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BACKGROUND & AIMS: Patients with chronic hepatitis C virus
(HCV) infection have high rates of sustained virologic response
(SVR) after 12 weeks of treatment with the nucleotide polymerase
inhibitor sofosbuvir combined with the NS5A inhibitor
velpatasvir. We assessed the efficacy of 8 weeks of treatment with
sofosbuvir and velpatasvir plus the pangenotypic NS3/4A prote-
ase inhibitor voxilaprevir (sofosbuvir-velpatasvir-voxilaprevir).
METHODS: In 2 phase 3, open-label trials, patients with HCV
infection who had not been treated previously with a direct-
acting antiviral agent were assigned randomly to groups given
sofosbuvir-velpatasvir-voxilaprevir for 8 weeks or sofosbuvir-
velpatasvir for 12 weeks. POLARIS-2, which enrolled patients
infected with all HCV genotypes with or without cirrhosis, except
patients with genotype 3 and cirrhosis, was designed to test the
noninferiority of 8 weeks of sofosbuvir-velpatasvir-voxilaprevir
to 12 weeks of sofosbuvir-velpatasvir using a noninferiority
margin of 5%. POLARIS-3, which enrolled patients infected with
HCV genotype 3 who had cirrhosis, compared rates of SVR in
both groups with a performance goal of 83%. RESULTS: In
POLARIS-2, 95% (95% confidence interval [CI], 93%-97%) of
patients had an SVR to 8 weeks of sofosbuvir-velpatasvir-
voxilaprevir; this did not meet the criterion to establish
noninferiority to 12 weeks of sofosbuvir-velpatasvir, which pro-
duced an SVR in 98% of patients (95% CI, 96%-99%; difference in
the stratum-adjusted Mantel-Haenszel proportions of 3.4%; 95%
Cl, -6.2% to -0.6%). The difference in the efficacy was owing
primarily to a lower rate of SVR (92%) among patients with HCV
genotype la infection receiving 8 weeks of sofosbuvir-velpatasvir-
voxilaprevir. In POLARIS-3, 96% of patients (95% CI, 91%-99%)

achieved an SVR in both treatment groups, which was significantly
superior to the performance goal. Overall, the most common
adverse events were headache, fatigue, diarrhea, and nausea;
diarrhea and nausea were reported more frequently by patients
receiving voxilaprevir. In both trials, the proportion of patients
who discontinued treatment because of adverse events was low

(range, 0%-1%). CONCLUSIONS: In phase 3 trials of patients with a10

HCV infection, we did not establish that sofosbuvir-velpatasvir-
voxilaprevir for 8 weeks was noninferior to sofosbuvir-
velpatasvir for 12 weeks, but the 2 regimens had similar rates of
SVR in patients with HCV genotype 3 and cirrhosis. Mild
gastrointestinal adverse events were associated with treatment
regimens that included voxilaprevir. ClinicalTrials.gov numbers:
POLARIS-2, NCT02607800; and POLARIS-3, NCT02639338.

Keywords: Direct-Acting Antiviral Agent; Shortened Duration
Therapy; Clinical Trial; Comparison.

SAuthors share co-senior authorship.

Abbreviations used in this paper: Cl, confidence interval; DAA, direct-
acting antiviral agent; HCV, hepatitis C virus; POLARIS,
; SVR, sustained virologic response.
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ince the introduction of drugs that directly interfere

with the replication of the hepatitis C virus (HCV),
the treatment of patients with chronic HCV infection has
improved steadily. Combinations of direct-acting antiviral
agents (DAAs) with complementary mechanisms of action
have brought rates of virologic failure down to 5% or less in
most patient populations. Pangenotypic, single-tablet, all-
oral regimens have improved the simplicity and conve-
nience of dosing.* Although the duration of standard
treatment has been reduced from 24 to 48 weeks with
interferon-containing regimens to 12 weeks with DAA reg-
imens, the feasibility of further shortening the duration of
treatment without loss of efficacy is being explored actively
in all patient populations, including those who have been
considered difficult to treat, such as patients with genotype
3 infection and cirrhosis.””” Potential approaches to short-
ening treatment duration include developing novel double
and triple DAA combination therapies. A possible benefit of
shortened treatment duration is increased patient adher-
ence, which may in turn improve efficacy.®®

Sofosbuvir is a nucleotide analog HCV NS5B polymerase
inhibitor that, in combination with other agents, has been
approved for the treatment of HCV.” ! Velpatasvir is an HCV-
NS5A inhibitor with pangenotypic potency.'” Twelve weeks
of the fixed-dose combination of sofosbuvir and velpatasvir,
which has been approved for the treatment of patients with
HCV infection of all genotypes, provided high levels of
sustained virologic response (SVR) in phase 3 clinical trials in
both treatment-naive and treatment-experienced
patients."*'* Voxilaprevir (formerly GS-9857; Gilead Sci-
ences, Foster City, CA) is a macrocyclic, pangenotypic inhib-
itor of the NS3/4A protease with an improved resistance
profile in comparison with earlier protease inhibitors."*"*” In
phase 2 trials, 8 weeks of treatment with the combination of
sofosbuvir, velpatasvir, and voxilaprevir provided high levels
of SVR in patients chronically infected with HCV of all geno-
types who had not received treatment with direct-acting
antivirals previously.'® !

We conducted 2 phase 3 trials designed to assess the
efficacy and safety of 8 weeks of treatment with the
fixed-dose combination of sofosbuvir, velpatasvir, and
voxilaprevir in patients chronically infected with HCV of any
genotype, including patients with compensated cirrhosis,
who had not received treatment previously with direct-
acting antivirals.

Materials and Methods

Patients

Both trials enrolled patients who had not received treat-
ment previously for HCV infection with regimens containing
DAAs. The POLARIS-2 trial enrolled patients of all HCV geno-
types with and without compensated cirrhosis, except patients
with HCV genotype 3 who were enrolled only if they did not
have cirrhosis. The POLARIS-3 trial enrolled patients with HCV
genotype 3 and cirrhosis exclusively. Eligibility criteria other-
wise were identical for the 2 trials. Full eligibility criteria for
both trials are provided in the Supplement.

Gastroenterology Vol. m, No. m

Study Designs

In both of these multicenter, randomized, open-label trials,
patients received either a fixed-dose combination tablet con-
taining 400 mg of sofosbuvir, 100 mg of velpatasvir, and 100
mg of voxilaprevir once daily for 8 weeks, or a fixed-dose
combination tablet containing 400 mg of sofosbuvir and 100
mg of velpatasvir once daily for 12 weeks.

In POLARIS-2, patients were enrolled at 117 sites in the
United States, Canada, New Zealand, Australia, France,
Germany, and the United Kingdom from November 2015
through April 2016. For HCV genotypes 1, 2, and 4, enrollment
of at least 30% of patients with compensated cirrhosis was
targeted per genotype. Patient randomization was managed by
using an interactive web response system (Bracket). A statis-
tician employed by the sponsor (L.H.) generated the randomi-
zation code using the SAS program, which was validated by
another statistician employed by the sponsor. Patients with
genotypes 1, 2, 3, and 4 were randomized at a 1:1 ratio strat-
ified by 3 factors (genotype, cirrhosis status, and treatment
history), and a block size of 4 to receive sofosbuvir-velpatasvir-
voxilaprevir for 8 weeks or sofosbuvir-velpatasvir for 12
weeks. All patients with other HCV genotypes, with or without
cirrhosis, were enrolled in the sofosbuvir-velpatasvir-
voxilaprevir group.

POLARIS-3 was a separate dedicated study for patients with
genotype 3 and compensated cirrhosis who were excluded
from POLARIS-2. Patients were enrolled at 84 sites in the
United States, Canada, New Zealand, Australia, France,
Germany, and the United Kingdom from January 2016 through
April 2016. As with POLARIS-2, patient randomization was
managed by using an interactive web response system
(Bracket). Patients were randomized in a 1:1 ratio stratified by
history of prior treatment with interferon with a block size of
4 to receive either sofosbuvir-velpatasvir-voxilaprevir for
8 weeks or sofosbuvir-velpatasvir for 12 weeks.

Assessments

For both trials, screening assessments included
measurement of the serum HCV-RNA level, interleukin 28B
genotyping, and standard laboratory and clinical tests. HCV-
RNA levels were measured using the COBAS AmpliPrep/
COBAS TagMan HCV Quantitative Test, version 2.0, with a
lower limit of quantification of 15 IU/mL. The presence of
cirrhosis was determined on liver biopsy showing cirrhosis
(Metavir stage 4, or Ishak score of 5 or 6), a FibroTest score
of more than 0.75 and a ratio of aspartate aminotransferase
to platelets of more than 2, or a FibroScan result of more
than 12.5 kPa.

The Abbott RealTime HCV genotype II assay was used to
determine HCV genotype at screening. HCV genotype and
subtype subsequently were determined by analysis of NS3,
NS5A, and NS5B sequences from deep sequencing using the
basic local alignment search tool (BLAST). All analyses were
conducted using the BLAST genotyping.

Deep sequencing of the HCV NS3, NS54, and NS5B coding
regions was performed on samples obtained from all patients at
baseline and again for all patients with virologic failure. We
report substitutions associated with resistance to drugs within
the classes that were present in more than 15% of the sequence
reads.
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End Points

For both studies, the primary efficacy end point was SVR
(serum HCV-RNA level <15 IU/mL) 12 weeks after the end of
treatment in all patients who were enrolled and received at
least 1 dose of study drug. Secondary efficacy end points
included the kinetics of circulating HCV RNA during and after
treatment, and the emergence of viral resistance during and
after treatment. The primary safety end point was the
proportion of patients who discontinued treatment
prematurely owing to adverse events.

Statistical Analysis

In POLARIS-2, the primary efficacy analysis assessed the
noninferiority of the rate of SVR among patients receiving
sofosbuvir-velpatasvir-voxilaprevir to the rate among patients
receiving sofosbuvir-velpatasvir using a noninferiority margin
of 5%. A 2-sided 95% confidence interval (CI) was constructed
for the difference in the rates of SVR between the 2 treatment
groups using stratum-adjusted Mantel-Haenszel proportions.
Noninferiority was established if the lower bound was greater
than -5%. The planned sample size of 780 patients was calcu-
lated to be able to provide more than 95% power to establish
noninferiority.

In POLARIS-3, the primary efficacy analysis assessed first
the rate of SVR among patients in the sofosbuvir-velpatasvir-
voxilaprevir group against a performance goal of 83% using a
2-sided exact 1-sample binomial test at the 0.05 significance
level. If this group met this criterion, the rate of SVR in the
sofosbuvir-velpatasvir group also would be assessed against
the performance goal of 83% at the 0.05 significance level. A
sample size of 100 patients was calculated to be able to provide
more than 80% power to detect an improvement of 10
percentage points in the rate of SVR. The performance goal of
83% was based on the prior results of sofosbuvir-velpatasvir in
this patient population in the ASTRAL-3 trial (SVR, 91%; 95%
Cl, 83-96)."" All authors had access to the study data and
reviewed and approved the final manuscript.

Study Oversight

The 2 studies were approved by the institutional review
board or independent ethics committee at each participating
site and were conducted in compliance with the Declaration of
Helsinki, Good Clinical Practice guidelines, and local regulatory
requirements. The studies were designed and conducted by the
sponsor (Gilead Sciences) in collaboration with the principal
investigators, according to the protocol. The sponsor collected
the data, monitored study conduct, and performed the statis-
tical analyses. Independent safety monitoring committees
reviewed the progress of the studies. All of the authors had
access to the data and assumed responsibility for the integrity
and completeness of the reported data. The initial draft of the
manuscript was prepared by a writer employed by Gilead
Sciences and the primary investigators with input from all of
the authors.

Results

Baseline Characteristics
Of the 1116 patients screened for the POLARIS-2
trial, 943 were enrolled and 941 began treatment

SOF-VEL-VOX for 8 Weeks for HCV 3

(Supplementary Table 1). In total, 882 patients with HCV
genotypes 1, 2, 3, and 4 were randomized to receive either
sofosbuvir-velpatasvir-voxilaprevir for 8 weeks (n = 451)
or sofosbuvir-velpatasvir for 12 weeks (n = 431). Forty-
eight patients with genotypes 5 and 6, and 2 patients with
an unknown genotype, were enrolled to receive sofosbuvir-
velpatasvir-voxilaprevir for 8 weeks. Nine patients with HCV
genotype 6 by BLAST analysis were identified at screening
as having HCV genotype 1 and were assigned to the
sofosbuvir-velpatasvir group. Of the 315 patients who were
screened for POLARIS-3, 220 were enrolled and 219 began
treatment (Supplementary Table 2). Of these, 110 were
randomized to the sofosbuvir-velpatasvir-voxilaprevir
group, and 109 were randomized to the sofosbuvir-
velpatasvir group.

The baseline characteristics of patients in both trials are
shown in Table 1.

Efficacy

POLARIS-2 trial. In the POLARIS-2 trial, the rate of
SVR was 95% (95% CI, 93-97) among patients receiving 8
weeks of sofosbuvir-velpatasvir-voxilaprevir, and 98%
(95% CI, 96-99) among those receiving 12 weeks of
sofosbuvir-velpatasvir (Table 2), with a difference in the
stratum-adjusted Mantel-Haenszel proportions between the
2 groups of -3.4 percentage points (95% CI, -6.2 to -0.6).
Given that the lower bound of the 2-sided 95% CI for the
difference between the rates of SVR of -6.2% was below the
pre-established limit of -5%, 8 weeks of sofosbuvir-
velpatasvir-voxilaprevir did not meet the prespecified
criteria for noninferiority to 12 weeks of sofosbuvir-
velpatasvir (Figure 1).

Among patients without cirrhosis, rates of SVR were
96% (394 of 411) for patients receiving sofosbuvir-
velpatasvir-voxilaprevir and 98% (349 of 356) for patients
receiving sofosbuvir-velpatasvir. Among patients with
cirrhosis, 91% (82 of 90) of patients receiving sofosbuvir-
velpatasvir-voxilaprevir for 8 weeks had SVR, as compared
with 99% (83 of 84) of patients receiving sofosbuvir-
velpatasvir for 12 weeks. Among patients with HCV
genotype 1la infection, 92% (155 of 169) of patients
receiving sofosbuvir-velpatasvir-voxilaprevir for 8 weeks
had SVR, as compared with 99% (170 of 172) of patients
receiving sofosbuvir-velpatasvir for 12 weeks.

Overall, 21 patients (4%) in the group receiving
sofosbuvir-velpatasvir-voxilaprevir had an observed
virologic relapse, compared with 3 of 440 (1%) in the group
receiving sofosbuvir-velpatasvir. Fourteen of the patients
with virologic relapse in the sofosbuvir-velpatasvir-
voxilaprevir group were infected with HCV genotype 1a,
compared with 1 patient in the sofosbuvir-velpatasvir
group. Among patients with HCV genotype 1la without
cirrhosis, relapse occurred in 8% and 0% of patients
receiving sofosbuvir-velpatasvir-voxilaprevir and
sofosbuvir-velpatasvir, respectively, and in 10% and 2% of
patients with cirrhosis. No virologic failures occurred in
genotype 3 patients. No patients in either treatment group
had a virologic breakthrough during treatment. Four
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Table 1.Demographics and Baseline Characteristics

Gastroenterology Vol. m, No. m

POLARIS-2 POLARIS-3
8 weeks of sofosbuvir, 12 weeks of 8 weeks of sofosbuvir, 12 weeks of
velpatasvir, and sofosbuvir and velpatasvir, and sofosbuvir and
voxilaprevir velpatasvir voxilaprevir velpatasvir
(N = 501) (N = 440) (N=110) (N =109)

Mean age (range), y 53 (18-78) 55 (19-82) 54 (25-75) 55 (31-69)
Male 255 (51) 237 (54) 74 (67) 100 (92)
Race

White 391 (78) 365 (83) 100 (91) 97 (89)

Black 48 (10) 7 (11) 0 1(1)

Asian 51 (10) 2 (5) 8 (7) 9(8)

Other 112 6 (1) 22 22
Genotype

1a 169 (34) 172 (39) 0 0

1b 63 (13) 59 (13) 0 0

1 other 1(<1) 1(<1) 0 0

2 63 (13) 53 (12) 0 0

3 92 (18) 89 (20) 110 (100) 109 (100)

4 63 (13) 57 (13) 0 0

5 18 (4) 0 0 0

6 30 (6) 9(2 0 0

Unknown 2 (<1) 0 0 0
Interleukin 28B genotype

CC 166 (33) 136 (31) 1@7) 2 (48)

CT 253 (50) 245 (56) 7 (52) 4 (40)

T 2 (16) 9 (13) 2(1) 3(12)
Mean HCV-RNA level (SD), log;o IU/mL 1(0.75) 2 (0.66) 0 (0.80) 3 (0.63)
Mean platelets (range), x10° per ul 221 (48-518) 224 (48-813) 140 (87-351) 150 (51-292)
Mean ALT level (SD), U/L 5 (57.4) 9 (54.2) 111 (62.2) 132 (74.6)
Body mass index (range), kg/m? 26 9 (16.9-57.3) 27 1 (17.9-54.0) 28.3 (19.6-50.4) 27.3 (17.8-45.5)
Cirrhosis 0 (18) 4 (19) 110 (100) 109 (100)

Platelet level < 100 x10%/uL, n (%) 6 (18) 0 (24) 0 (29) 1(19)

Mean Fibroscan® (range), kPa 4 (13-63) 25 (13-72) 3 (13-75) 2 (13-75)
Prior HCV treatment experience

Treatment-naive 383 (76) 340 (77) 75 (68) 77 (71)

Treatment-experienced 118 (24) 100 (23) 35 (32) 32 (29)

Pegylated interferon plus ribavirin 93 (79) 81 (81) 31 (89) 30 (94)
Other 25 (21) 19 (19) 4 (11) 2 (6)
Most recent treatment response

Nonresponder 50 (42) 47 (47) 16 (46) 8 (25)

Relapse 55 (47) 44 (44) 16 (46) 20 (63)

Other 13 (11) 99 39 4 (13)

ALT, alanine aminotransferase.

2Fibroscan data were available for 63 patients in the sofosbuvir, velpatasvir, and voxilaprevir group and for 60 patients in the
sofosbuvir and velpatasvir group in POLARIS-2, and for 85 patients in the sofosbuvir, velpatasvir, and voxilaprevir group and
87 patients in the sofosbuvir and velpatasvir group in POLARIS-3.

patients in each group were lost to follow-up evaluation,
including 3 patients with HCV genotype 4 receiving
sofosbuvir-velpatasvir-voxilaprevir. These patients with
nonvirologic failure in the 8-week group primarily were
responsible for the difference in SVR among patients with
HCV genotype 4 infection between the 2 groups (92%
compared with 98%); of the 120 patients with genotype 4,
there were 2 relapses in the sofosbuvir-velpatasvir-
voxilaprevir 8-week group and 1 in the sofosbuvir-
velpatasvir 12-week group.

POLARIS-3 trial. Among patients with HCV genotype
3 and cirrhosis in the POLARIS-3 trial, the rate of SVR was

96% in both treatment groups (95% CI, 91-99), which
was significantly superior to the performance goal of 83%
(P < .001 for both groups) (Figure 1). Two patients (2%)
in the sofosbuvir-velpatasvir-voxilaprevir group had a
virologic relapse by post-treatment week 4. Two patients
(2%) in the sofosbuvir-velpatasvir group also had
virologic failure: 1 patient who did not achieve
on-treatment HCV-RNA suppression had a virologic
rebound by week 8 of treatment, and 1 patient had viro-
logic relapse at post-treatment week 4. In both patients,
concentrations of GS-331007—the predominant metabo-
lite of sofosbuvir—and velpatasvir were low for at least 1
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481 Table 2.Response During and After Treatment 541
jzi POLARIS-2 POLARIS-3 gj‘é
484 az7 8 weeks of sofosbuvir, 8 weeks of sofosbuuvir, 12 weeks of 544
485 HCV-RNA velpatasvir, and 12 weeks of sofosbuvir velpatasvir, and sofosbuvir and 545
486 level <15 IU/mL voxilaprevir (N = 501) and velpatasvir (N = 440) voxilaprevir (N = 110) velpatasvir (N = 109) 546
487 ) 547
488 During treatment 548
At 2 wk 330/501 (66) 269/439 (61) 62/110 (56) 55/108 (51)
489 At 4 wk 463/501 (92) 404/439 (92) 96/110 (87) 92/108 (85) 549
490 At 8 wk 496/500 (99) 438/439 (>99) 107/110 (97) 107/108 (99) 550
491 After end of treatment 551
492 At 4 wk 483 (96) 435 (99) 107 (97) 106 (97) 552
493 At 12 wk (SVR)
494 Overall 476 (95) 432 (98) 106 (96) 105 (96)
495 Genotype 1a 155/169 (92) 170/172 (99) 0 0
Genotype 1b 61/63 (97) 57/59 (97) 0 0
496 Genotype 1 other 11 (100) 11 (100) 0 0
497 Genotype 2 61/63 (97) 53/53 (100) 0 0
498 Genotype 3 91/92 (99) 86/89 (97) 106/110 (96) 105/109 (96)
499 Genotype 4 58/63 (92) 56/57 (98) 0 0
500 Genotype 5 17/18 (94) 0 0 0
501 Genotype 6 30/30 (100) 9/9 (100) 0 0
502 Unknown 2/2 (100) 0
Virologic breakthrough 0 0 0 0
503 Virologic rebound 0 0 0 1(1) 563
504 Virologic relapse 21 4y 3 (1P 22 1(1) 564
505 Lost to follow-up evaluation 4 (1) 4 (1) 0 1(1) 565
506 Other 0 1(<1) 2@ 1(1) 566
507 567
508 20f the 21 patients who had virologic relapse in this group, 14 had HCV genotype 1a, 2 had genotype 1b, and 1 each had 568
509 genotypes 2a, 2c, 4a, 4d, and 5a. 569
510 Of the 3 patients who had virologic relapse in this group, 1 had HCV genotype 1a, 1 had genotype 1b, and 1 had genotype 4a. 570
511 571
512 572
513 study visit, suggesting that the patient was not fully POLARIS-2, 1 of the 3 patients who relapsed had the Y93N 573
514 adherent to study dosing. variant, which is associated with resistance to NS5A in- 574
515 hibitors, at relapse. 575
516 Viral Resistance Testing -In the POLARIS-3 tr.ial, all 4.6 patients with baseline 576
517 ) = . resistance-associated variants achieved a SVR. Neither of the 577
Among the 497 patients receiving sofosbuvir- . ; .
518 5 . L ) 2 patients who relapsed after treatment with sofosbuvir- 578
velpatasvir-voxilaprevir in the POLARIS-2 trial, 250 had ) . . .
519 . . . . . velpatasvir-voxilaprevir had treatment-emergent resis- 579
viral variants associated with resistance to NS3 and/or ) .
520 S ) tance, whereas both patients who relapsed after receiving 580
2z NS5A inhibitors at baseline (Supplementary Table 5). Of . . . L
521 . . sofosbuvir-velpatasvir had the Y93H variant, which is 581
these, 94% had SVR, as compared with 98% for patients . . . o .
522 ) : . Qo i associated with resistance to NSS5A inhibitors, at time of 582
503 without resistance-associated substitutions at baseline. For relapse 583
504 patients with HCV genotype 1a, the rates of SVR in patients ’ 584
505 with and without baseline resistance-associated sub- 585
596 stitutions were 89% and 95%, respectively. The Q80K Safety 536
507 resistance-associated substitution was the most commonly None of the 611 patients receiving 8 weeks of 587
508 observed NS3 variant, although it does not confer a change sofosbuvir-velpatasvir-voxilaprevir in the POLARIS-2 and 588
520 to voxilaprevir susceptibility in vitro. The Q80K resistance- POLARIS-3 trials discontinued study treatment owing 589
530 associated substitution was the most commonly observed to adverse events (Table 3). Two patients (<1%) receiving 590
531 NS3 variant; although it confers no change to voxilaprevir 12 weeks of sofosbuvir-velpatasvir in POLARIS-2 591
532 susceptibility in vitro,'® baseline Q80K nevertheless was discontinued treatment prematurely owing to adverse 592
533 associated with a reduction in SVR rate for genotype la events: a 70-year-old white man who discontinued treat- 593
534 patients receiving the sofosbuvir-velpatasvir-voxilaprevir ment on day 4 owing to an upper respiratory tract 504
535 regimen for 8 weeks, 88% with Q80K compared with 94% infection, and a 54-year-old white woman discontinued 595
536 without. Of the 21 patients who relapsed in the sofosbuvir- after 81 days of dosing as a result of Clostridium difficile 596
537 velpatasvir-voxilaprevir group, 1 had treatment-emergent colitis. In the POLARIS-3 trial, 1 (1%) patient receiving 597
538 NS5A resistance-associated substitutions Q30R and L31M. sofosbuvir-velpatasvir discontinued treatment on day 6 508
539 Among patients receiving sofosbuvir-velpatasvir in after experiencing a pelvic fracture. 599
540 600
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Figure 1.Rates of sus-
tained virologic response
according to subgroup.
The position of the square
indicates the rate of viro-
logic response at 12
weeks after the end of
treatment in each sub-
group; the horizontal lines
indicate 95% confidence
intervals (Clopper-
Pearson method). The
vertical lines represent the
overall rate of sustained
virologic  response in
the sofosbuvir-velpatasvir-
voxilaprevir groups. Sub-
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A total of 15 patients (3%) in the sofosbuvir-velpatasvir-
voxilaprevir group of POLARIS-2 had serious adverse
events; no single patient had more than 1 event and no
single event was experienced by more than 1 patient
(Supplementary Table 5). In the sofosbuvir-velpatasvir
group, 7 patients (2%) had a total of 11 events. The only
serious adverse event that occurred in both treatment
groups was pyelonephritis. In POLARIS-3, 2 patients (2%) in
the sofosbuvir-velpatasvir-voxilaprevir group had a total of
4 serious adverse events, and 3 patients (3%) in the
sofosbuvir-velpatasvir group had 1 serious adverse event

100 60 7IO 80 90
SVR12, % (95% Cl)

group results include only
patients with a confirmed
virologic outcome.

N
o -
o

each (Table 3). No single serious adverse event was expe-
rienced by more than 1 patient (Supplementary Table 6).
Overall, 72% of patients receiving sofosbuvir-
velpatasvir-voxilaprevir in POLARIS-2 had adverse events,
compared with 69% of those receiving sofosbuvir-
velpatasvir (Table 3). The most common adverse events in
the sofosbuvir-velpatasvir-voxilaprevir group were head-
ache (27% of patients), fatigue (21%), diarrhea (18%), and
nausea (16%), compared with headache (23%), fatigue
(20%), nausea (7%), and diarrhea (9%) in the sofosbuvir-
velpatasvir group. In the POLARIS-3 trial, 75% of patients
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Table 3.Adverse Events, Discontinuations, and Select Laboratory Abnormalities

POLARIS-2 POLARIS-3
8 weeks of 8 weeks of
sofosbuvir, 12 weeks of sofosbuvir, 12 weeks of
velpatasvir, and sofosbuvir and velpatasvir, and sofosbuvir and
voxilaprevir velpatasvir voxilaprevir velpatasvir
(N = 501) (N = 440) (N=110) (N =109)
Subjects experiencing any adverse event, n 361 (72) 303 (69) 83 (75) 81 (74)
Discontinuation of treatment owing to adverse event 0 2 (<1) 0 1(1)
Interruption of treatment owing to adverse event 1(<1) 2 (<1) 1(1) 0
Serious adverse events 15 (3) 7 22 33
Deaths 0 0 1(1) 0
Common adverse events®
Headache 134 (27) 99 (23) 27 (25) 32 (29)
Fatigue 106 (21) 90 (20) 28 (25) 31 (28)
Diarrhea 88 (18) 32 (7) 17 (15) 5 (5)
Nausea 80 (16) 40 (9) 23 (21) 10 (9)
Asthenia 32 (6) 27 (6) 5 (5) 5 (5)
Insomnia 25 (5) 21 (5) 6 (5) 5 (5)
Back pain 5(1) 11 (3) 1(1) 6 (6)
Arthralgia 20 (4) 24 (5) 4 (4) 4 (4)
Abdominal pain 22 (4) 7 (@) 9 (8) 5 (5)
Upper abdominal pain 18 (4) 92 22 7 (6)
Muscle spasms 8 (2 12 (3) 7 (6) 22
Vomiting 16 (3) 8 (2) 7 (6) 1(1)
Myalgia 14 (3) 11 3) 1(1) 6 (6)
Hematologic event/laboratory event
Hemoglobin level <10 g/dL 6 (1) 3(1) 1(1) 0
Lymphocytes <500/mm? 1(<1) 3(1) 3 @) 1(1)
Neutrophils <750/mm? 2 (<1) 2 (<1) 0 1(1)
Platelets <50,000/mm?® 3(1) 2 (<1) 1(1) 1(1)
White blood cell count <1500/mm? 0 0 0 1(1)
INR-PT >2.0 x ULN 1(<1) 0 0 0
Alanine aminotransferase level >5.00 x ULN 0 1(<1) 0 0
Aspartate aminotransferase level >5.00 x ULN 1(<1) 0 1(1) 1(1)
Creatine kinase level >10.0 x ULN 4 (1) 2 (<1) 1(1) 1(1)
Hyperglycemia >250 mg/dL 70) 3(1) 8 (7) 31
Lipase >3.0 x ULN 5(1) 3(1) 2 1(1)
Hyponatremia <125 mEg/L 0 0 0 22
Hyperbilirubinemia >2.5 x ULN 0 1(<1) 0 0

INR, international normalized ratio; PT,
%n at least 5% of patients.

receiving sofosbuvir-velpatasvir-voxilaprevir experienced
adverse events, the most common of which were fatigue
(25%), headache (25%), nausea (21%), and diarrhea (15%).
Among patients receiving sofosbuvir-velpatasvir, 74% had
adverse events, the most common of which were headache
(29%), fatigue (28%), nausea (9%), and upper abdominal
pain (6%). Among patients receiving 8 weeks of sofosbuvir-
velpatasvir-voxilaprevir across trials, 95% of the events of
diarrhea or nausea were mild in severity, 5% were grade 2,
and none were grades 3 or 4.

Hematologic and chemistry laboratory abnormalities
were uncommon in all groups (Table 3 and Supplementary
Tables 8 and 9). Hyperglycemia occurred at a higher rate in
the POLARIS-3 study compared with the POLARIS-2 study,
which may be attributable to the difference in study pop-
ulations and the association of glucose dysregulation with

; ULN, upper limit of normal.

liver disease. None of the laboratory abnormalities in any
treatment group was associated with a clinical adverse
event.

Discussion

In these international phase 3 trials, treatment with
sofosbuvir-velpatasvir-voxilaprevir for 8 weeks resulted in
high rates of SVR in HCV-infected patients with and without
compensated cirrhosis who had not received treatment
previously with DAAs. However, in the POLARIS-2 trial, the
rate of SVR of 95% in patients receiving sofosbuvir-
velpatasvir-voxilaprevir for 8 weeks was not shown to be
noninferior to that of 98% in patients receiving sofosbuvir-
velpatasvir for 12 weeks. The difference in the efficacy
primarily was owing to the higher rate of relapse among

FLA 5.4.0 DTD m YGAST61079_proof m 23 May 2017 m 4:37 pm M ce

Q28

781
782
783
784
785
786
787
788
789
790
791
792

803
804
805
806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
840



841
842
843
844
845
846
847
848
849
850
851
852

863
864
865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895
896
897
898
899
900

8 Jacobson et al

patients with genotype 1a HCV infection receiving 8 weeks
of sofosbuvir-velpatasvir-voxilaprevir. Among patients
receiving sofosbuvir-velpatasvir-voxilaprevir for 8 weeks
with HCV genotypes other than genotype 1a, the rate of SVR
was 97%. In the POLARIS-3 trial, which enrolled only the
most challenging patient population—patients with geno-
type 3 and cirrhosis—very high and identical rates of SVR
(96%), and low rates of virologic failure (2%) were
observed in both the 8- and 12-week treatment groups.

The lower rate of SVR among patients with HCV geno-
type la as compared with patients with other genotypes
receiving 8 weeks of sofosbuvir-velpatasvir-voxilaprevir
was an unexpected finding. This difference was not
observed in the phase 2 clinical trials, which enrolled a
similar but smaller patient population, underscoring the
importance of conducting large, randomized, controlled
clinical trials before investigational drug approval.'???
Among patients with HCV genotype 1a, the rate of SVR
was 89% in those who had NS3 or NS5A resistance-
associated substitutions at baseline and 95% among those
who did not, with most of the substitutions being at position
80 in the NS3 protein. Although the Q80K polymorphism,
which occurs commonly in patients with genotype 1a,
indeed was associated with lower rates of SVR in
POLARIS-2, the causal significance of this finding is unclear;
in contrast to its effect on susceptibility to simeprevir,
another HCV protease inhibitor, this substitution has not
been found to alter in vitro susceptibility to voxilaprevir.?*~%*
Furthermore, Q80K was not observed to emerge at the time
of failure among the HCV genotype 1a patients with relapse
and was no longer detectable in 1 patient at relapse despite
its presence before treatment. The emergence of resistance-
associated substitutions was uncommon overall among
patients who did not achieve SVR after 8 weeks of
sofosbuvir-velpatasvir-voxilaprevir, consistent with the high
barrier to resistance for this regimen and suggesting that
virologic failure was driven predominantly by insufficient
treatment duration to eliminate the virus.***°

In the POLARIS-2 and POLARIS-3 trials, treatment for 8
weeks with sofosbuvir-velpatasvir-voxilaprevir led to high
rates of SVR in patients with genotype 3 infection. These
high rates of cure are comparable with those observed with
12 weeks of sofosbuvir-velpatasvir in the current studies, as
well as those seen in a prior phase 3 trial,"* and support
ribavirin-free regimens, even for those with compensated
cirrhosis, who are considered more difficult to cure.

The rates of adverse events in the patients receiving
sofosbuvir-velpatasvir-voxilaprevir generally were similar
to the rates among patients receiving sofosbuvir-velpatasvir,
except that more patients receiving sofosbuvir-velpatasvir-
voxilaprevir had mild nausea and diarrhea, which has
been observed with prior NS3/4A protease inhibitors.”” No
patient interrupted treatment or discontinued early as a
result of these events. There was no evidence of
voxilaprevir-related hepatotoxicity.

In the era of highly effective and well-tolerated DAA-
based regimens, nonadherence has become the most
important risk factor for treatment failure. Sofosbuvir-
velpatasvir-voxilaprevir provides a highly efficacious and

Gastroenterology Vol. m, No. m

well-tolerated short-duration regimen for the treatment of
HCV in patients for whom adherence to a longer-duration
regimen may be challenging. As the population of patients
being treated for HCV expands from those engaged in health
care systems to marginalized populations of homeless,
incarcerated, or those with addictions, the availability of a
highly effective 8-week treatment regimen may enable more
HCV-infected patients to be treated successfully with less
burden on the resources of patients and providers. This
combination also may provide important benefits in regions
(eg, Europe) or communities (eg, injection drug users)
where the prevalence of HCV genotype 3 is comparatively
high.

Supplementary Material

Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org, and at http://dx.doi.org/10.1053/
j.gastro.2017.03.047.
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