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of Hepatitis C Virus Infection and the Development of
Hepatocellular Carcinoma

A Meta-analysis of Observational Studies
Rebecca L. Morgan, MPH; Brittney Baack, MPH; Bryce D. Smith, PhD; Anthony Yartel, MPH; Marc Pitasi, BS; and Yngve Falck-Ytter, MD

Forest Plot Of Adjusted Hazard Effects In Persons At All Stages Of Fibrosis

Study, Year (Reference) log(Hazard Ratio)
Asahina et al, 2010 (36) -0.944
Hung et al, 2011 (46) -1.423
Kawamura et al, 2010 (50) -1.985
Kramer et al, 2011 (27) -1.182
Kurokawa et al, 2009 (51) -1.277
Okanoue et al, 2002 (53) -2.294
Osaki et al, 2012 (50) -2.130
Pradat et al, 2007 (17) -2.481
Sinn et al, 2008 (56) -1.246
Takahashi et al, 2011 (57) -3.022
Tateyama et al, 2011 (58) -1.968
Yoshida et al, 1999 (61) -1.164
Total

Heterogeneity: tau-square = 0.04; chi-square = 14.05; P = 0.23; 12 = 22%

Test for overall effect: Z = 10.80; P < 0.001

SE

0.388
0273
0.407
0.126
0.631
0.512
1.053
1132
0.596
1.163
0.537
0.324

Total

SVR NR
686 1356
1027 443
1081 977
4292 10276
139 264
375 586
185 197
87 103
296 194
89 114
139 234
789 1568
9185 16312

Weight, %

9.2
15.3
85
3.2
4.0
5.8
1.5
1.3
4.4
1.3
5.3
121
100.0

Hazard Ratio

IV, Random (95% CI)

0.39 (0.18-0.83)
0.24 (0.14-0.41)
0.14 (0.06-0.31)
0.31(0.24-0.39)
0.28 (0.08-0.96)
0.10 (0.04-0.28)
0.12 (0.02-0.94)
0.08 (0.01-0.77)
0.29 (0.09-0.93)
0.05 (0.00-0.48)
0.14 (0.05-0.40)
0.31 (0.17-0.59)
0.24 (0.18-0.31)

Hazard Ratio
IV, Random (95% Cl)

Favors SVR

Favors NR

Morgan et al, Ann Int Med 2013;158:329-337
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Figure 2. Forest plot of adjusted hazard effects in persons witl'i advanced liver disease]

Study, Year (Reference) log(Hazard Ratlo) SE Total Welght, % Hazard Ratlo Hazard Ratlo
SVR MR IV, Random (95% CI) IV, Random (95% Cl)
Braks et al, 2007 (37) —1.966 0.601 37 76 11.2 0.14 (0.04—-0.45) - =
Bruno et al, 2007 (38) —-0.954 0.425 124 759 22.4 0.39 (0.17-0.89) —m—
Cardoso et al, 2010 (40) -1.120 0.514 103 204 15.3 0.33 (0.12-0.89) . E—
Hasegawa et al, 2007 (64) —-1.690 0.755 48 57 7.1 0.18 (0.04—-0.81) —_—a
Hung et al, 2006 (65) —1.468 0.622 73 59 10.4 0.23 (0.07-0.78) —
Morgan et al, 2010 (52) -1.721 0.764 140 309 6.9 0.18 (0.04—-0.80)
van der Meer et al, 2012 (63) -1.592 0.416 192 338 23.4 0.20 (0.09-0.46) —l—
Velosa et al, 2011 (60) —-2.433 1.108 39 91 3.3 0.09 (0.01-0.77) =
| Total 756 1893 100.0 0.23 (0.16-0.35) <& |
Heterogenelty: tau-square = 0.00; chi-square = 3.64; P = 0.82; 12 = 0% I T T T
Test for overall effect: Z = 7.21; P < 0.001 0.01 01 1 10 100
Favors SVR Favors NR

quality.

Conclusion: Sustained virologic response after treatment among
HCV-infected persons at_any stage of fibrosis is associated with
reduced HCC. The evidence was determined to be of moderate

Morgan et al, Ann Int Med 2013;158:329-337



Meta-analysis: interferon improves outcomes following ablation
or resection of hepatocellular carcinoma

A. K. Singal*, D. H. Freeman Jr' & B. S. Anand*

10 studies (5 randomized) were included treating initial HCC with
resection (3 studies), ablation (5 studies) and ablation + resection (2 studies)

Interferon Control Cdds ratio Odds ratio
Study or Subgroup Events Total Ewvents Total Weight M-H, Random, 95% CIl Year M-H, Random, 95% CI
Ikeda ef al. 1 10 7 10 4.29% 0.05 [0.00, 0.56] 2000 * -
Suocu et al. 4 18 18 22 8.6% 0.06 [0.01, 0.30] 2001
Kubo et al. 9 15 13 15 6.9% 0.23[0.04, 1.41] 2002 —
Shiratori et al. 40 49 23 25 8.29% 0.39 [0.08, 1.94] 2003 — =1
Lin et al. 5 8 5 53 3.99% 0.323 [0.03, 4.40] 20032
Sakaguchi ef al. 53 24 25 33 11.89% 0.11 [0.03, 0.36] 2005 - =
Hung et al. 11 16 27 33 10.1%: 0.49[0.12, 1.94] 2005 - = |
Mazzaferro ef al. 57 76 7O 74 12.8% 017 [0.06, 0.53] 2006 - =
Jeong et al. 28 42 az 42 15.29: 0.63 [0.24, 1.63] 2007 L
Kudo et al. 24 43 60 84 18.3% 0.51 [0.23, 1.09] 2007 T
Total (95% Cl) 301 344 100.0% 0.26 [0.15, 0.45] <4 |
Total events 185 280
Heterogeneity: Tau? = 0.27; Chif = 1441, df =9 (P =0.11); /2 = 38% t

I ] ]
0.01 0.1 1 10 100

Test for overall effect: Z2=4.84 (P < 0.00001) Favours interferon Favours control

Benefit of IFN in reducing the risk of HCC recurrence.
However, this strategy was not included in HCC guidelines.

Singal et al, Aliment Pharmacol Ther 2010; 32: 851-858



- In hepatitis C virus (HCV) infection, all-cause mortality and the risk of HCC
occurrence are reduced among patients who achieved sustained virologic
response (SVR) with interferon (IFN) - based therapies; 1

- patients with cirrhosis acquired a reduced HCC incidence after SVR, even if a
relevant risk remains. 1,2

- there is no conclusive evidence that IFN-based therapy can prevent or delay

HCC recurrence after curative HCC treatment. 3

1. Morgan et al. Ann Intern Med. 2013
2. Di Marco et al. Gastroenterology 2016 3
3. EASL-EORTC guidelines: management of HCC. J Hepatol. 2012



Semantics of Hepatocellular Carcinoma (HCC)

» OCCURRENCE (developement): De novo appearance of HCC in a
subject (with or without liver disease) with no history or previous

evidence of a liver tumor

» RECURRENCE: Reappearance of HCC in a subject (with or without
liver disease) with a previous HCC judged to be radically cured by any

technique (TACE, RFTA, resection,...) (HIGH RISK)



DAAs for HCV infection

- Direct-acting antivirals (DAAs) have revolutionised the treatment of hepatitis C
virus (HCV) infection, with very high rates (>90%) of SVR, very few
contraindications and low rate of adverse events;

- However, there are no data from RCTs on the effect of HCV eradication by
DAAs in patients with advanced or decompensated liver disease, and in patients

who were successfully treated for HCC.



2016: relevant alarm from “field-practice” studies!
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Unexpected high rate of early tumor recurrence in patients with
HCV-related HCC undergoing interieron-free therapy™

Maria Reig'’, Zoe Marino?’, Christie Perellé®, Mercedes Inarrairaegui’, Andrea Ribeiro’,
Sabela Lens®, Alba Diaz>, Ramén Vilana®, Anna Darncllb Maria Varela Bruno Sangro?,
José Lu15 Calleja’, Xavmr Forns”*, Jordi Bruix"
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Early occurrence and recurrence)of hepatocellular carcinoma in
ed with direct-acting antivirals
Fabio Conti' Fedcrlca Buonfiglioli'f, Alessandra Scuteri?, Crlstlna Crespi?, Luigi Bolondi?,

Paolo Caracenl Francesco Gluseppe Foschi?, Marco Len21 Gluseppe Mazzella
Gahrlclla Verucchi', Pietro Andrconc . Stefano Brlllantl

'Research Centre for the Study of Hepatitis, Department of Medical and Surgical Sciences (DIMEC), University of Bologna, Italy;
2Department of Digestive Diseases, Policlinico S.Orsola-Malpighi, Bologna, Italy; *Department of Medical and Surgical Sciences { DIMEC),
University of Belogna, Italy; *Division of Internal Medicine, Ospedale di Faenza, Italy

Incidence and pattern of “de nov
patien
Romano A, Capra F, Piovesan S, Chemello L, Cavalletto L, Anastassopoulos
G, et al.

Hepatology 2016; 64: Abstract 19.

epatocellular carcinoma in HCV 5




DDA, SVR and HCC

* (Early) HCC occurrence
* HCC pattern

* (Early) HCC recurrence
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Fabio Conti'", Federica Buonfiglioli', Alessandra Scuteri?, Cristina Crespi?, Luigi Bolondi,
Paolo Caraceni’, Francesco Giuseppe Foschi®, Marco Lenzi', Giuseppe Mazzella®,
Gabriella Verucchi', Pietro Andreone'”, Stefano Brillanti '~
'Research Centre for the Study of Hepatitis, Department of Medical and Surgical Sciences (DIMEC), University of Bologna, Italy;
Department of Digestive Diseases, Policlinico S.0rsola-Malpighi, Bologna, italy; *Department of Medical and Surgical Sciences (DIMEC),
University of Bologna, Italy; *Division of Internal Medicine, Ospedale di Faenza, Italy

448 patients treated with DAAS

366 cirrhotic patien

285 without HCC history

|

8 HCC occurrence

. 82 F3 liver fibrosis

During the 24-week post-treatment evaluation

HCC occurrence rate was 3,1% (9/285).
ts treated with DAAs

2 Child-Pugh class C

9 incomplete HCC
treatment response

11 incomplete follow-up

- Retrospective study

-
¥

59 with HCC history

|

17 HCC reccurrence

- Short follow-up
- No control group

- Crude (not actuarial) rate

Journal of Hepatology 2016 vol. 65 | 727-733



DAAs and cancer risk:
Viral cure does not eliminate HCV-induced epigenetic changes

Healthy liver Chronic liver disease © Cancer risk persists

)

HCYV infection
—

Cartoon modified from Zeisel et al., J. Hepatol. 2013

Epigenome changes

Modifi of hi
HCV \
—

Hepatocyte genome and histones Alteration of
gene expression

- Liver disease

are

Hepatitis C virus-induced epigenetic and transcriptional changes
persist post cure

E Jithling"?, S. Bandiera"?, N. Hamdane™?, C. Thumann®?,

S.C. Durand*?, H.E. Saghire"?, L. Davidson®*>, E Habersetzer'®,

P. Pessaux®, N. Bardeesy’, C. Schmid!®®'%, C. Bock®%10,

s 11 el 1,26 ° .
Y. Hoshida™, M B. Zeisel™, TF. Baumert™=". Journal of Hepatology 2017 vol. 66 | $1-532



Host immune modulations by DAA

* Quick resolution of anti-HCV immune response
(memory T cell de-differentiation, restoration of CD4, CD8 T cells,
deactivation of NK cells)

(Spaan, JID 2016, Serti, Gastro 2015, Burchill, JVH 2015, Martin, J Hep 2014, Perello, CGH 2016)
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- Simultaneously diminished immune § & =
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Host immune modulations by DAA

* Quick resolution of anti-HCV immune response
(memory T cell de-differentiation, restoration of CD4, CD8 T cells,
deactivation of NK cells)

* Simultaneously diminished immune
response to other viruses

Anti-tumor Anti-HCV
immunity  immunity

| R

(Spaan, JID 2016, Serti, Gastro 2015, Burchill, JVH 2015, Martin, J Hep 2014, Perello, CGH 2016)



Host immune modulations by DAA

* Quick resolution of anti-HCV immune response
(memory T cell de-differentiation, restoration of CD4, CD8 T cells,
deactivation of NK cells)

* Simultaneously diminished immune’
response to other viruses

Anti-tumor Anti-HCV Anti-tumor Anti-HCV
immunity  immunity immunity  immunity

| 1
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(Spaan, JID 2016, Serti, Gastro 2015, Burchill, JVH 2015, Martin, J Hep 2014, Perello, CGH 2016)




Host immune modulations by DAA

* Quick resolution of anti-HCV immune response
(memory T cell de-differentiation, restoration of CD4, CD8 T cells,
deactivation of NK cells)

* Simultaneously diminished immune
response to other viruses

Anti-tumor Anti-HCV Anti-tumor Anti-HCV
immunity  immunity immunity  immunity

Accelerated growth of already existing tumor clones?

R 4 A

(Spaan, JID 2016, Serti, Gastro 2015, Burchill, JVH 2015, Martin, J Hep 2014, Perello, CGH 2016)
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Eradication of Hepatitis C Virus Infection in Patients With ®
Cirrhosis Reduces Risk of Liver and Non-Liver Complications

Pierre Nahon,"?® Valérie Bourcier,' Richard Layese,” Etienne Audureau,” Carole Cagnot,”
Patrick Marcellin,® Dominique Guyader,” Héléne Fontaine,® Dominique Larrey,®

Victor De Lédinghen, '® Denis Ouzan,'' Fabien Zoulim,'? Dominique Roulot,'® Albert Tran,'*'°
Jean-Pierre Bronowicki,'® Jean-Pierre Zarski,'” Vincent Leroy,’” Ghassan Riachi,'®

Paul Calés,'® Jean-Marie Péron,2° Laurent Alric,?' Marc Bourliére,?? Philippe Mathurin,”®
Sébastien Dharancy,”® Jean-Frédéric Blanc,”* Armand Abergel,”® Lawrence Serfaty,”®
Ariane Mallat,?” Jean-Didier Grangé,?® Pierre Attali,”® Yannick Bacq,*° Claire Wartelle,*'
Théng Dao,>? Yves Benhamou,® Christophe Pilette,®* Christine Silvain,>® Christos Christidis,*® Patients with metabolic features BMI > 25 kg/m2
Dominique Capron,®” Brigitte Bernard-Chabert,*® David Zucman,>® Vincent Di Martino,*° and/or diabetes and/or dyslipidemia.

Vincent Thibaut,*’ Dominique Salmon,*? Marianne Ziol,>%%3* Angela Sutton,#*:4°46
Stanislas Pol,®*” and Frangoise Roudot-Thoraval,* for the ANRS CO12 CirVir Group

Gastroenterolo

D w
100 - — SVRI
—— Non-SVR T
—— SWR 504 |——— Non-SVRI
——— Non-SVR2
80
P <.001

60

40

Cumulative incidence of HCC (%)

20 A

Cumulative incidence of HCC (%)

T T T T T

I I 1 T I
0 12 24 36 48 60 72 84 96 108
Time (months)

0 12 24 36 48 60 72 84 96 108
Time (months)

Number at risk (events)

SVR1 208 (0) 152 (1) 118 (1) 89 (1) 53 (0) 40 (0) 25 (0) 15 (0) 8 (0)
Non-SVR | 1033 (17) 866 (34) 731 (38) 562 (20) 447 (17) 311 (14) 192 (10) 99 (3) 26 (1) 2 SVR2 378 (8) 289 (4) 230 (1) 186 (5) 147 (2) 121 (2) 91 (@) 56 (1) 22 (0)
)
)

Number at risk (events)

SVR 653 (8) 483 {5) 381 {3) 206 (6) 221 (2) 174 @) f23 (1) 72 (1) 20 (0) 3 Non-SVR1 | 316 (7) 264 (9) 214 (1) 172 (1) 142 (3) 100 (7) 53 (5) 22 (1) 5 (1
Non-SVR2 | 624 (6) 524 (25) 447 (21) 342 (18) 272 (13) 187 (6) 126 (5) 71 (2) 20 (0
Gastroenterology 2017;152:142-156 = il b b LD R RIS

NOo =N




Incidence of Hepatocellular Garcinoma After Direct Antiviral
Therapy for HCV in Patients With Cirrhosis Included in
Surveillance Programs

Pierre Nahon, "> Richard Layese,* Valérie Bourcier," Carole Cagnot,® Patrick Marcellin,®
Dominique Guyader,” Stanislas Pol,®° Dominique Larrey,'® Victor De Lédinghen,"’
Denis Ouzan,'? Fabien Zoulim,"® Dominique Roulot,"* Albert Tran,"*'®

Jean-Pierre Bronowicki,'” Jean-Pierre Zarski,'® Ghassan Riachi,'® Paul Calés,*°
Jean-Marie Péron,”" Laurent Alric,”> Marc Bourliére,”® Philippe Mathurin,**
Jean-Frédéric Blanc,® Armand Abergel,%° Lawrence Serfaty,?’ Ariane Mallat,?®
Jean-Didier Grangé,”® Pierre Attali,>° Yannick Bacq,®' Claire Wartelle,>” Théng Dao,**
Dominique Thabut,** Christophe Pilette,>> Christine Silvain,*° Christos Christidis,”

Eric Nguyen-Khac,® Brigitte Bernard-Chabert,*® David Zucman,’® Vincent Di Martino,*'
Angela Sutton,****** Frangoise Roudot-Thoraval,” and Etienne Audureau,”

for the ANRS CO12 CirVir Group

100
—— DAAs
9 —— SVR-IFN
S —— Non-SVR
Q 80 =
(8]
% Global P-value: P < .001
o 60 - DAAsversus SVR-IFN: P =.030
g
Q
2
2 40
[
&
k]
S 204
£
=]
o e P
O -
T T T T T T
0 12 24 36 48 60
Time (months)
Groups Number at risk (events)
DAAs 33 (12) 263 (3 117 (0) 13 ©0) 6 () 4
SVR-IFN | 495 (2) 474 9) 436 (3) 391 (6) 352 (3) 260
Non-SVR | 923 (17) 797 (33) 676 (42) 518 (22) 400 (18) 288

Gastroenterology 2018;155:1436-1450

100 o -
= —— DAAs (IPTW weights)
s —— SVR-IFN {IPTW weights)
= Non-SVR (IPTW weights
8 80 | ( ghts)
I
‘s Global P-value: P = .014
8 601 DAAs versus SVR-IFN: P = .77
5
i
2 40
o
2
a
—= 20
£
5 - P
SR
O -
T T T T T T
0 12 24 36 48 60

Time (months)

Groups Number at risk (events)

DAAs (IPTW weights)
SVR-IFN (IPTW weights)
Non-SVR (IPTW weights)

956
1076
1029

698
1043
892

384
965
740

92
849
613

53
77
478

43
532
357

Inverse probability of treatment and censoring weights (IPTCW)



Risk of Hepatocellular Cancer in HCV Patients Treated With ® G l
Direct-Acting Antiviral Agents astroenterology

Fasiha Kanwal,"*“ Jennifer Kramer," Steven M. Asch,*> Maneerat Chayanupatkul,”
Yumei Cao,® and Hashem B. El-Serag**

10.0%
§ 129 VAHs = 22,500 patients treated with DAA
T 5.0%
2 - 19,518 with SVR
S 6.0%- o paie * 2982 without SVR)
2 P-value < .001 No SVR * 271 new cases of HCC (183 in patients with SVR)
£
_j‘gj e * SVR = reduced risk of HCC (HR 0.28, 95% Cl 0.22-0.36)
5
E 2001 o - HCCafter SVR: cirrhosis 1.82 / 100 py
(3] no cirrhosis 0.34 / 100 py
0.0%
5 g 10 15 o 55 Retrospective study
N at risk (N HCC) Months after end of treatment
Achieved SVR 19518 (85) 19372 (68) 14364 (29) 6128 (1) 0 Q) 0
NoSVR 2982 (35) 2453 (36) 1617  (14) 636 (3) 5 0) 0

Gastroenterology 2017;153:996-1005



Impact of Sustained Virologic Response
With Direct-Acting Antiviral Treatment
on Mortality in Patients With Advanced

Liver Disease

Lisa I. Backus, Pamela S. Belperio, Troy A. Shahoumian, and Larry A. Mole

0.8-

urvival Rate

06-

S

0.4-

0.0

- 13992

Log Rank
p - Value < 0.001

05 1.0 15
Time Since DAA End of Treatment (Years)

850

12939 9521 5437

— SVR
== No SVR

20

No SVR
1875 SVR

sssssssssssssssssssss

Patients with HCV infection, FIB-4 > 3.25 in
VA HCV Clinical Case Registry (N = 15,059)

* 1,067 patients did not achieve SVR (no SVR)
* 13,992 patients achieved SVR
* follow-up 1.6 years

SVR with DAA therapy significantly lowered
incident HCC by 84%

Retrospective study

Backus LI, et al. Hepatology. 2017



Newly diagnosed hepatocellular carcinoma in patients with e

&,
advanced hepatitis C treated with DAAs: A prospective %%OE ASL ﬂggET%?_lbg\f

population study

Antonietta Romano', Paolo Angeli', Sara Piovesan?, Franco Noventa?, Georgios Anastassopoulos?,
Liliana Chemello!, Luisa Cavalletto', Martina Gambato®, Francesco Paolo Russo®, Patrizia Burra®,
Valter Vincenzi®, Pier Giorgio Scotton’, Sandro Panese®, Diego Tempesta’, Tosca Bertin®,
Maurizio Carrara®, Antonio Carlotto'®, Franco Capra'’, Giada Carolo'?, Giovanna Scroccaro'?,
Alfredo Alberti>*

e HCC incidence HCC incidence
o %9 DB ety yeathrn NAVIGATORE Platform
4 y
Therapy gy d ﬁ‘ o
\ CTP-A=1.49 CTP-A=0.20 HCC incidence
o CTP-B = 3.61 CTP-B=0.69

+ first year: 0.46% (95% C1 0.12-1.17) in F3,
1.49% (1.03-2.08) in CTP-A
3.61% (1.86-6.31) in CTP-B

Risk factors Cumulative HCC occurrence

APRI- . * second year 0%, 0.2%, 0.69%
il |- HBV 4 Diabetes HCC occurrence = 18%

APRI- Multivariate analysis,

o + HBV 4+ Diabetes 4 CTP-B HCC occurrence = 28%

aspartate AST/platelet ratio 22.5 (HR 2.03; 1.14-3.61; p = 0.016)
HBYV co-infection (HR 3.99; 1.24-12.91; p = 0.021)

[ISingle HCC nodule I single nodule
100+ [12:3 HCC nodules 100+

o0 -3 nadstnivave o D23 mostemaie no SVR (HR 9.09; 5.2-16.1; p = 0.0001)

29% of patients with HCC had an aggressive tumor, often seen
in the early phase of treatment.

R 504

- Prospective study

- Follow-up: 536.2 + 197.6 days (median 523 days)

SVR yes SVR no 0-3 4-6 7-12 13-18
Months after initiation of DAA therapy

Journal of Hepatology 2018 vol. 69 | 345-352



Factors Associated With Increased Risk of De Novo

or Recurrent Hepatocellular Carcinoma in Patients

Clinical Gastroenterology (.

With Cirrhosis Treated With Direct-Acting Antivirals and Hepatology

for HCV Infection

Elisabetta Degasperi,” Roberta D’Ambrosio,* Massimo lavarone,” Angelo Sangiovanni,”
Alessio Aghemo,*$ Roberta Soffredini, Marta Borghi,* Giovanna Lunghi,'

Massimo Colombo,$ and Pietro Lampertico”

575 HCV cirrhotic patients starting DAA
(December 2014 — December 2016)
512 patients B3 patients
| with no history of HCC with previous HCC

2 patients with 3 patients with
undefined liver nodules undefined liver nodules

5 patients lost to follow-up
within 2 months

100 -

Cumulative probability of HCC (%)

0

80 -

60 -

40 1

20 1

505 patients 60 patients
with ne history of HC with previous HCC

Study period: median 25 (range 3-39) months

Patients still at risk 505

Recurrent HCC (n=20)  43% (95% CI 29-61%)
Denovo HCC (n=28) < 6% (95% C1 4-9% >)
0 6 12 18 24 30 36 Months
499 481 428 293 88 3
80 57 43 36 15 8 1

De novo HCC :

* 75% had a single tumor

* 82% of these were Barcelona liver cancer stage 0-A

* alpha-fetoprotein (median): 6 ng/mL (range, 1.0-9240 ng/mL)
* male sex (HR, 6.17; 95% ClI, 1.44-26.47; P = .01)

* diabetes (HR, 2.52; 95% CI, 1.08-5.87; P = .03)

* LSM (HR, 1.03; 95% CI, 1.01 £1.06; P =.01)
* FIB-4 score (HR, 1.08; 95% Cl, 1.01-1.14; P =.01)

- Retrospective study
- Short follow-up

- No control group

Degasperi E. et al. GC&H. In press



Incidence of Hepatocellular Carcinoma in Patients With HCV-
Associated Cirrhosis Treated With Direct-Acting Antiviral Agents

Vincenza Calvaruso,' Giuseppe Cabibbo,’ Irene Cacciola,? Salvatore Petta,’

Salvatore Madonia,® Alessandro Bellia,* Fabio Ting,®> Marco Distefano,® Anna Licata,’

Lydia Giannitrapani,” Tullio Prestileo,® Giovanni Mazzola,® Maria Antonietta Di Rosolini, "

Licia Larocca,'! Gaetano Bertino,'? Antonio Digiacomo,'® Francesco Benanti,'* Luigi Guamneri,'®
Alfonso Averna,'® Carmelo lacobello,'” Antonio Magro,'® Ignazio Scalisi,'® Fabio Cartabellotta,?°
Francesca Savalli,> Marco Barbara,’ Antonio Davi,'® Maurizio Russello,* Gaetano Scifo,®
Giovanni Squadrito,” Calogero Camma," Giovanni Raimondo,” Antonio Craxi," and

Vito Di Marco' on Behalf of Rete Sicilia Selezione Terapia-HCV (RESIST-HCV)

50 q[------~

Overall

Prospective study 401

P <.001

30 1

2,877 patients with cirrhosis
who started DAAs
between March 2015 and July 2016

204

Cumulative rate of HCC (%)

Gastroenterology

Median follow-up since starting DAAs:
14 months (range 2-22)

10 A
273 patients excluded
> * 185 \._vith preyious HCC 0 : ‘
* 55 with previous OLT o 3
355 patients not evaluated + 33 on waiting list for OLT
+ 21 death (4 liver related and NoSVR 109
17 liver unrelated) - SVR 2140
* 19 stopped therapy for AEs Overall - 2249
+ 30 drop-outs
* 68 no SVR data available
* 217 no US after DAAs Time
v
6 months
2,249 patients 12 months
evaluated for HCC occurrence 18 months
24 months

Months
107 80

2111
2218

1545
1625

Overall HCC occurrence

Events, N. (%)

24 (1.0)
59 (2.4)
73 (2.9)
78 (3.1)

39
503 8
542 8

Cumulative Rate

(Kaplan - Meier estimates x

1.0%
2.7%
4.4%
7.4%

Gastroenterology 2018;155:411-421



Incidence of Hepatocellular Carcinoma in Patients With HCV- ®
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Associated Cirrhosis Treated With Direct-Acting Antiviral Agents
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50 q|e===== Non SVR - Child-Pugh 'B'
----- Non SVR - Child-Pugh 'A"
= e == SVR - Child-Pugh 'B'
SVR - Child-Pugh ‘A’
40 4 R R
§ Feo Multivariate Cox regression
- 304 '
o .
z : HR 95% Cl P value
3 :
g 2 R : . Albumin >3.5vs <35 mg/dL  1.77 1.12-2.82 .015
a . ! Platelet count >120 vs 3.97 2.23-7.09 <.001
104 T . S <120 x 10%/dL
e I L I SVR4, vs no SVRi» 3.40 1.89-6.12 <.001
I L N
0- e e
0 6 2 18 24
Months
Non SVR-B 25 25 18 11 2
NonSVR-A 84 82 62 28 6
SVR-B 189 184 132 42 2
SVR-A 1951 1927 1413 461 8

Gastroenterology 2018;155:411-421



EASL Clinical Practice Guidelines: ‘5;,2,
Management of hepatocellular carcinoma 2018 EASL

he Home of Hepatology

v" Once cirrhosis has been established, antiviral therapy is beneficial in preventing cirrhosis
progression and decompensation.

v" Successful antiviral therapy reduces but does not eliminate, the risk of HCC development
(evidence moderate). Antiviral therapies should follow EASL guidelines for the management of
chronic HCV infection.

v HCC occurrence or recurrence is different between patients receiving DAA or IFN therapy

v' The HCC occurrence rate after DAA-therapy may be due to the broader spectrum of patients
receiving antiviral therapy in the DAA era: more patients with a higher risk of developing HCC are
treated (more advanced stages of cirrhosis, in unselected Child Pugh B class or with significant
portal hypertension) since DAA therapy can be offered to patients with more advanced liver disease
who would not have been considered suitable for IFN treatment.

European Association for the Study of the Liver, J Hepatol 2018



DDA, SVR and HCC

* (Early) HCC occurrence
* HCC pattern

* (Early) HCC recurrence



Risk of HCC recurrence after DAAs

Number of patients, n HOC recurrence, n (%) Conclusion:
Did DAAs
accel erate
e 7
Study Method DAA Control  Last treatment of Median observation period [mon ths) DAA Control
HOC
Reig, 20167 Retmspective 58 0 Resection, ablation,or 57 16(276) = Yes
TACE
ANRS CO22, Retmspedive 189 78 (no treatment) Resection or abladon 216 (DAA) 26.1 (no treatment) 24(127) 16 (20.5) Mo
2016°
ANRSBCDIJL Retmospective 13 66 (no treatment) Resection or ablation 213 (all patients) 1(7.7) 31 (47.0) No
2016
MRSRCDZJ, Retmspedive 314 0 Transplantation 7 (mean) 7(22) - Nao
2016
Conti, 2016'° Retrospective 59 0 Resection, ablation, 37 (with Rec.*), 12 (without Rec.) 17 (288) = Yes
PEL or TACE
Minami, 2016'7  Retmspective 27 38 (IFN), B61 (no  Ablation 16 (DAA) 36 (IFN, no treatment) B(296) 26 (68.4)(IFN), 553 Mo
treatment | (642} (no reatment)
at 3 years
Tormes, 2016'°  Prospective 8 0 Resection, ablationor 12 o (0) - Mo
proton therapy
Zeng, 2016'F Retmospective B 0 Ablation 15 0 (0} - No
Cabibbo, 20017 Prospedive 143 0 Resection,ablation,or 8.7 29(203) - No
TACE
Ikeda, 201717+ Retrmospective 177 B89 (no treatment) Resection, ablation, 20.7 (DAA, No treatment ) 30.1% (12 months) 25% (12 months), No
TACE or PRT 38.9% (24 months) 46.5% (24 months)
Kolly, 2017' % Retmspective 47 0 Resection, ablationor 9.6 Disease-free rate 77% = No
TACE (6 months), 58%
(12 months)
Magata, 2017 Retmspective 83 BO(IFN) Resection or ablaion 28 (SVR DAAF), 74 (SVR IFNV) 22.9% (SVR), 40% 47.1% (SVR), T7.1% Mo
(Non-5VR) at 3 years  (Mon-5VR) at 5 years
Petta, 2017 Retmspective 58 [SVR 57 (SVR IFNI} Resection or ablation 18 (SVR DAA%), 34 (SVR IFNT), 17 (HCV 16(276) 22 (38.6) (SVR IFNT), Mo
DRA¥) 328 (HOV activeT) active) 142 (433) (HOV
activef)
Virlogew, Retmospective 23 45 (no treatment)  Resection, ablation, 174 (DAA with Rec*), 10,1 (No 11(478) 33 (73.3) No
2017 TACE, or combination  treatment with Rec'), 35.7 (DAA
without Rec.”), 154 (Mo treatment
without Rect)
Zavaglia, 20177 Retrospective 31 0 Resection,ablation,or 8§ 1(32) - Mo
TACE
Kinashita (The Retmspective 147 156 (IFN)  Ablation 22 (DAA), BB (IFN) B0 (544) 136 (87.2) No
current study)

Kinoshita et al. J Hepatology 70, 78-86, 2019



Unexpected high rate of early tumor recurrence in patients
with HCV-related HCC undergoing IFN-free therapy
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Unexpected high rate of early tumor recurrence in patients with
HCV-related HCC undergoing interferon-free therapy™

Maria Reig"', Zoe Marifio™, Christie Perell6*, Mercedes Ifiarrairaegui’, Andrea Ribeiro’,
Sabela Lens?, Alba Diaz”, Ramén Vilana®, Anna Darnell®, Maria Varela’, Bruno Sangro®,

José Luis Calleja®, Xavier Forns®*, Jordi Bruix'**

HCC recurrence rate of almost 28%

- Multicenter, retrospective study

- Small population (16 HCC in 58 pts)

- Short follow-up (5.7 mo, range 0.4-24.6)
- Crude (not actuarial) rate

Reig M. J Hepatol. 2016

History of HCC before starting
DAA treatment (n = 103)

-

HCC treated before starting DAA
treatment (n = 98)

HCC under complete response before starting
DAA treatment (n = 86)

HCC under complete response before starting
DAA treatment (n = 73)

HCC under complete response without
“non-characterized nodules®
before starting DAA treatment (n = 65)

Confirmed HCC radiological assessment after
starting DAA treatment (n = 58)

Y —

HCC recurrence HCC complete response
(n=186) n=42)

27.5% 72.4%
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HCC recurrence rate of almost 28%

- Multicenter, retrospective study

- Small population (16 HCC in 58 pts)

- Short follow-up (5.7 mo, range 0.4-24.6)
- Crude (not actuarial) rate

Reig M. J Hepatol. 2016

100+ — Sorafenib (n-556)
——— Placebo (n=558)
754
g
g
g
2
&
ksl
=y
B
A
[<
o
HR 0-891 (95% Cl 0-735-1-081); p-0-12 (one-sided)
o T T T T T T T T T T T T T T 1
0 4 g 12 16 20 24 28 32 36 40 44 48 52 56 60
Time (months)
Number
atrisk
Placebo 558 438 387 322 205 266 250 229 213 166 121 BB 21 15 1
Sorafenib 556 345 298 243 220 191 172 152 135 102 70 50 6 4 1

Figure 3: Kaplan-Meier analysis of time to recurrence based on independent assessment
HR=hazard ratic.

Bruix et al. Lancet 2015
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HCC recurrence rate of almost 28%

- Multicenter, retrospective study
- Small population (16 HCC in 58 pts)
- Short follow-up (5.7 mo, range 0.4-24.6)

- Crude (not actuarial) rate

Reig M. J Hepatol. 2016

100+ ——— Sorafenib (n-556)
Sorafenibgroup  Placebo group }
(n=556) (n=558)

“Hepatitis B only 282 (51%) 264 (47%)

Hepatitis Conly 119 (21%) 151 (27%)

3
1
£
§

&

B

B
<
o

£

H

\ >
% #
A
I | | HR 0-891 (¢ 012 (one-sided)
I
\ ' . [ e m— .
t\‘ v 22 32 36 52 56 60
! “ime (months)
Nut
a
Pla 229 213 166 15 1
Soraienw 550 5 295 245 JAU 191 1z 152 135 102 4 1

Figure 3: Kaplan-Meier analysis of time to recurrence based on independent assessment
HR=hazard ratic.

Bruix et al. Lancet 2015
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2 atedWith direct-acting antivirals

Fabio Conti'", Federica Buonfiglioli', Alessandra Scuteri?, Cristina Crespi?, Luigi Bolondi,
Paolo Caraceni’, Francesco Giuseppe Foschi®, Marco Lenzi', Giuseppe Mazzella®,
Gabriella Verucchi', Pietro Andreone'”, Stefano Brillanti '~
'Research Centre for the Study of Hepatitis, Department of Medical and Surgical Sciences (DIMEC), University of Bologna, Italy;
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448 patients treated with DAAS

366 cirrhotic patients treated with DAAs

Ve

285 without HCC history

l

8 HCC occurrence

— 82 F3 liver fibrosis During the 24-week post-treatment evaluation

HCC recurrence rate was 28.8 % (17/59).

2 Child-Pugh class C

9 incomplete HCC
treatment response

11 incomplete follow-up

- Retrospective study

¥
58 with HCC history

|

17 HCC reccurrence

- Short follow-up
- No control group

- Crude (not actuarial) rate

Journal of Hepatology 2016 vol. 65 | 727-733



Early Recurrence of Hepatocellular Carcinoma
(RESIST-HCV cohort)

1.0
—— Overall
— ==+ Previous Recurrence History
08 T No Previous Recurrence History
@ p =0.032
=
g
5
(&)
2 0.6
Q
[®)
T
S
= 04
E
@
£
e
o
0.2 -
0.0-
0 3 6 9 12 15 18
Months
————— 42 37 27 17 9 4 1
--------- 101 86 68 52 32 22 7
143 123 95 69 41 26 8

Overall 6- 12- and 18-month HCC recurrence rate: 12%, 26.6% and 29.1% respectively.

G. Cabibbo et al. Aliment Pharmacol Ther. 2017;46:688—695.



Lack of evidence of an effect of direct-acting antivirals
on the recurrence of hepatocellular carcinoma: Data from three
ANRS cohorts

The ANRS collaborative study group on hepatocellular carcinoma
(ANRS CO22 HEPATHER, CO12 CirVir and CO23 CUPILT cohorts)*

Cohort ANRS N with N with HCC HCC Recurrence HCC Recurrence Rate in
HCC treated with Rate in DAA -treated No-DAA group per 100
DAA group per 100 person-months
person-months
HEPATHER 267 189 0.73 0.66
CIRVIR 79 13 111 1.73 .
Retrospective study
CUPILT (LT) 314 314 3.1 --

Survival-free of HCC recurrence

.
i H

ey
m"""‘"ﬂ-ﬂ'!wu s L SIS TR (e

= All included patients had therapies with curative potential
(resection, RFA, LT)

= No evidence of increased risk of HCC recurrence in DAA-

treated patients — Treated(T)

— Untreated(U)

Survival probability
= 8 2 s = ek
= b e o b IS

0 3 6 9 12 15 18 21 24 27 30
Patients (U) 267 146 tn7 8 75 6 52 43 38 30 22
atrisk (T) 189 179 169 163 148 124 102 73 28 7 2

Pol S, J Hepatol 2016 Months



DAA & HCC recurrences: controversies

* Study design (no randomised, retrospective or prospective)
* (Lack of) control group

* Heterogeneous inception point

* Time lag between tumor cure and start of DAA

* Heterogeneous baseline pts and tumor characteristics

* Type of curative HCC treatment

* Assessment of complete radiological response

* HCC recurrence definition (early/late and local/distant)

* Schedules of follow-up after HCC treatment

* History of prior HCC recurrences

* Impact of Competitive risk on survival

Cabibbo G et al. Liv Int 2018



@ JOURNAL OF HEPATOLOGY
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Direct antiviral agents and risk for HCC early recurrence: Much
ado about nothing

1.0) —~- Time Between HCC Treatment and Last Assessment of HCC Complete Response (<= 6 months)
—— Time between HCC Treatment and Last Assessment of HCC Complete Response ( > 6 months)
Logrank test p-value: 0.0176

081
@
O
=
o
3 06/ '
@ |
c
S
>
= 041
< p= 0.017
o
o
o

0.21

> 6-month
0.0°
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Months Since DAA Treatment

- 19 15 1" 9 (5] 6 5 4 2 1 0 0 0 0 0
No. at Risk

— 37 37 35 3 29 24 16 10 7 5 3 3 2 1 1 0

Camma C, Cabibbo G, Craxi A. J Hepatology 2016



HCC RECURRENCE IN THE NAVIGATORE DATABASE

Results: HCC recurrence from DAAs starting

HCC recurrence probability (%)

100

4]
o

o
o+

- 4B

87

CR time £6 mo

46%

overall

ﬂime >6 mo

17
OU

12 15 18 21 24

Time from DAAs starting (months)

19 14

43

37 29

Patients with complete response (CR) confirmed for more than 6 months before DAAs initiation
showed lower early HCC recurrence than those with less than 6 months of CR

Gambato M, et al. ILC 2018, #PS-153



HCC Risk after DAAs treatments : meta-analysis

HCC recurrence following SVR

IFN AAD
Authors, year ES(IC95%) Weight, % Authors, year | ES (IC 95 %) Weight, %
i Conti, 2016 === 4582 (28,49-73,71) 14,96

Hagihara, 2011 — 9,15 (4,58-18,30) 12,90

aghara, 15(4.58-18,30) 12, Pol CO22, 2016 —_ 8,11(543-12,10) 15,15
Kanogawa, 2015 T 6,49 (3,49-12,05) 16,13 Pol CO12, 2016 _— 4,40 (0,62-31,20) 8,86
Kunimoto, 2016 — 7,87 (4,82-12,84) 25,81 Pol CO23, 2016 - 2,82(1,35-592) 14,10
Jeong, 2007 ——  1326(7,14-24.65) 16,13 Reig, 2016 == 54,24 (33,23-88,53) 14,92
Saito. 2014 12,88 (6.14.27.01) 11,29 Rinaldi, 2016 e 6,67 (3,76-189,31) 8,86

aito, , ,a-af, i . .

) Minami, 2016 T 20,98 (9,43-46,70) 13,87
Sanefuji, 2009 = 13,33(4,30-41,34) 484 Torres, 2016 0,07 (0,00-2,28e+07) 0,20
Minami, 2016 —— 8,10 (4,05-16,19) 12,90 Zavaglia, 2016 1,42 (0,20-10,07) 8,86
Global (I-squared = 0,0 %, p = 0,638) <> 9,21 (7,18-11,81) Lei-Zeng, 2016 0,08 (0,00-2,60e+07) 0,20

Global (I-squared = 89,1 %, p = 0,000) < = 12,14 (5,00-29,46)

T T T T T

0,05 50 0,05 50 100

HCC recurrence rate/100 personne-years
P y HCC recurrence rate /100 personne-years

Meta regression of HCC recurrence

Average follow-up 0,86 0,79 0,55-1,15 0,19
Average Age 1,11 1,11 0,96-1,27 0,14
Treatment 1,36 0,62 0,11-3,45 0,56

Waziry et al J Hepatol 2017;67:1204- 1212.



HCC Risk after DAAs treatments : meta-analysis

HCC recurrence
(per 100 person-years)

Impact of follow-up on HCC recurrence by average follow-up

60__
50_|
40_|
30_|
20|

10|

) DAA
) IFN

Average follow-up (years)

=» HCC recurrence decrease with longer follow-up
=> No data on HCC severity

Waziry et al J Hepatol 2017;67:1204- 1212.
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SVR as a Predictor of Recurrent HCC in HCV Patients

Multicenter, prospective cohort of 1927 patients with HCV cirrhosis, including 161
with previously treated HCC

38/161 patients had a recurrence of HCC;
average annual incidence of 24.8%

p<0.0001 Univariate Multivariate
—SVR HR (95% ClI) P- HR (95% Cl)  P-value
value
——NoSVR Years since HCC >12 vs. <12 2.20 (1.00-4.83) 0.05 2.09(0.94-461) 0.07
months
7.8 months 21.7 months HCC Treatment Curative vs. 1.32 (0.46-3.76)  0.61
palliative
SVR 8.43 (2.85-24.9) 0.0001 5.21 (1.75-15.5) 0.003
Alpha-fetoprotein 210 ng/dL 6.32 (1.82-21.9) 0.004 6.19 (1.81-21.2) 0.004
3 6 9 12 1‘5 18 21 24
Months

SVR to DAAregimens is associated with a significantly lower rate of recurrence of HCC

Lleo, EASL 2018, SAT-PS-154



Impact of direct-acting antivirals on early recurrence of
HCV-related HCC: Comparison with interferon-based
therapy

TUU -
. J'_"—"_‘ .
o e There was no significant difference in the early HCC
iR recurrence rate and pattern between IFN-based and DAA
—DAAgowp P 0.43 I:hErap},ur.

e High AFP-L3, short recurrence-free period, and history of
multiple HCC treatments were risk factors for early
recurrence.

Cumulative recurrence rate (%)

e FEradication of HCV after curative HCC treatments could
preserve liver function, regardless of antiviral therapy
regimen.

5 6 7 8 9 10 11 12 13 14
Namberatiiik Years after the initiation of antiviral therapy

IFNgroup 156 94 60 38 25 14 12 9 5 4 4 4 3 1
DAAgroup 147 82 23

Kinoshita et al. J hep 2018



Hepatic decompensation is the major driver of death in
HCV-infected cirrhotic patients with successfully treated
early hepatocellular carcinoma

HCC patients in ITA.LLCA. database since 2007 109 =
N = 3309 b
— 0.8 ik
Inclusion criteria: = 1456 HCC patients with >
aetiology other than HCV g
* HCV-related early and * 797 patients with HCV-related 8 0.6
very early HCC no-early HCC g
* No-SVR |, =503 patients with HCV-related B —
+ Complete response after untreated HCC = 044
hepatic resection or thermal - 182 patients with HCV-related g
ablation treated early HCC and without «
complete response after 0.2+
resection or thermal ablation Mo event within 1 yr after complete radiological response (CRR)
Early HCC recurrence (within 1 yr after CRR) as first event
0.0 -—-- Early hepatic decompensation (within 1 yr after CRR) as first event
+ 43 patients with SVR by T T T T T |
N =371 —» PeglFN and ribavirin achieved 0 12 2 38 48 60 72 84
b ) . No. Time (mo)
efore HCC diagnosis at risk
l —— 254 196 151 105 62 36 14 8
. . 43 34 20 10 4 2 1 0
Patients eligible for the study 3 2 " 7 & n 2 1

Conclusion: Survival in HCV infected patients with cirrhosis and successfully treated HCC, is
mainly influenced by early hepatic decompensation. HCV eradication after treatment with DAA
could improve overall survival of HCC patients through long-term preservation of liver function.

Cabibbo et al, on behalf ITA.LICA. Group. J Hep 2017



“Adjuvant” use of DAAs in successfully treated HCC
and HCV related cirrhosis

Complete Radiological Response

Endpoints
HCC treatment
DAAs Overall Survival
_ Randomization HCC Recurrence
- Resection { Placeb Hepatic Decompensation
- Ablation aceno Biomarkers
Other

Ideal RCT =) No longer feasible



ZEASL EASL Clinical Practice Guidelines:
e Management of hepatocellular carcinoma 2018

v'Patients with HCV-associated cirrhosis and HCC treated by curative
intent maintain a high rate of HCC recurrence even after subsequent
directly acting antiviral (DAA) therapy. It is presently unclear whether this
presents the inherent risk of advanced cirrhosis to develop HCC or if DAA
therapy increases recurrence rates. Thus, further research is encouraged.

v'To adequately assess the risk of HCC recurrence/development it is
essential to determine if treated patients were properly screened for HCC
before DAA initiation, how and for how long follow-up screening was
performed and finally, if the incidence of HCC during follow-up was one of
the endpoints of retrospective analysis.

v'Currently, in these patients close surveillance is advised and the
benefit of viral cure must be outweighed against a potentially higher
recurrence risk (evidence low; recommendation high).

European Association for the Study of the Liver, J Hepatol 2018

o

9




HCC recurrence after DAAs:
the take-home message

Patients with HCV cirrhosis and a previously cured HCC remain
at risk of cancer recurrence after HCV eradication

The risk of HCC recurrence is lower than in non-eradicated
patients, and is proportional to previous HCC recurrence and
tumor size

Preliminary data in patients with previous cured HCC suggest
that the response rate to DAAs is excellent and that survival may
be higher in SVR patients despite HCC recurrence

DAAs should not be withheld in these patients
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