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BACKGROUND
Chronic hepatitis C virus (HCV) infection is more prevalent among patients who 
have chronic kidney disease than among those who do not have the disease. Pa-
tients with chronic kidney disease who also have HCV infection are at higher risk 
for progression to end-stage renal disease than those who have chronic kidney 
disease without HCV infection. Patients with both HCV infection and advanced 
chronic kidney disease have limited treatment options.

METHODS
We conducted a multicenter, open-label, phase 3 trial to evaluate the efficacy and 
safety of treatment with the combination of the NS3/4A protease inhibitor glecap-
revir and the NS5A inhibitor pibrentasvir for 12 weeks in adults who had HCV 
genotype 1, 2, 3, 4, 5, or 6 infection and also had compensated liver disease (with 
or without cirrhosis) with severe renal impairment, dependence on dialysis, or 
both. Patients had stage 4 or 5 chronic kidney disease and either had received no 
previous treatment for HCV infection or had received previous treatment with in-
terferon or pegylated interferon, ribavirin, sofosbuvir, or a combination of these 
medications. The primary end point was a sustained virologic response 12 weeks 
after the end of treatment.

RESULTS
Among the 104 patients enrolled in the trial, 52% had genotype 1 infection, 16% 
had genotype 2 infection, 11% had genotype 3 infection, 19% had genotype 4 
infection, and 2% had genotype 5 or 6 infection. The sustained virologic response 
rate was 98% (102 of 104 patients; 95% confidence interval, 95 to 100). No patients 
had virologic failure during treatment, and no patients had a virologic relapse 
after the end of treatment. Adverse events that were reported in at least 10% of the 
patients were pruritus, fatigue, and nausea. Serious adverse events were reported 
in 24% of the patients. Four patients discontinued the trial treatment prematurely 
because of adverse events; three of these patients had a sustained virologic re-
sponse.

CONCLUSIONS
Treatment with glecaprevir and pibrentasvir for 12 weeks resulted in a high rate 
of sustained virologic response in patients with stage 4 or 5 chronic kidney disease 
and HCV infection. (Funded by AbbVie; ClinicalTrials.gov number, NCT02651194.)
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Hepatitis C virus (HCV) infection is 
more prevalent among patients with 
chronic kidney disease than among those 

without the disease.1-3 Patients who have chronic 
kidney disease and concomitant HCV infection 
are also at higher risk for progression to end-
stage renal disease,4,5 as well as for compensated 
cirrhosis and hepatocellular carcinoma,6-8 than 
patients who have chronic kidney disease without 
HCV infection. Renal insufficiency is an impor-
tant extrahepatic manifestation of HCV infection.9 
The development of HCV-related cirrhosis and 
consequent portal hypertension can complicate 
potential kidney transplantation for these patients. 
Furthermore, patients with HCV infection who 
undergo long-term hemodialysis pose a high risk 
of HCV transmission in dialysis centers, making 
HCV treatment of high importance for this popu-
lation.

For patients with severe renal impairment and 
HCV genotype 2, 3, 5, or 6 infection, no all-oral, 
direct-acting antiviral regimens have been ap-
proved by any agency to date; the only currently 
approved treatment regimen is interferon with 
ribavirin. However, the negative side-effect pro-
file of interferon is well documented in this popu-
lation,10 and ribavirin is excreted in the urine, 
accumulates systemically in patients with severe 
renal impairment, and is associated with adverse 
events, such as hemolytic anemia and pruritus, 
thus exacerbating adverse events in a population 
that is already at high risk for anemia and car-
diovascular events.11,12 Many direct-acting anti-
viral agents, including those coformulated with 
the nucleotide polymerase inhibitor sofosbuvir, 
are not recommended in patients with severe re-
nal insufficiency since clearance of those agents 
occurs primarily in the kidneys.6,13-16 The direct-
acting antiviral combination of elbasvir and 
grazoprevir, administered for 12 weeks, is a rec-
ommended ribavirin-free treatment option for 
patients with end-stage renal disease and HCV 
genotype 1 or 4 infection17,18; after 12 weeks of 
treatment, the regimen resulted in a sustained 
virologic response rate of 94%.19 For patients 
with HCV genotype 1a or 1b infection, 12 weeks 
of treatment with ombitasvir–paritaprevir–rito-
navir and dasabuvir is another recommended 
treatment option that resulted in a high sus-
tained virologic response rate at 12 weeks in pa-
tients with advanced renal disease20,21; however, 
for patients with HCV genotype 1a infection, the 
product label recommends coadministration with 

ribavirin. Overall, treatment options for many 
patients with stage 4 or 5 chronic kidney disease 
and HCV infection are limited, and to date, no 
treatment options are available that are free of 
both interferon and ribavirin and are universally 
recommended for patients with HCV genotype 2, 
3, 5, or 6 infection.

Glecaprevir, an NS3/4A protease inhibitor, and 
pibrentasvir, an NS5A inhibitor, exhibit potent 
antiviral activity across all six major HCV geno-
types.22,23 Phase 1 studies have shown that the 
metabolism and clearance of both glecaprevir 
and pibrentasvir occur primarily in the biliary 
system and that renal excretion of each of the 
two medications is negligible; consequently, dose 
adjustment is typically not needed for patients 
with severe renal impairment.24 In addition, a 
pharmacokinetic study showed that exposure 
levels of glecaprevir and pibrentasvir were not 
affected by hemodialysis; changes in exposure 
during dialysis for each compound were consid-
ered to be clinically insignificant (<7% for gleca-
previr and <18% for pibrentasvir).25

In the phase 3 trial EXPEDITION-4, we as-
sessed the efficacy and safety of ribavirin-free, 
coformulated glecaprevir (NS3/4A protease inhibi-
tor) and pibrentasvir (NS5A inhibitor; formerly 
ABT-530) administered for 12 weeks in patients 
who had chronic HCV genotype 1, 2, 3, 4, 5, or 6 
infection and also had stage 4 or 5 chronic kid-
ney disease. In addition, patients could have had 
compensated cirrhosis, could have received pre-
vious treatment for HCV infection, or both. We 
also assessed patient-reported outcomes, but 
those results are not reported here.

Me thods

Trial Design and Oversight

In this multicenter, open-label, single-group, 
phase 3 trial, patients received three coformulat-
ed tablets, each containing glecaprevir (100 mg) 
(AbbVie and Enanta Pharmaceuticals) and pibren-
tasvir (40 mg) (AbbVie) for a total dose of 300 mg 
of glecaprevir and 120 mg of pibrentasvir, once 
daily for 12 weeks. An overview of the trial de-
sign is provided in Figure S1 in the Supplemen-
tary Appendix, available with the full text of this 
article at NEJM.org. All the patients provided 
written informed consent, and the trial was con-
ducted in accordance with the International Con-
ference on Harmonisation Good Clinical Prac-
tice guidelines and the ethical principles of the 
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Declaration of Helsinki. Personnel from AbbVie 
(the sponsor of the trial) contributed to the de-
sign of the trial and to the collection, analysis, 
and interpretation of the data and participated 
in the writing, review, and approval of the con-
tent of the manuscript. All the authors had ac-
cess to the relevant data. The authors vouch for 
the completeness and accuracy of the data and 
for the fidelity of the trial to the protocol, which 
is available at NEJM.org.

Patient Population

Patients were screened between December 21, 
2015, and March 25, 2016, at 30 trial centers in 
Australia, Belgium, Canada, France, Greece, Italy, 
New Zealand, the United Kingdom, and the 
United States; the first patient was enrolled on 
January 11, 2016. We enrolled adults 18 years of 
age or older who had chronic HCV genotype 1, 
2, 3, 4, 5, or 6 infection and compensated liver 
disease with or without cirrhosis. Patients were 
required to have an estimated glomerular filtra-
tion rate at screening of less than 30 ml per min-
ute per 1.73 m2 of body-surface area. Patients 
could have received either no previous HCV treat-
ment or previous treatment with any combina-
tion of interferon or pegylated interferon, ribavi-
rin, or sofosbuvir. Patients who had both HCV 
genotype 3 infection and previous treatment for 
HCV were excluded, since the most effective treat-
ment regimen for such patients had not yet been 
established at the time of initiation of the current 
trial. Complete patient eligibility criteria are pro-
vided in the Supplementary Appendix. A diagram 
of patient screening and enrollment is provided 
in Figure S2 in the Supplementary Appendix.

Assessments and End Points
Efficacy End Points

The primary efficacy end point of the trial was a 
sustained virologic response at 12 weeks, defined 
as an HCV RNA level of less than 15 IU per milli-
liter 12 weeks after the end of treatment. The 
secondary end points were the percentage of 
patients who had virologic failure during treat-
ment and the percentage of patients who had a 
virologic relapse after treatment. Any patient who 
met one of the following criteria was considered 
to have had on-treatment virologic failure and 
was required to discontinue treatment: an increase 
in the HCV RNA level of at least 100 IU per milli-
liter after a measurement showing an HCV RNA 
level of less than 15 IU per milliliter during 

treatment, a confirmed increase in the HCV RNA 
level of more than 1 log10 IU per milliliter from 
the nadir during the treatment period, or an 
HCV RNA level of at least 15 IU per milliliter 
after 6 weeks of treatment. Patients who com-
pleted treatment and had an HCV RNA level of 
less than 15 IU per milliliter at the end of treat-
ment were considered to have had a virologic 
relapse if they had a confirmed HCV RNA level 
of at least 15 IU per milliliter between the end 
of treatment and 12 weeks after the last dose of 
the trial drug. Additional prespecified efficacy 
end points included the percentage of patients 
who had a sustained virologic response 4 weeks 
and 24 weeks after the end of treatment.

Efficacy and Safety Assessments
Plasma samples were obtained at each treatment 
visit (weeks 1, 2, 4, 8, and 12) and at each post-
treatment visit (posttreatment weeks 2, 4, 8, 12, 
and 24) for the assessment of HCV RNA levels. 
Plasma HCV RNA levels were measured with the 
use of a real-time reverse-transcriptase–poly-
merase-chain-reaction assay (COBAS AmpliPrep/
COBAS TaqMan HCV Test, version 2.0, Roche). 
The lower limits of both detection and quantifi-
cation were 15 IU per milliliter, irrespective of 
HCV genotype.

Safety assessments included the evaluation of 
adverse events, vital signs, physical examinations, 
electrocardiography, and laboratory testing. For 
all the patients who received at least one dose of 
the trial drug, adverse events were monitored 
during the treatment period and for 4 weeks 
after treatment completion; other safety end 
points were also measured during the treatment 
and posttreatment periods. Serious and nonseri-
ous adverse events were recorded from the date 
that written informed consent was provided 
through 30 days after discontinuation of the trial 
drug. Adverse events, including certain labora-
tory abnormalities that were recorded as adverse 
events, were graded according to the National 
Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.0. Relatedness of 
adverse events to the trial drug was determined 
by the investigator, who was unaware of the 
treatment assignments.

Virologic Resistance
We determined the presence of resistance-asso-
ciated polymorphisms at baseline by performing 
next-generation sequencing on plasma samples 
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obtained from each patient on day 1. Among the 
patients who did not have a sustained virologic 
response at 12 weeks, full-length sequencing of 
NS3/4A and NS5A genes was performed on all 
available plasma samples with an HCV RNA level 
of at least 1000 IU per milliliter. Virologic amino 
acid variants were identified by comparison with 
the appropriate prototypical reference sequence, 
at a population detection threshold of 15%.

Statistical Analysis

We planned to enroll approximately 100 patients 
and specified no formal statistical hypothesis to 
be tested. Analysis of the primary end point was 
conducted after all the enrolled patients had com-
pleted the posttreatment week 12 visit. Efficacy 
and safety analyses were based on the intention-
to-treat population, which comprised all patients 
who received at least one dose of the trial drug. 
We determined the percentage of patients who 
met the criteria for each of the primary and sec-
ondary end points of the trial, and we calculated a 
two-sided 95% confidence interval using the nor-
mal approximation to the binomial distribution.

R esult s

Patients

The demographic, disease, and clinical charac-
teristics of the 104 enrolled patients at baseline 
are shown in Table 1. In total, 76% of the pa-
tients were men and 24% were black. The patients 
ranged in age from 28 to 83 years (median age, 
57). A total of 87% of the patients had stage 5 
chronic kidney disease, and 82% of the patients 
were undergoing hemodialysis at baseline. The 
mean estimated glomerular filtration rate at base-
line among patients who were not undergoing 
hemodialysis was 20.6 ml per minute per 1.73 m2. 
A total of 19% of the patients had compensated 
cirrhosis at baseline, and 42% had received pre-
vious treatment for HCV infection; a majority of 
the patients had received a combination of inter-
feron and ribavirin. Most of the patients (86%) 
had hypertension at baseline, 45% had preexist-
ing anemia, and 41% had preexisting diabetes 
mellitus. Additional relevant baseline conditions 
that were reported in at least 10% of the patients 
are listed in Table S1 in the Supplementary Ap-
pendix. A majority of patients had HCV geno-
type 1 infection (54 of 104 patients; 52%); 17 
patients (16%) had genotype 2 infection, 11 (11%) 
had genotype 3 infection, and 22 (21%) had 

Characteristic Value

Number of patients enrolled 104

Male sex — no. (%) 79 (76)

Race — no. (%)†

White 64 (62)

Black 25 (24)

Asian 9 (9)

Other 6 (6)

Mean age (range) — yr 57 (28–83)

Median body-mass index (range)‡ 26 (18–45)

eGFR in patients not undergoing hemodialysis  
— ml/min/1.73 m2

20.6±8.0

Median HCV RNA level — log10 IU/ml (range) 5.9 (3.4–7.5)

HCV genotype — no. (%)

1

1a 23 (22)

1b 29 (28)

Other 2 (2)

2 17 (16)

3 11 (11)

4 20 (19)

5 1 (1)

6 1 (1)

HCV treatment history — no. (%)

None 60 (58)

Interferon and pegylated interferon with or without 
 ribavirin

42 (40)

Sofosbuvir and ribavirin with or without pegylated 
 interferon

2 (2)

Compensated cirrhosis — no. (%)

No 84 (81)

Yes 20 (19)

Chronic kidney disease stage — no. (%)

Stage 4 14 (13)

Stage 5 90 (87)

Hemodialysis — no. (%) 85 (82)

Polymorphisms — no./total no. (%)§

Any polymorphism 28/96 (29)

NS3 only 1/96 (1)

NS5A only 24/96 (25)

Both NS3 and NS5A 0/96

*  Plus–minus values are means ±SD. eGFR denotes estimated glomerular filtra-
tion rate, and HCV hepatitis C virus.

†  Race was reported by the patient.
‡  The body-mass index is the weight in kilograms divided by the square of the 

height in meters.
§  Sequencing data were available for 96 of the 104 patients. Included are base-

line polymorphisms at amino acid positions 155, 156, and 168 in NS3 and 
amino acid positions 24, 28, 30, 31, 58, 92, and 93 in NS5A.

Table 1. Baseline Demographic, Disease, and Clinical Characteristics.*
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genotype 4, 5, or 6 infection. Baseline resistance-
associated polymorphisms in NS3 or NS5A were 
detected in 29% of the patients (28 of 96) for 
whom sequencing data were available.

Efficacy

Treatment with glecaprevir and pibrentasvir for 
12 weeks resulted in a sustained virologic re-
sponse in 98% of the patients (102 of 104 pa-
tients; 95% confidence interval [CI], 95 to 100) 
at 12 weeks (Table 2). No patients were reported 
to have virologic failure, although 2 patients did 
not have a sustained virologic response at 12 
weeks for other reasons (additional safety infor-
mation regarding these patients is described 
below). The rate of sustained virologic response 
at 24 weeks was 96% (100 of 104 patients; 95% 
CI, 95 to 100); both patients who had a sus-
tained virologic response at 12 weeks but not at 
24 weeks were lost to follow-up between post-
treatment weeks 12 and 24.

Safety

Adverse events that were reported in at least 10% 
of the patients were pruritus (21 of 104 patients; 
20%), fatigue (15 of 104 patients; 14%), and nau-
sea (12 of 104 patients; 12%) (Table 3). The rate 

of adverse events among patients who were un-
dergoing hemodialysis at baseline was 72% (61 
of 85 patients), and the rate among patients who 
were not undergoing hemodialysis was 68% (13 
of 19 patients). Serious adverse events were re-
ported in 24% of the patients (25 of 104); none 
of the serious adverse events were considered by 
the trial investigators to be drug-related. No pa-
tients had adverse events of liver decompensation. 
Of the 2 patients who did not have a sustained 
virologic response at 12 weeks, 1 patient who 
was undergoing hemodialysis at baseline and 
had both compensated cirrhosis and underlying 
hypertension died after posttreatment week 2 
owing to cerebral hemorrhage, which was as-
sessed by the investigator as being unrelated to 
the trial drug. This patient had HCV RNA infec-
tion that was undetectable at the time of the 
patient’s last visit (posttreatment week 2). The 
other patient had a history of gastrointestinal 
tract telangiectasia and had discontinued the 
trial treatment prematurely because of a nonseri-
ous adverse event of diarrhea (which was consid-
ered to be possibly related to the trial drug) at 
treatment week 4. This patient had HCV RNA 
infection that was undetectable at the time of 
treatment discontinuation but became detectable 
at posttreatment week 5. Three additional pa-
tients discontinued the trial treatment prema-
turely because of adverse events (1 patient at 
treatment week 8 because of pruritus; 1 patient 
at treatment week 10 because of pulmonary 
edema, hypertensive cardiomyopathy, and con-
gestive heart failure; and 1 patient at treatment 
week 12 because of hypertensive crisis); all 3 pa-
tients had a sustained virologic response at 12 
weeks. Cardiovascular-related serious adverse 
events were reported in 6 patients (Table S2 in 
the Supplementary Appendix); all 6 patients had 
preexisting hypertension. Mean systolic and dia-
stolic blood-pressure values tended to decrease 
over the course of the trial period (Table S3 in 
the Supplementary Appendix); the rates of clini-
cally relevant abnormal blood-pressure values that 
were reported during the trial are summarized 
in Table S4 in the Supplementary Appendix.

Clinically relevant laboratory abnormalities 
were rare, and no abnormalities in alanine ami-
notransferase of grade 2 or higher (i.e., post-
baseline alanine aminotransferase levels of more 
than 3 times the upper limit of the normal 

Time of measurement Value

On-treatment response — no./total no. (%)*

Week 1 37/101 (37)

Week 2 77/100 (77)

Week 4 98/103 (95)

Week 8 103/103 (100)

Final treatment 104/104 (100)

Posttreatment response — no./total no. (%)†

Sustained virologic response at posttreatment week 4 103/104 (99)

Sustained virologic response at posttreatment week 12 102/104 (98)

Sustained virologic response at posttreatment week 24 100/104 (96)‡

*  A positive on-treatment or posttreatment response was defined as an HCV RNA 
level of less than 15 IU per milliliter.

†  The 95% confidence interval at all three time points was 95 to 100%. The 95% 
confidence intervals were calculated with the normal approximation to the bi-
nomial distribution.

‡  Two patients who were reported to have a sustained virologic response at 12 
weeks but not at posttreatment week 24 were lost to follow-up between post-
treatment weeks 12 and 24.

Table 2. Sustained Virologic Response Rate.
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range) were reported (Table 3). Grade 3 hemo-
globin abnormalities (i.e., postbaseline hemo-
globin levels of <8 g per deciliter) were observed 
in 5 patients; however, all 5 patients had entered 
the trial with a hemoglobin level of less than 10 g 
per deciliter (grade 2), and none of these patients 
discontinued the trial drug prematurely. One 
patient who had compensated cirrhosis and had 
been undergoing hemodialysis intermittently at 
baseline had an isolated grade 3 elevation in the 
total bilirubin level, which was due predomi-
nantly to an elevated indirect bilirubin level on 
day 15 of treatment without either an associated 
adverse event or a concomitant elevation in the 
alanine aminotransferase level. By posttreatment 
day 29, this elevation in the total bilirubin level 
had resolved without treatment. In addition, 
during the period between the predose baseline 
visit and the last trial visit after 36 weeks, there 
was no significant change in the mean (±SD) 
estimated glomerular filtration rate in the 19 pa-
tients who were not undergoing hemodialysis at 
baseline (20.6±8.0 ml per minute per 1.73 m2 at 
baseline and 20.2±2.8 ml per minute per 1.73 m2 
at the last trial visit, P = 0.53). The mean changes 
over time in the glomerular filtration rate and in 
the alanine aminotransferase level in the overall 
trial population and among patients who were 
not undergoing hemodialysis at baseline are sum-
marized in Tables S5 and S6 in the Supplemen-
tary Appendix.

Virologic Resistance Testing

Baseline polymorphisms in NS3 or NS5A were 
detected in 28 of the 96 patients (29%) for whom 
viral sequencing data were available; 24 patients 
had polymorphisms in NS5A only (Table 1). No 
patients had virologic failure, despite the pres-
ence of baseline polymorphisms.

Pharmacokinetic Analysis

In a subgroup of 6 patients who were undergo-
ing hemodialysis at baseline and who participated 
in intensive pharmacokinetic sampling, arterial 
(predialyzer) and venous (postdialyzer) drug ex-
posure levels in plasma were determined for 
glecaprevir and pibrentasvir (Table S7 in the 
Supplementary Appendix). The observed maxi-
mum plasma concentration and the area under 
the plasma concentration–time curve from the 
start of hemodialysis to the end of hemodialysis 

were similar for the predialyzer samples and the 
postdialyzer samples for both glecaprevir (≤3% 
differences) and pibrentasvir (≤6% differences).

Discussion

Currently, ribavirin-free treatment options for 
patients with end-stage renal disease and con-
comitant HCV genotype 1 infection are limited, 
and no approved interferon-free and ribavirin-
free treatment options are available for patients 
infected with HCV genotype 2, 3, 5, or 6.17,18 As 
a result, large numbers of these patients remain 
untreated.26 In this trial involving patients who 
were infected with one of the six major HCV 
genotypes, had stage 4 or 5 chronic kidney dis-
ease, and could have been undergoing hemo-
dialysis at baseline, the rate of sustained viro-
logic response was 98% (102 of 104 patients) 
after 12 weeks of treatment with coformulated 
glecaprevir–pibrentasvir. No patients were report-
ed to have had virologic failure, regardless of 
whether they had cirrhosis or had received previ-
ous treatment for HCV. The regimen had an ac-
ceptable safety profile in this population of pa-
tients with numerous coexisting conditions.

Three adverse events (pruritus, fatigue, and 
nausea) were each reported in more than 10% of 

Event Value

no. of patients (%)

Any adverse event 74 (71)

Serious adverse event 25 (24)

Adverse event leading to discontinuation of trial drug 4 (4)

Adverse event reported in at least 10% of patients

Pruritus 21 (20)

Fatigue 15 (14)

Nausea 12 (12)

Death† 1 (1)

Alanine aminotransferase >3× ULN, grade ≥2 0

Total bilirubin >3× ULN, grade ≥3‡ 1 (1)

Hemoglobin <8.0 g/dl, grade ≥3‡ 5 (5)

*  ULN denotes the upper limit of the normal range.
†  One patient died due to an adverse event of cerebral hemorrhage, which was 

assessed by the investigator as being unrelated to trial drug.
‡  No grade 4 laboratory abnormalities were reported.

Table 3. Adverse Events and Selected Laboratory Abnormalities.*
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the patients. The rate of adverse events among 
patients who were not undergoing hemodialysis 
at baseline was similar to that among the pa-
tients who were undergoing hemodialysis. Patients 
with renal impairment are considered to be at 
high risk for cardiovascular events,11,12 and a 
majority of the patients enrolled in our trial 
(86%) had preexisting hypertension. A total of 
24% of the patients had at least one serious ad-
verse event, and 6 patients had serious adverse 
events that were cardiovascular-related. High rates 
of serious adverse events are common in this 
patient population; other trials of direct-acting 
antiviral regimens involving patients with severe 
renal impairment have reported rates of serious 
adverse events between 15 and 27%.19,21,27

Few patients discontinued treatment during 
our trial, and 3 of the 4 patients who discontin-
ued treatment because of adverse events had a 
sustained virologic response at 12 weeks. The 
single patient who discontinued treatment and 
did not have a sustained virologic response at 
12 weeks received treatment for fewer than 
4 weeks. Glecaprevir–pibrentasvir may fulfill 
an important unmet need; the absence of ribavi-
rin as part of the treatment regimen minimizes 
the risks of treatment discontinuation and of ad-
verse events due to anemia, which represents a 
considerable benefit for patients with severe re-
nal insufficiency, since they are at increased risk 
for life-threatening anemia and cardiac events.28 
In addition, the rate of grade 3 hemoglobin ab-
normalities that were reported in this trial was 
less than 5%, probably owing to the absence of 
ribavirin as part of the treatment regimen. Fur-
thermore, although this patient population was 
expected to have a gradual decline in kidney 
function over the course of the trial, the mean 
decrease from baseline in the estimated glo-
merular filtration rate among patients who were 
not undergoing hemodialysis at baseline was 
minimal (0.4 ml per minute per 1.73 m2 at week 
36). The data from the 19 patients who were not 
undergoing hemodialysis at baseline suggest that 
glecaprevir–pibrentasvir did not negatively affect 
kidney function.

Many direct-acting antiviral regimens are not 
recommended for patients with advanced renal 
impairment; the safety of regimens inclusive of 
sofosbuvir is not established in patients with 

severe renal impairment. Sofosbuvir-containing 
regimens are not recommended in patients with 
severe renal impairment because the principal 
metabolite of sofosbuvir (GS-331007) is excreted 
predominantly through the kidney, which leads 
to drug exposures that are up to 20 times as 
high as the intended exposure29; such patients 
have shown progressive deterioration of renal 
function when treated with a sofosbuvir-based 
regimen.30 In contrast, neither glecaprevir nor 
pibrentasvir is excreted through the kidney, and 
minimal change in drug exposure is observed in 
patients with advanced renal disease.24,25 In this 
trial, glecaprevir and pibrentasvir were not re-
moved from plasma by hemodialysis, a finding 
that is consistent with the previous results in 
patients who were undergoing hemodialysis but 
did not have HCV infection.25

A limitation of this trial was the absence of a 
placebo control group; the inclusion of a placebo 
group would have helped clarify the contribution 
of potential treatment-related adverse events rela-
tive to the considerable underlying adverse-event 
profile observed in HCV-infected patients with 
advanced renal disease. In addition, although pa-
tients who had received previous treatment with 
sofosbuvir-containing regimens were eligible to 
enroll in this trial, only two such patients were 
enrolled (both had a sustained virologic response 
at 12 weeks), possibly because sofosbuvir-con-
taining regimens are not recommended in pa-
tients with severe renal insufficiency.

In conclusion, the EXPEDITION-4 trial en-
rolled patients who represent a population with 
an unmet medical need in the treatment of HCV 
infection: patients who are in the advanced stages 
of chronic kidney disease and have HCV geno-
type 1, 2, 3, 4, 5, or 6 infection, including pa-
tients with compensated cirrhosis with or with-
out previous treatment for HCV. Treatment with 
ribavirin-free, coformulated glecaprevir and pi-
brentasvir resulted in a high rate of sustained 
virologic response; no patient had virologic fail-
ure, irrespective of HCV genotype, the presence 
or absence of cirrhosis, or other baseline factors.
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