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Abstract

Combination regimens of direct‐acting antiviral agents (DAAs) for chronic

genotype 1 hepatitis C virus (HCV) infection given for 8 or 12 weeks have high

cure rates. Shortened treatment durations that maintain high cure rates may

lessen treatment barriers related to affordability and drug adherence. We

enrolled 12 treatment‐naïve adults with chronic genotype 1 HCV infection

without cirrhosis in a single‐center, open‐label trial to receive 2 weeks of the

highly potent and selective non‐nucleoside inhibitor (NNI) CDI‐31244 con-

current with 6 weeks of sofosbuvir/velpatasvir. The main efficacy endpoints

were sustained virologic response at 12 (SVR12) and 24 (SVR24) weeks after

treatment completion. In all patients, plasma HCV RNA levels rapidly decreased

during the first 2 days of treatment and were below the lower limit of quanti-

fication by the end of the 6‐week treatment period. Eight of 12 (67%) patients

achieved both SVR12 and SVR24. Four patients had virological relapse at Week

10, 4 weeks after end of treatment. The most common adverse event was

headache, occurring in five (42%) patients. Pharmacokinetic analysis showed no

relevant drug interactions between CDI‐31244, sofosbuvir, and velpatasvir. In

this pilot study of short‐duration combination therapy involving a novel NNI

with a fixed‐combination DAA, 8 of 12 treatment‐naïve patients with chronic

genotype 1 HCV infection without cirrhosis achieved virologic cure. Future

trials might evaluate whether extending the NNI duration beyond 2 weeks

with combination DAAs results in higher cure rates comparable with currently

approved longer duration therapy.
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1 | INTRODUCTION

The global hepatitis report by the World Health Organization esti-

mated that about 71 million people, or 1% of the world's population,

were living with hepatitis C virus (HCV) infection.1 Only 1.7 million

individuals, or less than 3% of the estimated 72 million people

chronically infected with HCV, were believed to have received

treatment during 2015.1,2 The Lancet Gastroenterology & Hepatol-

ogy Commissioners noted that in 2017 more people were infected

with HCV than cured.3 While barriers to treatment of HCV infection

are multifactorial, affordability and medication adherence are sig-

nificant impediments to treatment in both low‐income and high‐
income populations.1–4

Because of cost and demand, insurance providers often use a risk

stratification model to prioritize who should receive treatment,

generally favoring those with cirrhosis over those without.5

This strategy excludes treatment for younger, less advanced

HCV‐infected people who comprise the bulk of the untreated HCV

epidemic.6

Current approved therapies for chronic genotype 1 HCV infec-

tion using combination direct‐acting antivirals (DAAs) given for 8 or

12 weeks achieve high rates (>95%) of virologic cure, defined as

sustained virologic response at 12 weeks after completion of

treatment (SVR12), across various viral and host characteristics.7–10

Development of a safe and highly effective regimen that shortens the

current duration of HCV infection treatment by combining highly

potent DAAs with different mechanisms of action could enhance

both treatment adherence and affordability, the latter a significant

contributor to restricted access.1,4

CDI‐31244 is an investigational agent that is a novel, highly

potent, and selective non‐nucleoside inhibitor (NNI) of the HCV

RNA‐dependent RNA polymerase with excellent antiviral activity

across all genotypes. CDI‐31244 is designed to deliver high drug

concentrations to the liver with no relevant in vitro effects against

human DNA and RNA polymerases (Cocrystal Pharma, Inc., data on

file). In a phase 1b study that evaluated patients with HCV genotype

1, CDI‐31244 administered at a daily dose of 400mg (either 200mg

twice daily or 400mg once daily) or 600mg for 7 days resulted in

mean HCV RNA viral load reductions of 3.0 log10 IU/ml by 96 h.11

This reduction is greater than with dasabuvir (0.95 log10), the only

NNI that is currently approved for use as part of an HCV combination

medication regimen (ombitasvir/paritaprevir/ritonavir).12 As such,

CDI‐31244 may be a strong candidate to combine with DAAs to

evaluate its potential as a highly effective and safe short‐duration
regimen for the treatment of chronic HCV infection. We conducted

an open‐label pilot study in treatment‐naïve patients with chronic

genotype 1 HCV infection without advanced fibrosis or cirrhosis to

evaluate the effects of treatment with 2 weeks of CDI‐31244 con-

current with 6 weeks of sofosbuvir/velpatasvir (Epclusa; Gilead Sci-

ences, Inc.), a fixed‐dose combination HCV nucleotide analog NS5B

polymerase inhibitor and HCV NS5A inhibitor approved for the

12‐week treatment of all HCV genotypes in adults without cirrhosis

or with compensated cirrhosis.13

2 | METHODS

2.1 | Study design and selection of patients

Twelve patients were enrolled in this single‐center, open‐label study
at the Institute for Human Virology, University of Maryland, Balti-

more, MD between June 26 and September 4, 2018 (ClinicalTrials.

gov: NCT03501550). Treatment was given for 6 weeks followed by a

24‐week nontreatment period. Eligible patients were at least

18 years of age with chronic HCV genotype 1a or 1b infection for at

least 6 months, serum HCV RNA greater than 1000 IU/ml at

screening, and absence of advanced fibrosis or cirrhosis by liver

biopsy, FibroScan less than 8 kPa, or FibroTest/FibroSure (F2 or

lower) within 1 year of screening. Key exclusion criteria included

active hepatitis B infection, HIV infection, coinfection with a geno-

type other than 1, chronic liver disease of a non‐HCV etiology, nur-

sing or pregnancy, drug or alcohol abuse, predefined laboratory

abnormalities, and history of use of any HCV DAA therapy.

Written informed consent was obtained from all patients. The

study was approved by the University of Maryland Institutional Re-

view Board and conducted in compliance with good clinical practice

guidelines, the Declaration of Helsinki, and regulatory requirements.

An independent safety monitoring committee comprised of five

members reviewed the progress of the study.

2.2 | Procedures

Patients received sofosbuvir 400mg/velpatasvir 100mg (Epclusa) as

a combination tablet and CDI‐31244 400mg as capsules (50 mg x 8)

once daily for 2 weeks. Sofosbuvir 400mg/velpatasvir 100mg alone

was then given once daily for an additional 4 weeks for a total of

6 weeks of treatment. During the 6‐week treatment period, the cri-

terion for stopping study drug was virologic failure (breakthrough),

defined as either HCV RNA greater than the lower limit of quanti-

fication (LLOQ) after two consecutive HCV RNA values below the

LLOQ or greater than 1 log10 increase in HCV RNA from nadir. Pa-

tients who completed the 6‐week treatment were considered vir-

ologic failures (relapse) if HCV RNA decreased and remained

undetectable during treatment but became detectable after cessa-

tion of treatment at any time during the 24‐week posttreatment

period. Patients with virologic failure, whether during the 6‐week

study drug treatment or the 24‐week nontreatment follow‐up period,

were to receive sofosbuvir/velpatasvir/voxilaprevir (Vosevi, Gilead

Sciences, Inc.) 400mg/100mg/100mg once daily for 12 weeks with

additional follow‐up through SVR12.

Plasma HCV RNA concentrations to evaluate SVR were mea-

sured using COBAS AmpliPrep/COBAS TaqMan HCV Test v 2.0

(Roche Diagnostics) with LLOQ of 15 IU/ml. HCV RNA concentra-

tions were measured at screening, baseline (0 h), during treatment at

Days 1, 2, 3, 7, 10, 14, 21, and 42 (end of 6‐week treatment), and

posttreatment at Weeks 8, 10, 14, 18 (SVR12), and 30 (SVR24). HCV

genotype and subtype were determined at screening using the
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Versant HCV Genotype INNOLiPA 2.0 assay (Siemens Healthcare

Diagnostics).

IL28B genotyping was done at baseline by polymerase chain

reaction amplification and sequencing of the rs12979860 single‐
nucleotide polymorphism (Applied Biosystems). Deep sequencing of

the HCV NS5A and NS5B regions (Monogram Biosciences) to

identify resistant‐associated variants (RAVs) was performed on

blood samples collected at baseline for all patients, and again at the

time of virologic failure if HCV RNA concentration was greater

than 500 IU/ml.

Blood for pharmacokinetic analysis of plasma CDI‐31244, so-
fosbuvir, GS‐331007 (main metabolite of sofosbuvir), and velpatasvir

levels was obtained before the first dose (Day 1) and at 0 (pre‐dose),
1, 2, 4, 6, 8, 12, and 24 h after Day 14 dosing. Plasma drug con-

centrations were determined using validated liquid chromatography‐
tandem mass spectrometry (PRA, Raleigh). The LLOQ was 0.08 ng/ml

for CDI‐31244, 0.07 ng/ml for sofosbuvir, 3.5 ng/ml for GS‐331007,
and 0.59 ng/ml for velpatasvir. Blood for plasma HCV levels to assess

viral kinetics was obtained at 2, 4, and 6 h after Day 1 dosing.

Blood was stored at baseline and end‐of‐treatment (Week 6) to

conduct exploratory analyses of the association of specific immune

biomarkers with SVR or relapse. Immunotyping with antibody staining

and flow cytometry as well as degranulation assays to investigate T and

natural killer (NK) cell subsets are described elsewhere.14

Clinical laboratory, physical examination (including vital signs),

and electrocardiogram data were obtained at screening, baseline, and

throughout the 30‐week study. Treatment‐emergent adverse events

(TEAEs) were recorded through 4 weeks after study drug completion.

Study drug compliance was assessed by pill counts, examination of

patient diaries at each study visit, and plasma CDI‐31244, sofosbuvir,
GS‐331007, and velpatasvir levels.

2.3 | Outcomes

The primary efficacy endpoint was the proportion of patients who

achieved SVR12 as defined by HCV RNA below the LLOQ (15 IU/ml).

Secondary efficacy endpoints were proportion of patients who

achieved SVR24, time to achieve HCV RNA levels below the LLOQ,

proportion of patients with HCV RNA below the LLOQ after Day 7

and 14 of study drug treatment, and proportion of patients with HCV

RNA below the LLOQ after Day 7 and 14 of study drug treatment by

genotype 1a or 1b. The main safety assessments were frequency and

severity of adverse events. Exploratory endpoints included the re-

lationship between terminally differentiated effector memory CD8+

T cells, naïve CD8+ T cells, and NK cell cytotoxic phenotypes be-

tween patients achieving SVR versus those who relapsed.

2.4 | Statistical analyses

No formal sample size calculation was performed for this exploratory

study. All analyses were done on an intent‐to‐treat basis using all

patients who received study drug. All TEAEs were classified by sys-

tem organ class and preferred term using the Medical Dictionary for

Regulatory Activities, v.22.1 and graded according to the Division of

AIDS Table for Grading the Severity of Adult and Pediatric Adverse

Events, version 2.1 (March 2017).

Plasma concentration‐time profiles of CDI‐31244, sofosbuvir,

GS‐331007, and velpatasvir were determined over a 24‐h period on

Day 14 at the following time intervals: 0 (pre‐dose), 1, 2, 4, 6, 8, 12,
and 24 h after dosing. A sample was also be collected before the first

dose on Day 1. The following pharmacokinetic parameters were

computed for each patient using non‐compartmental analysis: max-

imum plasma concentration (Cmax), minimum plasma concentration

(Cmin), time to maximum concentration (tmax), and area under the

plasma concentration‐time curve from 0 to 24 h (AUC0–24). Individual

patient plasma concentrations and pharmacokinetic parameters were

listed and summarized by descriptive statistics. Individual patient and

mean plasma concentration‐time data were to be presented graphi-

cally. Relationships between the change from baseline in log10 RNA

at Day 14 and Cmin and AUC0–24 were examined graphically. If sug-

gested by the graphs, appropriate pharmacokinetic or pharmacody-

namic models were fit to the data.

HCV viral kinetics modeling was applied retrospectively using

virologic data collected prospectively. The mathematical model used

to predict treatment duration required to achieve cure has been

previously described.15 This model assumed that HCV viral kinetics

under therapy followed the standard biphasic model. The effect of

overall treatment on HCV clearance was estimated by considering

the effectiveness of the regimen in inhibiting HCV RNA synthesis (εα)

and virion secretion or export (εS), with ε = 1 being 100% effective

and enhancing intracellular HCV RNA decay (by a factor κ).

3 | RESULTS

Of 16 patients screened, 12 (75%) met the eligibility criteria and

were enrolled in the study. All 12 enrolled patients completed the

6‐week study drug treatment period and the planned study visits.

3.1 | Baseline characteristics

Demographic and baseline characteristics of the 12 enrolled patients

are presented in Tables 1 and 2. The median age of the patients was

45.5 years (range, 28–62) and most had genotype 1a infection (83%).

Patients were predominantly African–American or of African descent

(58%) and 50% were male. The mean (SD) baseline plasma HCV level

for all patients was 6.59 (0.62) log10 IU/ml with six (50%) patients

with levels greater than 6 × 106 IU/ml. Nine (75%) patients had no

fibrosis (F0) and three (25%) had fibrosis scores greater than F0.

Resistance‐associated variants were detected at baseline in seven

patients (58%); six with NS5A and one with NS5B. Overall, IL28B

genotype was CT in five (42%) patients, CC in four patients (33%),

and TT in three patients (25%).
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3.2 | Virologic response

Eight of 12 (67%) patients achieved sustained virologic response

12 weeks after completing study treatment (SVR12), the primary

endpoint of the study. The same eight patients had sustained vir-

ologic response 24 weeks after completing treatment (SVR24).

Table 3 presents a summary of efficacy endpoints; a listing of efficacy

outcome by subject is shown in Table 2.

3.3 | Viral kinetics

Rapid reduction in HCV RNA levels was observed in all patients over

the first two days of treatment as shown in Table 4. By Day 14, the

end of the CDI‐31244 treatment period, 6 of 12 patients (50%) had

HCV RNA levels that were below the LLOQ. By the end of the

6‐week study treatment period, all patients had HCV RNA levels

below the LLOQ. In 4 of 12 patients (33%), virologic relapse occurred

at study week 10. In addition, there was no significant relationship

between SVR12 and age, gender, race, or ethnicity. Baseline disease

characteristics (HCV genotype, IL28B polymorphism, RAVs, and

baseline HCV RNA level) were also not significantly related to SVR12

in this small study population.

3.4 | Virologic failure

Four of 12 patients who had virologic (treatment) failure received

additional treatment (“retreatment”) with a standard of care regimen

using sofosbuvir/velpatasvir/voxilaprevir 400mg/100mg/100mg

once daily; three patients completed the 12‐week retreatment regi-

men. Table 5 presents a summary of HCV characteristics in these

patients. None had postrelapse changes in HCV genotype, including

RAVs. Three of four patients (S07‐05, S05‐06, and S13‐10) had un-

detectable HCV RNA at Week 4 of retreatment. In contrast, subject

S10‐08 only took sofosbuvir/velpatasvir/voxilaprevir for 3 days and

had an HCV RNA level of 3,900,000 IU/ml at Week 4. The subject

was removed from retreatment due to noncompliance. The three

patients who completed retreatment achieved SVR4; two (S07‐05,
S13‐10) achieved SVR12 and one (S05‐06) was lost to follow‐up after

the SVR4 assessment visit.

3.5 | Pharmacokinetics

The pharmacokinetics of CDI‐31244, sofosbuvir, GS‐331007
(sofosbuvir metabolite), and velpatasvir evaluated by plasma con-

centrations were available for 11 patients. The geometric mean

plasma CDI‐31244 concentrations after 14 days of oral administra-

tion at a dose of 400mg once daily was 712 ng/ml, occurring at a

median Tmax of 2.10 h (range, 1.03–4.20), consistent with findings

from a phase 1 study evaluating the effects of a single dose of CDI‐
31244 400mg (Cocrystal Pharma, data on file). The geometric mean

trough value was 7.92 ng/ml, and AUC over the 24‐h dosing interval

averaged 2136 h*ng/ml. Examination of predose concentrations on

Days 14 and 15 and at Weeks 3 and 4 indicated that steady state had

been reached for all 4 moieties by Day 14. The exposures to so-

fosbuvir, GS‐331007, and velpatasvir were consistent with reported

values and suggest that coadministration of CDI‐31244 did not affect

their pharmacokinetics. There was also no meaningful relationship

between the decreases in log10 HCV RNA and CDI‐31244 exposure

on Day 14 as measured by AUC0–24.

3.6 | Safety

Ten of 12 patients (83%) treated with CDI‐31244 in combination

with sofosbuvir and velpatasvir experienced at least one TEAE. There

were 38 TEAEs reported, with 13 (34%) judged by the investigator to

be related to treatment with study drug (CDI‐31244, sofosbuvir/
velpatasvir, or both). All but one of the TEAEs were Grade 1 (mild) in

severity, and none led to discontinuation of study drug. Headache

was the most commonly reported TEAE, occurring in 5 of 12 patients

(42%), followed by nausea in 3 of 12 patients (25%), and back pain,

diarrhea, and nasopharyngitis in 2 of 12 patients (17%) each. An

overview of TEAEs is presented in Table S1, with a listing of the most

commonly reported TEAEs in Table S2. There were no clinically

significant observations or trends noted in laboratory assessments,

vital signs, physical exam findings, or electrocardiography.

One patient, a 40‐year old woman with a history of hypertension

and fetal loss, experienced a treatment‐emergent serious adverse

event of spontaneous abortion that was judged to be unrelated to

TABLE 1 Subject demographics

Subject ID Age Gender Race Ethnicity

S03‐01 62 Male African American or

African descent

Not Hispanic

S01‐02 43 Male Caucasian (White) Not Hispanic

S04‐03 29 Female Caucasian (White) Not Hispanic

S08‐04 56 Female African American or

African descent

Not Hispanic

S07‐05 51 Male Others Hispanic

S05‐06 40 Female African American or

African descent

Not Hispanic

S09‐07 54 Female African American or

African descent

Not Hispanic

S10‐08 34 Male African American or

African descent

Not Hispanic

S11‐09 48 Female Caucasian (White) Not Hispanic

S13‐10 35 Male African American or

African descent

Hispanic

S16‐11 49 Female Asian Not Hispanic

S14‐12 28 Male African American or

African descent

Hispanic
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study drug. The patient initially responded well to study treatment

with an HCV RNA concentration that was below the LLOQ by Day 10

and undetectable by Week 3. Despite reporting that she used con-

traception as required by the protocol, she had a positive serum

pregnancy test at Week 6 (negative at Week 3). She experienced a

virologic relapse at Week 10 and had a spontaneous abortion during

study Week 11. Estimated date of conception based on ultrasound

was August 18, 2018, or approximately 4 weeks after study drug

initiation.

3.7 | Immunology

We compared immune cell phenotypes at baseline and end of

treatment (Week 6) between patients who achieved SVR (i.e., those

who achieved both SVR12 and SVR24) with those patients with

virologic failure, including exploratory analyses of T cell exhaustion

and activation, T cell function, and NK cell function. There were no

differences in frequencies of naïve, central memory, or effector

memory subsets of CD8+ or CD4+ T lymphocytes between the

groups at either time. The frequencies of terminally differentiated

CD8+ T lymphocytes, however, were significantly higher in the SVR

group at both times (p < .01, baseline; p < .05, Week 6).

Chronic HCV infection is associated with high levels of ex-

pression of T cell exhaustion markers, including PD‐1 (pro-

grammed cell death protein 1) and 2B4 (CD244) on global and

virus‐specific T cells. Expression of PD‐1 on virus‐specific cells is

associated with a decline in the antiviral potential of CD8+ T cells

and is associated with poor virus control. We determined PD‐1
and 2B4 expression on global CD8 T cells. No difference in ex-

pression of either marker or coexpression of both markers was

TABLE 3 Summary of efficacy endpoints n/N % 90% CI 95% CI

Primary efficacy endpoint

SVR12 8/12 67 (39%, 88%) (35%, 90%)

Secondary efficacy endpoints

SVR24 8/12 67 (39%, 88%) (35%, 90%)

HCV RNA < LLOQ on:

Day 7 0/12 0 (0%, 22%) (0%, 23%)

Day 14 6/12 50 (25%, 76%) (21%, 79%)

Genotype 1a HCV RNA < LLOQ on:

Day 7 0/10 0 (0%, 22%) (0%, 23%)

Day 14 6/10 60 (25%, 76%) (21%, 79%)

Genotype 1b HCV RNA < LLOQ on:

Day 7 0/2 0 (0%, 22%) (0%, 23%)

Day 14 0/2 0 (0%, 22%) (0%, 23%)

Mean Median Range

Time to achieve HCV RNA < LLOQ (days) 23 12 9–42

Additional efficacy endpoints

HCV RNA < LLOQ on:

Day 10 3/12 25 (7%, 53%) (6%, 57%)

Week 3 8/12 67 (39%, 88%) (35%, 90%)

Week 6 (end of treatment) 12/12 100 (78%, 100%) (74%, 100%)

Abbreviations: CI, confidence interval; HCV, hepatitis C virus; LLOQ,lower limit of quantification

(15 IU/ml for HCV RNA assay used in this study); SVR, sustained virologic response; SVR12, SVR at

posttreatment week 12; SVR24, SVR at posttreatment week 24.

TABLE 4 Treatment outcome by HCV RNA threshold over time

All SVR12

Virologic

failure

N N (%) N (%)

All patients 12 8 (67) 4 (33)

HCV RNA < 500 IU/ml at

Day 3 6 4 (67) 2 (33)

Day 7 9 6 (67) 3 (33)

Day 14 12 8 (67) 4 (33)

HCV RNA < 15 IU/ml at

Day 7 0 ‐ ‐
Day 14 6 4 (67) 2 (33)

Week 3 7 6 (86) 1 (14)

End of treatment 12 8 (67) 4 (33)

HCV RNA not detected at

Day 14 1 1 (100) 0 (0)

Week 3 4 3 (75) 1 (25)

End of treatment 10 7 (70) 3 (30)

Abbreviation: HCV, hepatitis C virus.

CHUA ET AL. | 3757



observed on CD8+ T cells at baseline or end‐of‐treatment (Week

6) in the SVR or relapse groups.

The functional response of HCV‐specific CD8+ T cells was de-

termined by measuring cytokine production in response to HCV

peptide stimulation of peripheral blood mononuclear cells. The group

achieving SVR had significantly higher levels of tumor necrosis

factor‐alpha single cytokine and interferon gamma‐plus tumor ne-

crosis factor‐alpha double cytokine‐producing CD8+ T cells at

baseline compared with the relapse (failure) group (p < .05). The

frequency of interferon gamma‐plus single positive CD8+ T cells was

higher in the SVR group at baseline but was not statistically sig-

nificant. This result correlates well with higher frequencies of term-

inally differentiated CD8+ T cells present in the SVR group (Figure 1).

NK cell function determined by degranulation assay measuring

CD107a expression was not significantly different between SVR and

relapse groups, suggesting that this immune cell function is not a

correlate of HCV clearance after antiviral treatment.

4 | DISCUSSION

In this proof‐of‐concept phase 2a study, treatment‐naïve patients with

HCV genotype 1 without cirrhosis received 2 weeks of a highly potent

and selective NNI (CDI‐31244) concurrent with 6 weeks of a fixed‐dose
combination of sofosbuvir, an HCV nucleotide analog NS5B polymerase

inhibitor, and velpatasvir, an HCV NS5A inhibitor. Treatment was well

tolerated; however, only 67% (8/12) of patients achieved SVR12. This

SVR12 rate is lower than currently approved HCV therapies requiring

longer treatment durations (8 or 12 weeks), and unapproved oral

3‐DAA regimens of 6 weeks duration for treatment‐naïve genotype

1 infection without cirrhosis (86%–100%).16–21

In the four patients with virologic failure, relapse first occurred 4

weeks after completion of treatment and could not be explained by

study drug compliance, viral resistance, or reinfection. In the absence

of historical control data evaluating 6 weeks of sofosbuvir/velpa-

tasvir treatment, the influence of CDI‐31244 on cure rates (SVR12

and SVR24) in the present cohort also cannot be determined. Rapid

reduction in HCV RNA levels was observed during the first 2 days of

treatment in all patients. In addition, serum HCV RNA was either

undetectable or below the LLOQ in all patients at the end of the

6‐week treatment period, suggesting that a longer course of CDI‐
31244 beyond 2 weeks might result in a higher proportion of pa-

tients with SVR12. The lack of treatment‐emergent resistance in the

NS5A and NS5B regions of patients who relapsed suggests that the

failure of persistent viral suppression rather than viral resistance or

reinfection was likely to be the most important contributor to out-

come in these patients.

We did not find a relationship between baseline factors or time

to not detected target and treatment outcomes, which may have

been limited by our small sample size. Pharmacokinetic analyses

showed predictable drug levels consistent with no relevant drug in-

teractions to explain differences in efficacy. Our homogenous po-

pulation also did not enroll patients with differing baseline covariates

(genotypes, altered hepatic metabolism due to significant liver dis-

ease, prior HCV treatment) that can affect outcome. In addition,

study drug compliance as assessed by serum drug levels, pill counts,

and patient diaries was also excellent for all patients. It is not

apparent what host or viral factors, if any, contributed to those

achieving SVR12 compared with those who did not. In exploratory

analyses, CD8+ effector T cell phenotypes were associated with a

successful response to therapy. In humans, terminally differentiated

memory T cells are capable of immediate inflammatory cytokine

production and cytotoxicity. It is possible that at treatment initiation

and viral load decline these cells control the residual virus.

In contrast, circulating frequencies of T cell and NK subsets

did not predict treatment response, as occurred in a prior study

TABLE 5 Hepatitis C profiles at baseline
and relapse in the retreatment population

Subject ID

S07‐05 S05‐06 S10‐08 S13‐10

IL‐28B polymorphism CT CT CC CT

Fibrosis F0‐F1 F0 F0 F0

HCV RNA (IU/ml)

At baseline 173,000 558,000 8,120,000 7,450,000

Before retreatment 1,060,000 314,000 9,060,000 3,200,000

Genotype

At baseline 1a 1a 1a 1a

Before retreatment 1a 1a 1a 1a

NS5A RAV

At baseline M28V NJone M28V, Q30H None

Before retreatment M28V None M28V, Q30H None

NS5B RAV

At baseline None None None None

Before retreatment None None None None

Abbreviations: HCV, hepatitis C virus; IL, interleukin; RAV, resistant‐associated variant.
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of patients with HCV infection who had previously failed a course

of pegylated interferon or ribavirin and were retreated with

asunaprevir/daclatasvir for 24 weeks.22

In summary, the 3‐DAA regimen of CDI‐31244 for 2 weeks

coadministered with sofosbuvir/velpatasvir for 6 weeks resulted

in virologic cure in 8 of 12 (67%) treatment‐naïve HCV genotype‐
1 patients without cirrhosis or advanced fibrosis. This regimen

also had a favorable safety profile with predictable pharmacoki-

netics. This pilot study is limited by the small sample size and an

inability to distinguish the effects of the 3‐DAA regimen from

sofosbuvir/velpatasvir alone. The evaluation of safety and effi-

cacy of this combination regimen with a longer treatment

duration of CDI‐31244 (e.g., 4 or 6 weeks) may still allow the

development of a highly effective and safe short‐duration pan-

genotypic HCV therapy.
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