

Common Terminology Criteria for Adverse Events (CTCAE, version 4.0).[48] All
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endpoints were analyzed on an intention to treat basis as recommended for reporting

and meta-analysis of RCTs. Any disagreements were resolved by consensus.



13

Statistical methods

Direct pairwise meta-analyses of head-to-head comparisons were performed using
standard frequentist approaches (RevMan 5.2, Cochrane Collaboration). Mixed
treatment comparisons of the RCT network were performed with Bayesian inference
(WinBUGS 1.4.3, MRC Biostatistics Unit at Cambridge, United Kingdom). Bayesian
hierarchical modeling of the present network meta-analysis complied with the
NICEDSU (National Institute for Health and Excellence Decision Support Units)
guidelines.[49-51] Count statistics of treatment toxicity and objective tumour
response were analyzed with a Bayesian random effects model with a binomial
likelihood to calculate relative treatment effects expressed as Odds Ratios (OR)
between different treatments. Overall patient survival was analyzed with a Bayesian
random effects model with a normal likelihood incorporating log hazard ratio
statistics from individual trials to calculate Hazard Ratios (HR) between competing
treatments.[40] Summary statistics of relative treatment effects are reported as the
median and accompanying 95% Credibility Intervals (95% Crl) of the posterior
distribution. Crls serve the same purpose as confidence intervals in frequentist

statistics.

In addition, we fitted the respective patient survival curves with an exponential model
up to 5 years using absolute survival estimates of conventional TACE, which was the
most common comparator and with the largest sample size, as the anchor treatment.
Median patient survival (half-life) for each treatment was calculated by combining the
fitted hazard rate (exponential decay constant) of the anchor treatment (random
effects model) with the pairwise posterior median HR calculated by the Bayesian
model for the respective treatment. We also constructed rankograms of cumulative

rank probabilities of how each treatment ranks against each other in terms of being
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the 1st, 2nd, 3rd, etc. best treatment option. We present hierarchies of the
effectiveness and safety of competing treatments based on their cumulative rank
probabilities and the Surface Area Under the Cumulative Rankograms (SUCRA) as

proposed by Salanti et al.[52]

The information size (IS) required for a valid meta-analysis may be assumed to be at
least as large as the sample size of a single well-powered RCT designed to confirm
or reject the null hypothesis [53,54]. To assess the adequacy of available information
size across different pairwise comparisons that combined direct and indirect
evidence within the NMA framework, we performed calculations of the effective
sample size for each treatment comparison. We employed the methods proposed by
Thorlund and Mills for quantifying sample and information size in NMAs after
adjusting for statistical heterogeneity observed in pairwise meta-analyses of
individual nodes [55]. Consequently, statistical power and strength of evidence for
each treatment comparison may be evaluated by the information fraction (IF;

percentage of information size) available for each comparison.
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Heterogeneity, consistency, and meta-regression

Heterogeneity was evaluated with the posterior median of the between-trials
standard deviation (0),[50] while small study effects and publication bias were
evaluated by visual inspection of standard and comparison-adjusted funnel plots.[56]
Because of conceptual differences in study designs and anticipated diversity in
baseline demographics, the observed baseline risk of outcome measures may vary
between the reference treatment arms. Baseline risk is a proxy for unmeasured but
important patient-level characteristics that may relate to significant clinical
heterogeneity. Hence, we extended our analysis to a meta-regression model on trial-
specific baseline risk of the control arms to account for the uncertainty and clinical
heterogeneity introduced by differences in baseline characteristics of unresectable
HCC cohorts.[57] In addition, extensive consistency, sensitivity, and meta-regression
analyses were performed to explore heterogeneity and confirm validity as proposed
by the ISPOR-AMCP-NCP Task Force.[37,50] The validity and robustness of NMA
depend largely on the distribution of effect modifiers (covariates) not only between
studies with the same contrast (i.e. heterogeneity in the case of standard pairwise
meta-analysis) but also between different contrasts (i.e. inconsistency between direct
and indirect contrast estimates).[58] Any disagreement between the direct evidence
available for a specific contrast and the indirect evidence inferred by the rest of the
network would give rise to inconsistency. In the case of NMA studies, the risk of
network inconsistency is greatly reduced if between-trials heterogeneity is low.[59]
To exclude any loop-specific inconsistency and confirm the transitivity assumption,
pairwise direct and indirect effect estimates of closed loops of evidence were

inspected for any disagreement and the results of the consistency model were
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compared with those of an alternative unrelated mean effects model without any

consistency constraints.[49]

WinBUGS modeling

Bayesian inference with WinBUGS employs Markov Chain Monte Carlo (MCMC)
simulation to calculate the posterior distributions of the interrogated nodes within the
framework of the chosen model and likelihood function on the basis of prior
assumptions. For the purposes of this analysis, we first fitted a Bayesian hierarchical
model for multiple comparisons of different treatment options control best supportive
treatment as the reference. Posterior medians (95% Crl) of the point estimates
against control treatment were calculated using the freely available NetMetaXL
software package[60], and by custom code following the examples of Woods et al..
[40] Vague priors were used for all treatment effects and for between-trials

heterogeneity variance to avoid bias.

Three Markov chains were compiled and run, while convergence was confirmed with
the Brooks—Gelman—Rubin diagnostic tool and by inspection of history plots of
monitored nodes. An initial burn-in simulation of 50,000 iterations was discarded and
inference of final summary statistics was based on simulation of an additional
100,000 iterations.[51] Global model fit and parsimony was compared between
different fitted models to decide on the most accurate model. The goodness of fit
was compared with the posterior mean of the total residual deviance and the
Deviance Information Criterion (DIC) criterion. Residual deviance must approximate
the total number of study arms analyzed in the case of a good model fit the and

generally the model with the lowest DIC is preferred.[51] The level of statistical
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significance was set at a=0.05 for frequentist inference, while relative treatment
effect results associated with 95% Crl that did not cross unity were considered

significant in the case of Bayesian inference.
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Results

Network of evidence

Following the PRISMA selection process, 5,975 scientific records were screened for
potential inclusion in the network meta-analysis on the basis of their title and abstract
(Figure 1). Finally, 55 RCTs (including one three-arm study [61]) published between
1988 and 2017 and reporting on 5,763 patients in total were included and
synthesized within a Bayesian framework. The network of evidence involved nine
treatment nodes (eight active and one control) and was well connected with
conventional TACE as the most common comparator (Figure 2). Four treatment
nodes referred to different types of trans-arterial embolization therapy alone
(conventional TACE, or DEB-TACE, or TARE, or bland TAE) and another four
treatment nodes referred to a combination of transarterial chemoembolization with
other locoregional or systemic treatments (TACE and external radiotherapy, or TACE
and percutaneous liver ablation, or TACE and adjuvant systemic, or DEB-TACE and
an adjuvant systemic agent). Direct evidence was available for 12 comparisons
(Table 1); three of them were informed by a single RCT and the rest by more than

one RCT (median 3.5; range, 1-11 trials).

TACE was investigated versus Control symptomatic treatment in 8 studies [61-68],
versus bland TAE in 4 studies [9,69-71], versus DEB-TACE in 4 studies [72-75],
versus TARE in 3 studies [76-78], versus TACE combined with adjuvant systemic
agents in 8 studies [17,79-85], versus TACE combined percutaneous liver ablation in
10 studies [86-95], and versus combined TACE and external radiotherapy in 11
studies [96-106]. In addition, DEB-TACE was compared directly with TAE in 2

studies [107,108], with TARE in 1 RCT [109], and with DEB-TACE plus systemic
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sorafenib in 1 RCT [16]. Finally, TAE alone was compared with Control treatment in
3 studies [61,110,111], and TARE with Control in 1 study [112]. There were 3 high-
guality RCTs with low risk of bias; the rest of the studies had unclear (at least one
unclear domain) to high (at least one high-risk domain) risk of bias according to the
COCHRANE tool for risk of bias assessment. The latter was caused by performance
bias (absent or unclear blinding of participants and personnel) or detection bias

(blinded outcome assessment) in the majority of the studies.

Fifty-one out of the 55 studies recruited patients with unresectable hepatocellular
carcinoma classified as intermediate to an advanced stage (i.e. BCLC stage B-C,
Okuda stage I-1l, or AJCC TNM stage lI-lll) and 4 studies included unresectable
early stage HCC [74,78,100,105]. All studies included patients with preserved liver
function (Child-Pugh A and B) and with a predominantly male gender (range, 50-
96%). Good performance status (PS: 0-1 or KPS=65%) was reported in most of the
cases and the percentage of randomized patients with a multinodular or diffuse type
of HCC varied widely (median, 57%; IQR, 39-67%; max 100%). Fourteen out of the
55 studies reported inclusion of variable rates of patients with documented portal
vein thrombosis (range, 2-100%). A detailed description of baseline patient

demographics and clinical characteristics is provided in Supplemental Table 1.

In the TACE treated arms, conventional transarterial chemoembolization was
performed with a lipiodol emulsion of a single chemotherapy agent (doxorubicin
[61,68,70,73-75,78,83,86], or epirubicin [63,66,72,76,80], or cisplatin
[9,62,64,67,69,71,77,82], or mitomycin [87], or a combination chemotherapy regimen
[65,79,81,84,85,89,93,95,97,99-106], and was most often followed by gelfoam or
other particle embolization of the primary feeding vessels. Meyer et al. performed

cisplatin infusion first followed by particle embolization 4-6 hours later [9]. In case of
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TAE, bland embolization was performed with gelfoam and/or microparticles
(microspheres) [9,61,69,70,107,108,110,111] or alcohol [71]. DEB-TACE involved
transcatheter delivery of doxorubicin-eluting DC beads [16,72-75,107-109], and
TARE of a beta-emitter including 3!I-labeled Lipiodol [77,112] or Yttrium-90
microparticles [76,78,109]. Adjunctive systemic agents included sorafenib [16,81,84],
brivanib [17], bevacizumab [79,83], arsenic trioxide [85], TSU-68 [80], IFN-a [82].
Locoregional liver ablation was reported by means of multiple sessions of
radiofrequency ablation (RFA) [88,89,93,94] or percutaneous ethanol injection (PEI)
[86-88,90-92] or argon-helium cryoablation [95]. Finally, external radiotherapy was
delivered by 3D conformal [97,98,100,104-106] or moving stripe fractionated
protocols [99,101-103]. Active and control treatment protocols are described in detail
in Supplemental Table 2. Median follow-up was 3 years on a trial basis (interquartile

range, 2.0-3.5 years; max 6.0 years).

Patient Survival

Survival outcomes were reported by 51 RCTs (incl. one 3-arm) reporting on 5,394
patients and 12 direct comparisons in total. Direct meta-analyses (Figure 3)
confirmed a significant survival benefit of TACE over best supportive therapy (HR:
0.76; 95%CI: 0.64-0.91) and a similar survival benefit between TAE and TACE (HR:
0.87; 95%CI: 0.71-1.07). In addition, TACE performed worse than TACE plus
radiotherapy (HR: 0.60; 95%CI: 0.53-0.69) and TACE plus ablation (HR: 0.54;
95%CI: 0.46-0.65). The NMA synthesis showed that all embolization treatments
achieved a significant survival benefit over control except DEB-TACE with adjuvant

sorafenib (HR range, 0.42-0.76). Figure 4 shows a hierarchy of different treatments
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according to the SUCRA statistic and the respective Hazard Ratios (HR). TACE,
DEB-TACE, TARE, and adjunctive systemic agents (combined with TACE or DEB-
TACE) did not confer a survival benefit over bland TAE. TACE combined with
external radiation therapy (SUCRA 86%), or percutaneous tumour ablation (SUCRA
96%), were the most effective treatment strategies. NMA heterogeneity was low (o=
0.06; 95%Crl: 0.001-0.17). A league table of all pairwise survival comparisons from

the NMA synthesis is provided in the Supplemental material.

Survival model

The fitted exponential survival model is shown in Figure 5 (posterior median of
survival projections; 95% Crls). Conventional TACE was the most common
comparator node (43 out of the 51 RCTs reporting patient survival) and was used as
the anchor treatment (least squares non-linear fit R2=0.999) for calculating expected
median survival outcomes for each of the other treatment options. Median survival
period in case of control best supportive treatment was 13.9 months (95%CI: 11.0-
17.7) and increased to 18.1 months (95%CI: 15.6-21.6) in the case of TACE, 20.6
months (95%CI: 14.5-29.4) with DEB-TACE, and 20.8 months (95%Cl: 16.2-27.1)
with bland TAE. Adjuvant systemic agents did not provide any significant survival
benefit over transarterial therapies. Median survival increased to 24.3 months
(95%CI: 16.8-35.3) in the case of TARE. Projected median survival exceeded 30
months when conventional TACE was combined with external radiotherapy (30.1
months; 95%CI: 24.6-37.3) or with percutaneous liver tumour ablation (33.3 months;

95%Cl: 26.4-42.5).
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Objective Response

Rates of the objective response of the treated tumour lesions were reported by 41
RCTs including 4,669 patients and informing 10 direct treatment comparisons.
According to direct meta-analyses (Figure 6), both TACE (OR: 5.95; 95%CI: 2.96-
11.99) and TAE (OR: 45.8; 95%Cl: 8.75-239.7) demonstrated a strong response rate
over control treatment. In line with the survival analysis, objective response was also
better in case of TACE combined with radiotherapy (OR: 3.7; 95%CI: 2.7-5.0) or
ablation (OR: 9.44; 95%CI: 5.14-17.3) over TACE alone. In the NMA analysis, all
embolization treatments achieved a significant tumour response. Figure 7 shows a
hierarchy of comparative treatment effectiveness according to the SUCRA statistic.
Combinations of conventional TACE with external radiation therapy (SUCRA 85%) or
percutaneous tumour ablation (SUCRA 99%) were the most effective treatment
options. TACE, DEB-TACE, TARE and adjunctive systemic agents (combined with
TACE or DEB-TACE) did not improve the objective response of treated tumours
compared to bland embolization alone (TAE). TACE with adjunctive ablation
achieved a significantly better objective tumour response compared to all other
embolization mono- or combination therapies (OR range, 2.17-10.2; league table in
the Supplemental material). NMA heterogeneity was low (o=0.29; 95%Crl: 0.03-
0.63). Comparative effectiveness results of overall patient survival were corroborated
by the hierarchical SUCRA results of tumour objective response with high correlation

between the two outcome measures (linear regression fit R2=0.959 — Figure 8).
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Serious Adverse Events

Treatment-related serious adverse events (SAE) were reported by 32 RCTs
including 3,610 patients for 11 direct treatment comparisons (Figure 9). Safety
ranking of different embolization therapies on the basis of cumulative rank
probabilities (SUCRA, %), along with the respective ORs (95%Crl) against control as
a reference, are shown in Figure 10. TARE was the safest treatment (SUCRA 77%),
however, all examined therapies were associated with a significantly higher risk of
SAE compared to control (OR range, 6.35-68.5). Most of the other pairwise
comparisons showed no significant differences between different embolization
regimes in terms of SAE. TACE combined with adjuvant systemic therapies was the
highest-risk treatment (SUCRA 10% - league table in the Supplemental material).

Between-trial heterogeneity was low (0= 1.01; 95%Crl: 0.61-1.64).
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Heterogeneity, consistency, and meta-regression

There was good agreement between the consistency and inconsistency (unrelated
mean effects) models, suggesting a robust and homogeneous network of evidence
(Supplemental table 3). Between-trial statistical heterogeneity in the random effects
Bayesian models was low compared to the respective posterior treatment effects
(Supplemental table 4). Consequently, application of a fixed effect Bayesian model
produced similar numerical results with slightly tighter credible intervals
(Supplemental league tables). However, model fit according to the residual deviance
and DIC criteria was better in the case of the random effects analyses and hence
those were preferred and presented in the present article (Supplemental table 4).
There was no obvious asymmetry at visual inspection of funnel plots to suggest
publication bias, except in the case of Objective Response (Supplemental funnel
plots). However, that was not evident any more on the comparison- adjusted funnel
plot (Supplemental OR funnel plot with comparison-specific adjustments). Random
effects meta-regression analyses to check for risk modifiers demonstrated only weak
non-significant correlations in the majority of the tests. Multinodular HCC was the
only variable found to be strongly and significantly related to increased rate of
adverse events, as well as of higher rates of radiological response (Supplemental

table 5).
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Strength and Quality of evidence

We calculated a sample size of 560 patients as adequate for the detection of a
treatment effect of 30% relative risk reduction of death (HR=0.7) with a type | error
5% and type Il error 20% (power 80%) assuming an average patient survival of 50%
at 2 years and a 10% rate of drop-outs or lost to follow-up. Compared to that, the IF
was found to be low-to-modeate (range, 4-51%) in case of TARE, and high (range,
50-100%) in all mixed treatment comparisons informed by both direct and indirect
evidence. Figure 11 summarizes the strength (effective sample size and IF) and QoE

according to the GRADE system for all treatment comparisons in the present NMA.

The GRADE system for assessing quality of evidence considers directness,
heterogeneity and imprecision of the mixed treatment comparisons as potential
reasons for downgrading the level of confidence in NMA results [113]. We have
found no inconsistency and statistical heterogeneity was generally low in the present
NMA, however, clinical diversity was evident in the baseline demographics of
different RCTs. Hence, in the current analysis, QOE was first downgraded universally
because of between-trial diversity in terms of baseline patient characteristics and
type and mixture of antineoplastic and/or embolic agents used (Supplemental tables
1 & 2). Second, it was further downgraded in certain comparisons because of the

absence of direct comparative evidence (indirectness).

To evaluate imprecision, we gauged the effective sample size and information
fraction of each comparison. We considered an IF<50% as a measure of weaker
evidence and potential imprecision; hence, QoE was further downgraded to very low
in the relevant comparisons. Overall, there was moderate QoE with sufficient

information size when comparing TACE+ablation, TACE+RT, TACE+adjuvant
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systemic agents and TAE, over TACE alone. Information was also strong enough
with moderate QoE in the case of TARE versus TACE, in the cases of TAE
compared with control or TACE or DEB-TACE, and in the case of TACE over control

treatment (Figure 11).
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Discussion

Contrary to a standard meta-analysis that pools studies comparing a certain pair of
treatments, network meta-analysis (NMA) is an established methodology capable of
inferring the high level of evidence about any number of treatments by combining
direct and indirect randomized comparative research into a single unified analysis
while respecting randomization of individual clinical studies.[114] To our knowledge,
this is the first comprehensive mixed treatment comparison analysis evaluating the
safety and effectiveness of different transarterial embolization therapies either alone
or in combination with local ablative or adjuvant systemic treatments for unresectable
hepatocellular carcinoma. Most of the patients with hepatocellular carcinoma are
diagnosed late at the intermediate-advanced stages of the disease and are ineligible
for potentially curative treatments like liver transplantation, resection or curative
thermal ablation. According to GIDEON, the largest global observational registry of
unresectable HCC to date including more than 3,200 cases, more than half of all
HCC patients receive TACE as their primary treatment mode [115]. A lipiodol
emulsion of an anticancer agent; usually doxorubicin; followed by gelfoam or other
particle embolization remains the most popular form of TACE [8]. Adoption of TACE
with an oil emulsion of antineoplastic agents has been primarily driven by early RCTs
of bland TAE or TACE versus conservative management more conducted than 10
years ago [8,61,64,67,68,110,111]. However, not only new treatments have emerged
like DEB-TACE or TARE or combined locoregional treatments, but above all
guideline-recommended therapy for unresectable HCC remains controversial. The
ESMO-ESDO guidelines advocate TACE for large or multinodular HCC with good
liver function [116], whereas the Canadian CEPO (Comité de I'évolution des

pratiques en oncologie) recommends TACE as the standard of care for palliative
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treatment of eligible HCC patients, but specifically advises against the use of TAE or
TARE [117]. In the meantime, a recent heavily disputed Cochrane meta-analysis
guestioned the firmness of evidence supporting either TAE or TACE in unresectable
HCC in general [33]. Hence, the survival benefit of transarterial embolization

therapies for unresectable HCC is still under dispute [118].

Most importantly, the present NMA of 55 RCTs comprising more than 5,700 patients
has shown that transarterial (chemo)-embolization strategies can confer a clear
survival benefit in patients with unresectable HCC by reducing the hazard of death in
the range of 24% (in case of TACE) up to 34% (in case of TAE and DEB-TACE).
However, surprisingly, none of the transcatheter chemo-embolization options (i.e.
TACE and DEB-TACE as standalone treatments or even combined with adjuvant
systemic agents) was any better than traditional bland transarterial embolization
(TAE). The above findings had a large information size and moderate QOE being
supported by direct evidence by 3 trials examining TAE versus best supportive
therapy (publication date 1988-2002)[61,110,111], 4 trials testing TAE versus TACE
(1994-2014)[9,69-71], and 2 trials comparing TAE versus DEB-TACE (2010-
2016)[107,108]. Internal radiation therapy (TARE) produced an even higher survival
benefit (43% reduction of the hazard of death) informed by 3 trials [76-78], but its
effectiveness was not significantly better than TAE and evidence was informed only

by a moderate information size (very low-to- moderate QoE).

The aforementioned findings, on one hand, support the notion that ischemic necrosis
induced by transcatheter embolization of the tumour feeding arteries is the primary
mode of therapy in HCC and on the other hand question the need for the widely
employed use of antineoplastic agents (most often doxorubicin) as part of the

majority of HCC embolization regimens. Neoangiogenesis is a well-known hallmark
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of hepatocellular carcinoma [119], and hepatic transarterial embolization induces
virtually immediate tumour cell death evident on imaging within 24hours [107]. The
addition of chemotherapy has been long thought to allow for enhanced intratumoral
drug delivery and retention when combined with transarterial ischemic necrosis
[120], but HCC is notorious for its low sensitivity to chemotherapy and tendency to
develop multidrug resistance [121]. The current results have found moderate QoE
according to the GRADE system that TAE is as good as any other chemo-
embolization treatment contesting the widespread use of intra-arterial doxorubicin

and other chemotherapeutic results.

Another interesting result was that the addition of locoregional ablation in the form of
percutaneous ablation or external radiotherapy had a strong additive effect in
improving objective response and prolonging patient survival. The combination of
TACE with external radiotherapy achieved better response rates (SUCRA 85%) and
improved patient survival (SUCRA 86%) that were both significantly better than plain
TAE or TACE (low-to-moderate QoE, and IF 61-100%). The combination of TACE
with some form of percutaneous ablation (microwave or RF or alcohol) was also
significantly better than TAE or TACE and was found to be the best performing
treatment ranking first in terms of both OR (SUCRA 99%) and survival (SUCRA
96%). The latter findings support the enhanced therapeutic outcomes in case of
combined transarterial and locoregional ablative treatments [18]. Pathology studies
have shown that palliative transarterial lipiodol-based treatments may achieve >90%
necrosis in widely variable rates; 26-70% of the treated nodules; depending on
technique, lesion size and arterial anatomy [122,123]. Hence, it would be very
sensible to combine (chemo)-embolizations with other ablative therapies in order to

achieve higher rates of tumor necrosis and thereby prolong patient survival.
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Comparative safety analysis demonstrated that TARE with a beta-emitter was the
safest treatment (SUCRA 77%), whereas combined TACE and liver ablation had the
most favourable safety and effectiveness profile (SUCRA 59% and 99%,

respectively).

Overall, the findings of the present network meta-analysis are very much in line with
the results of several individual direct meta-analyses exploring individual (chemo)-
embolization strategies. A recent overview of the major findings of meta-analyses on
the management of hepatocellular carcinoma summarized the body of evidence from
more than 20 direct meta-analytic reports on embolization therapies for inoperable
liver cancer [124]. Seven meta-analyses compared the outcomes of TACE/TAE
Versus no active treatment or supportive care and overall survival outcomes
favoured TACE/TAE [27,33,125]. Another 3 reports compared the outcomes of
TACE versus TAE and concluded that there was no survival difference [27,126,127].
Furthermore, 3 reports looked into DEB-TACE versus TACE and found benefit only
in terms of tumour response like in the present work [24,128,129]. Four meta-
analyses reported outcomes of TACE combined with sorafenib versus TACE alone
and again found no survival benefit with the addition of sorafenib [29,130]. Last,
there were 3 meta-analyses exploring the combination of TACE with plain external or
conformal radiotherapy and also found that combination therapy produced superior
survival outcomes [18,124]. The present work corroborates all of the above in a
single model and further raises the combination of TACE and percutaneous tumour
ablation as the best treatment option in terms of both local tumour response and

overall patient survival.

We consider the fitted survival model another particular strength of the present study

as it may provide absolute expected median survival outcomes for each treatment
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and help clinicians optimize their decision-making process as well as guide the
informed consent of the patients. A previous meta-analysis of the expected survival
rates of untreated patients in the control arms of randomized studies of HCC has
provided interesting insights into the natural history of this largely heterogeneous
patient group. Projected median survival was 12 months in the case of intermediate
stage (BCLC category B) cases, and around 6 months in the case of advanced stage
(BCLC category C) patients [131]. A recently released systematic review and meta-
analysis of more than 10,000 patients with unresectable HCC treated with lipiodol
TACE has reported a weighted median survival rate of 19.4 months (95%CI: 16.2-
22.6 months) [8]. The above numbers compare favourably with the results of our
comparative survival model. In the present analysis, the weighted median survival
was calculated to be 13.9 months (95%CI: 11.0-17.8 months) across the control
arms of best supportive care and projected to be 18.1 months (95%CI: 15.6-21.6
months) in the TACE arms (anchor treatment). The ESMO-ESDO guidelines quote
an expected median survival following TACE treatment of approximately 20 months
in the case of BCLC intermediate stage and no more than 11 months in the case of
advanced stage HCC. Hence, the authors consider the current evidence synthesis to
reflect mostly a population of predominantly intermediate stage hepatocellular
carcinoma in line with guideline-recommended use of most transarterial embolization
therapies. In parallel with comparative effectiveness results, expected survival
outcomes were similar between TAE (median 20.9 months) and different TACE
approaches (median range, 18.1-23.1 months), numerically better with TARE
(median 25.4 months) and significantly improved with the addition of external

radiotherapy or ablation (median >30 months).
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Arguably, unresectable HCC is characterized by significant heterogeneity in lesion
size, unifocal or multinodular or diffuse patterns of disease, and variable degrees of
underlying liver dysfunction [5,8,131]. Experts have long advised against TACE in
Child-Pugh B patients, whereas TARE and external radiation have been proposed
for the more liver dominant types of disease. Hence, one treatment type cannot fit all
this heterogeneous category of patients [132]. The authors believe that combination
treatments customized to individual patient profiles on the basis of the presented
treatment rankings may deliver better clinical results and further improve survival of
patients presenting with unresectable HCC and preserved liver function. Most
interestingly, we have shown a clear synergy between transarterial embolization and
locoregional ablation that needs to be explored further in larger scale studies in

properly selected patients.

There are certain limitations to the present analysis. Network meta-analyses are
inherently more prone to uncertainty and bias compared to classical meta-analysis.
In addition, network meta-analyses are often exploratory to identify areas for more
targeted scientific research and to help inform the design of future RCTs. However,
sensitivity, consistency, and heterogeneity analyses support the validity of our
results. Another limitation is that all 55 studies span 2 decades of medical practice
and patient population reflects, as expected, the well-known clinical and anatomical
heterogeneity of patients with unresectable HCC. Nonetheless, our survival model is
in close agreement with real-life practice supporting the notion of generalizability of
our findings. Finally, we have not accounted for differences in the race and
geography as certain clusters of studies were most often performed in Asia (e.g. a
combination of TACE and external irradiation) or the Western countries (e.g. TACE

and DEB-TACE options).
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In conclusion, TACE, DEB-TACE, TARE and adjuvant systemic agents neither
improved tumour objective response nor conferred any patient survival benefit
compared to bland particle embolization (TAE). Combinations of TACE with external
radiation or liver ablation achieved the best tumour response and patient survival.
Therefore, the current trends of chemoembolization practise are clearly open to
guestion and international guidelines may need to be revised. However, quality of
evidence remains low to moderate, and clearly more and larger studies are needed,
especially in the fields of radioembolization, on the role of new embolic particulate
agents and to further elucidate the synergy of combined transarterial and ablative

liver treatments.
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Search strategy

1 “hepatocellular carcinoma’[MESH)], 2 “hepatocellular carcinoma”[TW], 3 “liver

cancer’[MESH], 4 “liver cancer’[TW]

5 “unresectable”[TW], 6 “inoperable”[TW], 7 “advanced’[TW]

8 “Clinical trial’[Mesh], 9 “Randomized Controlled Trial’[Mesh], 10 “Clinical trial’[TW],

11 “Randomized’[TW], 12 “Meta-analysis’[Mesh], 13 “Meta-analysis”’[TW]

14 “embolization’[MESH], 15 “chemoembolization’[MESH)], 16 “sorafenib’[MESH],
17 “embolization”’[TW], 18 “chemoembolization”[TW],19 “sorafenib”[TW], 20
“transcatheter” [TW], 21 “ablation”’[TW], 22 “radiotherapy”’[TW], 23 “radiation”[TW],
24 “radioembolization”’[TW], 25 “selective internal radiation therapy”[TW], 26
“radiofrequency”[TW], 27 “alcohol”’[TW], 28 “drug-eluting”[TW], 29 “anti-
angiog*’[TW], “bevazicumab”’[TW], 30 “TACE”[TW], 31 “TAE"[TW], 32 “DEB-TACE”,

33 “TAE"[TW], 34 “SIRT”[TW], 35 “TARE"[TW]

Search String

(#1 OR #2 OR #3 OR #4) AND

(#5 OR #6 OR #7) AND

(#8 OR #9 OR #10 OR #11 OR #12 OR #13) AND

(OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23
OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33

OR #34 OR #35)
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S1 Supplementary material and supporting information. Supplemental material
containing Table 1. Included randomized controlled trials and baseline patient
characteristics, Table 2. Active and control treatment received in the randomized
controlled trials, Table 3. Inconsistency analysis, Table 4. Heterogeneity and model
fit, Table 5. Random effects metaregressions analyses, League tables with fixed
and random effects models for all endpoints, and Funnel plots (comparison-

adjusted) to assess publication bias.

S2 Supporting information. PRISMA checklist
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Figure legends

Figure 1. PRISMA flowchart. Trial selection process according to the PRISMA

statement.

Figure 2. Network of evidence. Straight black lines denote direct head-to-head
randomized comparisons. Numbers refer to the number of RCTs with direct
comparisons available for each link and the size of circles is proportional to the

pooled sample size (patients) available for each treatment node.

Figure 3. Patient survival. Forest plots (random effects) of direct frequentist
analyses (RevMan, Cochrane). Risk of bias assessment by the Cochrane

Collaboration tool is presented as well.

Figure 4. Patient Survival network meta-analysis (Random effects forest plot).
Different treatments are reported in order of efficacy ranking according to the
SUCRA statistic. Black circles denote the posterior median and the black lines
denote the associated 95% Crl. Numbers represent hazard ratios (HR) and 95%
Crls. The combination of TACE and ablation was found to be the most effective

treatment (SUCRA 95%)).

Figure 5. Survival model. Projected survival curves for each treatment were fitted
with an exponential model up to 5 years. Conventional TACE was the most common
comparator in the overall network of evidence and was used as the anchor treatment
because it had the largest sample size. Absolute survival estimates of TACE at
different time points were calculated with a standard random effects proportional
model weighted by patient sample for each trial (black circles). Median patient

survival (half-life) for each treatment was then calculated by combining the fitted
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hazard rate (exponential decay constant) of the anchor treatment with the pairwise

posterior median HR calculated by the Bayesian model for the respective treatment.

Figure 6. Objective Response. Forest plots (random effects) of direct frequentist
analyses of patient survival (RevMan, by Cochrane). Risk of bias assessment by the

Cochrane Collaboration tool is presented as well.

Figure 7. Objective Response network meta-analysis (Random effects forest
plot). Different treatments are reported in order of efficacy ranking according to the
SUCRA statistic. Black circles denote the posterior median and the black lines
denote the associated 95% Crl. Numbers represent odds ratios (OR) and 95% Crls.
The combination of TACE and ablation was found to be the most effective treatment

(SUCRA 99%).

Figure 8. Patient survival and objective response. Two-dimensional ranking of
different treatments according to patient survival (y-axis) and objective response (x-
axis) based on the cumulative rank probabilities (SUCRA; %). Note the linear

correlation (linear regression fit R2=0.926) between the 2 outcome metrics.

Figure 9. Serious adverse events. Forest plots (random effects) of direct
frequentist analyses of patient survival (RevMan, Cochrane). Risk of bias

assessment by the Cochrane Collaboration tool is presented as well.

Figure 10. Serious Adverse Events network meta-analysis (Random effects
forest plot). Different treatments are reported in order of safety ranking according to
the SUCRA statistic. Black circles denote the posterior median and the black lines
denote the associated 95% Crl. Numbers represent odds ratios (OR) and 95% Crls.

TARE was found to be the safest treatment (SUCRA 90%).
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Figure 11. Strength and quality of evidence. QoE was graded as recommended
for network meta-analyses on the basis of clinical diversity (between-trial
heterogeneity of patient characteristics and/or study design), indirectness (absence
of direct randomized comparisons), and imprecision (we chose a threshold of
information fraction <50%). Effective sample size n for each comparison is shown
along with information fraction (IF; %) in parentheses (compared to n=560 for a
hypothetical well-powered randomized study to detect a survival benefit of HR=0.70
at 2 years). Color-coded representation of QoE; very low (light gray), low (yellow),

moderate (green). There were no cases of high QoE observed.
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Table 1. Included randomized controlled trials and baseline patient demographics and index tumour characteristics

Study Vear Patients Age Male Child-Pugh PS (0/1) Median Multinodular | Follow-up
& citation (n) (years) Gender (%) A/B (#Okuda) or KPS stage or diffuse (years)
Conventional transarterial chemoembolization (TACE) versus best supportive treatment (BST) [n=8]

Groupe d’Etude [62] 1995 96 64y 96% 100% / 0% NA NA 59% 4 years
Madden et al.[66] 1993 50 49y 92% 14% / 68%it 1 (1-3) Okuda Il NA 5 months
Pelletier et al.[68] 1990 42 65y 88% 26% / 52%# NA Okuda Il NA 1 year
Pelletier et al.[67] 1998 73 66y 85% 77% [ 23% 58% / 38% Okuda | NA 2 years
Lo et al.[64] 2002 79 63y 80% A47%/ 53%# 43% / 44% Okuda Il 60% 3.5 years
Llovet et al.[61] (3-arm)* 2002 75 65y 73% 69% / 31% 83% / 10% BCLC B 72% 4 years
FFCD 9402 et al.[63] 2008 123 64y 87% 71% / 29% 37% 1 47% Okuda | 70% 5 years
Mabed et al.[65] 2009 100 52y 65% 69% / 31% 1(0-2) Okuda | 58% 1 year
Bland transarterial embolization (TAE) versus best supportive treatment (BST) [n=3]

Lin et al.[111] 1988 63 50y 92% 100% (A/B) NA NA NA 2 years
Bruix et al.[110] 1998 80 63y 75% 68% / 32%# 68% / 27% Okuda | 76% 4 years
Llovet et al.[61] (3-arm)* 2002 72 65y 73% 67% / 33% 76% / 16% Okuda Il 76% 4 years
Transarterial radioembolization (TARE) versus best supportive treatment (BST) [n=1]

Raoul et al.[112] 1994 27 66y 96% 52% / 48% NA BCLC B 70% 1 year
Transarterial radioembolization (TARE) versus conventional transarterial chemoembolization (TACE) [n=2]

Raoul et al.[77] 1997 129 65y 95% 75% / 23% KPS=70% Okuda | 50% 4 years
Kolligs et al.[76] 2015 28 66y 86% 64% / 25% 79% / 21% BCLC B 68% 2 years
Salem et al.[78] 2016 45 63y 73% 56% / 44% NA BCLC A 47% 2 years
Drug-eluting beads chemoembolization (DEB-TACE) versus conventional transarterial chemoembolization (TACE) [n=4]

Lammer et al.[73] 2009 201 67y 87% 83%/17% 77% | 23% BCLC B 42% 6 months
Sacco et al.[74] 2011 67 70y 67% 81% / 19% 100% / 0% BCLC A 34% 3.5 years
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Malenstein et al.[75] 2011 30 62y 83% 93% / 7% 63% / 30% BCLC B 63% 1 month
Golfieri et al.[72] 2014 177 69y 76% 86% / 24% 74% | 26% BCLC B 54% 2 years
Bland transarterial embolization (TAE) versus conventional transarterial chemoembolization (TACE) [n=4]

Chang et al.[69] 1994 46 64y 93% 65% / 35% NA NA 57% 2 years
Kawai et al.[70] 1991 286 62y 85% 73% / 24% 52% / 26% NA NA 3 years
Meyer et al.[9] 2013 86 63y 86% 83% /17% 67% / 20% BCLC B 67% 3 years
Yu et al.[71] 2014 90 65y 80% 81% /19% 66% / 31% BCLC B 52% 4 years
Drug-eluting beads chemoembolization (DEB-TACE) versus bland transarterial embolization (TAE) [n=2]

Malagari et al.[108] 2010 84 70y 7% 58%/ 42% 64% / 36% NA 38% 1 year

Brown et al.[107] 2016 101 67y 7% 85% / 15% 86% / 14% BCLC B 60% 6 years
Drug-eluting beads chemoembolization (DEB-TACE) versus transarterial radioembolization (TARE) [n=1]

Pitton et al.[109] 2015 24 71y 75% 79% / 21% 100% / 0% BCLC B 96% 3 years

Conventional transarteri

al chemoembolization (TACE) plus systemic therapy versus conventional transarterial chemoembolization (TACE) [n=8]

Sansonno et al.[84] 2012 80 73y 60% 100% / 0% 61% / 39% NA 45% 21 months
Kudo et al.[81] 2011 458 70y 75% 100% / 0% 88% / 12% NA 27% 3 years
Britten et al.[79] 2011 30 59y 50% 93% / 7% 80% / 20% BCLC B 27% 5 years
Pinter et al.[83] 2015 32 61y 91% 69% / 31% 100% / 0% BCLC B 59% 46 months
Wang et al.[85] 2015 125 55y 85% 85% / 15% 82% / NA BCLC B 33% 40 months
Li et al.[82] 2009 216 48y 70% 91% / 9% 76% / NA Okuda | 55% 3 years
Kudo et al.[17] 2014 502 58y 84% 94% / 5% 80% / 20% BCLC B 65% 3 years
Inaba et al.[80] 2013 101 NA 81% 84% / 16% 93% / 7% BCLC B 57% 3 years
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Drug-eluting beads chemoembolization (DEB-TACE) plus adjuvant systemic versus Drug-eluting beads chemoembolization (DEB-TACE) [n=1]

Lencioni et al.[16] 2016 307 64y 85% 100% / 0% 100% / 0% BCLC B 100% 800 days
Conventional transarterial chemoembolization (TACE) plus tumour ablation versus conventional transarterial chemoembolization (TACE) [n=9]

Yang et al. [93] 2008 35 58y 4% 60% / 29% NA NA 66% 2 years
Bartolozzi et al.[86] 1995 53 66y 7% 47% | 53% NA NA 40% 3 years
Becker et al.[87] 2005 52 64y 79% 75% / 25% NA Okuda | 37% 30 months
Wu et al.[90] 1998 102 55y 94% 78% / 17% NA NA NA 3 years
Xu et al.[91] 2002 45 NA NA 100% / 0% NA NA 0% 3 years
Yamamoto et al.[92] 1997 100 NA 87% 37% / 42% NA JIS lI-IV 52% 3 years
Liu et al.[88] 2009 78 53y NA 86% / 14% NA BCLC C NA 2 years
Wang et al.[89] 2007 83 58y 80% 80% / 20% NA TNM 1l NA 1 year
Zhao et al.[94] 2011 47 NA NA NA NA BCLC C NA 3 years
Huang et al.[95] 2016 120 60y 77% 100% (A/B) NA BCLC B 0% 5 years

Conventional transarteri

al chemoembolization (TACE) plus external radiothe

rapy versus conventional transarterial chemoembolization (TACE) [n=11]

Xue et al.[103] 1995 41 NA NA 100% (A/B) NA TNM I NA 1 year
Leng et al.[96] 2000 75 NA NA 100% / 0% KPS265% TNM I NA 3 years
Wang et al.[101] 2000 40 37y 92% 85% (A/B) NA TNM 1l 30% 5 years
Peng et al.[99] 2000 91 NA NA NA NA TNM I NA 5 years
Li et al.[97] 2003 82 51y NA 61% / 39% NA NA NA 3 years
Zhao et al.[105] 2006 96 53y 63% 100% / 0% KPS270% TNM | NA 3 years
Shang et al.[100] 2007 76 52y NA 100% (A/B) KPS270% TNM | NA 3 years
Xiao et al.[106] 2008 60 NA NA 65% / 35% KPS=70% TNM I NA 3 years
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Liao et al.[98] 2010 48 NA NA 71% / 29% NA TNM Il NA 3 years
Wang et al.[102] 2006 108 54y NA 100% (A/B) KPS265% TNM Il 8% 3 years
Zhang et al.[104] 2012 259 53y NA 100% (A/B) NA BCLC C NA 2 years
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Abstract

Background: The optimal transcatheter embolization strategy for patients with
unresectable hepatocellular carcinoma (HCC) remains elusive. We conducted a
systematic review and network meta-analysis (NMA) of different embolization

options for unresectable HCC.

Methods: Medical databases were searched for randomized controlled trials
evaluating bland transarterial embolization (TAE), conventional TACE, drug-eluting
bead chemoembolization (DEB-TACE), or transarterial radioembolization (TARE),
either alone or combined with adjuvant chemotherapy, or local liver ablation, or
external radiotherapy for unresectable HCC up to June 2017. Random effects
Bayesian models with a binomial and normal likelihood were fitted (WinBUGS).
Primary endpoint was patient survival expressed as hazard ratios (HR) and 95%
credible intervals. An exponential model was used to fit patient survival curves.
Safety and objective response were calculated as odds ratios (OR) and
accompanying 95% credible intervals. Competing treatments were ranked with the
SUCRA statistic. Heterogeneity-adjusted effective sample sizes were calculated to
evaluate information size for each comparison. Quality of evidence (QoE) was
assessed with the GRADE system adapted for NMA reports. All analyses complied

with the ISPOR-AMCP-NCP Task Force Report for good practice in NMA.

Findings: The network of evidence included 55 RCTs (12 direct comparisons) with
5,763 patients with preserved liver function and unresectable HCC (intermediate to
advanced stage).All embolization strategies achieved a significant survival gain over
control treatment (HR range, 0.42-0.76; very low-to-moderate QoE). However,

TACE, DEB-TACE, TARE and adjuvant systemic agents did not confer any survival
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benefit over bland TAE alone (moderate QoE, except low in case of TARE).There
was moderate QoE that TACE combined with external radiation or liver ablation

achieved the best patient survival (SUCRA 86% and 96%, respectively).Estimated

median survival was 13.9 months in control, 18.1 months in TACE, 20.6 months with

DEB-TACE, 20.8 months with bland TAE, 30.1 months in TACE plus external

radiotherapy, and 33.3 months in TACE plus liver ablation. TARE was the safest

treatment (SUCRA 77%), however, all examined therapies were associated with a

significantly higher risk of toxicity over control (OR range, 6.35 to 68.5). TACE, DEB-

TACE, TARE and adjuvant systemic agents did not improve objective response over
bland embolization alone (OR range, 0.85 to 1.65). There was clinical diversity

among included randomized controlled trials, but statistical heterogeneity was low.

Conclusions: Chemo- and radio-embolization for unresectable hepatocellular
carcinoma may improve tumour objective response and patient survival, but are not
more effective than bland particle embolization. Chemoembolization combined with
external radiotherapy or local liver ablation may significantly improve tumour
response and patient survival rates over embolization monotherapies. Quality of

evidence remains mostly low to moderate because of clinical diversity.

Systematic review registration: CRD42016035796

(http://www.crd.york.ac.uk/PROSPERO)

Keywords

Hepatocellular carcinoma, embolization, chemoembolization, radioembolization,
ablation, radiotherapy, survival, network meta-analysis, objective response,

unresectable, systematic review
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Abbreviations

HCC Hepatocellular carcinoma

RF Radiofrequency ablation

MW Microwave ablation

TAE Transarterial embolization

TACE Transarterial chemoembolization

DEB-TACE Drug-eluting bead transarterial chemoembolization
TARE Transarterial radioembolization

SIRT Selective internal radiation therapy

BCLC Barcelona Clinic Liver Cancer staging system
RCT Randomized controlled trial

NMA Network meta-analysis

QoE Quality of Evidence

DIC Deviance information criterion

EASL European Association for the Study of the Liver
RECIST Response Evaluation Criteria In Solid Tumors
OR Objective response

SAE Serious adverse events

HR Hazard ratio

CTCAE Common Terminology Criteria for Adverse Events
SUCRA Surface Area Under the Cumulative Rankograms
Crl Credible intervals
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of all cancer-related
deaths globally and accounts for 90% of primary liver cancers and approximately 7%
of all cancers, representing the fifth most common cancer in men and eighth for
women.[1-3] Liver transplantation and surgical resection remain the proposed
treatment options for very early and early stage HCC in good surgical candidates.
Unfortunately, more than three-quarters of the patients are diagnosed during the
intermediate or advanced stages of the disease and considered ineligible for curative
resection.[1,4] In the past, the prognosis of unresectable HCC was poor and its
management was limited to systemic pharmacotherapy, external radiotherapy or
plain supportive treatments.[5] With the advent of Interventional Oncology that
encompasses different percutaneous, image-guided, locoregional therapies,[6,7]
treatment options for unresectable HCC quickly expanded to include transcatheter
embolization with or without chemotherapy [8]; i.e. bland transarterial embolization
(TAE)[9], conventional transarterial chemoembolization (TACE)[10] or
chemoembolization with drug-eluting beads (DEB-TACE)[11]; and percutaneous liver
ablation either with chemical agents like alcohol[12], or alternatively with application
of radiofrequency (RF) or microwave (MW) energy.[13] Conventional TACE with the
transcatheter delivery of a mixture of chemotherapy and embolic material is the
current standard of care for unresectable intermediate or advanced stage HCC in
patients with preserved liver function.[4,10] Local radiotherapy with the transarterial
delivery of beta-emitting microparticles, currently known as radioembolization
(TARE) or selective internal radiation therapy (SIRT) [14,15], is another emerging

treatment for unresectable HCC. In addition, various combinations of locoregional
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ablative treatments with adjuvant systemic therapies[16,17] or even external organ

radiotherapy have been proposed.[18]

In general, interventional targeted embolization and ablative therapies for the
treatment of unresectable HCC aim to increase overall patient survival, while limiting
treatment-related side-effects, avoiding untoward complications, and improving the
quality of life.[4] Theoretically, this can be accomplished by the inherent advantages
of transcatheter (chemo)embolization treatments, which include a minimally invasive
approach, enhanced pharmacokinetic profile and intra-tumorous bioavailability due
to targeted drug delivery, and presumably more extensive tumour necrosis by
combining the ischemic effect of embolization, while sparing surrounding normal liver
parenchyma.[8,19] Moreover, transcatheter embolization treatments do not require

general anesthesia or prolonged hospitalization periods.[3,8]

However, in spite of extensive animal and clinical investigations, and numerous
randomized controlled trials (RCT) over the last decades, the optimal embolization
treatment strategy for patients with intermediate to advanced stage HCC remains
elusive.[7,8] The authors pursued to perform a mixed treatment comparison with
guantitative statistical methods — network meta-analysis (NMA) - of the various
transcatheter embolization therapies with or without local ablative or adjuvant
systemic treatments for unresectable HCC. Comparative effectiveness of treatments
that have or have not been directly compared with each other in head-to-head RCTs
can be assessed in a network meta-analysis (NMA) using Bayesian statistics, on the
condition that all competing therapies share a common chain or network of
evidence.[20,21] We conducted a Bayesian network meta-analysis of all relevant
randomized controlled trials to identify the best treatment option for patients with

unresectable intermediate/advanced stage HCC.
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Methods

Search methods

This systematic review has been registered in the PROSPERO public database
(CRD42016035796; http://www.crd.york.ac.uk/PROSPEROQO). The authors initially
collated randomized controlled trials reporting outcomes for unresectable HCC from
different transarterial embolization strategies (alone or in combination with other
treatments) from previously published relevant meta-analyses.[8,10,12,15,18,19,22-
33] Subsequently, electronic searches of PubMed (Medline), EMBASE (Ovid),
AMED, Scopus, CENTRAL, the China/Asia On Demand (CAOD) research portal, the
PROSPERO and DARE meta-analyses databases as well as online material were
performed until June 2017. The terms used included ‘hepatocellular carcinoma’,
‘primary liver cancer’, ‘unresectable’, ‘transcatheter’, ‘embolization’, ‘bland’,
‘chemoembolization’, ‘selective internal radiation therapy’, ‘radioembolization’,
‘radiotherapy’, ‘ablation’, ‘radiofrequency’, ‘alcohol’, ‘TAE’, “TACE’, ‘DEB-TACFE’,
‘TARE’, ‘SIRT’, ‘sorafenib’, ‘bevacizumab’, ‘drug-eluting’, ‘anti-angiogenic’,
‘randomized’, ‘controlled trial’, and ‘meta-analysis’ along with the pertinent Medical
Subjects Headings (MeSH) and combinations thereof with Boolean syntax.
Keywords were searched using both British English and American English grammar
(e.g. embolisation & embolization). In addition, Interventional Radiology, Medical
Oncology and Radiation Oncology peer-reviewed journals in PubMed and Embase
were examined. There were no restrictions on language, date or type of publication.

KK, PK and SS performed the literature search and data extraction.
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Trial selection and good meta-analysis practice

All steps of the trial selection process complied with the PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses) statement.[34] We
searched for and included only RCTs comparing any of the aforementioned
endovascular devices with each other, and reporting any of the primary and/or
secondary outcome measures as defined below. RCTs were assessed for inclusion
in the network meta-analysis (NMA) using a specifically structured question checklist
developed in consensus by all authors. Published and unpublished randomised trials
with an open-label, single-blind or double-blind design were eligible for inclusion
provided that they investigated any type of transcatheter arterial embolization for
unresectable hepatocellular carcinoma; with or without chemotherapy, plain or drug-
eluting beads, radioactive embolic material; as a stand-alone treatment or in
combination with other types of locoregional ablation; chemical or thermal or external
radiotherapy; or combined with adjuvant systemic treatments; anti-angiogenic
molecules or other agents. RCTs were included provided they reported any of the

agreed outcome measures (see endpoints below).

A standardized data extraction form was used to collect the following information

from all included trials (by KK, PK and SS): (1) characteristics of the study design

methods (randomization, blinding, concealment of allocation, drop-outs, outcome
reporting, risk of bias); (2) patient sample size and baseline clinical characteristics
(age, gender, tumour size and morphology, liver function, vascular invasion, and
performance status); (3) HCC staging according to the Okuda, BCLC, JIS or TNM
classification systems; (4) description of active and control interventional treatment

(chemotherapy regimen, type of embolic agents, treatment courses, dose and
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fractionation of radiotherapy, adjuvant anticancer agents, other ablation procedures);
and (5) clinical outcomes including overall patient survival, objective response of the
treated index tumours, and serious adverse events. Terminology and classification of
percutaneous and transcatheter image-guided liver therapies complied with
standardized nomenclature and universal reporting criteria proposed by the Society

of Interventional Radiology Technology Assessment Committee.[35]

The quality of the RCT trials was assessed independently by two of the authors with
the Cochrane Collaboration’s tool for evaluating the risk of bias that examines 7
different methodological items including randomized sequence generation, allocation
concealment, blinding of patients and investigators, completeness and selectivity of

outcome reporting, and other potential sources of bias.[36] Risk of bias assessment

was performed by KK, SS and DK. To help inform healthcare decision making, all

analysis methods, reporting quality and interpretation of findings complied with the
26-domain questionnaire of the ISPOR-AMCP-NCP Task Force Report for good
practice in indirect treatment comparisons and NMA.[37] Finally, the quality of
evidence (QoE) was assessed with Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system as adapted for the rating of pooled
effect estimates in the case of NMA studies,[38,39] which considers directness,
heterogeneity and imprecision of the mixed treatment comparisons as potential

reasons for downgrading of the level of confidence.
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Endpoints

In terms of survival outcome measures, few studies were found to report
progression-free survival. Therefore, the primary endpoint was set at overall patient
survival that was uniformly reported by all studies and was synthesized on the log-
hazard scale as indicated for time-to-event outcomes in cancer studies.[40,41]
Study-specific Hazard Ratios (HRs) and respective variances were retrieved from
individual publications or back-calculated from the summary or Kaplan-Meier time-to-
event data and quoted log-rank statistics with the equations of Parmar et al.[42] and
methods of Tierney et al.[43]. If hazard rates were not available, HR was
approximated from event rates under the assumption of constant hazards. Random
effects models were fitted to account for clinical diversity and heterogeneity and HRs

with 95% credible intervals were calculated.

Treatment effectiveness was assessed by the radiologic response on cross-sectional
follow-up imaging as reported by each individual RCT. The effectiveness endpoint
was set at Objective response (OR) of the index tumour defined as Complete and
Partial Response (CR+PR) according to well-accepted classification systems
including the World Health Organization (WHO),[44] the European Association for
the Study of the Liver (EASL),[45] the Response Evaluation Criteria In Solid Tumors

(RECIST),[46] and modified RECIST (MRECIST)[47] schemes.

All outcome measures of this systematic review were defined according to previously
published terminology and accepted reporting criteria for transcatheter therapies for
liver malignancies.[35] The safety and toxicity endpoint was set at Serious Adverse
Events (SAE) grade 3 and above as defined by the National Cancer Institute

Common Terminology Criteria for Adverse Events (CTCAE, version 4.0).[48] All
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223 and meta-analysis of RCTs. Any disagreements were resolved by consensus.
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Statistical methods

Direct pairwise meta-analyses of head-to-head comparisons were performed using
standard frequentist approaches (RevMan 5.2, Cochrane Collaboration). Mixed
treatment comparisons of the RCT network were performed with Bayesian inference
(WinBUGS 1.4.3, MRC Biostatistics Unit at Cambridge, United Kingdom). Bayesian
hierarchical modeling of the present network meta-analysis complied with the
NICEDSU (National Institute for Health and Excellence Decision Support Units)
guidelines.[49-51] Count statistics of treatment toxicity and objective tumour
response were analyzed with a Bayesian random effects model with a binomial
likelihood to calculate relative treatment effects expressed as Odds Ratios (OR)
between different treatments. Overall patient survival was analyzed with a Bayesian
random effects model with a normal likelihood incorporating log hazard ratio
statistics from individual trials to calculate Hazard Ratios (HR) between competing
treatments.[40] Summary statistics of relative treatment effects are reported as the
median and accompanying 95% Credibility Intervals (95% Crl) of the posterior
distribution. Crls serve the same purpose as confidence intervals in frequentist

statistics.

In addition, we fitted the respective patient survival curves with an exponential model
up to 5 years using absolute survival estimates of conventional TACE, which was the
most common comparator and with the largest sample size, as the anchor treatment.
Median patient survival (half-life) for each treatment was calculated by combining the
fitted hazard rate (exponential decay constant) of the anchor treatment (random
effects model) with the pairwise posterior median HR calculated by the Bayesian
model for the respective treatment. We also constructed rankograms of cumulative

rank probabilities of how each treatment ranks against each other in terms of being
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the 1st, 2nd, 3rd, etc. best treatment option. We present hierarchies of the
effectiveness and safety of competing treatments based on their cumulative rank
probabilities and the Surface Area Under the Cumulative Rankograms (SUCRA) as

proposed by Salanti et al.[52]

The information size (IS) required for a valid meta-analysis may be assumed to be at
least as large as the sample size of a single well-powered RCT designed to confirm
or reject the null hypothesis [53,54]. To assess the adequacy of available information
size across different pairwise comparisons that combined direct and indirect
evidence within the NMA framework, we performed calculations of the effective
sample size for each treatment comparison. We employed the methods proposed by
Thorlund and Mills for quantifying sample and information size in NMAs after
adjusting for statistical heterogeneity observed in pairwise meta-analyses of
individual nodes [55]. Consequently, statistical power and strength of evidence for
each treatment comparison may be evaluated by the information fraction (IF;

percentage of information size) available for each comparison.
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Heterogeneity, consistency, and meta-regression

Heterogeneity was evaluated with the posterior median of the between-trials
standard deviation (0),[50] while small study effects and publication bias were
evaluated by visual inspection of standard and comparison-adjusted funnel plots.[56]
Because of conceptual differences in study designs and anticipated diversity in
baseline demographics, the observed baseline risk of outcome measures may vary
between the reference treatment arms. Baseline risk is a proxy for unmeasured but
important patient-level characteristics that may relate to significant clinical
heterogeneity. Hence, we extended our analysis to a meta-regression model on trial-
specific baseline risk of the control arms to account for the uncertainty and clinical
heterogeneity introduced by differences in baseline characteristics of unresectable
HCC cohorts.[57] In addition, extensive consistency, sensitivity, and meta-regression
analyses were performed to explore heterogeneity and confirm validity as proposed
by the ISPOR-AMCP-NCP Task Force.[37,50] The validity and robustness of NMA
depend largely on the distribution of effect modifiers (covariates) not only between
studies with the same contrast (i.e. heterogeneity in the case of standard pairwise
meta-analysis) but also between different contrasts (i.e. inconsistency between direct
and indirect contrast estimates).[58] Any disagreement between the direct evidence
available for a specific contrast and the indirect evidence inferred by the rest of the
network would give rise to inconsistency. In the case of NMA studies, the risk of
network inconsistency is greatly reduced if between-trials heterogeneity is low.[59]
To exclude any loop-specific inconsistency and confirm the transitivity assumption,
pairwise direct and indirect effect estimates of closed loops of evidence were

inspected for any disagreement and the results of the consistency model were
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compared with those of an alternative unrelated mean effects model without any

consistency constraints.[49]

WinBUGS modeling

Bayesian inference with WinBUGS employs Markov Chain Monte Carlo (MCMC)
simulation to calculate the posterior distributions of the interrogated nodes within the
framework of the chosen model and likelihood function on the basis of prior
assumptions. For the purposes of this analysis, we first fitted a Bayesian hierarchical
model for multiple comparisons of different treatment options control best supportive
treatment as the reference. Posterior medians (95% Crl) of the point estimates
against control treatment were calculated using the freely available NetMetaXL
software package[60], and by custom code following the examples of Woods et al..
[40] Vague priors were used for all treatment effects and for between-trials

heterogeneity variance to avoid bias.

Three Markov chains were compiled and run, while convergence was confirmed with
the Brooks—Gelman—Rubin diagnostic tool and by inspection of history plots of
monitored nodes. An initial burn-in simulation of 50,000 iterations was discarded and
inference of final summary statistics was based on simulation of an additional
100,000 iterations.[51] Global model fit and parsimony was compared between
different fitted models to decide on the most accurate model. The goodness of fit
was compared with the posterior mean of the total residual deviance and the
Deviance Information Criterion (DIC) criterion. Residual deviance must approximate
the total number of study arms analyzed in the case of a good model fit the and

generally the model with the lowest DIC is preferred.[51] The level of statistical
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significance was set at a=0.05 for frequentist inference, while relative treatment
effect results associated with 95% Crl that did not cross unity were considered

significant in the case of Bayesian inference.
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Results

Network of evidence

Following the PRISMA selection process, 5,975 scientific records were screened for
potential inclusion in the network meta-analysis on the basis of their title and abstract
(Figure 1). Finally, 55 RCTs (including one three-arm study [61]) published between
1988 and 2017 and reporting on 5,763 patients in total were included and
synthesized within a Bayesian framework. The network of evidence involved nine
treatment nodes (eight active and one control) and was well connected with
conventional TACE as the most common comparator (Figure 2). Four treatment
nodes referred to different types of trans-arterial embolization therapy alone
(conventional TACE, or DEB-TACE, or TARE, or bland TAE) and another four
treatment nodes referred to a combination of transarterial chemoembolization with
other locoregional or systemic treatments (TACE and external radiotherapy, or TACE
and percutaneous liver ablation, or TACE and adjuvant systemic, or DEB-TACE and
an adjuvant systemic agent). Direct evidence was available for 12 comparisons
(Table 1); three of them were informed by a single RCT and the rest by more than

one RCT (median 3.5; range, 1-11 trials).

TACE was investigated versus Control symptomatic treatment in 8 studies [61-68],
versus bland TAE in 4 studies [9,69-71], versus DEB-TACE in 4 studies [72-75],

versus TARE in 3 studies [76-78], versus TACE combined with adjuvant systemic

agents in 8 studies [17,79-85], versus TACE combined percutaneous liver ablation in

10 studies [86-95], and versus combined TACE and external radiotherapy in 11

studies [96-106]. In addition, DEB-TACE was compared directly with TAE in 2

studies [107,108], with TARE in 1 RCT [109], and with DEB-TACE plus systemic
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sorafenib in 1 RCT [16]. Finally, TAE alone was compared with Control treatment in
3 studies [61,110,111], and TARE with Control in 1 study [112]. There were 3 high-
guality RCTs with low risk of bias; the rest of the studies had unclear (at least one
unclear domain) to high (at least one high-risk domain) risk of bias according to the
COCHRANE tool for risk of bias assessment. The latter was caused by performance
bias (absent or unclear blinding of participants and personnel) or detection bias

(blinded outcome assessment) in the majority of the studies.

Fifty-one out of the 55 studies recruited patients with unresectable hepatocellular

carcinoma classified as intermediate to an advanced stage (i.e. BCLC stage B-C,
Okuda stage I-1l, or AJCC TNM stage lI-lll) and 4 studies included unresectable
early stage HCC [74,78,100,105]. All studies included patients with preserved liver
function (Child-Pugh A and B) and with a predominantly male gender (range, 50-
96%). Good performance status (PS: 0-1 or KPS=65%) was reported in most of the
cases and the percentage of randomized patients with a multinodular or diffuse type
of HCC varied widely (median, 57%; IQR, 39-67%; max 100%). Fourteen out of the
55 studies reported inclusion of variable rates of patients with documented portal
vein thrombosis (range, 2-100%). A detailed description of baseline patient

demographics and clinical characteristics is provided in Supplemental Table 1.

In the TACE treated arms, conventional transarterial chemoembolization was
performed with a lipiodol emulsion of a single chemotherapy agent (doxorubicin
[61,68,70,73-75,78,83,86], or epirubicin [63,66,72,76,80], or cisplatin
[9,62,64,67,69,71,77,82], or mitomycin [87], or a combination chemotherapy regimen
[65,79,81,84,85,89,93,95,97,99-106], and was most often followed by gelfoam or

other particle embolization of the primary feeding vessels. Meyer et al. performed

cisplatin infusion first followed by particle embolization 4-6 hours later [9]. In case of




374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

20

TAE, bland embolization was performed with gelfoam and/or microparticles
(microspheres) [9,61,69,70,107,108,110,111] or alcohol [71]. DEB-TACE involved
transcatheter delivery of doxorubicin-eluting DC beads [16,72-75,107-109], and

TARE of a beta-emitter including 3%I-labeled Lipiodol [77,112] or Yttrium-90

microparticles [76,78,109]. Adjunctive systemic agents included sorafenib [16,81,84],
brivanib [17], bevacizumab [79,83], arsenic trioxide [85], TSU-68 [80], IFN-a [82].
Locoregional liver ablation was reported by means of multiple sessions of
radiofrequency ablation (RFA) [88,89,93,94] or percutaneous ethanol injection (PEI)

[86-88,90-92] or argon-helium cryoablation [95]. Finally, external radiotherapy was

delivered by 3D conformal [97,98,100,104-106] or moving stripe fractionated
protocols [99,101-103]. Active and control treatment protocols are described in detalil
in Supplemental Table 2. Median follow-up was 3 years on a trial basis (interquartile

range, 2.0-3.5 years; max 6.0 years).

Patient Survival

Survival outcomes were reported by 51 RCTs (incl. one 3-arm) reporting on 5,394

patients and 12 direct comparisons in total. Direct meta-analyses (Figure 3)
confirmed a significant survival benefit of TACE over best supportive therapy (HR:

0.76; 95%CI: 0.64-0.91) and a similar survival benefit between TAE and TACE (HR:

0.87; 95%CI: 0.71-1.07). In addition, TACE performed worse than TACE plus

radiotherapy (HR: 0.60; 95%CI: 0.53-0.69) and TACE plus ablation (HR: 0.54;

95%CI: 0.46-0.65). The NMA synthesis showed that all embolization treatments

achieved a significant survival benefit over control except DEB-TACE with adjuvant

sorafenib (HR range, 0.42-0.76). Figure 4 shows a hierarchy of different treatments
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according to the SUCRA statistic and the respective Hazard Ratios (HR). TACE,
DEB-TACE, TARE, and adjunctive systemic agents (combined with TACE or DEB-
TACE) did not confer a survival benefit over bland TAE. TACE combined with
external radiation therapy (SUCRA 86%), or percutaneous tumour ablation (SUCRA
96%), were the most effective treatment strategies. NMA heterogeneity was low (o=

0.06; 95%Crl: 0.001-0.17). A league table of all pairwise survival comparisons from

the NMA synthesis is provided in the Supplemental material.

Survival model

The fitted exponential survival model is shown in Figure 5 (posterior median of
survival projections; 95% Crls). Conventional TACE was the most common

comparator node (43 out of the 51 RCTs reporting patient survival) and was used as

the anchor treatment (least squares non-linear fit R2=0.999) for calculating expected
median survival outcomes for each of the other treatment options. Median survival
period in case of control best supportive treatment was 13.9 months (95%CI: 11.0-
17.7) and increased to 18.1 months (95%CI: 15.6-21.6) in the case of TACE, 20.6

months (95%CI: 14.5-29.4) with DEB-TACE, and 20.8 months (95%ClI: 16.2-27.1)

with bland TAE. Adjuvant systemic agents did not provide any significant survival
benefit over transarterial therapies. Median survival increased to 24.3 months

(95%CI: 16.8-35.3) in the case of TARE. Projected median survival exceeded 30

months when conventional TACE was combined with external radiotherapy (30.1

months:; 95%CI: 24.6-37.3) or with percutaneous liver tumour ablation (33.3 months;

95%ClI: 26.4-42.5).
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Objective Response

Rates of the objective response of the treated tumour lesions were reported by 41
RCTs including 4,669 patients and informing 10 direct treatment comparisons.
According to direct meta-analyses (Figure 6), both TACE (OR: 5.95; 95%CI: 2.96-
11.99) and TAE (OR: 45.8; 95%Cl: 8.75-239.7) demonstrated a strong response rate
over control treatment. In line with the survival analysis, objective response was also
better in case of TACE combined with radiotherapy (OR: 3.7; 95%CI: 2.7-5.0) or

ablation (OR: 9.44; 95%CI: 5.14-17.3) over TACE alone. In the NMA analysis, all

embolization treatments achieved a significant tumour response. Figure 7 shows a
hierarchy of comparative treatment effectiveness according to the SUCRA statistic.
Combinations of conventional TACE with external radiation therapy (SUCRA 85%) or
percutaneous tumour ablation (SUCRA 99%) were the most effective treatment
options. TACE, DEB-TACE, TARE and adjunctive systemic agents (combined with
TACE or DEB-TACE) did not improve the objective response of treated tumours
compared to bland embolization alone (TAE). TACE with adjunctive ablation
achieved a significantly better objective tumour response compared to all other

embolization mono- or combination therapies (OR range, 2.17-10.2; league table in

the Supplemental material). NMA heterogeneity was low (o=0.29; 95%Crl: 0.03-
0.63). Comparative effectiveness results of overall patient survival were corroborated
by the hierarchical SUCRA results of tumour objective response with high correlation

between the two outcome measures (linear regression fit R?=0.959 — Figure 8).
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Serious Adverse Events

Treatment-related serious adverse events (SAE) were reported by 32 RCTs
including 3,610 patients for 11 direct treatment comparisons (Figure 9). Safety
ranking of different embolization therapies on the basis of cumulative rank
probabilities (SUCRA, %), along with the respective ORs (95%Crl) against control as

a reference, are shown in Figure 10. TARE was the safest treatment (SUCRA 77%),

however, all examined therapies were associated with a significantly higher risk of
SAE compared to control (OR range, 6.35-68.5). Most of the other pairwise
comparisons showed no significant differences between different embolization
regimes in terms of SAE. TACE combined with adjuvant systemic therapies was the
highest-risk treatment (SUCRA 10% - league table in the Supplemental material).

Between-trial heterogeneity was low (0=1.01; 95%Crl: 0.61-1.64).
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Heterogeneity, consistency, and meta-regression

There was good agreement between the consistency and inconsistency (unrelated
mean effects) models, suggesting a robust and homogeneous network of evidence
(Supplemental table 3). Between-trial statistical heterogeneity in the random effects
Bayesian models was low compared to the respective posterior treatment effects
(Supplemental table 4). Consequently, application of a fixed effect Bayesian model
produced similar numerical results with slightly tighter credible intervals
(Supplemental league tables). However, model fit according to the residual deviance
and DIC criteria was better in the case of the random effects analyses and hence
those were preferred and presented in the present article (Supplemental table 4).
There was no obvious asymmetry at visual inspection of funnel plots to suggest
publication bias, except in the case of Objective Response (Supplemental funnel
plots). However, that was not evident any more on the comparison- adjusted funnel
plot (Supplemental OR funnel plot with comparison-specific adjustments). Random

effects meta-regression analyses to check for risk modifiers demonstrated only weak

non-significant correlations in the majority of the tests. Multinodular HCC was the

only variable found to be strongly and significantly related to increased rate of
adverse events, as well as of higher rates of radiological response (Supplemental

table 5).
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Strength and Quality of evidence

We calculated a sample size of 560 patients as adequate for the detection of a
treatment effect of 30% relative risk reduction of death (HR=0.7) with a type | error
5% and type Il error 20% (power 80%) assuming an average patient survival of 50%
at 2 years and a 10% rate of drop-outs or lost to follow-up. Compared to that, the IF

was found to be low-to-modeate (range, 4-51%) in case of TARE, and high (range,

50-100%) in all mixed treatment comparisons informed by both direct and indirect
evidence. Figure 11 summarizes the strength (effective sample size and IF) and QoE

according to the GRADE system for all treatment comparisons in the present NMA.

The GRADE system for assessing quality of evidence considers directness,
heterogeneity and imprecision of the mixed treatment comparisons as potential
reasons for downgrading the level of confidence in NMA results [113]. We have
found no inconsistency and statistical heterogeneity was generally low in the present
NMA, however, clinical diversity was evident in the baseline demographics of
different RCTs. Hence, in the current analysis, QOE was first downgraded universally
because of between-trial diversity in terms of baseline patient characteristics and
type and mixture of antineoplastic and/or embolic agents used (Supplemental tables
1 & 2). Second, it was further downgraded in certain comparisons because of the

absence of direct comparative evidence (indirectness).

To evaluate imprecision, we gauged the effective sample size and information
fraction of each comparison. We considered an IF<50% as a measure of weaker
evidence and potential imprecision; hence, QoE was further downgraded to very low
in the relevant comparisons. Overall, there was moderate QoE with sufficient

information size when comparing TACE+ablation, TACE+RT, TACE+adjuvant
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systemic agents and TAE, over TACE alone. Information was also strong enough

with moderate QoE in the case of TARE versus TACE, in the cases of TAE

compared with control or TACE or DEB-TACE, and in the case of TACE over control

treatment (Figure 11).
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Discussion

Contrary to a standard meta-analysis that pools studies comparing a certain pair of
treatments, network meta-analysis (NMA) is an established methodology capable of
inferring the high level of evidence about any number of treatments by combining
direct and indirect randomized comparative research into a single unified analysis
while respecting randomization of individual clinical studies.[114] To our knowledge,
this is the first comprehensive mixed treatment comparison analysis evaluating the
safety and effectiveness of different transarterial embolization therapies either alone
or in combination with local ablative or adjuvant systemic treatments for unresectable
hepatocellular carcinoma. Most of the patients with hepatocellular carcinoma are
diagnosed late at the intermediate-advanced stages of the disease and are ineligible
for potentially curative treatments like liver transplantation, resection or curative
thermal ablation. According to GIDEON, the largest global observational registry of
unresectable HCC to date including more than 3,200 cases, more than half of all
HCC patients receive TACE as their primary treatment mode [115]. A lipiodol
emulsion of an anticancer agent; usually doxorubicin; followed by gelfoam or other
particle embolization remains the most popular form of TACE [8]. Adoption of TACE
with an oil emulsion of antineoplastic agents has been primarily driven by early RCTs
of bland TAE or TACE versus conservative management more conducted than 10
years ago [8,61,64,67,68,110,111]. However, not only new treatments have emerged
like DEB-TACE or TARE or combined locoregional treatments, but above all
guideline-recommended therapy for unresectable HCC remains controversial. The
ESMO-ESDO guidelines advocate TACE for large or multinodular HCC with good
liver function [116], whereas the Canadian CEPO (Comité de I'évolution des

pratiques en oncologie) recommends TACE as the standard of care for palliative
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treatment of eligible HCC patients, but specifically advises against the use of TAE or
TARE [117]. In the meantime, a recent heavily disputed Cochrane meta-analysis
guestioned the firmness of evidence supporting either TAE or TACE in unresectable
HCC in general [33]. Hence, the survival benefit of transarterial embolization

therapies for unresectable HCC is still under dispute [118].

Most importantly, the present NMA of 55 RCTs comprising more than 5,700 patients

has shown that transarterial (chemo)-embolization strategies can confer a clear
survival benefit in patients with unresectable HCC by reducing the hazard of death in

the range of 24% (in case of TACE) up to 34% (in case of TAE and DEB-TACE).

However, surprisingly, none of the transcatheter chemo-embolization options (i.e.
TACE and DEB-TACE as standalone treatments or even combined with adjuvant
systemic agents) was any better than traditional bland transarterial embolization
(TAE). The above findings had a large information size and moderate QOE being
supported by direct evidence by 3 trials examining TAE versus best supportive
therapy (publication date 1988-2002)[61,110,111], 4 trials testing TAE versus TACE
(1994-2014)[9,69-71], and 2 trials comparing TAE versus DEB-TACE (2010-
2016)[107,108]. Internal radiation therapy (TARE) produced an even higher survival

benefit (43% reduction of the hazard of death) informed by 3 trials [76-78], but its

effectiveness was not significantly better than TAE and evidence was informed only

by a moderate information size (very low-to- moderate QoE).

The aforementioned findings, on one hand, support the notion that ischemic necrosis
induced by transcatheter embolization of the tumour feeding arteries is the primary
mode of therapy in HCC and on the other hand question the need for the widely
employed use of antineoplastic agents (most often doxorubicin) as part of the

majority of HCC embolization regimens. Neoangiogenesis is a well-known hallmark
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of hepatocellular carcinoma [119], and hepatic transarterial embolization induces
virtually immediate tumour cell death evident on imaging within 24hours [107]. The
addition of chemotherapy has been long thought to allow for enhanced intratumoral
drug delivery and retention when combined with transarterial ischemic necrosis
[120], but HCC is notorious for its low sensitivity to chemotherapy and tendency to
develop multidrug resistance [121]. The current results have found moderate QoE
according to the GRADE system that TAE is as good as any other chemo-
embolization treatment contesting the widespread use of intra-arterial doxorubicin

and other chemotherapeutic results.

Another interesting result was that the addition of locoregional ablation in the form of
percutaneous ablation or external radiotherapy had a strong additive effect in
improving objective response and prolonging patient survival. The combination of
TACE with external radiotherapy achieved better response rates (SUCRA 85%) and
improved patient survival (SUCRA 86%) that were both significantly better than plain
TAE or TACE (low-to-moderate QoE, and IF 61-100%). The combination of TACE
with some form of percutaneous ablation (microwave or RF or alcohol) was also
significantly better than TAE or TACE and was found to be the best performing
treatment ranking first in terms of both OR (SUCRA 99%) and survival (SUCRA
96%). The latter findings support the enhanced therapeutic outcomes in case of
combined transarterial and locoregional ablative treatments [18]. Pathology studies
have shown that palliative transarterial lipiodol-based treatments may achieve >90%
necrosis in widely variable rates; 26-70% of the treated nodules; depending on
technique, lesion size and arterial anatomy [122,123]. Hence, it would be very
sensible to combine (chemo)-embolizations with other ablative therapies in order to

achieve higher rates of tumor necrosis and thereby prolong patient survival.
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Comparative safety analysis demonstrated that TARE with a beta-emitter was the

safest treatment (SUCRA 77%), whereas combined TACE and liver ablation had the

most favourable safety and effectiveness profile (SUCRA 59% and 99%,

respectively).

Overall, the findings of the present network meta-analysis are very much in line with

the results of several individual direct meta-analyses exploring individual (chemo)-

embolization strategies. A recent overview of the major findings of meta-analyses on

the management of hepatocellular carcinoma summarized the body of evidence from

more than 20 direct meta-analvytic reports on embolization therapies for inoperable

liver cancer [124]. Seven meta-analyses compared the outcomes of TACE/TAE

Versus no active treatment or supportive care and overall survival outcomes

favoured TACE/TAE [27,33,125]. Another 3 reports compared the outcomes of

TACE versus TAE and concluded that there was no survival difference [27,126,127].

Furthermore, 3 reports looked into DEB-TACE versus TACE and found benefit only

in terms of tumour response like in the present work [24,128,129]. Four meta-

analyses reported outcomes of TACE combined with sorafenib versus TACE alone

and again found no survival benefit with the addition of sorafenib [29,130]. Last,

there were 3 meta-analyses exploring the combination of TACE with plain external or

conformal radiotherapy and also found that combination therapy produced superior

survival outcomes [18,124]. The present work corroborates all of the above in a

single model and further raises the combination of TACE and percutaneous tumour

ablation as the best treatment option in terms of both local tumour response and

overall patient survival.

We consider the fitted survival model another particular strength of the present study

as it may provide absolute expected median survival outcomes for each treatment
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and help clinicians optimize their decision-making process as well as guide the
informed consent of the patients. A previous meta-analysis of the expected survival
rates of untreated patients in the control arms of randomized studies of HCC has
provided interesting insights into the natural history of this largely heterogeneous
patient group. Projected median survival was 12 months in the case of intermediate
stage (BCLC category B) cases, and around 6 months in the case of advanced stage
(BCLC category C) patients [131]. A recently released systematic review and meta-
analysis of more than 10,000 patients with unresectable HCC treated with lipiodol
TACE has reported a weighted median survival rate of 19.4 months (95%CI: 16.2-
22.6 months) [8]. The above numbers compare favourably with the results of our
comparative survival model. In the present analysis, the weighted median survival
was calculated to be 13.9 months (95%CI: 11.0-17.8 months) across the control
arms of best supportive care and projected to be 18.1 months (95%CI: 15.6-21.6
months) in the TACE arms (anchor treatment). The ESMO-ESDO guidelines quote
an expected median survival following TACE treatment of approximately 20 months
in the case of BCLC intermediate stage and no more than 11 months in the case of
advanced stage HCC. Hence, the authors consider the current evidence synthesis to
reflect mostly a population of predominantly intermediate stage hepatocellular
carcinoma in line with guideline-recommended use of most transarterial embolization
therapies. In parallel with comparative effectiveness results, expected survival
outcomes were similar between TAE (median 20.9 months) and different TACE
approaches (median range, 18.1-23.1 months), numerically better with TARE
(median 25.4 months) and significantly improved with the addition of external

radiotherapy or ablation (median >30 months).
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Arguably, unresectable HCC is characterized by significant heterogeneity in lesion
size, unifocal or multinodular or diffuse patterns of disease, and variable degrees of
underlying liver dysfunction [5,8,131]. Experts have long advised against TACE in
Child-Pugh B patients, whereas TARE and external radiation have been proposed
for the more liver dominant types of disease. Hence, one treatment type cannot fit all
this heterogeneous category of patients [132]. The authors believe that combination
treatments customized to individual patient profiles on the basis of the presented
treatment rankings may deliver better clinical results and further improve survival of
patients presenting with unresectable HCC and preserved liver function. Most
interestingly, we have shown a clear synergy between transarterial embolization and
locoregional ablation that needs to be explored further in larger scale studies in

properly selected patients.

There are certain limitations to the present analysis. Network meta-analyses are
inherently more prone to uncertainty and bias compared to classical meta-analysis.
In addition, network meta-analyses are often exploratory to identify areas for more
targeted scientific research and to help inform the design of future RCTs. However,
sensitivity, consistency, and heterogeneity analyses support the validity of our
results. Another limitation is that all 55 studies span 2 decades of medical practice
and patient population reflects, as expected, the well-known clinical and anatomical
heterogeneity of patients with unresectable HCC. Nonetheless, our survival model is
in close agreement with real-life practice supporting the notion of generalizability of
our findings. Finally, we have not accounted for differences in the race and
geography as certain clusters of studies were most often performed in Asia (e.g. a
combination of TACE and external irradiation) or the Western countries (e.g. TACE

and DEB-TACE options).



657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

33

In conclusion, TACE, DEB-TACE, TARE and adjuvant systemic agents neither
improved tumour objective response nor conferred any patient survival benefit
compared to bland particle embolization (TAE). Combinations of TACE with external
radiation or liver ablation achieved the best tumour response and patient survival.
Therefore, the current trends of chemoembolization practise are clearly open to
guestion and international guidelines may need to be revised. However, quality of
evidence remains low to moderate, and clearly more and larger studies are needed,
especially in the fields of radioembolization, on the role of new embolic particulate
agents and to further elucidate the synergy of combined transarterial and ablative

liver treatments.
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S1 Supplementary material and supporting information. Supplemental material

containing Table 1. Included randomized controlled trials and baseline patient

characteristics, Table 2. Active and control treatment received in the randomized

controlled trials, Table 3. Inconsistency analysis, Table 4. Heterogeneity and model

fit, Table 5. Random effects metaregressions analyses, League tables with fixed

and random effects models for all endpoints, and Funnel plots (comparison-

adjusted) to assess publication bias.

S2 Supporting information. PRISMA checklist
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Figure legends

Figure 1. PRISMA flowchart. Trial selection process according to the PRISMA

statement.

Figure 2. Network of evidence. Straight black lines denote direct head-to-head
randomized comparisons. Numbers refer to the number of RCTs with direct
comparisons available for each link and the size of circles is proportional to the

pooled sample size (patients) available for each treatment node.

Figure 3. Patient survival. Forest plots (random effects) of direct frequentist
analyses (RevMan, Cochrane). Risk of bias assessment by the Cochrane

Collaboration tool is presented as well.

Figure 4. Patient Survival network meta-analysis (Random effects forest plot).
Different treatments are reported in order of efficacy ranking according to the
SUCRA statistic. Black circles denote the posterior median and the black lines
denote the associated 95% Crl. Numbers represent hazard ratios (HR) and 95%
Crls. The combination of TACE and ablation was found to be the most effective

treatment (SUCRA 95%)).

Figure 5. Survival model. Projected survival curves for each treatment were fitted
with an exponential model up to 5 years. Conventional TACE was the most common
comparator in the overall network of evidence and was used as the anchor treatment
because it had the largest sample size. Absolute survival estimates of TACE at
different time points were calculated with a standard random effects proportional
model weighted by patient sample for each trial (black circles). Median patient

survival (half-life) for each treatment was then calculated by combining the fitted
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hazard rate (exponential decay constant) of the anchor treatment with the pairwise

posterior median HR calculated by the Bayesian model for the respective treatment.

Figure 6. Objective Response. Forest plots (random effects) of direct frequentist
analyses of patient survival (RevMan, by Cochrane). Risk of bias assessment by the

Cochrane Collaboration tool is presented as well.

Figure 7. Objective Response network meta-analysis (Random effects forest
plot). Different treatments are reported in order of efficacy ranking according to the
SUCRA statistic. Black circles denote the posterior median and the black lines
denote the associated 95% Crl. Numbers represent odds ratios (OR) and 95% Crls.
The combination of TACE and ablation was found to be the most effective treatment

(SUCRA 99%).

Figure 8. Patient survival and objective response. Two-dimensional ranking of
different treatments according to patient survival (y-axis) and objective response (x-
axis) based on the cumulative rank probabilities (SUCRA; %). Note the linear

correlation (linear regression fit R2=0.926) between the 2 outcome metrics.

Figure 9. Serious adverse events. Forest plots (random effects) of direct
frequentist analyses of patient survival (RevMan, Cochrane). Risk of bias

assessment by the Cochrane Collaboration tool is presented as well.

Figure 10. Serious Adverse Events network meta-analysis (Random effects
forest plot). Different treatments are reported in order of safety ranking according to
the SUCRA statistic. Black circles denote the posterior median and the black lines
denote the associated 95% Crl. Numbers represent odds ratios (OR) and 95% Crls.

TARE was found to be the safest treatment (SUCRA 90%).
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Figure 11. Strength and quality of evidence. QoE was graded as recommended
for network meta-analyses on the basis of clinical diversity (between-trial
heterogeneity of patient characteristics and/or study design), indirectness (absence
of direct randomized comparisons), and imprecision (we chose a threshold of
information fraction <50%). Effective sample size n for each comparison is shown
along with information fraction (IF; %) in parentheses (compared to n=560 for a
hypothetical well-powered randomized study to detect a survival benefit of HR=0.70
at 2 years). Color-coded representation of QoE; very low (light gray), low (yellow),

moderate (green). There were no cases of high QoE observed.
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Table 1. Included randomized controlled trials and baseline patient demographics and index tumour characteristics

Study Vear Patients Age Male Child-Pugh PS (0/1) Median Multinodular | Follow-up
& citation (n) (years) Gender (%) A/B (#Okuda) or KPS stage or diffuse (years)
Conventional transarterial chemoembolization (TACE) versus best supportive treatment (BST) [n=8]

Groupe d’Etude [62] 1995 96 64y 96% 100% / 0% NA NA 59% 4 years
Madden et al.[66] 1993 50 49y 92% 14% / 68%it 1 (1-3) Okuda Il NA 5 months
Pelletier et al.[68] 1990 42 65y 88% 26% / 52%# NA Okuda Il NA 1 year
Pelletier et al.[67] 1998 73 66y 85% 77% [ 23% 58% / 38% Okuda | NA 2 years
Lo et al.[64] 2002 79 63y 80% A47%/ 53%# 43% / 44% Okuda Il 60% 3.5 years
Llovet et al.[61] (3-arm)* 2002 75 65y 73% 69% / 31% 83% / 10% BCLC B 72% 4 years
FFCD 9402 et al.[63] 2008 123 64y 87% 71% / 29% 37% 1 47% Okuda | 70% 5 years
Mabed et al.[65] 2009 100 52y 65% 69% / 31% 1(0-2) Okuda | 58% 1 year
Bland transarterial embolization (TAE) versus best supportive treatment (BST) [n=3]

Lin et al.[111] 1988 63 50y 92% 100% (A/B) NA NA NA 2 years
Bruix et al.[110] 1998 80 63y 75% 68% / 32%# 68% / 27% Okuda | 76% 4 years
Llovet et al.[61] (3-arm)* 2002 72 65y 73% 67% / 33% 76% / 16% Okuda Il 76% 4 years
Transarterial radioembolization (TARE) versus best supportive treatment (BST) [n=1]

Raoul et al.[112] 1994 27 66y 96% 52% / 48% NA BCLC B 70% 1 year
Transarterial radioembolization (TARE) versus conventional transarterial chemoembolization (TACE) [n=2]

Raoul et al.[77] 1997 129 65y 95% 75% / 23% KPS=70% Okuda | 50% 4 years
Kolligs et al.[76] 2015 28 66y 86% 64% / 25% 79% / 21% BCLC B 68% 2 years
Salem et al.[78] 2016 45 63y 73% 56% / 44% NA BCLC A 47% 2 years
Drug-eluting beads chemoembolization (DEB-TACE) versus conventional transarterial chemoembolization (TACE) [n=4]

Lammer et al.[73] 2009 201 67y 87% 83%/17% 77% | 23% BCLC B 42% 6 months
Sacco et al.[74] 2011 67 70y 67% 81% / 19% 100% / 0% BCLC A 34% 3.5 years
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Malenstein et al.[75] 2011 30 62y 83% 93% / 7% 63% / 30% BCLC B 63% 1 month
Golfieri et al.[72] 2014 177 69y 76% 86% / 24% 74% | 26% BCLC B 54% 2 years
Bland transarterial embolization (TAE) versus conventional transarterial chemoembolization (TACE) [n=4]

Chang et al.[69] 1994 46 64y 93% 65% / 35% NA NA 57% 2 years
Kawai et al.[70] 1991 286 62y 85% 73% / 24% 52% / 26% NA NA 3 years
Meyer et al.[9] 2013 86 63y 86% 83% /17% 67% / 20% BCLC B 67% 3 years
Yu et al.[71] 2014 90 65y 80% 81% /19% 66% / 31% BCLC B 52% 4 years
Drug-eluting beads chemoembolization (DEB-TACE) versus bland transarterial embolization (TAE) [n=2]

Malagari et al.[108] 2010 84 70y 7% 58%/ 42% 64% / 36% NA 38% 1 year

Brown et al.[107] 2016 101 67y 7% 85% / 15% 86% / 14% BCLC B 60% 6 years
Drug-eluting beads chemoembolization (DEB-TACE) versus transarterial radioembolization (TARE) [n=1]

Pitton et al.[109] 2015 24 71y 75% 79% / 21% 100% / 0% BCLC B 96% 3 years

Conventional transarteri

al chemoembolization (TACE) plus systemic therapy versus conventional transarterial chemoembolization (TACE) [n=8]

Sansonno et al.[84] 2012 80 73y 60% 100% / 0% 61% / 39% NA 45% 21 months
Kudo et al.[81] 2011 458 70y 75% 100% / 0% 88% / 12% NA 27% 3 years
Britten et al.[79] 2011 30 59y 50% 93% / 7% 80% / 20% BCLC B 27% 5 years
Pinter et al.[83] 2015 32 61y 91% 69% / 31% 100% / 0% BCLC B 59% 46 months
Wang et al.[85] 2015 125 55y 85% 85% / 15% 82% / NA BCLC B 33% 40 months
Li et al.[82] 2009 216 48y 70% 91% / 9% 76% / NA Okuda | 55% 3 years
Kudo et al.[17] 2014 502 58y 84% 94% / 5% 80% / 20% BCLC B 65% 3 years
Inaba et al.[80] 2013 101 NA 81% 84% / 16% 93% / 7% BCLC B 57% 3 years
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Drug-eluting beads chemoembolization (DEB-TACE) plus adjuvant systemic versus Drug-eluting beads chemoembolization (DEB-TACE) [n=1]

Lencioni et al.[16] 2016 307 64y 85% 100% / 0% 100% / 0% BCLC B 100% 800 days
Conventional transarterial chemoembolization (TACE) plus tumour ablation versus conventional transarterial chemoembolization (TACE) [n=9]

Yang et al. [93] 2008 35 58y 4% 60% / 29% NA NA 66% 2 years
Bartolozzi et al.[86] 1995 53 66y 7% 47% | 53% NA NA 40% 3 years
Becker et al.[87] 2005 52 64y 79% 75% / 25% NA Okuda | 37% 30 months
Wu et al.[90] 1998 102 55y 94% 78% / 17% NA NA NA 3 years
Xu et al.[91] 2002 45 NA NA 100% / 0% NA NA 0% 3 years
Yamamoto et al.[92] 1997 100 NA 87% 37% / 42% NA JIS lI-IV 52% 3 years
Liu et al.[88] 2009 78 53y NA 86% / 14% NA BCLC C NA 2 years
Wang et al.[89] 2007 83 58y 80% 80% / 20% NA TNM 1l NA 1 year
Zhao et al.[94] 2011 47 NA NA NA NA BCLCC NA 3 years
Huang et al.[95] 2016 120 60y 7% 100% (A/B) NA BCLC B 0% 5 years

Conventional transarteri

al chemoembolization (TACE) plus external radiothe

rapy versus conventional transarterial chemoembolization (TACE) [n=11]

Xue et al.[103] 1995 41 NA NA 100% (A/B) NA TNM I NA 1 year
Leng et al.[96] 2000 75 NA NA 100% / 0% KPS=65% TNM 1l NA 3 years
Wang et al.[101] 2000 40 37y 92% 85% (A/B) NA TNM 1l 30% 5 years
Peng et al.[99] 2000 91 NA NA NA NA TNM I NA 5 years
Li et al.[97] 2003 82 51y NA 61% / 39% NA NA NA 3 years
Zhao et al.[105] 2006 96 53y 63% 100% / 0% KPS270% TNM | NA 3 years
Shang et al.[100] 2007 76 52y NA 100% (A/B) KPS270% TNM | NA 3 years
Xiao et al.[106] 2008 60 NA NA 65% / 35% KPS=70% TNM I NA 3 years
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Liao et al.[98] 2010 48 NA NA 71% / 29% NA TNM Il NA 3 years
Wang et al.[102] 2006 108 54y NA 100% (A/B) KPS>65% TNM Il 8% 3 years
Zhang et al.[104] 2012 259 53y NA 100% (A/B) NA BCLC C NA 2 years
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Authors’ response: We have inserted an example of our electronic search at the

end of the manuscript as follows:
Lines 708-727:
Search strategy

1 “hepatocellular carcinoma”[MESH)], 2 “hepatocellular carcinoma”[TW], 3 “liver
cancer’[MESH], 4 “liver cancer’[TW]

5 “unresectable”[TW], 6 “inoperable”[TW], 7 “advanced”[TW]

8 “Clinical trial’[Mesh], 9 “Randomized Controlled Trial’[Mesh], 10 “Clinical trial’[TW],
11 “Randomized”[TW], 12 “Meta-analysis’[Mesh], 13 “Meta-analysis’[TW]
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(OR #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23
OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33
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extraction, and risk bias assessment.
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Line 187: Risk of bias assessment was performed by KK, SS and DK.
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in the supporting supplemental material. In the case of network meta-analysis,
comparison-adjusted funnel plots is the proposed method for evaluating potential
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information: http://www.plosone.org/static/supportinginformation.
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included a caption describing the supplementary supporting Information material (S1
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Lines 729-735: S1 Supplementary material and supporting information.
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6. Obviously, the authors spent lots of time on the work. The issue discussed
in this work is relatively broad. Several major revision comments should be
addressed. The text was so long that the readers cannot easily catch the major

findings.

Authors’ response: We thank the reviewer for his time and efforts. We have
addressed his concerns in detail further below. We understand that the text may
appear too long, but this is necessary due to the complexity of the statistical
analyses and the multiple endpoints (we have tried to present the results of direct
frequentist and mixed Bayesian analyses in a succinct order for each endpoint).
Considerable part of the results is available as a supplementary material. We also
note that following the advice of the 2" reviewer, we included another 2 RCTs
(Salem et al. 2017 and Huang et al. 2017) and hence, we had to re-run all analyses
and revise all numerical results accordingly (minor decimal differences — revised

figures and Tables throughout the manuscript — results overall nearly identical).

7. Unfortunately, the authors’ findings were similar to several previous meta-
analyses. | strongly recommend a deep discussion and comparison with
similar work. A recent overview of meta-analyses regarding HCC management

identified the following:

1) 7 meta-analyses compared the outcomes of TACE/TAE versus no active

treatment or supportive care. Finally, TACE/TAE should be favored.

2) 3 meta-analyses compared the outcomes of TACE versus TAE. Finally,
TACE was similar to TAE in term of OS.

3) 3 meta-analyses compared the outcomes of DEB-TACE versus cTACE.

Finally, DEB-TACE was similar to cTACE in the term of tumor response.

4) 1 meta-analysis compared the outcomes of TACE in combination with 3D-
CRT versus TACE alone. Finally, the combination therapy was superior to

TACE alone in terms of 1- and 3-year survival.



5) 2 meta-analyses compared the outcomes of TACE in combination with
radiotherapy versus TACE alone. Finally, TACE plus radiotherapy should be
favored in term of OS.

6) 4 meta-analyses compared the outcomes of TACE in combination with
sorafenib versus TACE alone. TACE plus sorafenib was not favored in term of
Os.

Authors’ response: We thank the reviewer for his points. We have expanded our
discussion (even though the manuscript is already quite long) with an additional
paragraph discussing similarities and agreements of our work (comprehensive
network meta-analysis) with other individual direct meta-analytic efforts by citing the
relevant papers aforementioned by the reviewer. To our knowledge, the present
work combines all currently available randomized data from different
treatments/strategies into a single unified body of evidence that may help
guide/transform everyday practice and help change/revise national and international

guidelines in the future.

Lines 586-604: “Overall, the findings of the present network meta-analysis are very
much in line with the results of several individual direct meta-analyses exploring
individual (chemo)-embolization strategies. A recent overview of the major findings of
meta-analyses on the management of hepatocellular carcinoma summarized the
body of evidence from more than 20 direct meta-analytic reports on embolization
therapies for inoperable liver cancer [124]. Seven meta-analyses compared the
outcomes of TACE/TAE versus no active treatment or supportive care and overall
survival outcomes favoured TACE/TAE [27,33,125]. Another 3 reports compared the
outcomes of TACE versus TAE and concluded that there was no survival difference
[27,126,127]. Furthermore, 3 reports looked into DEB-TACE versus TACE and found
benefit only in terms of tumour response like in the present work [24,128,129]. Four
meta-analyses reported outcomes of TACE combined with sorafenib versus TACE
alone and again found no survival benefit with the addition of sorafenib [29,130].
Last, there were 3 meta-analyses exploring the combination of TACE with plain
external or conformal radiotherapy and also found that combination therapy

produced superior survival outcomes [18,124]. The present work corroborates all of



the above in a single model and further raises the combination of TACE and
percutaneous tumour ablation as the best treatment option in terms of both local

tumour response and overall patient survival.”



8. The potential analyses and conclusions were partially overlapped. The

advantages and disadvantages of different work should be discussed.

Authors’ response: We believe that we have embarked into already extensive
discussion of our findings in comparison to the literature and previous plain meta-
analyses. In addition, the manuscript is already long enough for any further

comments.

9. The authors identified two RCTs comparing the outcomes of TARE versus
TACE. Two papers were published during an interval of 18 years. Over two
decades, the understanding of HCC pathogenesis and management has been
largely improved. Is the combination of the two studies appropriate? Please
provide the difference and similarity in the study design between them.

Authors’ response: All studies included in the TARE-radioembolization arm include
use of a beta-emitter (including *3%-labeled Lipiodol [77,112] or Yttrium-90
microparticles [76,78,109]). Otherwise, details about the study design and
characteristics are provided in detail in the supplementary Tables 1 and 2. They all
seem to be similar in terms of patient inclusion criteria. However, we do
acknowledge that there are always changes in medical practice over the years that
may introduce other unknown risk modifiers. In the limitation paragraph the revised

manuscript reads:

Lines 648-650: Another limitation is that all 55 studies span 2 decades of medical
practice and patient population reflects, as expected, the well-known clinical and
anatomical heterogeneity of patients with unresectable HCC.



Reviewer #2: Very informative and properly conducted meta-analysis.

Authors’ response: We thank the reviewer for his positive comment.

10. | suggest to add to the bibliography a recent meta-analysis comparing
TACE and TAE: Facciorusso A, et al. Transarterial chemoembolization vs
bland embolization in hepatocellular carcinoma: A meta-analysis of
randomized trials. UEG Journal 2017, in press.
http://journals.sagepub.com/toc/ueg/0/0

Authors’ response: We have introduced several more references (including the one

proposed above) in a whole new discussion paragraph as noted previously.

Lines 586-604: “Overall, the findings of the present network meta-analysis are very
much in line with the results of several individual direct meta-analyses exploring
individual (chemo)-embolization strategies. A recent overview of the major findings of
meta-analyses on the management of hepatocellular carcinoma summarized the
body of evidence from more than 20 direct meta-analytic reports on embolization
therapies for inoperable liver cancer [124]. Seven meta-analyses compared the
outcomes of TACE/TAE versus no active treatment or supportive care and overall
survival outcomes favoured TACE/TAE [27,33,125]. Another 3 reports compared the
outcomes of TACE versus TAE and concluded that there was no survival difference
[27,126,127]. Furthermore, 3 reports looked into DEB-TACE versus TACE and found
benefit only in terms of tumour response like in the present work [24,128,129]. Four
meta-analyses reported outcomes of TACE combined with sorafenib versus TACE
alone and again found no survival benefit with the addition of sorafenib [29,130].
Last, there were 3 meta-analyses exploring the combination of TACE with plain
external or conformal radiotherapy and also found that combination therapy
produced superior survival outcomes [18,124]. The present work corroborates all of
the above in a single model and further raises the combination of TACE and
percutaneous tumour ablation as the best treatment option in terms of both local

tumour response and overall patient survival.”



11. Even though it was published after the literature search period, i strongly
suggest to include the recent RCT conducted by the Chicago group on the
comparison between TACE and TARE: Y90 Radioembolization Significantly
Prolongs Time to Progression Compared With Chemoembolization in Patients

With Hepatocellular Carcinoma. Salem R et al, Gastorenterology 2016.

Authors’ response: We thank the reviewer for his valuable suggestion. Indeed, we
updated our literature search and have introduced 2 more RCTs in the revised
analysis (1 in the TARE arm and 1 in the combine TACE and ablation arm) and
we have re-iterated all numerical calculations. Revised results (minor mostly
changes without any change in the overall hierarchy, direction and magnitude of the

results) and updated figures are presented throughout the revised manuscript.

- Salem R, Gordon AC, Mouli S, Hickey R, Kallini J, et al. (2016) Y90
Radioembolization Significantly Prolongs Time to Progression Compared With
Chemoembolization in  Patients With  Hepatocellular  Carcinoma.
Gastroenterology 151: 1155-1163 e1152.

- Huang C, Zhuang W, Feng H, Guo H, Tang Y, et al. (2016) Analysis of
therapeutic effectiveness and prognostic factor on argon-helium cryoablation
combined with transcatheter arterial chemoembolization for the treatment of

advanced hepatocellular carcinoma. J Cancer Res Ther 12: C148-C152.



12. Be careful when including in the analysis the paper by Meyer et al (ref 9) as
it is performed not exactly with TACE but with chemotherapy infusion over 15
minutes followed by embolization 4-6 hours later. This aspect should be at

least commented in the discussion.

Authors’ response: We have acknowledged this aspect of the Meyer et al

randomized study in the methods section as follows:

Lines 372-373: “In the TACE treated arms, conventional transarterial
chemoembolization was performed with a lipiodol emulsion of a single chemotherapy
agent (doxorubicin [61,68,70,73-75,78,83,86], or epirubicin [63,66,72,76,80], or
cisplatin [9,62,64,67,69,71,77,82], or mitomycin [87], or a combination chemotherapy
regimen [65,79,81,84,85,89,93,95,97,99-106], and was most often followed by
gelfoam or other particle embolization of the primary feeding vessels. Meyer et al.

performed cisplatin infusion first followed by particle embolization 4-6 hours later [9].”



13. | am not sure the analysis takes properly into account all the variables,
such as tumor stage, treatment scheduled (whether "on demand" or pre-

defined), number of sessions, response criteria adopted, and so forth.....

Authors’ response: Baseline patient variables and tumour index characteristics of
all included studies are provided in Table 1. We performed a random effects meta-

regression analysis to search for risk modifiers and predictors that may significantly

affect our results. The findings are outlined in supplementary table 5 as below.

Table 5. Meta-regression analysis with a random effects models (95%Crl)

Endpoint

Covariate

Regression coefficient

Serious adverse events

Publication year

-0.050 ((-0.278) — 0.134

Patient age

0.103 ((-0.125) — 0.338

Male gender

-4.121 ((-16.74) — 8.043

Child-Pugh A stage

-4.006 ((-13.15) — 3.239

Multinodular HCC

27.35 (9.329 — 49.66)

Follow-up period

-0.311 ((-1.295) — 0.507

Objective response

Publication year

-0.119 ((-0.268) — 0.010)

Patient age

0.071 ((-0.057) — 0.195)

Male gender

0.387 ((-7.583) — 8.740)

Child-Pugh A stage

-2.883 ((-7.111) — 0.946)

Multinodular HCC

61.13 (17.76 — 128.4)

Follow-up period

0.516 ((-0.076) — 1.161

Patient survival

Publication year

0.004 ((-0.020) — 0.030)

Patient age

0.012 ((-0.019) — 0.043)

Male gender

-0.506 ((-2.643) — 1.584)

Child-Pugh A stage

-0.002 ((-0.009) — 0.005)

Multinodular HCC

2.914 ((-0.565) — 6.306)

Follow-up period

0.049 ((-0.060) — 0.158)




Random effects meta-regression analyses to check for risk modifiers demonstrated

only weak non-significant correlations in the majority of the tests. Multinodular HCC

was the only variable found to be strongly and significantly related to increased rate
of adverse events, as well as of higher rates of radiological response (Supplemental

table 5).



