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Abstract

Background: In HCV-infected patients with advanced liver disease, the direct antiviral agents-associated clinical
benefits remain debated. We compared the clinical outcome of patients with a previous history of decompensated
cirrhosis following treatment or not with direct antiviral agents from the French ANRS CO22 HEPATHER cohort.

Methods: We identified HCV patients who had experienced an episode of decompensated cirrhosis. Study out-
comes were all-cause mortality, liver-related or non-liver-related deaths, hepatocellular carcinoma, liver transplanta-
tion. Secondary study outcomes were sustained virological response and its clinical benefits.

Results: 559 patients met the identification criteria, of which 483 received direct antiviral agents and 76 remained
untreated after inclusion in the cohort. The median follow-up time was 39.7 (IQR: 22.7-51) months. After adjustment
for multivariate analysis, exposure to direct antiviral agents was associated with a decrease in all-cause mortality (HR
0.45,95% Cl 0.24-0.84, p=0.01) and non-liver-related death (HR 0.26, 95% Cl 0.08-0.82, p=0.02), and was not associ-
ated with liver-related death, decrease in hepatocellular carcinoma and need for liver transplantation. The sustained
virological response was 88%. According to adjusted multivariable analysis, sustained virological response achieve-
ment was associated with a decrease in all-cause mortality (HR 0.29, 95% Cl 0.15-0.54, p < 0.0001), liver-related mortal-
ity (HR 0.40, 95% Cl1 0.17-0.96, p =0.04), non-liver-related mortality (HR 0.17, 95% CI 0.06—-0.49, p=0.001), liver trans-
plantation (HR 0.17, 95% Cl 0.05-0.54, p=0.003), and hepatocellular carcinoma (HR 0.52, 95% CI 0.29-0.93, p=0.03).
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decompensated cirrhosis.

carcinoma, Sustained virological response

Conclusion: Treatment with direct antiviral agents is associated with reduced risk for mortality. The sustained virolog-
ical response was 88%. Thus, direct antiviral agents treatment should be considered for any patient with HCV-related

Trial registration: ClinicalTrials.gov registry number: NCT01953458.
Keywords: Hepatitis C virus, Decompensated cirrhosis, Direst-acting antiviral agents, Survival, Hepatocellular

Background

The 2000s were marked by an increase in the preva-
lence of cirrhosis and hepatocellular carcinoma (HCC),
mainly due to hepatitis C virus (HCV) infection: 48%
of cirrhosis deaths and 67% of HCC deaths in 2013
[1]. At the same time, HCV infection was the primary
indication for liver transplantation in western coun-
tries, with over 20% of all LT candidates on the waiting
list having HCV infection [2]. Direct-acting antiviral
agents (DAAs) have transformed the clinical course of
HCV-infected patients, even in those with advanced
liver disease [3-5]. In most studies, the primary end-
point has been sustained virological response (SVR)
at 12 weeks after the end of therapy, and the second-
ary end-point logically being dedicated to safety. The
clinical benefit of treatment has been assessed at large
by the evolution of Child—Pugh and MELD prognos-
tic scores during a short period from baseline to post-
treatment week 12, as well as by patient delisting from
liver transplant waiting lists. However, the DA A-asso-
ciated benefits, including the reduction of mortality
or other hepatic complications, remain debated [6].
Given it is ethically difficult to design a DAA versus
placebo study to investigate this issue, observational
multicenter cohorts with prospective data collection,
including both treated and untreated HCV-infected
patients, with a significant follow-up are more rel-
evant. The most valuable population consists of
patients with decompensated cirrhosis and a short- or
medium-term vital prognosis, especially if the cause of
the liver disease (i.e. HCV infection) is not controlled.
Among the various studies published on the evalua-
tion of the efficacy of DAA in the most severe patients,
decompensated cirrhosis has been defined either
by: (1) Child—Pugh score>B7 without taking com-
plications into account, or (2) a past or current clini-
cal event reflecting decompensation, such as ascites,
digestive haemorrhage, and encephalopathy.

The aim of this study was to compare the clini-
cal outcome of patients with a previous history of
decompensated cirrhosis following treatment or not
with DAAs from the French ANRS CO22 HEPATHER
cohort.

Methods

Study design and participants/procedures

The ANRS CO22 HEPATHER cohort, “Therapeutic
Option for Hepatitis B and C: A French Cohort’, is a
national, multicentre, prospective, observational cohort
study of patients with viral hepatitis B or C that started
in August 2012 (ClinicalTrials.gov registry number:
NCT01953458). The main initial objectives of this study
were to quantify the clinical efficacy and safety of new
hepatitis treatments in real-life. The details of the cohort
have been previously specified (see references [7] and [8]
for a complete description). This study was observational
and the choice of treatment combination, treatment tim-
ing, and screening for HCC or the progression of fibro-
sis was granted by the physician. Nevertheless, national
French recommendations based on the European Asso-
ciation for the Study of the Liver (EASL) guidelines [9]
were followed. Written informed consent was obtained
from each patient before study enrolment. The protocol
was performed in accordance with the Declaration of
Helsinki and the French law for biomedical research. It
was approved by the "CPP Ile de France 3" Ethics Com-
mittee (Paris, France) and the French Regulatory Author-
ity (ANSM).

Among the HCV patients included in this cohort
between August 2012 and December 2015, we identified
those who had experienced an episode of decompen-
sated cirrhosis before or at the time of study inclusion,
including ascites, jaundice, encephalopathy, and haem-
orrhage. The time since decompensation was registered.
We excluded patients with a history of HCC and those
who had undergone LT. Patients were classified into 2
groups according to DAA exposure. As HEPATHER is an
observational cohort, the decision to treat or not was at
the discretion of each investigator. The potential predic-
tors of clinical outcome assessed at study inclusion were:
socio-demographics, HCV history, severity of liver dis-
ease according to Child—Pugh and MELD scores, and co-
morbidities (i.e. diabetes, arterial hypertension (AHT),
alcohol use, and history of HCC). A separate analysis
was carried out in patients with a MELD score > 20 and/
or Child-Pugh score of C, hence patients classified with
severe disease.
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Outcomes

Study outcomes were all-cause mortality, subsequently
classified into liver-related (LR) or non-liver-related
(NLR) deaths, HCC incidence, and need for LT. The
causes of death were classified by an adjudication com-
mittee comprised of two hepatologists (HF and MB) and
one methodologist (CD). Adjudication was based on
medical records and investigators completed a specific
case report form. Data on HCC incidence included the
number of lesions at diagnosis, the largest nodule size,
total size, diagnostic imaging procedures, and treat-
ment. Secondary study outcomes were SVR in the group
of patients exposed to DAAs and clinical outcomes in
patients with severe disease.

Statistical analysis

Survival time was calculated as the time between study
inclusion (unexposed period) or the start of first treat-
ment (exposed period), and the last follow-up visit, out-
come date (death, HCC or LT), or April 1st 2019 (the first
occurring of these events). Baseline characteristics were
compared using the Mann—Whitney test for quantitative
variables or the Fisher’s exact test for categorical varia-
bles. Incidence rates and 95% confidence intervals (CIs)
were calculated by an exact method based on a Poisson
distribution.

The propensity of receiving DAA or not at study inclu-
sion was estimated by a logistic regression model includ-
ing covariates evaluated at study inclusion with dummy
indicators for missing covariate values. The logistic
regression model included age, gender, geographic origin,
body mass index (BMI), AHT, diabetes, fibrosis score,
HCV treatment-naive, HCV genotype, current excessive
alcohol consumption, past excessive alcohol consump-
tion, serum albumin level, prothrombin rate, platelet
count, alanine aminotransferase (ALT) level, aspartate
aminotransferase (AST) level, and alpha-fetoprotein
(AFEP) level. The inverse probability of treatment weight-
ing (IPTW) analysis was used. Stabilised weights were
calculated and the balance of baseline covariates was
assessed between groups in the weighted sample. We
used an IPTW Cox proportional-hazards model with
exposure to treatment modeled as a time-varying covari-
ate. To avoid immortal time bias, IPTW Kaplan—Meier
curves were generated using the clock-reset approach
for patients exposed to DAA during follow-up. Univari-
ate and multivariate-adjusted Cox proportional-hazards
models were estimated and departures from the pro-
portionality assumption were checked by using the Sch-
oenfeld residuals. Hazard ratios with 95% CIs for the
different outcomes were estimated using competing
risk analysis with cause-specific hazards. Cumulative
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incidence functions were estimated by the Gray’s test.
The Gray’s test was used to compare the cumulative inci-
dences between treated and untreated patients. Categori-
sation of continuous covariates was based on previously
determined clinically relevant thresholds (all biological
parameters) or quartile divisions. Missing covariate val-
ues were handled using indicators for missing data in the
multivariate model. To better characterise the potential
effects of SVR in patients exposed to DAAs compared
with untreated patients, the exposure period was divided
into: (1) on-treatment period (from the first to last day
of DAA treatment, extended for 3 months), and (2) the
period with a measurable SVR status (from 3 months
after the last day of DAA treatment to the end of follow-
up). These were regarded as time-dependent covariates
in the Cox models. All analyses were performed with SAS
9.4 (SAS Institute Inc., Cary, North Carolina, USA). A
p-value <0.05 was considered as statistically significant.

Results

Among the 14,657 HCV mono-infected patients included
in this cohort, there were 4404 patients with cirrhosis,
including 769 patients with a history of decompensa-
tion. Among these, 559 were eligible for study inclusion.
Among these 559 patients there were 55 patients with
severe liver disease with a Child—Pugh score of C and/or
MELD score > 20.

DAA treatment began for 483 patients after a median
time from study entry of 0.9 [0—6.2] months. At the last
follow-up visit, 76 patients (13.6%) remained untreated.
The median follow-up time was 39.7 (Interquartile
Range (IQR): 22.7-51) months. Baseline characteris-
tics according to DAA exposure during follow-up are
shown in Table 1. Patients having received DAA in com-
parison with untreated patients had a less severe liver
disease according to Child—Pugh score (score A, 57%
vs 37%, p=0.003) and MELD score (score<13, 70% vs
51%, p=0.003). Patients treated with DAA also had less
excessive alcohol use (2% vs 9%, p=0.001) and were
more often infected with HCV genotype 3 (21% vs 15%,
p=0.01). The balance of baseline characteristics follow-
ing IPTW analysis is presented in supplementary materi-
als (Additional file 1: Table S1).

Mortality

Out of the 559 patients included for study, 119 (21.3%)
died during follow-up (80 treated and 39 untreated); 74
were classified as LR deaths, 35 as NLR deaths, and 10
were unclassified (Additional file 1: Tables S2 and S3).
The incidence rates of all-cause mortality, LR deaths,
and NLR deaths were higher among unexposed patients
than among patients exposed to DAAs (Table 2). In the
unadjusted Cox model, exposure to DAAs was associated
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Table 1 Baseline characteristics of 559 patients with a history of decompensated cirrhosis
Received DAA after study Did not receive DAA after study P-value
inclusion (n=483) inclusion (n=76)
Follow-up time in months
Median (Q1-Q3) 43.5[26.6-524] 15.2[6.2-39.2] <0.0001
Age in years
Median (Q1-Q3) 56.6 [51.2-63.8] 56.0 [51.2-63.1] 073
Male gender 336 (70%) 47 (62%) 0.18
BMI (kg/m?) 0.10
<185 12 (2%) 6 (8%)
[185,25] 229 (48%) 36 (47%)
[>25,30] 164 (34%) 23 (30%)
>30 77 (16%) 11 (14%)
Missing 1 0
Geographic origin 0.95
Asia 7 (1%) 1 (1%)
Eastern Europe 22 (5%) 3 (4%)
France 296 (61%) 46 (61%)
North Africa 81 (17%) 15 (20%)
Other 60 (12%) 10 (13%)
Sub-Saharan Africa 17 (4%) 1 (1%)
Infection route
Injecting drug use 145 (30%) 32 (43%)
Transfusion 136 (28%) 19 (26%)
Other or unknown 202 (42%) 23 (31%)
Missing 0 2 0.06
Time since HCV diagnosis in years 0.22
Median (Q1-Q3) 14.2[7.8-19.9] 15.1[5.3-18.5]
Missing 9 5
HCV treatment history 0.07
Treatment-experienced 330 (68%) 44 (58%)
Treatment-naive 153 (32%) 32 (42%)
HCV genotype 0.19
1 283 (59%) 44 (62%)
2 23 (5%) 5 (7%)
3 102 (21%) 11 (15%)
4 65 (14%) 8 (11%)
5/6/7 5(1%) 3 (4%)
Missing 5 5
Child-Pugh score 0.003
A 233 (57%) 20 (37%)
B 150 (37%) 25 (46%)
C 26 (6%) 9(17%)
Missing 74 22
MELD score 0.003
<13 335 (70%) 37 (51%)
[13;20] 117 (25%) 31 (42%)
>20 25 (5%) 5(7%)
Missing 6 4
Diabetes 0.53
No 372 (77%) 61 (80%)
Yes 111 (23%) 15 (20%)
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Received DAA after study
inclusion (n=483)

Did not receive DAA after study P-value
inclusion (n=76)

Arterial hypertension
No
Yes
Anaemia
No
Yes
Missing
Albumin (g/L)
Median (Q1-Q3)
Missing
Prothrombin time (%)
Median (Q1-Q3)
Missing
Platelet count (/uL)
Median (Q1-Q3)
Missing
Alanine aminotransferase (Ul/L)
Median (Q1-Q3)
Missing
Aspartate aminotransferase (Ul/L)
Median (Q1-Q3)
Missing
Alpha-fetoprotein (ng/mL)
Median (Q1-Q3)
Missing
Bilirubin (mg/L)
Median (Q1-Q3)
Missing
Past excessive alcohol use
No
Yes
Excessive alcohol use at study inclusion
No
Yes
Missing
Smoking
No
Yes
Time since decompensation of cirrhosis in months
Med [IQR]
Missing
Type of decompensated cirrhosis
Ascites
Icterus
Encephalopathy
Haemorrhage

328 (68%)
155 (32%)

338 (70%)
144 (30%)
1

354(30.8-39.8)
10

74.5 (62-87)
1

93,000 (64,000-136,000)
10

60 (41-95)
4

78 (53-111)

7(3.9-133)
49

21(13.6-32)

252 (52%)
231 (48%)

383 (98%)
6 (2%)
94

278 (58%)
205 (42%)

27.1[7.4-95.7]
10

159 (36%)
113 (25%)
36 (8%)

136 (31%)

0.55
49 (64%)
27 (36%)

0.11
45 (61%)
29 (39%)
2

0.20
34 (29-38.6)

0.06
70 (56-81)
5

0.58
91,000 (61,000-148,000)
1

<0.0001

43 (28-61)
3

0.09
63.5(39-108)
2

040
6(3.8-11.1)
9

0.08
255 (14-44)
1

023
34 (45%)
42 (55%)

0.001
52 (91%)
5 (9%)
19

0.01
32 (42%)
44 (58%)

0.67
21[4.8-840]
4
24 (36%)
20 (30%)
5 (8%)
17 (26%)

Values in bold correspond to significant differences between the 2 groups (p < 0.05)

The median follow-up time was 39.7 [IQR 22.7-51.0] months. DAA treatment began for 483 patients after a median time from study inclusion of 0.9 [0-6.2] months
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Table 2 Incidence rates and hazard ratios according to DAA treatment exposure for all-cause mortality, liver-related mortality, non-
liver-related mortality, and liver transplant in all 559 patients with history of decompensated cirrhosis

Not exposed to DAA Exposed to DAA Unadjusted Multivariate analysis IPTW

(N=76) (N=483)

n/pyr Incidence/100pyrs n/pyr  Incidence/100pyrs HR[95% ClI] HR [95% Cl] HR[95% CI]

(95% ClI) (95% Cl)

HCC(N=92) 20/325  6.1(3.8-9.5) 72/1374 52 (4.1-6.6) 0.81(0.47-1.38) 0.80 (0.44-145) 0.85(0.50-1.47)
All cause-mortality 39/341 114(8.1-15.6) 80/1494 53 (4.2-6.7) 040 (0.24-0.65)* 045 (0.24-0.84)* 042 (0.25-0.68)*
(N=119)
Liver related mortality 22/341  64(4.0-9.8) 52/1494  3.5(2.6-4.6) 0.50 (0.24-1.05) 0.89(0.358-2.26) 0.60 (0.28-1.29)
(N=74)
Non-liver related mortal- 11/341 3.2 (1.6-5.8) 24/1494  1.6(1.0-24) 0.35(0.16-0.75)* 0.26 (0.08-0.82)* 0.34 (0.16-0.74)*
ity (N=35)
Liver transplant (N=36) 10/329 3.0 (1.5-5.6) 26/1414 1.8 (1.2-2.7) 0.51(0.20-1.31) 0.53(0.14-1.96) 0.54 (0.21-1.41)

*Significant analysis associations at the p <0.05 level

with a decrease in all-cause mortality (HR 0.40, 95% CI
0.24-0.65, p=0.0002) and NLR death (HR 0.35, 95% CI
0.16-0.75, p=0.01), but not in LR death (HR 0.50, 95%
CI0.24-1.05, p=0.07). The same findings were observed
after adjustment for multivariate (Table 2) and IPTW
(Table 2, Figs. 1la—c, 2) analyses. There was a significant
decrease in all-cause mortality (HR 0.45, 95% CI 0.24—
0.84, p=0.01 and HR 0.42, 95% CI 0.25-0.68, p=0.0006,
respectively) and NLR death (HR 0.26, 95% CI 0.08-0.82,
p=0.02 and HR 0.34, 95% CI 0.16—-0.74, p=0.01, respec-
tively), but not in LR death (HR 0.89, 95% CI 0.35-2.26,
p=0.81 and HR 0.60, 95% CI 0.28-1.29; p=0.19, respec-
tively). No other predictors other than DAA exposure
were independently associated with risk for all-cause
mortality (Additional file 1: Table S4).

Among the 55 patients with severe disease, 20 patients
died (10 treated and 10 untreated). The incidence rate
of all-cause mortality was higher in unexposed patients
than in patients exposed to DAAs (Table 3). The number
of events were insufficient for performance of multivari-
ate analysis.

Hepatocellular carcinoma
Ninety-two cases (72 treated and 20 untreated) of HCC
were reported. In the unadjusted Cox model, exposure
to DA As was not associated with a decrease in HCC (HR
0.81, 95% CI 0.47-1.38, p=0.43) (Table 2). The same
finding was observed after adjustment for multivariate
(HR 0.80, 95% CI 0.44—1.45, p=0.46) and IPTW analy-
ses (HR 0.85, 95% CI 0.50-1.47, p=0.57) (Table 2, Fig. 2).
Other predictors independently associated with risk for
HCC were AFP, prothrombin time, and HCV genotype 3
(Additional file 1: Table S4).

Among the 55 patients with severe disease, 11 patients
(7 treated and 4 untreated) presented HCC. The HCC
incidence rate was higher in unexposed patients

compared to patients exposed to DAAs (Table 3). There
were insufficient events for carrying out multivariate
analysis.

Detailed characteristics of HCC are reported in Addi-
tional file 1: Table S5. No differences were found between
these patients treated with DAAs and untreated patients
in terms of tumor characteristics and aggressiveness,
AFP, and time between last normal imaging evaluation
and diagnosis of HCC.

Liver transplantation

Thirty-six patients (26 treated and 10 untreated) under-
went LT. In the unadjusted Cox model, exposure to DAAs
was not associated with a decrease in LT (HR 0.51, 95%
CI 0.20-1.31, p=0.16). The same results were detected
after adjustment for multivariate (HR 0.53, 95% CI 0.14—
1.96, p=0.34) and IPTW (HR 0.54, 95% CI 0.21-1.41,
p=0.21) analyses (Table 2, Fig. 2). Prothrombin time was
the only predictor independently associated with risk for
LT (Additional file 1: Table S4).

Among the 55 patients with severe disease, 9 patients
(5 treated and 4 untreated) underwent LT. The incidence
rate of LT tended to be higher in unexposed patients
(20.0 per 100 patients year) than in patients exposed to
DAAs (5.4 per 100 patients year) (Table 3). There were
insufficient events to perform multivariate analysis.

SVR

Among the 444 patients who received DAAs and for
whom virological data was available, the SVR12 was 88%.
Among these patients, 38 presented severe disease with
a SVR12 of 87%. While 12 "severe" patients remained
untreated, 41 were treated with a sofosbuvir-including
regimen (with daclatasvir for 25 patients, ledipasvir for
10 patients, simeprevir for 2 patients, and glecaprevir/
pibrentasvir for 1 patient), with (n=22) or without
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. (n=19) ribavirin. Two patients were treated with ombi-
a Hepatocellular carcinoma . . o . . .
o ] tasvir/paritaprevir/ritonavir. The incidence rates in
- treated versus untreated patients for HCC, all-cause
@ | mortality, LR mortality, NLR mortality, and LT according
g e to DAA-exposure period and virological response status
§ © | are reported in supplementary Table 6.
g_ e — — According to adjusted multivariable analysis, SVR
T < _ Uﬁfr?;fe%d'm'ac""g antivirals achievement among treated patients was associated
% Sl Frame=-073 with a decrease in all-cause mortality (HR 0.29, 95% CI
a « | Number of patients at-risk 0.15-0.54, p<0.0001), LR mortality (HR 0.40, 95% CI
S 7429 118 58 36 22 10 4 0.17-0.96, p=0.04), NLR mortality (HR 0.17, 95% CI
an “r 360 301 220 &1 5 0.06-0.49, p=0.001), and LT (HR 0.17, 95% CI 0.05-0.54,
=El , , , , , , p=0.003) or HCC (HR 0.52, 95% CI 0.29-0.93, p=0.03)
0 oo 200 30 40 %0 60 (Table 4). On the contrary, not achieving a SVR was not
Time in study (months) associated with a decrease in all-cause mortality (HR
b o All-cause mortality 0.66, 95% CI 0.19-2.28, p=0.52), LT (HR 0.36, 95% CI
< 0.07-1.82, p=0.22), or HCC (HR 1.16, 95% CI 0.52-2.60,
p=0.72).
z S
3 Discussion
g =3 To our knowledge, this study is among the first prospec-
o  Recelved direck-acting antvirals tively assessing the clinical outcomes of DAA-treated
S 3 P =HJZ?J:1 versus untreated HCV-infected cirrhotic patients hav-
U%) Number of patents atisk ing experienced an episode of decompensated cirrhosis.
PR PP 122 63 2 o " s Regardless of the virological efficacy of DAAs, all-cause
483 442 393 335 259 96 6 mortality and NLR mortality were decreased in treated
= patients, but not LT use or the risk of HCC. However,
) 10 20 30 40 50 60 in DAA-treated patients achieving SVR, all-cause mor-
Time in study (months) tality, LR and NLR mortality, the use of LT, and the risk
Liver transplantation of HCC were decreased. These findings warrant several
¢ o —_— comments.

In decompensated cirrhotic patients it is standard
> 3 to correlate the risk of mortality and the use of LT with
5 Child—Pugh and MELD prognostic scores. Pivotal stud-
2 =3 ies demonstrating the efficacy of DAAs in decompen-
8 — Received directacting antivirals sated cirrhotic patients have shown that 12 weeks after
g al I Untreated the end of treatment, approximately 50% of patients
e P-value =0.35 demonstrate an improvement in Child—Pugh score and/
@ o | Number of patients at-risk or MELD score, thus indicating the clinical benefit of

© :3: 1;3 35; ;82 22326 ;S 2 DAA treatment [3, 4]. As reported by Foster and col-

° leagues [5], it has been suggested that this benefit was

S 5 o % 5 i 5 &% more frequently observed in young patients with mildly

Time in study (months) impaired liver function at baseline and normal natremia

o N o [5]. Although not a prospective cohort, this real-life study

Fig. 1 a Survival usmg inverse probability oftreatment welghtlng has some similarities with ours; there is a control group
(IPTW)-based analysis of hepatocellular carcinoma for all patients K . . . .

under study. b Survival using inverse probability of treatment of untreated patients. It is also interesting to note in

weighting (IPTW)-based analysis of all-cause mortality for all patients this study that while a better functional outcome based

under study. ¢ Survival using inverse probability of treatment on the evolution of MELD score and the development

vveiAghting (IPTW)-based analysis of liver transplantation for all of decompensating episodes was observed in treated

patients under study patients, there were no differences in terms of mortality,

HCC, or LT. This better functional outcome was consid-
erable in patients who achieved SVR, but again without
major clinical improvement. Our results obtained here



Pageaux et al. BMC Infectious Diseases (2022) 22:94

Page 8 of 12

Probability
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Fig. 2 Inverse probability of treatment weighting (IPTW)-adjusted cumulative incidence functions of hepatocellular carcinoma, all-cause mortality,
and liver transplantation in all patients under study. HCC hepatocellular carcinoma, DAA direct-acting antiviral, IPW inverse probability of treatment

Table 3 Incidence rates according to exposure to DAA treatment for HCC, all-cause mortality, and liver transplant in all 55 patients

with a Meld score > 20 or Child-Pugh score C

Not exposed to DAA Exposed to DAA P-value

N=12 N=43

n/pyr Incidence/100pyrs n/pyr Incidence/100pyrs

(95% Cl) (95% Cl)

HCC(N=11) 7/22 31.2(12.5-64.3) 4/100 0(1.1-10.3) 0.001
All-cause mortality (N=20) 10/26 385 (18.5-70.8) 10/112 .0 (4.3-16.5) 0.002
Liver related mortality (N=13) 6/26 23.1(8.5-50.2) 7/112 3 (2.5-12.9) 0.026
Non-liver related mortality (N=15) 2/26 .7 (0.9-27.8) 3/112 7 (0.6~ 79) 0.275
Liver transplant (N=9) 4/20 20. 0(5 5-51.3) 5/92 4(1.8-127) 0.07

over a longer period following treatment are relatively
different. We observed a lower risk for all-cause mortal-
ity, particularly for NLR mortality in patients treated with
DAAs compared with untreated patients. HCV-induced
NLR mortality is well established and has been reported
in many studies [9]. The most frequently reported
causes are cancers, cardiac disorders, and renal disor-
ders. A decrease in NLR mortality has been reported
after interferon-based therapy in patients with SVR [10,
11]. The distinction between LR and NLR mortality is
based on international classifications (MedDRA v17.0

classification) by an adjudication panel. Nevertheless,
misclassification is always possible. For example, a car
accident may be linked to a sub-clinical hepatic enceph-
alopathy, and infections are a direct consequence of the
cellular immunodepression of decompensated cirrhotic
patients. Among the other possibilities explaining the
absence of a significant association between DAA treat-
ment and LR mortality in our study, of particular note
is the limited number of events and the relatively short
follow-up after SVR. However, it is reassuring that the
LR mortality hazard ratios followed the same trend and
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Table 4 Hazard ratios for hepatocellular carcinoma, all-cause mortality, liver-related mortality, non-liver-related mortality, and liver
transplant. 483 DAA-exposed versus 76 unexposed patients are compared according to exposure period and virological response

status
On treatment SVR No SVR Unknown SVR
N =483 N=391 N=53 N=39
Univariable  Multivariable- Univariable  Multivariable- Univariable  Multivariable- Univariable = Multivariable-
HR (95%Cl) adjusted HR HR (95%Cl) adjusted HR HR (95%Cl) adjusted HR HR (95%Cl) adjusted HR
(95% Cl) (95% CI) (95% Cl) (95% ClI)
Hepatocellu-  0.76 (045-1.29) 0.77 (043-1.36) 049 (0.28- 0.52(0.29-0.93)* 1.53(0.74-3.18) 1.16(0.52-2.60) 0.50 0.50 (0.15-1.73)
lar carcinoma 0.85)* (0.15-1.71)
All-cause 035(0.21- 047 (0.25-0.86)* 0.22 (0.13— 0.29 (0.15-0.54)* 0.38 (0.13-1.09) 0.66 (0.19-2.28) 0.47 0.94 (0.28-3.11)
mortality 0.57)* 0.37)* (0.17-1.33)
Liver-related 044 (0.21- 0.61(0.25-147) 0.29 (0.14- 0.40 (0.17-0.96)* 0.42 (0.09-1.98) 0.77 (0.15-4.10) 0.55 0.68 (0.14-3.43)
mortality 0.91)* 0.62)* (0.12-2.48)
Non-liver- 0.30 (0.14- 0.26 (0.09-0.76)* 0.20 (0.09— 0.17 (0.06-0.49)* 0.24 (0.03-1.73) 0.18(0.02-1.28) 0.57 1.38(0.19-
related 0.66)* 047)* (0.13-2.50) 10.10)
mortality
Liver trans- 0.50 (0.20-1.25) 0.32 (0.09-1.08) 0.23 (0.08- 0.17 (0.05-0.54)* 0.51 (0.06-4.09) 0.36 (0.07-1.82) ND ND
plant 0.67)*

*Significant analysis associations at the p < 0.05 level. ND: Not performed due to insufficient number of events

were consistent (although not significant) with those esti-
mated for NLR mortality. Moreover, it is also likely that a
reduced risk of LR death does not occur in the very first
years after SVR. This is due to the time it requires for
liver restoration and improvement of cirrhosis in these
patients with decompensated cirrhosis [12]. This is the
reason we believe that all-cause mortality is more repre-
sentative of the benefit of DAA treatment.

The persistence of the risk of developing HCC after
viral eradication in cirrhotic patients treated with DAAs
has been reported by many authors [13, 14]. This has
multiple explanations: severity of cirrhosis before treat-
ment, presence of risk factors for developing HCC before
treatment (age>50 years, male sex, platelets< 100,000/
mm?), and presence of co-morbidities (alcohol, diabetes,
and non-alcoholic steatohepatitis). A striking finding in
our study was the role of HCV genotype. Indeed, analysis
of the factors associated with the development of HCC
highlighted the role of the HCV genotype 3. However,
this genotype was more significantly frequently found
in patients exposed to DAAs. Indeed, the persistence of
HCC risk after treatment reinforces the overriding rec-
ommendation to continue the 6-month monitoring of
cirrhotic patients by ultrasound to detect small curable
cancers.

Another highlight of our study was the high rate of SVR
(88%), even among the most severe patients (87%). These
results are similar to those reported elsewhere in pivotal
[3, 4] or real-life [5] studies dedicated to patients with
decompensated cirrhosis. Again, what distinguishes our
approach here from that of the aforementioned studies
was our measure of the effects of viral eradication on our

main judgment criteria beyond SVR. Indeed, our results
demonstrate that viral eradication was associated with a
significant better clinical outcome in terms of mortality,
HCC occurrence, and need for LT. The latter is in line
with the European study showing that viral eradication
could allow the delisting of 20% of treated patients while
on the waiting list for LT [15].

There are some limitations of our study. Firstly, 45%
of patients who met the inclusion criteria, i.e. a previ-
ous history of decompensated cirrhosis prior to or at the
time of study inclusion, had a Child—Pugh score of A. It
is conceivable that co-morbidities that contribute to the
aggravation of cirrhotic patients were managed after
decompensation. For example, it can be noted that exces-
sive alcohol consumption was only 2% in the whole pop-
ulation at the time of inclusion for study. In turn, due to
the systemic hemodynamic alterations of cirrhosis, once
a complication related to portal hypertension occurs in
a cirrhotic patient, the disease is considered as decom-
pensated [16]. A second limitation is that only 55 patients
had a very severe disease, i.e. Child—Pugh score of C and/
or MELD score >20. This made statistical analysis, other
than comparison of crude incidences, impossible. This is
also the reason why the effects of SVR in these patients
could not be analysed.

Conclusion

In summary, this prospective cohort study involving
HCV-infected patients having experienced an episode
of decompensated cirrhosis illustrates an overall signifi-
cant decrease in risk for all-cause mortality associated
with DAA treatment. Our results also show that SVR is
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associated with a decrease in risk for HCC occurrence
and need for LT. On this basis, DAA treatment should be
considered for any patient with HCV-related decompen-
sated cirrhosis.
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