
HAL Id: hal-04409816
https://hal.science/hal-04409816

Submitted on 22 Jan 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial - NoDerivatives 4.0
International License

Safety analysis of glecaprevir/pibrentasvir in patients
with markers of advanced liver disease in clinical and

real-world cohorts
Jordan J Feld, Xavier Forns, Douglas E Dylla, Hiromitsu Kumada, Victor de

Ledinghen, Lai Wei, Robert S Brown, Robert Flisiak, Pietro Lampertico,
Dominique Thabut, et al.

To cite this version:
Jordan J Feld, Xavier Forns, Douglas E Dylla, Hiromitsu Kumada, Victor de Ledinghen, et al.. Safety
analysis of glecaprevir/pibrentasvir in patients with markers of advanced liver disease in clinical and
real-world cohorts. Journal of Viral Hepatitis, 2022, 29 (12), pp.1050-1061. �10.1111/jvh.13738�.
�hal-04409816�

https://hal.science/hal-04409816
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://hal.archives-ouvertes.fr


1050  |     J Viral Hepat. 2022;29:1050–1061.wileyonlinelibrary.com/journal/jvh

Received: 18 January 2022  | Revised: 28 April 2022  | Accepted: 6 July 2022

DOI: 10.1111/jvh.13738  

O R I G I N A L  A R T I C L E

Safety analysis of glecaprevir/pibrentasvir in patients with 
markers of advanced liver disease in clinical and real- world 
cohorts

Jordan J. Feld1  |   Xavier Forns2  |   Douglas E. Dylla3 |   Hiromitsu Kumada4 |    
Victor de Ledinghen5  |   Lai Wei6,7 |   Robert S. Brown Jr8 |   Robert Flisiak9 |   
Pietro Lampertico10,11  |   Dominique Thabut12 |   Mark Bondin3 |   Fernando Tatsch3 |   
Margaret Burroughs3 |   John Marcinak3 |   Zhenzhen Zhang3 |   Amanda Emmett3 |    
Ira M. Jacobson13

1Toronto Centre for Liver Disease, University Health Network, University of Toronto, Toronto, Ontario, Canada
2Liver Unit, Hospital Clinic, University of Barcelona, IDIBAPS and CIBEREHD, Barcelona, Spain
3AbbVie Inc., North Chicago, Illinois, USA
4Department of Hepatology, Toranomon Hospital, Tokyo, Japan
5Bordeaux University Hospital, Bordeaux, France
6Peking University People's Hospital, Peking University Hepatology Institute, Beijing Key Laboratory of Hepatitis C and Immunotherapy for Liver Disease, 
Beijing, China
7Beijing Tsinghua Changgung Hospital, Tsinghua University, Beijing, China
8Center for Liver Disease and Transplantation, Weill Cornell Medical College, New York, New York, USA
9Department of Infectious Diseases and Hepatology, Medical University of Białystok, Białystok, Bialystok, Poland
10Division of Gastroenterology and Hepatology, Foundation IRCCS Ca’ Granda Ospedale Maggiore Policlinico, CRC “A. M. and A. Migliavacca” Center for Liver 
Disease, Milan, Italy
11Department of Pathophysiology and Transplantation, University of Milan, Milan, Italy
12Groupe Hospitalier Pitié- Salpêtrière- Charles Foix, Paris, France
13NYU Langone Health, New York, New York, USA

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2022 The Authors. Journal of Viral Hepatitis published by John Wiley & Sons Ltd.

Clinical Trial: NCT02966795, NCT02642432, NCT02738138, NCT03219216, NCT03089944, NCT03222583, NCT03235349, NCT02707952, NCT02243293, NCT03212521, 
NCT02446717.  

Abbreviations: AE, Adverse event; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; CC, Compensated cirrhosis; CI, Confidence interval; CKD, Chronic kidney disease; 
DAA, Direct- acting antiviral; eGFR, estimated glomerular filtration rate; G/P, Glecaprevir/pibrentasvir; GT, Genotype; HCC, Hepatocellular carcinoma; HCV, Hepatitis C virus; HIV, 
Human immunodeficiency virus; IFN, Interferon; MedDRA, Medical Dictionary for Regulatory Activities; MELD, Model for End- Stage Liver Disease; PI, Protease inhibitor; PMOS, 
Post- marketing observational studies; SVR, sustained virologic response; SVR12, Sustained virologic response at post- treatment Week 12; ULN, upper limit of normal.

Correspondence
Jordan J. Feld, Toronto Centre for Liver 
Disease, University Health Network, 
University of Toronto, Toronto, Ontario, 
Canada.
Email: jordan.feld@uhn.ca

Funding information
AbbVie

Abstract
Chronic hepatitis C virus (HCV) infection has the greatest health impact in patients 
with advanced liver disease. The direct- acting antiviral (DAA) regimen glecaprevir/
pibrentasvir (G/P) is approved for treatment of HCV- infected patients without cirrho-
sis and with compensated cirrhosis. However, events of liver decompensation/failure 
have been reported in patients treated with protease- inhibitor– containing DAA regi-
mens, often in patients with advanced liver disease. This study examines the safety of 

www.wileyonlinelibrary.com/journal/jvh
mailto:
https://orcid.org/0000-0003-2640-2211
https://orcid.org/0000-0002-8188-1764
https://orcid.org/0000-0001-6414-1951
https://orcid.org/0000-0002-1026-7476
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:jordan.feld@uhn.ca
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjvh.13738&domain=pdf&date_stamp=2022-10-06


    |  1051FELD et al.

1  |  INTRODUC TION

An estimated 57 million people were estimated to be infected with 
hepatitis C virus (HCV) globally in 2020.1 If left untreated, HCV leads 
to cirrhosis in 5%– 25% of patients within 10– 20 years of infection, 
with approximately 20% of liver cancer cases and deaths estimated 
to result from HCV infection globally.2– 4 Patients with cirrhosis can 
experience impaired liver function, portal hypertension, and the 
development of hepatocellular carcinoma (HCC).5 Successful HCV 
treatment is associated with an approximately 70% reduced risk of 
HCC (adjusted hazard ratio [HR] 0.50, 95% confidence interval [CI] 
0.43– 0.59 among patients with cirrhosis, and 0.32, 95% CI 0.28– 
0.37 among patients without cirrhosis)6,7 and a 61% reduced risk of 
liver- related mortality,8 compared with no HCV treatment.

The availability of highly effective and well- tolerated pangeno-
typic direct- acting antivirals (DAAs) means that sustained virologic 
response (SVR) can be achieved in the vast majority of patients 
infected with HCV, including those with more advanced liver dis-
ease.9,10 The DAA regimen of glecaprevir/pibrentasvir (G/P) is ap-
proved in Europe and the United States for 8 weeks of therapy in all 
treatment- naive patients infected with HCV genotype (GT) 1, 2, 3, 
4, 5 or 6, without cirrhosis or with compensated cirrhosis (CC).11,12 
Clinical trials have shown G/P to be well tolerated and highly effec-
tive with an overall sustained virologic response at post- treatment 
Week 12 (SVR12) rate of 98%.13

Historically, advanced fibrosis and cirrhosis were associated with 
negative treatment outcomes in patients treated with interferon 
(IFN)- based regimens.14 The availability of IFN- free pangenotypic 
DAA regimens has changed the treatment paradigm, particularly 
in patients with advanced liver disease, with similar SVR rates seen 

in patients with CC and patients without cirrhosis.14 Indeed, similar 
SVR rates are now reported in patients with and without cirrhosis, 
with 1 real- world meta- analysis of IFN- free DAA regimens report-
ing SVR12 rates of 97.8% in patients with cirrhosis and 97.0% in 
patients without cirrhosis,15 and another real- world study report-
ing SVR12/24 rates of 97.9% in patients with cirrhosis and 99.2% 
in patients without cirrhosis.16 Treatment of HCV in patients with 
advanced liver disease is important, as demonstrated by reduced 
all- cause mortality and HCC incidence in patients who achieve SVR 
versus those who do not.17

While there are clear benefits in treating HCV patients with 
advanced liver disease, there have been concerns surrounding the 
safety of DAA treatment, namely regimens containing an HCV 
NS3/4A protease- inhibitor (PI). In August 2019, the US Food and 
Drug Administration issued a Drug Safety Communication warn-
ing about the rare occurrence of liver failure in patients treated 
with PI- containing regimens, including G/P, elbasvir/grazoprevir 
and sofosbuvir (SOF)/velpatasvir/voxilaprevir.18 The agency iden-
tified 63 cases of hepatic decompensation, some leading to liver 
failure.18 However, most of these cases occurred in patients with 
moderate to severe liver impairment (Child- Pugh score ≥7), in 
whom PI- containing regimens are not indicated for treatment of 
HCV infection. It remains unclear if this was due to lack of aware-
ness of the interdiction on treatment of decompensated cirrhotic 
patients with PIs, underestimation of the degree of liver disease 
by the treating provider, a conscious decision based on other co-
morbidities, lack of other therapeutic options (e.g. re- treatment), 
or drug– drug interactions. In cases presenting in patients with CC 
or without cirrhosis, the FDA also stated there was evidence of 
portal hypertension or other significant pre- existing risk factors 

on- label G/P treatment in patients with compensated cirrhosis (F4 at baseline) with 
markers of advanced liver disease. Patients with cirrhosis were categorized into 4 sub-
groups, based on different noninvasive markers of advanced liver disease identified 
using laboratory measures: platelet count < or ≥ 100 × 109/L, and Child- Pugh score 5 
or 6. Separate analyses were performed using pooled data from clinical trials and from 
real- world post- marketing observational studies. G/P was well tolerated in patients 
with platelet count ≥100 × 109/L (n = 800), platelet count <100 × 109/L (n = 215), a 
Child- Pugh score of 5 (n = 915) and a Child- Pugh score of 6 (n = 95). In the clinical trial 
and real- world cohorts two patients and no patients experienced a serious adverse 
event (AE) possibly related to study drug, respectively; three patients and no patients 
experienced an AE of special interest for hepatic decompensation and hepatic failure. 
This analysis reaffirms G/P's safety profile in indicated patients with compensated 
cirrhosis, including those with markers of more advanced liver disease. Increasing the 
number of patients treated with short- duration G/P therapy may contribute to meet-
ing HCV elimination targets.

K E Y W O R D S
hepatitis C, portal hypertension, safety, thrombocytopenia
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that may have contributed to clinical worsening of liver disease. 
Indeed, one active- comparator cohort study found that portal 
hypertension was significantly associated with an increased risk 
of decompensation (HR, 2.75; 95% CI, 1.92– 3.94) regardless of 
whether the DAA regimen contained a PI.19 Studies have also 
demonstrated that decompensation events are not isolated only 
to patients treated with PI- containing regimens.20 A retrospec-
tive analysis of propensity- score- matched cohorts treated with 
PI- based or non- PI- based DAAs found no increased risk of se-
vere hepatic dysfunction (HR 1.23; 95% CI, 0.64– 2.38) or hepatic 
decompensation (HR 1.01; 95% CI, 0.41– 1.87) comparing these 
groups.21 To further evaluate the safety profile of G/P in HCV- 
infected patients, we herein review data from pooled clinical tri-
als and real- world studies comparing patients with compensated 
cirrhosis (F4 at baseline) and with and without laboratory signs of 
more advanced liver disease.

2  |  METHODS

2.1  |  Study design and patient population

Two separate data analyses were performed. The first analysed 
pooled data from the following G/P clinical trials: ENDURANCE- 5, 
6 (NCT02966795),22 EXPEDITION- 1 (NCT02642432),23 EXPEDIT-
ION- 2 (NCT02738138),24 EXPEDITION- 3 (NCT03219216),25 
EXPEDITION- 8 (NCT03089944),26 VOYAGE- 1 (NCT03222583),27 
VOYAGE- 2 (NCT03235349),27 CERTAIN- 1 (NCT02707952),28 
SURVEYOR- 2 (NCT02243293),29 APRI (NCT03212521),30 and 
MAGELLAN- 1 (NCT02446717).31 Separately, analysed data 
were pooled from real- world post- marketing observational stud-
ies (PMOS) enrolling patients from 9 countries: Austria, Belgium, 
France, Greece, Israel, Italy, Poland, Portugal and Switzerland. 
For all included studies, written informed consent was obtained 
from each patient, and the study protocol conformed to the ethi-
cal guidelines of the 1975 Declaration of Helsinki as reflected in a 
prior approval by the appropriate institutional review committee.

2.2  |  Patient population

Patients with HCV GT1– 6, with CC (fibrosis stage F4), who were 
treatment- naive or- experienced and enrolled in G/P clinical trials, 
regardless of human immunodeficiency virus (HIV) coinfection, were 
included in these analyses. Methods for cirrhosis assessment have 
been reported previously, the majority of patients were diagnosed 
based on FibroScan® (Echosens, Waltham, MA).22– 30,32– 34 Patients 
with severe renal impairment, defined as chronic kidney disease 
(CKD) Stage 4/5, were excluded given their unique safety profile 
that has been described previously.31,35 Importantly, no events of 
hepatic decompensation were described in CKD patients.31,35 CKD 
stage in PMOS was determined by estimated glomerular filtration 
rate (eGFR). Patients were excluded from clinical trials with drug or 

alcohol use that would preclude adherence to study protocols in the 
opinion of the investigators.

The present analysis categorizes patients into 4 subgroups, 
based on several different noninvasive markers of advanced liver 
disease. The subgroups include:

• Patients with baseline platelet count ≥100 × 109/L
• Patients with baseline platelet count <100 × 109/L
• Patients with baseline Child- Pugh score of 5
• Patients with baseline Child- Pugh score of 6

2.3  |  Endpoints and assessments

Baseline demographic and clinical characteristics, including con-
comitant medication, were collected for all patients. Treatment- 
emergent adverse events (AEs) were defined as any AE with an 
onset date after the first dose of G/P and no more than 30 days 
after the last G/P dose. Treatment- emergent AEs, serious AEs, AEs 
including those which led to drug discontinuation and those possi-
bly related to study drug as assessed by the study investigator, and 
HCC AEs of special interest (including both treatment- emergent 
AEs, and post- treatment AEs), and laboratory abnormalities were 
assessed. All AEs were coded using the Medical Dictionary for 
Regulatory Activities (MedDRA), and AEs of special interest for 
hepatic decompensation or hepatic failure (ascites and oesopha-
geal variceal haemorrhage) were also assessed using the MedDRA 
22.1 preferred terms and were graded according to the Common 
Terminology Criteria for Adverse Events version 4.0. Baseline and 
maximum on- treatment laboratory values were cross tabulated to 
calculate rates of normalization.

2.4  |  Statistical analysis

Analyses of safety data were performed using the integrated clinical 
trial and PMOS analysis sets in the intention- to- treat populations, in-
cluding all patients who received at least 1 dose of G/P. Categorical 
variables were analysed by number and percentage; continuous 
variables were analysed with descriptive statistics (number of non- 
missing observations, mean, standard deviation, median, maximum 
and minimum).

3  |  RESULTS

3.1  |  Patient characteristics

In the clinical trial cohort, there were a total of 704 patients with 
platelet count ≥100 × 109/L, 187 patients with platelet count 
<100 × 109/L, 792 patients with a Child- Pugh score of 5 and 78 pa-
tients with a Child- Pugh score of 6. In the PMOS cohort, there were 
a total of 96 patients with platelet count ≥100 × 109/L, 28 patients 
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with platelet count <100 × 109/L, 123 patients with a Child- Pugh 
score of 5 and 17 patients with a Child- Pugh score of 6.

Across most of the subgroups, the majority of patients were male, 
white race, treatment- naive and GT1 (clinical trial cohort Table 1, 
PMOS cohort Table 2). Concomitant medications for both the clini-
cal trial and PMOS cohorts are available in Supplement Table 1.

At baseline in the clinical trial cohort, the platelet count 
<100 × 109/L subgroup had a greater percentage of patients with 
albumin <3.5 mg/L, FibroScan score of ≥20 kPa, Model for End- 
Stage Liver Disease (MELD) score of ≥10, and Child- Pugh score of 
6, compared with patients with platelet count ≥100 × 109/L (Table 1). 
Similarly, as expected, patients with a Child- Pugh score of 6 had ev-
idence of more advanced liver disease compared to patients with a 
Child- Pugh score of 5 (Table 1). These patterns were similar in the 
PMOS cohort (Table 2).

3.2  |  Safety

Across the whole population, serious AEs were rare, with more AEs 
reported in the clinical trial cohort than the PMOS cohort, which is 
in line with expectations based on historical clinical trial and real- 
world data sets. In the clinical trial cohort, a total of 58.4%, 55.6%, 
57.4% and 59.0% of patients with platelet count ≥100 × 109/L, plate-
let count <100 × 109/L, Child- Pugh score of 5, and Child- Pugh score 
of 6 experienced an AE, respectively (Table 3). In the PMOS cohort, 
a total of 17.7%, 17.9%, 15.4% and 11.8% of patients with platelet 
count ≥100 × 109/L, platelet count <100 × 109/L, Child- Pugh score 
of 5, and Child- Pugh score of 6 experienced an AE, respectively 
(Table 4). AEs, laboratory parameters and laboratory abnormalities 
are presented by patient subgroups in the clinical trial cohort in 
Table 3, and in the PMOS cohort in Table 4. The incidence of serious 
AEs and AEs leading to discontinuation of the study drug were simi-
lar across the patient subgroups (Supplement Table 2), and serious 
AEs possibly related to the study drug were rare.

In the clinical trial cohort, a total of 3 patients experienced an AE 
of special interest consistent with hepatic decompensation or he-
patic failure, 1 with platelet count <100 × 109/L and 2 with platelet 
count ≥100 × 109/L. One of these patients was a protocol violation 
due to the presence of moderate ascites present at study screening 
that was not recognized and who therefore had decompensated cir-
rhosis (Child- Pugh >6). This patient experienced worsening ascites 
on Day 8 without worsening of hepatic function, and therefore, con-
tinued G/P treatment without interruption and achieved SVR with-
out additional worsening of symptoms. The patient had a baseline 
FibroScan score of 26.3 kPa, MELD score ≥ 10, Fibrosis- 4 score of 
3.05, platelet count of 114 × 109/L, and albumin of 2.7 g/dL. Of the 
other 2 patients with an AE of special interest that was consistent 
with hepatic decompensation or hepatic failure, 1 experienced a 
treatment- emergent hepatic decompensation event of ascites and 
the other patient, an event of oesophageal variceal haemorrhage. 
One of these 2 patients was a 64- year- old white male with cirrhosis, a 
baseline Child- Pugh score of 6, baseline thrombocytopenia (platelet 

count 114 × 109/L), a medical history of portal hypertension, and 
known oesophageal varices, and who was a current alcohol drinker. 
The patient experienced a serious AE of oesophageal variceal haem-
orrhage on Day 22, and the Child- Pugh score did not increase to >6. 
The event was not considered related to the study drug, and the pa-
tient continued treatment and achieved SVR12 with his Child- Pugh 
score improving to 5 after the event. The other patient who experi-
enced ascites was a 55- year- old female who had baseline thrombo-
cytopenia (66 × 109/L), a history of CC with Child- Pugh score 5, and 
portal hypertension. The patient experienced a non- serious, Grade 
1 event of ascites, with the onset on Day 86 (2 days post- treatment). 
The event was not considered related to the study drug by the inves-
tigator and resolved on Day 124 (40 days post- treatment).

In the clinical trial cohort, a total of 4 (0.6%) patients with platelet 
count ≥100 × 109/L experienced HCC. There were 2 (1.1%) patients 
with platelet count <100 × 109/L who experienced HCC (including 
both treatment- emergent and post- treatment), all considered not 
related to the study drug. No patients in the PMOS cohort experi-
enced an AE of special interest consistent with hepatic decompen-
sation of hepatic failure, or HCC.

In both clinical trial and PMOS populations, post- baseline, 
Grade ≥3 laboratory abnormalities were rare and similar across the 
unique subgroups (Tables 3 and 4). Seven (3.8%) patients in the 
clinical trial cohort had post- baseline reduction in platelet count 
of Grade ≥3, although there were no reductions seen in the PMOS 
cohort. No patients experienced post- baseline hypoalbuminemia. 
There were no cases of ALT >3 × upper limits of normal (ULN) and 
bilirubin >2 × ULN in the clinical trial cohort (Table 3). To meet these 
criteria, the elevation in laboratory values did not need to be con-
current and could be taken at any point during the treatment pe-
riod. There was 1 case of ALT >3 × ULN and bilirubin >2 × ULN in 
the PMOS cohort, which occurred in a patient with platelet count 
<100 × 109/L and Child- Pugh score 5 (Table 4). Change in labora-
tory parameters from baseline to post- treatment was assessed to 
examine normalization (Table 5). In the clinical trial and PMOS co-
horts, normalization was similar between patient subgroups, with 
the exception of platelets, where normalization was much lower in 
patients with platelet count <100 × 109/L compared with those with 
platelet count ≥100 × 109/L (5.9% vs. 57.1% and 8.3% vs. 42.9%, re-
spectively). For the clinical trial cohort, this trend was similar for al-
anine aminotransferase (ALT) and aspartate aminotransferase (AST), 
though not as pronounced, as well as for the Child- Pugh 5 and 6 
subgroups.

4  |  DISCUSSION

Data reported here confirm that G/P treatment has a good safety 
profile in patients with CC, including those with platelet count 
<100 × 109/L. G/P was well tolerated in patients with platelet 
count <100 × 109/L, with few patients experiencing AEs leading to 
treatment discontinuation and serious AEs related to the study drug 
(1.1% and 0.5% in the clinical trial cohort and 3.6% and 0 in the PMOS 
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TA B L E  1  Demographics and clinical characteristics at baseline in the clinical trial population

n (%)

Baseline platelet count Baseline Child- Pugh score

≥100 × 109/L (N = 704) <100 × 109/L (N = 187) 5 (N = 792) 6 (N = 78)

Sex, male 432 (61.4) 108 (57.8) 485 (61.2) 40 (51.3)

Age, years

<65 523 (74.3) 139 (74.3) 597 (75.4) 53 (67.9)

≥65 181 (25.7) 48 (25.7) 195 (24.6) 25 (32.1)

Race, white 460 (65.3) 111 (59.4) 501 (63.3) 56 (71.8)

BMI, kg/m2

<30 507 (72.0) 143 (76.5) 594 (75.0) 39 (50.0)

≥30 197 (28.0) 44 (23.5) 198 (25.0) 39 (50.0)

MELD score, median (range) 7.0 (6– 22) 7.0 (6– 15) 7.0 (6– 15) 10.0 (6– 15)

HCV genotype

1 392 (55.7) 94 (50.3) 433 (54.7) 36 (46.2)

2 94 (13.4) 34 (18.2) 117 (14.8) 10 (12.8)

3 163 (23.2) 45 (24.1) 179 (22.6) 27 (34.6)

4 27 (3.8) 6 (3.2) 31 (3.9) 2 (2.6)

5 6 (0.9) 0 6 (0.8) 0

6 22 (3.1) 8 (4.3) 26 (3.3) 3 (3.8)

Prior HCV treatment experience

Treatment- naive 574 (81.5) 135 (72.2) 627 (79.2) 61 (78.2)

Treatment experienced 130 (18.5) 52 (27.8) 165 (20.8) 17 (21.8)

Injection drug use

Within prior 12 months 14 (2.0) 3 (1.6) 15 (1.9) 1 (1.3)

>12 months prior 143 (20.3) 21 (11.2) 146 (18.4) 14 (17.9)

Yes, unknown 61 (8.7) 19 (10.2) 67 (8.5) 13 (16.7)

No 486 (69.0) 144 (77.0) 564 (71.2) 50 (64.1)

Alcohol use

Current 137 (19.5) 33 (17.6) 149 (18.8) 16 (20.5)

Former 285 (40.5) 75 (40.1) 317 (40.0) 35 (44.9)

Never 278 (39.5) 79 (42.2) 322 (40.7) 27 (34.6)

Unknown 4 (0.6) 0 4 (0.5) 0

HIV co- infection 17 (2.4) 0 15 (1.9) 0

Planned treatment duration

8 weeks 295 (41.9) 63 (33.7) 308 (38.9) 33 (42.3)

12 weeks 368 (52.3) 99 (52.9) 429 (54.2) 34 (43.6)

16 weeks 41 (5.8) 25 (13.4) 55 (6.9) 11 (14.1)

Platelets <100 × 109/L 0 187 (100) 152 (19.2) 32 (41.0)

Albumin <3.5 g/dL 29 (4.1) 21 (11.2) 0 45 (57.7)

FibroScan ≥20 kPa 277 (49.0) 95 (65.5) 330 (51.0) 39 (69.6)

Missing 139 42 145 22

MELD ≥10 42 (7.0) 31 (20.9) 37 (5.5) 30 (51.7)

Missing 102 39 120 20

Baseline Grade ≥3 laboratory abnormalities

ALT (u/L) 38/703 (5.4) 17/187 (9.1) 50/791 (6.3) 4/78 (5.1)

AST (u/L) 34/703 (4.8) 24/187 (12.8) 43/791 (5.4) 15/78 (19.2)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; MELD, Model for End- Stage Liver Disease. FibroScan® is a product of Echosen, Waltham, MA.
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TA B L E  2  Demographics and clinical characteristics at baseline in the PMOS population

n (%)

Baseline platelet count Baseline Child- Pugh score

≥100 × 109/L (N = 96) <100 × 109/L (N = 28) 5 (N = 123) 6 (N = 17)

Sex, male 68 (70.8) 19 (67.9) 90 (73.2) 10 (58.8)

Age, years

<65 73 (76.0) 23 (82.1) 101 (82.1) 12 (70.6)

≥65 23 (24.0) 5 (17.9) 22 (17.9) 5 (29.4)

Race, white 95 (99.0) 28 (100) 121 (98.4) 17 (100)

BMI, kg/m2

<30 32 (80.0) 14 (87.5) 51 (85.0) 5 (71.4)

≥30 8 (20.0) 2 (12.5) 9 (15.0) 2 (28.6)

Missing 56 12 63 10

MELD score, median (range) 7.0 (6– 13) 8.0 (7– 11) 7.0 (6– 13) 8.0 (7– 11)

HCV genotype

1 45 (47.9) 12 (42.9) 47 (38.5) 11 (64.7)

2 13 (13.8) 2 (7.1) 16 (13.1) 0

3 31 (33.0) 13 (46.4) 53 (43.4) 5 (29.4)

4 4 (4.3) 1 (3.6) 6 (4.9) 1 (5.9)

5 1 (1.1) 0 0 0

Missing 2 0 1 0

Prior HCV treatment experience

Treatment- naive 81 (84.4) 23 (82.1) 105 (85.4) 14 (82.4)

Treatment experienced 15 (15.6) 5 (17.9) 18 (14.6) 3 (17.6)

Injection drug use

Within prior 12 months 5 (5.3) 0 5 (4.1) 0

>12 months prior 26 (27.4) 6 (21.4) 38 (31.1) 5 (29.4)

No 64 (67.4) 22 (78.6) 79 (64.8) 12 (70.6)

Missing 1 0 1 0

History of psychiatric disorder 16 (16.7) 1 (3.6) 15 (12.2) 1 (5.9)

Alcohol use

Current 33 (35.1) 8 (28.6) 44 (35.8) 4 (23.5)

Former 28 (29.8) 13 (46.4) 37 (30.1) 7 (41.2)

Never 25 (26.6) 5 (17.9) 32 (26.0) 4 (23.5)

Unknown 10 (10.4) 2 (7.1) 10 (8.1) 2 (11.8)

HIV co- infection 2 (2.1) 2 (7.1) 3 (2.4) 2 (11.8)

Planned treatment duration

8 weeks 7 (7.3) 1 (3.6) 2 (1.6) 1 (5.9)

12 weeks 85 (88.5) 25 (89.3) 115 (93.5) 16 (94.1)

16 weeks 4 (4.2) 2 (7.1) 6 (4.9) 0

Platelets <100 × 109/L 0 28 (100) 16 (16.8) 8 (53.3)

Missing 0 0 28 2

Albumin <3.5 g/dL 3 (5.2) 7 (38.9) 3 (4.1) 5 (62.5)

Missing 38 10 49 9

FibroScan ≥20 kPa 44 (52.4) 23 (82.1) 65 (57.5) 8 (47.1)

Missing 12 0 10 0

MELD ≥10 3 (6.4) 1 (10.0) 5 (10.0) 1 (16.7)

Missing 49 18 73 11

(Continues)
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cohort, respectively). G/P was also well tolerated in patients with 
a Child- Pugh score of 5 and 6, with few patients experiencing AEs 
leading to treatment discontinuation (0.1% and 1.3% in the clinical 
trial cohort and 1.6% and 0% in the PMOS cohort, respectively) and 
serious AEs related to the study drug (0.1% and 0 in the clinical trial 
cohort and 0 in the PMOS cohort). Overall, the AE rates, including 
AEs leading to discontinuation and serious AEs related to the study 
drug in patients with platelet count <100 × 109/L, were comparable 
to those seen in patients with platelet count ≥100 × 109/L, as well as 

between the Child- Pugh score 5 and 6 subgroups, in both the clinical 
trial and PMOS cohorts.

Overall AE rates (and rates of AEs considered possibly related 
to DAA therapy) were higher in the clinical trial cohort versus the 
PMOS cohort. This is an expected finding, as safety is often under-
reported in observational studies compared with clinical trials, for 
which it is mandatory. As such, caution should be exercised when 
comparing safety outcomes reported in clinical trial and real- world 
data sets. Results are consistent with previously reported real- world 

n (%)

Baseline platelet count Baseline Child- Pugh score

≥100 × 109/L (N = 96) <100 × 109/L (N = 28) 5 (N = 123) 6 (N = 17)

Baseline laboratory abnormalities Grade >3

ALT (u/L) 6/79 (7.6) 3/24 (12.5) 9/94 (9.6) 1/13 (7.7)

AST (u/L) 7/59 (11.9) 2/17 (11.8) 9/73 (12.3) 1/10 (10.0)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; HCV, hepatitis C virus; HIV, human 
immunodeficiency virus; MELD, Model for End- Stage Liver Disease; PMOS, post- marketing observational studies. FibroScan® is a product of 
Echosen, Waltham, MA.

TA B L E  2  (Continued)

TA B L E  3  Summary of AEs, laboratory parameters and laboratory parameter abnormalities in the clinical trial population

n (%)

Baseline platelet count Baseline Child- Pugh score

≥100 × 109/L (N = 704) <100 × 109/L (N = 187) 5 (N = 792) 6 (N = 78)

Any AE 411 (58.4) 104 (55.6) 455 (57.4) 46 (59.0)

AE possibly related to DAA 217 (30.8) 53 (28.3) 238 (30.1) 25 (32.1)

AE leading to discontinuation of study drug 2 (0.3) 2 (1.1) 1 (0.1) 1 (1.3)

Serious AE 28 (4.0) 4 (2.1) 26 (3.3) 4 (5.1)

Serious AE related to DAA 1 (0.1) 1 (0.5) 1 (0.1) 0

Hepatocellular carcinoma 4 (0.6) 2 (1.1) 5 (0.6) 1 (1.3)

Deaths 3 (0.4) 1 (0.5) 3 (0.4) 1 (1.3)

AE ≥5%

Headache 66 (9.4) 19 (10.2) 75 (9.5) 9 (11.5)

Fatigue 74 (10.5) 20 (10.7) 83 (10.5) 9 (11.5)

Nausea 42 (6.0) 9 (4.8) 47 (5.9) 3 (3.8)

Pruritus 52 (7.4) 15 (8.0) 59 (7.4) 6 (7.7)

Upper respiratory tract infection 39 (5.5) 6 (3.2) 38 (4.8) 7 (9.0)

Diarrhoea 35 (5.0) 6 (3.2) 35 (4.4) 5 (6.4)

Post- baseline Grade ≥3 laboratory abnormalities

Platelets (109/L) 0/702 7/186 (3.8) 4/791 (0.5) 3/77 (3.9)

ALT (U/L) 2/703 (0.3) 0/187 2/791 (0.3) 0/78

AST (U/L) 0/703 0/187 0/791 0/78

Total bilirubin (μmol/L) 1/703 (0.1) 3/187 (1.6) 1/791 (0.1) 2/78 (2.6)

Albumin (g/dL) 0/702 0/187 0/791 0/78

Laboratory abnormalities of interest

Bilirubin ≥2 × ULN and > baseline 6/703 (0.9) 11/187 (5.9) 7/791 (0.9) 7/78 (9.0)

ALT >3 × ULN and bilirubin >2 × ULN 0/703 0/187 0/791 0/78

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DAA, direct- acting antiviral; ULN, upper limits of 
normal.
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G/P data, which showed low rates of severe AEs and AEs of special 
interest.36,37

In both cohorts, normalization of laboratory parameters was ob-
served across the subgroups. Platelet normalization was rare; however, 
as low platelet count is a consequence of portal hypertension, platelet 
count rarely normalizes, even in patients who undergo a liver trans-
plant as the spleen remains large. AST and ALT elevation was transient, 
often below Grade 3, returned to normal after treatment completion, 
and was not associated with other findings that would suggest liver 
decompensation. Therefore, this can reassure non- liver specialists that 
in most cases AST and ALT elevations are limited and do not suggest 
liver decompensation.38,39 The analysis of safety data from subgroups 
defined by individual noninvasive measures (such as baseline platelet 
count and Child- Pugh score) affords comparison of the utility/inter-
changeability of individual measures for identifying patients at low risk 
for liver- related outcomes. The overlap and similar safety profile ob-
served in the patient subgroups of platelet count < or ≥ 100 × 109/L and 
Child- Pugh score of 5 or 6, demonstrates the similar safety of patients 
with CC, regardless of markers of portal hypertension or synthetic dys-
function, compared with those without markers.

While this analysis has strengths, including sample size and use of 
both clinical trial and PMOS populations, some limitations should be 
acknowledged. Firstly, there was a lack of available laboratory data 
and MELD score values for the PMOS cohort compared with the 
clinical trial cohort due to differences in real- world clinical monitor-
ing practices compared with controlled clinical trials. Another limita-
tion is that the small number of liver- related AEs and AEs that led to 
treatment discontinuation means it is not possible to use these data 
to identify risk factors for the occurrence of liver- related events. In 
addition, subgroups contained some overlap, as they were not mutu-
ally exclusive, and the number of patients with Child- Pugh score of 6 
was relatively small. Lastly, because the population was exclusively 
those with compensated cirrhosis, the proportion of patients with 
recent illicit drug use was low, though should be anticipated because 
active drug users are generally younger and without long- term HCV 
infection that would facilitate liver disease progression to cirrhosis.

The results presented here are supported by other studies that 
concluded that G/P is well tolerated in patients with advanced renal 
disease, HIV and solid organ transplants.40,41 In summary, the find-
ings of the present post hoc analysis confirm the known safety profile 

TA B L E  4  Summary of adverse events, laboratory parameters and laboratory parameter abnormalities in the PMOS population

n (%)

Baseline platelet count Baseline Child- Pugh score

≥100 × 109/L (N = 96) <100 × 109/L (N = 28) 5 (N = 123) 6 (N = 17)

Any AE 17 (17.7) 5 (17.9) 19 (15.4) 2 (11.8)

AE possibly related to DAA 10 (10.4) 2 (7.1) 11 (8.9) 1 (5.9)

AE leading to discontinuation of study drug 1 (1.0) 1 (3.6) 2 (1.6) 0

Serious AE 2 (2.1) 1 (3.6) 3 (2.4) 0

Serious AE related to DAA 0 0 0 0

Hepatocellular carcinoma 0 0 0 0

Deaths 1 (1.0) 0 1 (0.8) 0

Most common AEs

Fatigue 5 (5.2) 0 4 (3.3) 0

Asthenia 2 (2.1) 1 (3.6) 2 (1.6) 0

Decreased appetite 2 (2.1) 0 2 (1.6) 0

Dyspepsia 2 (2.1) 0 2 (1.6) 0

Pruritus 1 (1.0) 0 2 (1.6) 0

Post- baseline Grade ≥3 laboratory abnormalities

Platelets (109/L) 0/77 0/24 0/85 0/14

ALT (u/L) 0/81 0/24 0/99 0/14

AST (u/L) 0/64 0/17 0/76 0/11

Total bilirubin (μmol/L) 0/65 0/18 0/74 0/13

Albumin (g/dL) 0/2 0/1 0/3 0/2

Laboratory abnormalities of interest

Bilirubin ≥2 × ULN and > baseline 1/55 (1.8) 2/16 (12.5) 2/62 (3.2) 1/13 (7.7)

ALT >3 × ULN and bilirubin >2 × ULN 0/55 1/16 (6.3)a 1/62 (1.6)a 0/13

aOne patient experienced an ALT increase from 73 IU/mL at baseline to 159 IU/mL (>3 × ULN) and a total bilirubin increase from 0.7 μmol/L at 
baseline to 3.68 μmol/L (>2 × ULN) concurrently on treatment Day 43, at the same time as the onset of SAEs of respiratory tract infection and cardiac 
failure lasting for 16 days. The patient prematurely discontinued study drug because of SAEs but achieved SVR12.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DAA, direct- acting antiviral; ULN, upper limits of 
normal.
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in CC patients with more advanced liver disease, treated with G/P 
according to the label. Therefore, these data provide reassurance 
that when prescribed per label in patients with CC, even in those 
with platelet count <100 × 109/L, G/P can be safely used with appro-
priate long- term follow- up to monitor for development of HCC.14,42 
It is because of this long- term monitoring that patients demonstrat-
ing clinical signs of advanced liver disease may preferentially ben-
efit from HCV care by experienced centers. However, simplified 
treatment algorithms may be particularly useful in countries, such 
as the United States and France, which allow HCV treatment in the 
community setting.42– 44 In addition, expanding the pool of patients 
eligible for shorter duration G/P therapy to include those with CC 
has the potential to support the global goal of HCV elimination.41,45

4.1  |  Significance Statement

Although DAAs with good efficacy and safety profiles are available 
for the treatment of chronic hepatitis C, events of liver decompen-
sation/failure have been reported with protease- containing DAA 
regimens.

These data from clinical trial and real- world PMOS cohorts pro-
vide additional reassurance around the safety of G/P in patients 
with compensated cirrhosis, including those with platelet count 
<100 × 109/L, reaffirming the potential for this patient population to 
be treated safely and effectively with 8 weeks G/P.
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