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Abstract

Introduction

Glecaprevir/pibrentasvir (G/P) has demonstrated high rates (>95%) of sustained virologic
response at posttreatment Week 12 (SVR12) in treatment-naive (TN) patients with hepatitis
C virus (HCV) infection and compensated cirrhosis (CC). Here, in a key real-world subset of
TN ltalian patients with CC, we evaluated the effectiveness and safety of 8-week G/P treat-
ment, including subgroups of interest such as those with genotype 3 (GT3) infection, elderly
patients, and those with more advanced liver disease.

Methods

Subanalysis of Italian patients enrolled in the CREST study. The full analysis set (FAS)
included all patients enrolled in the study; the modified analysis set (MAS) excluded patients
who discontinued G/P for nonvirologic failure or who had missing SVR12 results. Primary
and secondary endpoints included SVR12 and safety, respectively.

Results

Of 42 patients included in the FAS, 1 discontinued for unknown reasons, and 2 had missing
SVR12 data, leaving 39 patients included in the MAS. At treatment initiation, 74% of patients
had >1 comorbidity, and 62% were receiving concomitant medications, including some that
may potentially interact with G/P. SVR12 was achieved in 100% of patients in the MAS, and
in 95% in the FAS. In subgroups of interest, the proportion of patients achieving SVR12 in
the MAS (and FAS) was: 100% (94%) for patients >65 years, 100% (86%) for GT3, and
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100% (100%) for patients with platelet count <150 x 10%/L and FibroScan® >20 kPa. Overall,
2 (5%) patients had an adverse event and neither were serious.

Conclusion

Results from this real-world Italian cohort demonstrated the safety and effectiveness of 8-
week G/P, with SVR12 rate >95%, even in elderly patients. These findings further support
real-world evidence of the use of short-course G/P treatment in all patients with CC, includ-
ing those with GT3, and those with advanced liver disease.

Introduction

Hepatitis C virus (HCV) is a major cause of chronic liver disease worldwide, and approxi-
mately 58 million people were estimated to live with HCV infection in 2019 [1, 2]. Highly
effective and well-tolerated pangenotypic direct-acting antivirals (DAAs) have become the rec-
ommended treatment for most patients with chronic HCV infection [1]. The high cure rate of
DAAs may allow the achievement of the World Health Organization’s (WHO) goal of global
HCV elimination by 2030 [2].

The prevalence of HCV in Italy has been estimated to be higher than anywhere else in
Western Europe, particularly in elderly people, who are at a greater risk of developing
chronic HCV infection, and are more likely to develop cirrhosis compared with younger
patients [3-7]. A probabilistic model estimated that in January 2020 there were more than
400,000 individuals (prevalence of 0.68%) with chronic HCV infection in Italy, with
approximately 73% asymptomatic and potentially undiagnosed or unlinked to care [4].
The remaining 27% of patients were estimated to have cirrhosis, which emphasizes the
need to implement plans to improve screening and linkage to care of patients with HCV in
Italy [4]. More recent screening studies conducted during the COVID-19 pandemic
showed that depending on the population demographics the HCV prevalence varied
from 0.07% up to 2.5%, and up to 29.4% of patients were not aware of their serological sta-
tus [8-12].

Glecaprevir/pibrentasvir (G/P) is approved for the treatment of HCV in treatment-naive
(TN) patients with chronic HCV genotype (GT)1-6 infection without cirrhosis or with com-
pensated cirrhosis (CC; Child-Pugh A) [13, 14]. Randomized controlled trials have shown
that G/P therapy was well tolerated and led to high sustained virologic response at posttreat-
ment Week 12 (SVR12) rates (>93%) over treatment durations of 12 and 8 weeks [15-17].
In addition, real-world data, including Italian cohorts, have shown that G/P was effective
(virologic cure >95%) and well tolerated even in patients traditionally classified as hard-to-
treat [18-26].

The European Association for the Study of the Liver (EASL) highlighted that additional
data are needed to further consolidate the effectiveness and safety of 8-week G/P treatment in
TN patients with CC, with GT3 and/or with signs of portal hypertension (i.e., a liver stiffness
>20 kPa with a platelet count <150 x 10°/L; according to the Baveno VI classification) [1].

The aim of this study was to evaluate the real-world safety and effectiveness of 8-week G/P
therapy in Italian TN patients with CC, including subgroups of interest such as GT3, patients
>65 years, and those with more advanced liver disease.
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Methods
Study design and data collection

CREST is a retrospective noninterventional, multicenter observational study assessing data
collected from TN patients with HCV and CC in Canada, Germany, Israel, Italy, France, and
Spain, who initiated G/P on or after January 1, 2018. This subanalysis only included patients
who received treatment in Italy; according with the local label, national or international rec-
ommendations, and/or local clinical practice; G/P treatment was decided before enrollment in
the study. Data sources for eligible patients comprised all available medical records, including
paper medical charts, electronic medical records, and clinical laboratory records. All data col-
lected was anonymized so that the patient could not be identified. The study was carried out
following the Good Clinical Practice guidelines, and according to the Declaration of Helsinki.
The study was granted an exemption from obtaining informed patient consent and was
approved by each of the institutional ethics committees for the sites in Italy.

Patient selection

Eligible patients were enrolled in a chronological order by the local principal investigator. The
inclusion and exclusion criteria for the CREST study have been previously published [27].
Briefly, patients were aged >12 years, diagnosed with HCV infection and with CC (docu-
mented as Child-Pugh A in the opinion of the investigator), TN to any approved or investiga-
tional anti-HCV DAA medication, and treated with G/P for 8 weeks. Patients were also
excluded if they had any historical clinical evidence of hepatocellular carcinoma, decompen-
sated cirrhosis, or events possibly related to liver decompensation including any current or
past evidence of Child-Pugh B or C. The full analysis set (FAS) included all the patients
enrolled in the study who were eligible as per inclusion and exclusion criteria, whereas the
modified analysis set (MAS) excluded those patients who discontinued G/P for reasons other
than virologic failure and/or who had missing data to document the primary endpoint.

Endpoints

The primary endpoint was to evaluate the effectiveness of 8-week G/P therapy in TN patients
with CC, as determined by SVR12, defined as HCV RNA less than lower limit of quantification
12 weeks post G/P treatment in the MAS. The secondary endpoint was to evaluate the safety
and tolerability of 8-week G/P therapy by assessing the number of treatment emergent serious
and nonserious adverse events (AEs), including changes in laboratory parameters of interest.
Exploratory endpoints were to assess the effectiveness and safety of 8-week G/P in subgroups
of interest such as patients with GT3, elderly patients, and those with more advanced liver
disease (platelet count <150 x 10°/L and FibroScan®™ [EchoSens, Paris, France] >20 kPa). A
window of 10-26 weeks posttreatment was deemed acceptable for the determination of the
primary and secondary endpoints.

Statistical analysis

Demographic and baseline characteristics were reported using descriptive statistics. Categori-
cal variables were reported using frequency tables, and quantitative variables were reported as
mean (+ standard deviation) or median (interquartile range [IQR], Q1-Q3). The primary end-
point was assessed by the percentage and the exact Clopper-Pearson 95% [28] confidence
interval of patients achieving SVR12; in the FAS population, this was calculated using nonre-
sponder imputation. For quantitative secondary endpoints, the median (IQR, Q3-Q1) were
computed.
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Results
Patient disposition

In total, the CREST study enrolled 386 patients across 5 countries. This subanalysis included
42 patients enrolled in Italy, of which 1 (2.4%) discontinued for unknown reasons. Of the 41
patients who completed the study, 2 (4.8%) were unable to be assessed for SVR12 due to miss-
ing data (Fig 1). This resulted in 39 (93%) patients being included in the MAS.

Demographics and baseline characteristics

Most patients included in the FAS were male (n = 31; 74%); median (range) age was 60 (36—
85) years; 26 were aged <65 years (62%), 7 (17%) were aged >65 and <70 years, and 9 (21%)
were aged >70 years (Table 1). HCV GT1 was the most common infection (n = 18; 43%),
whereas GT3 was reported in 7 (17%) patients. Five (12%) patients initiated treatment without
an established HCV GT. Nine out of 27 patients (33%) had FibroScan >20 KPa, and 16 out of
36 (44%) had platelets count <150 x 10°/L. Six out of 24 patients had platelets <150 x 10°/L
and FibroScan >20 kPa.

At treatment initiation, 19 (45%) patients reported 1 comorbidity, and 12 (29%) more than
1. Although fewer patients aged >65 years reported having 1 comorbidity compared with

1 patient discontinued treatment
after 4 weeks for unknown reasons?

2 patients were unable to assess
SVR12 due to missing data

Fig 1. Patient disposition. *Although treatment was discontinued, this patient achieved SVR12. SVR12 sustained virologic response at posttreatment

https://doi.org/10.1371/journal.pone.0280165.9001
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Table 1. Baseline demographics and clinical characteristics.

Characteristic Patients N = 42
Male 31(73.8)
Age, years
median (range) 59.5 (36-85)
<65 26 (61.9)
>65 and <70 7 (16.7)
>70 9(21.4)
Race, white 42 (100)
HCYV genotype
1 18 (42.9)
2 11 (26.2)
3 7 (16.7)
<65 years 6(23.1)
>65 years 1(6.2)
4 1(2.4)
Unknown 5(11.9)
HCV RNA, median, (range), log;o IU/mL (n = 37) 6.23 (2.78-7.99)
FibroScan™ score, kPa, median (range) (n = 27) 16 (8.6-27.7)
>20 (n =27) 9(33.3)
<65 years (n = 16) 5(31.2)
>65 years (n = 11) 4 (36.4)
Platelets, median (range), 10°/L (n = 36) 158.5 (73.0-280.0)
Platelets <150 (n = 36) 16 (44.4)
<65 years (n = 23) 11 (47.8)
>65 years (n = 13) 5(38.5)
Platelets <100 (n = 36) 6 (16.7)
Platelets <150 x 10°/L + FibroScan >20 kPa (n = 24) 6 (25.0)
<65 years (n = 15) 4(26.7)
>65 years (n = 9) 2(22.2)
Bilirubin, median (range), mg/dL (n = 34) 0.7 (0.3-1.9)
Albumin, median (range), g/dL (n = 29) 4.1 (3.6-33.2)
ALT, median, (range), U/L (n = 36) 96 (15-424)
Encephalopathy grade
None 40 (95.2)
Unknown 2(4.8)
Ascites
None 39 (92.9)
Slight 1(2.4)
Unknown 2(4.8)

Data are n (%) unless otherwise specified.
FibroScan® is manufactured by EchoSens (Paris, France).

ALT alanine aminotransferase; HCV hepatitis C virus; RNA ribonucleic acid.

https://doi.org/10.1371/journal.pone.0280165.t001

patients aged <65 years (38% vs 50%, respectively), the proportion reporting >1 comorbidity
was higher in the elderly cohort (50% vs 15%). The two most common comorbidities were
hypertension (23%; n = 6) and active drug use (12%, n = 3) in patients aged <65 years, and

hypertension (56%, n = 9) and diabetes mellitus (31%, n = 5) in patients aged >65 years
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Table 2. Comorbidities and use of concomitant medications.

Characteristic All patients <65 years >65 years
N=42 n=26 n=16
Comorbidities
1 19 (45.2) 13 (50.0) 6(37.5)
>1 12 (28.6) 4 (15.4) 8 (50.0)
None 11 (26.2) 9(34.6) 2 (12.5)
Comorbidities present at treatment initiation®
Hypertension 15 (35.7) 6 (23.1%) 9 (56.2%)
Diabetes mellitus 6 (14.3) 1(3.8%) 5(31.2%)
Drug addiction
Active user 3(7.1) 3 (11.5%) 0 (0.0%)
Former user 2(4.8) 2(7.7%) 0(0.0%)
Alcoholism 2(4.8) 2(7.7%) 0(0.0%)
Other liver disease 2(4.8) 2(7.7%) 0(0.0%)
Hyperlipidemia 2(4.8) 1(3.8%) 1(6.2%)
Hepatitis B 2(4.8) 2(7.7%) 0 (0.0%)
Anxiety 1(2.4) 0 (0.0%) 1(6.2%)
Psychiatric disorders 1(2.4) 1(3.8%) 0 (0.0%)
Other 13 (31.0) 6 (23.1%) 7 (43.8%)
Use of concomitant medications
Yes 26 (61.9) - -
No 14 (33.3) - -
Unknown 2 (4.8) - -

Data are n (%)

“Multiple selection was allowed in the case report form for this variable, so aggregate percentage may exceed 100%.

https://doi.org/10.1371/journal.pone.0280165.t002

(Table 2). Overall, 26 (62%) patients were receiving concomitant medications at treatment
initiation. The most frequent medication was acetylsalicylic acid (n = 5; 19%), followed by
bisoprolol and metformin (n = 4; 15% each; S1 Table). Out of 45 different medications coad-
ministered with G/P, 28 were predicted to have no interaction, 6 were deemed to have poten-
tial interaction, 9 to have potential weak interaction, and 2 (atorvastatin and simvastatin) were
suggested to not be coadministered with G/P, according to the University of Liverpool HEP
Drug Interactions Checker [29].

Efficacy

All patients in the MAS achieved SVR12 (n = 39/39), whereas in the FAS SVR12 was achieved
by 95% (n = 40/42) of patients (Fig 2). One patient in the FAS who achieved SVR12 discontin-
ued the treatment after 4 weeks. Of the 2 patients in the FAS who had missing SVR12, one had
GT2 and one GT3. The percentages of patients achieving SVR in the MAS (and FAS), stratified
by subgroups of interest, were: 100% (94%) for patients aged >65 years, and 100% (96%) for
patients aged <65 years. Irrespective of the age group, all patients with platelet count

<150 x 10°/L and FibroScan >20 kPa, achieved SVR12, both in the MAS and in the FAS.

Safety

Of 42 patients in the FAS, 2 (4.8%) patients experienced an AE (fatigue and asthenia [n = 1;
2.4% each]) neither of which were study-drug-related or lead to study-drug discontinuation
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SVR12 (%)

100+

80+

60+

40+

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

All GT1 GT2 GT3 GT4 Unknown GT <65 years 265 years Platelet Platelet
<150-10°L, <150-109L,
Fibroscan Fibroscan
uFAS mMAS >20KPa, and >20KPa, and
<65 years 265 years

Fig 2. SVR12 by genotype and subgroups of interest. FAS full analysis set; GT genotype; MAS modified analysis set; SVRI2 sustained virological
response 12 weeks post-treatment.

https://doi.org/10.1371/journal.pone.0280165.9002

(Table 3). No patients reported having a serious AE, and no laboratory abnormalities were
reported.

Discussion

In the latest guidelines for treatment of HCV, EASL highlighted that additional results are
needed to consolidate the recommendations for 8-week G/P in GT3 TN patients with CC, and
in patients with CC and signs of portal hypertension (i.e., a liver stiffness >20 kPa with a plate-
let count <150 x 10°/L) [1]. This suggests that real-world data on the use of 8-week G/P in
patients with HCV who are considered difficult-to-treat are limited. Here, we provide some
data to alleviate this gap.

This retrospective real-world study reported the effectiveness and safety of 8-week G/P in
42 patients with chronic HCV infection treated in Italy. All patients included in the MAS

Table 3. Adverse events.

Patients with AEs Patients (N = 42)
Any AE 2(4.8)
Serious AEs 0(0)
AEs leading to discontinuation of study drug 0(0)
Any drug-related serious AEs 0(0)
Common AEs (occurring in >1% and <10% of patients)

Fatigue 1(2.4)

Asthenia 1(2.4)

Other 1(2.4)
ALT > 5x ULN 0(0)
AST > 5x ULN 0(0)

Data are n (%).
AE adverse event; ALT alanine aminotransferase; AST aspartate aminotransferase; ULN upper limit of normal.

https://doi.org/10.1371/journal.pone.0280165.1003
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population with GT1-6 infection achieved SVR12, demonstrating high reproducibility of clini-
cal trials’ and real-world studies’ results which have shown that both 8-week and 12-week G/P
yields SVR12 rates >99 in the per-protocol population [16, 20, 24, 26]. Shortened treatment
durations from 12 to 8 weeks can reduce healthcare costs, simplify the treatment pathway, and
potentially enable the treatment of more patients over time [30].

EASL guidelines recommend that pangenotypic HCV drug regimens, including G/P, can
be used to treat individuals without identifying their HCV genotype and subtype, in order to
simplify therapy on a global scale [1]. Notably, 12% of the patients initiated treatment without
an established HCV GT; all of these patients achieved SVR12. Furthermore, most patients in
this study with known genotype had HCV GT1 or GT3, which is in-line with the worldwide
prevalence, suggesting this was a representative population [31].

All patients in subgroups of interest such as patients aged >65 years and those with more
advanced liver disease achieved SVR12 (MAS), supporting the use of 8-week therapy in these
patient populations. This is in-line with previous findings showing that patients with evidence
of portal hypertension achieved SVR12 >95% [32]. Similar to a previous Italian real-world
study, age does not seem to be a predictor of treatment failure [24]. A post-hoc analysis, which
includes 9 clinical trials, also showed that >95% of elderly patients receiving 8-week G/P
achieved SVR12 [33].

The favorable safety profile observed in the current study is consistent with previous find-
ings from clinical trials and real-world studies of G/P in patients with CC [15, 16, 21]. Two
patients experienced an AE, neither of which were related to the study drug or led to study-
drug discontinuation. None of the patients experienced serious AEs, and no laboratory abnor-
malities were reported. Such an encouraging safety profile, even in patients with CC, has the
potential to allow patients to complete the treatment and therefore to increase the likelihood of
cure.

Consistent with other studies reporting a considerable proportion of patients with comor-
bidities [20, 24], 73.8% of the patients reported at least one comorbidity, and those aged >65
years had at least two comorbidities more frequently than younger patients (50% vs 15%,
respectively). The proportion of patients with current or former drug abuse was lower than
expected (12%) compared with epidemiological data from Italy which estimated that 49% of
patients with HCV are people who inject/injected drugs [4]. The proportion of patients with
alcohol dependence was also lower (4.8%) than previously reported [23, 34].

Overall, 62% of the patients were receiving concomitant medications at treatment initia-
tion. The majority of the coadministered medications were predicted to have no interaction
with G/P, while 9 were expected to have a potential interaction and 2 (atorvastatin and simva-
statin) were suggested not to be coadministered with G/P [29]. These results suggest that in
real-world clinical practices, the coadministration of G/P with drugs with potential interac-
tions has no obvious impact on safety. Although it is reccommended to conduct a thorough
drug-drug interaction assessment prior to a patient initiating treatment [1], interactions
between DAAs and most nonprescribed drugs is limited [35], with potential drug-drug inter-
actions often based on predictions or modeling of interaction pathways [29].

There are a few limitations to this study. Given the nature of retrospective chart reviews,
not all information was readily available for all patients; therefore, in some instances individu-
als lost to follow-up lacked a documented reason, making it challenging to entirely evaluate
the barriers to treatment completion. Patients with diagnosed decompensated Child-Pugh B
or C cirrhosis were excluded from this study because treatment with G/P is not reccommended
or contraindicated. The cirrhosis status of patients was reported by physicians, although the
methodology to assess cirrhosis was documented for every patient from the medical charts.
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Conclusions

The prevalence of HCV in Italy is the highest in Western Europe, with a high proportion of
elderly patients. Advanced age can make treatment for HCV challenging due to multiple
comorbidities and higher pill burden, making this patient population potentially challenging
to treat. However, this real-world analysis of an Italian cohort demonstrates that short-course
G/P treatment of 8 weeks was well tolerated and effective in TN patients with HCV infection
and CC, including elderly patients. The use of DA As makes it possible to achieve excellent
results even in those patients who were traditionally considered difficult to treat. Indeed, these
findings further extend real-world evidence, and confirm preliminary results on the effective-
ness and safety of 8-week G/P treatment in all patients with CC, including special subgroups of
interests such as those with GT3, and those with portal hypertension.
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