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Abstract The National Institute for Health and Care

Excellence (NICE) invited the manufacturer of daclatasvir

(Bristol-Myers Squibb) to submit clinical and cost-effec-

tiveness evidence for daclatasvir in combination with other

medicinal products within its licensed indication for the

treatment of chronic hepatitis C, as part of the Institute’s

single technology appraisal process. The Centre for

Reviews and Dissemination and Centre for Health Eco-

nomics at the University of York were commissioned to act

as the independent Evidence Review Group (ERG). This

article presents the ERG’s critical review of the evidence

presented in the company submission in the context of a

description of the company submission, and the resulting

NICE guidance. The main clinical effectiveness data for

daclatasvir in combination with sofosbuvir (da-

clatasvir ? sofosbuvir) were derived from two uncon-

trolled open-label trials. Among patients with genotype 1

infection, 98–100 % of patients had a sustained virologic

response at week 12 (SVR12), overall. Among genotype 3

patients, between 85 and 100 % had SVR12 across patient

populations and regimens. The main evidence for

daclatasvir ? pegylated interferon-a and ribavirin (PR)

came from one randomised controlled trial comparing

daclatasvir ? PR with PR in patients with genotype 4. This

found an SVR12 rate of 82 % in previously untreated

patients. Serious adverse event rates associated with

daclatasvir were low. The lack of comparative trial

evidence for daclatasvir ? sofosbuvir and many of the

comparators defined in the NICE scope meant that estab-

lished methods for comparing interventions either directly

via head-to-head trial comparisons or via adjusted indirect

comparisons were not feasible. Comparisons of SVR rates

were therefore largely based on unadjusted estimates

drawn from individual trial arms and subgroups of indi-

vidual trial arms. The ERG concluded that, despite limited

evidence, daclatasvir in combination with other treatments

appeared to be associated with a high SVR rate.

Daclatasvir ? sofosbuvir was unlikely to be inferior to

comparator treatments in genotype 1 patients; but, due to

limited evidence, the relative efficacy of daclatasvir and

other treatments in genotype 3 and 4 patients or patients

with compensated cirrhosis was uncertain. The economic

evaluation compared daclatasvir ? sofosbuvir and dacla-

tasvir ? PR with a wide range of NICE-approved treat-

ments for hepatitis C. The company submission focused on

a series of subgroups defined by disease severity

(METAVIR fibrosis stage F3, compensated cirrhosis),

genotype and treatment history. In the cost-effectiveness

analysis, daclatasvir-containing regimens were cost effec-

tive at a £20,000–£30,000 per QALY threshold in the

following F3 populations: genotype 1 treatment naı̈ve

(Incremental cost-effectiveness ratio [ICER] = £19,739/

QALY) and treatment experienced (£15,687/QALY) and

genotypes 1, 3 and 4 interferon ineligible or intolerant

(£5906–£9607/QALY depending on subgroup). In patients

with cirrhosis, daclatasvir-containing regimens were not

cost effective. The ERG found the company’s economic

analyses to be highly uncertain and in places biased.

However, the ERG found that daclatasvir-containing reg-

imens were cost effective in certain populations with sig-

nificant fibrosis, and following new analyses by the

company after a price reduction, in certain populations
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with cirrhosis, including patients who were not eligible for

or who were intolerant to interferon therapy. The NICE

Appraisal Committee’s preliminary recommendation was

that daclatasvir ? sofosbuvir should be available as an

option in genotype 1 and 4 patients with significant fibrosis

but without cirrhosis, who had either been treated previ-

ously or were ineligible or intolerant to interferon. In

response to the preliminary recommendation, the manu-

facturer submitted additional information including com-

parator SVR rates and a revised confidential price.

Following this, the Committee expanded its original rec-

ommendation in its Final Appraisal Determination. The

recommendation was expanded to include

daclatasvir ? sofosbuvir as an option for patients with

significant fibrosis but without cirrhosis (in previously

untreated patients with genotype 1, and genotype 3 patients

ineligible or intolerant to interferon) and genotype 1, 3 and

4 cirrhotic patients who were ineligible or intolerant to

interferon. Daclatasvir ? PR was also recommended as an

option for genotype 4 patients who had significant fibrosis

or compensated cirrhosis.

Key Points for Decision Makers

Daclatasvir in combination with other treatments for

the treatment of chronic hepatitis C virus (HCV) is

effective for treating adults with chronic HCV with

genotypes 1, 3 and 4.

Daclatasvir ? sofosbuvir is unlikely to be inferior to

other licensed treatments for patients with genotype

1. The relative efficacy of daclatasvir with other

treatments in genotype 3 and 4 patients or in patients

with advanced liver disease is uncertain due to

limited evidence.

There were few serious adverse events associated

with daclatasvir.

The ERG found the company’s economic analyses to

be highly uncertain and in places biased.

The ERG found that daclatasvir-containing regimens

were cost effective in certain populations with

significant fibrosis, and after a price reduction, in

certain populations with cirrhosis, including patients

who were not eligible or who were intolerant to

interferon therapy.

The NICE Appraisal Committee concluded that

daclatasvir in combination with other treatments

should be recommended as an option for treating

chronic HCV in adults in specific populations.

1 Introduction

The National Institute for Health and Care Excellence

(NICE) is an independent organisation responsible for

providing national guidance to the National Health Service

(NHS) in England and Wales on the use of selected new

health technologies. Single technology appraisals evaluate

a single product, device or other technology that has a

single indication; for example, a new pharmaceutical pro-

duct or new licensed indication. The manufacturer (or

sponsor of the technology) submits the principal evidence

supporting the clinical and cost effectiveness of the pro-

duct, and an external independent academic organisation,

the Evidence Review Group (ERG), is commissioned to

produce a review and critique of the evidence submitted.

Clinical specialists, NHS commissioning experts and

patient experts also provide evidence for consideration by

the NICE Appraisal Committee in formulating their guid-

ance. Once published, NICE technology guidance provides

a legal obligation for NHS providers to reimburse tech-

nologies that have been approved [1].

NICE invited the manufacturer of daclatasvir (Bristol-

Myers Squibb) to submit clinical and cost-effectiveness

evidence for daclatasvir in combination with other

medicinal products within its licensed indication for the

treatment of chronic hepatitis C, as part of the Institute’s

single technology appraisal process. The Centre for

Reviews and Dissemination and Centre for Health Eco-

nomics at the University of York were commissioned to act

as the independent ERG.

This article presents a summary of the ERG’s indepen-

dent critique of the company’s submission to NICE and the

subsequent development of NICE guidance for the use of

daclatasvir for the treatment of chronic hepatitis C virus

(HCV). Full details of the appraisal and the relevant doc-

uments can be found on the NICE website [2].

2 The Decision Problem

Hepatitis C is an infectious liver disease caused by HCV.

Persistence of HCV infection for at least 6 months is

referred to as chronic HCV [3]. Approximately 214,000

individuals have chronic HCV in the UK [4]. The rate of

disease progression in those with chronic HCV is variable

and occurs over several decades. Chronic HCV infection

can cause gradual scarring (fibrosis) of the liver tissue, and

leads to cirrhosis and liver failure in about 10–20 % of

cases within a mean time of 20 years, and hepatocellular

carcinoma in about 1–5 % of chronically infected indi-

viduals. About 5 % of infected people die from the con-

sequences of long-term infection [3, 5–7].
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There is no published NICE guideline for the treatment

of chronic HCV, although a guideline is currently being

developed [8] and NICE has conducted several technology

appraisals (TAs) and issued guidance. At the start of the

daclatasvir appraisal, the treatment options for chronic

HCV recommended by NICE were telaprevir ? pegylated

interferon-a and ribavirin (PR) or boceprevir ? PR for

patients with HCV genotype 1, and PR alone for HCV

genotypes 1–6 [9–11]. Four additional treatments were

approved by NICE for adults with chronic HCV in 2015,

and final appraisal determination information of these

treatments was published after the daclatasvir manufacturer

submission. Simeprevir ? PR is now recommended by

NICE within its marketing authorisation as a treatment

option for genotype 1 and 4 patients [12]. Sofosbuvir is

also recommended as an option in combination with rib-

avirin ± peginterferon-a for certain subpopulations of

patients with genotypes 1–6 [13]. Ledipasvir ? sofosbuvir

is recommended as an option for previously untreated

adults with genotype 1 with or without cirrhosis or geno-

type 4 with cirrhosis, and for genotype 1 and 4 patients who

had insufficient response to previous HCV treatment [14].

Ombitasvir ? paritaprevir ? ritonavir ± dasabuvir and ±

ribavirin is recommended as an option for genotype 1 and 4

patients [15].

Daclatasvir (brand name Daklinza�) is an inhibitor of

non-structural protein 5A which is an essential component

in HCV replication. It is licensed for use in combination

with other medicinal products for the treatment of chronic

HCV infection in adults. The product licence recommends

daclatasvir in combination with other treatments including

sofosbuvir, ribavirin and peginterferon-a in patients with

genotypes 1, 3 and 4 [16]. The marketing authorisation was

updated during the course of the appraisal. This resulted in

the treatment duration shortening from 24 to 12 weeks for

non-cirrhotic treatment-experienced genotype 3 patients.

The NICE appraisal scope requested clinical and cost-

effectiveness evidence for daclatasvir in combination with

other medicinal products within its licensed indication for

treating chronic HCV, compared with PR, telaprevir ? PR,

boceprevir ? PR, sofosbuvir ? ribavirin or PR, simepre-

vir ? PR, simeprevir ? sofosbuvir ± ribavirin, and best

supportive care (watchful waiting). The scope specified a

number of subgroups for consideration: HCV genotype, co-

infection with HIV, presence of cirrhosis, liver transplan-

tation, response to prior treatment and eligibility for

interferon.

The manufacturer considered patients with HCV geno-

types 1, 3 and 4 who were treatment naı̈ve, treatment

experienced or interferon ineligible or intolerant, had liver

fibrosis at METAVIR stages F0–F4, F0–F2, F3–F4 (non-

cirrhotic) and those with compensated cirrhosis. The

manufacturer submission focussed primarily on patients

with METAVIR F3–F4 (non-cirrhotic) and on the patients

with compensated cirrhosis.

3 The Independent Evidence Review Group
(ERG) Review

The company provided a submission to NICE on the use of

daclatasvir for the treatment of chronic HCV. The ERG

critically reviewed the evidence presented in the com-

pany’s submission by assessing (1) whether the submission

conformed to NICE methodological guidelines; (2) whe-

ther the manufacturer’s interpretation and analysis of the

evidence were appropriate; and (3) the presence of other

evidence or alternative interpretations of the evidence. In

addition, the ERG identified areas requiring clarification,

for which the manufacturer provided additional evidence

[2].

3.1 Clinical Evidence

3.1.1 Summary of the Clinical Evidence

The company’s submission on clinical effectiveness con-

tained four reviews: a review to identify studies of dacla-

tasvir and three other reviews focused on estimating the

comparative effectiveness of daclatasvir-based treatment

and a range of alternative treatments (a benchmarking

review, a matching adjusted indirect comparison and an

unadjusted indirect comparison). Standard methods of

assessing comparative effectiveness such as meta-analysis,

indirect comparison and network meta-analysis were not

feasible due to a lack of randomised controlled trial evi-

dence comparing daclatasvir ? sofosbuvir with other

interventions, and a lack of randomised controlled trial

evidence for many of the comparator treatments.

Review of studies of daclatasvir The manufacturer’s

systematic review of daclatasvir studies included four

studies examining the efficacy of daclatasvir in treating

chronic HCV. AI444-040 [17] compared different treat-

ment regimens of daclatasvir ? sofosbuvir (± ribavirin);

ALLY-3 [18] evaluated daclatasvir ? sofosbuvir; and

AI444-042 [19] and AI444-010 [20] compared dacla-

tasvir ? PR versus placebo ? PR. All studies addressed

NICE’s final scope. In addition, an ongoing long-term

study was identified following up patients who had

received daclatasvir with PR or with sofosbuvir (AI444-

046) [21]. The five studies are listed in Table 1.

Sustained virologic response (SVR) was the primary

outcome in all trials. Tables 2 and 3 summarise the

daclatasvir SVR results presented in the submission, for the

whole trial populations and for patients with METAVIR

F4/compensated cirrhosis, and shows generally high SVR

Daclatasvir for the Treatment of Chronic Hepatitis C 983



rates across genotypes 1, 3 and 4, including in patients with

previous treatment experience, although there was no

efficacy data available for a number of subpopulations.

Overall, there were few serious adverse events associ-

ated with interferon-free daclatasvir regimens. Rates

appeared comparable to placebo ? PR in the two trials that

evaluated daclatasvir ? PR. Serious adverse event rates

associated with daclatasvir were low, and there was no

evidence that daclatasvir use led to any increase in

mortality.

Benchmarking review This consisted of a review and

synthesis of studies of PR in HCV genotypes 1–4 and

telaprevir with PR and boceprevir with PR in HCV geno-

type 1 to identify the expected SVR at 24 weeks follow-up

(SVR24) for these treatments and to identify a ‘benchmark’

SVR24 rate at which daclatasvir could reasonably be

considered non-inferior to or superior to these treatments.

These benchmark SVR rates were compared with the

observed response with daclatasvir in trial AI444-040 [17],

to determine whether daclatasvir is superior or not inferior

to the other treatments.

This analysis found that daclatasvir ? sofosbuvir was

superior to telaprevir ? PR, boceprevir ? PR and PR

alone in genotype 1 patients. Daclatasvir with sofosbuvir

Table 1 Daclatasvir studies included in the original submission

Study Regimen,

DCV duration

Control group Design Patient population Confirmed

cirrhosis

(%)

AI444-040 [17] DCV ? SOF (±RBV)

12–24 weeks

None Uncontrolled, randomised, open-

label, phase II outpatient study

TN GT 1, 2 or 3;

TE genotype 1

0

ALLY-3 [18] DCV ? SOF

12 weeks

None Uncontrolled, open-label, parallel

arm, phase III study

TN and TE GT 3 21

AI444-042 [19] DCV ? PR

24 weeks

Placebo ? PR Randomised, double-blind, phase

IIb study

TN GT 4 10

AI444-010 [20] DCV ? PR

12–24 weeks

Placebo ? PR Randomised, double-blind, phase

IIb study

TN GT 1 or 4 7

AI444-046 [21] DCV ? PR;

DCV ? SOF ± PR;

12–24 weeksa; others

None Long-term observational follow-up

study (ongoing)

TE GT 1, 2, 3 or 4 7

DCV daclatasvir, GT genotype, PR pegylated interferon-a and ribavirin, RBV ribavirin, SOF sofosbuvir, TE treatment experienced, TN treatment

naı̈ve
a Where reported

Table 2 Summary of sustained

virologic response at follow-up

week 12: daclatasvir trials in

patients with or without

cirrhosis

Treatment naı̈ve Treatment experienced Data source

Genotype 1

DCV ? SOF (12–24 weeks) 100 % (70/70) 100 % (21/21) AI444-040 [17]

DCV ? SOF ? RBV (12–24 weeks) 98 % (55/56) 100 % (20/20) AI444-040 [17]

DCV ? PR (12 weeks) 60 % (88/146) No data AI444-010 [20]

PR ? placebo (12 weeks) 36 % (26/72) No data AI444-010 [20]

Genotype 3

DCV ? SOF ? RBV (24 weeks) 100 % (5/5) No data AI444-040 [17]

DCV ? SOF (24 weeks) 85 % (11/13) No data AI444-040 [17]

DCV ? SOF (12 weeks) 90 % (91/101) 86 % (44/51) ALLY-3 [18]

Genotype 4

DCV ? SOF No data No data

DCV ? PR (24 weeks) 82 % (67/82) No data AI444-042 [19]

DCV ? PR (12 weeks) 100 % (12/12) No data AI444-010 [20]

PR ? placebo (24 weeks) 43 % (18/42) No data AI444-042 [19]

PR ? placebo (12 weeks) 50 % (3/6) No data AI444-010 [20]

DCV daclatasvir, PR pegylated interferon-a and ribavirin, RBV ribavirin, SOF sofosbuvir
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was not found to be superior to PR in genotype 3 patients,

but data in genotype 3 was limited. This evidence was not

used by the manufacturer when summarising the clinical

effectiveness of daclatasvir.

Matched adjusted indirect comparison (MAIC) review

This analysis consisted of a review of all studies of

telaprevir, boceprevir, sofosbuvir or simeprevir, all com-

bined with PR or ribavirin, or PR alone, to identify the

expected SVR24 or SVR12 response for these treatments.

Results were presented separately for patients with signif-

icant fibrosis (F3–F4 non-cirrhotic), compensated cirrhosis,

and the overall population (F0–F4). This was compared

with the observed response to daclatasvir ? sofosbuvir

(±ribavirin) in trials AI444-040 [17] and ALLY-3 [18],

adjusted to match the characteristics of patients in the other

trials. Incidence of adverse events and treatment discon-

tinuations were also compared.

The MAIC analysis found that SVR rates were higher

for daclatasvir (combined with sofosbuvir ± ribavirin)

than for other treatment combinations that used sofosbuvir,

telaprevir or boceprevir in genotype 1 patients. In genotype

3 patients, daclatasvir ? sofosbuvir had higher SVR rates

than PR alone, but no statistically significant difference in

rates was found when daclatasvir ? sofosbuvir was com-

pared with sofosbuvir ? ribavirin.

Adverse events rates were generally similar to or lower

with the interferon-free daclatasvir regimen than in the

interferon-containing regimens. The MAIC analysis

informed the manufacturer’s clinical effectiveness review

and economic analyses.

Unadjusted trial comparisons A review of ‘best avail-

able evidence’ identified trials of relevant comparator

combinations including sofosbuvir, simeprevir, telaprevir,

boceprevir and PR. The SVR rates for the selected trials

were reported according to patient genotype, treatment

history and eligibility and baseline fibrosis severity. SVR

results were presented in tables, side by side with dacla-

tasvir trial results, with no formal conclusions made on the

relative effectiveness of different treatments. Most results

were not based on randomised trial evidence or matched

adjusted indirect comparisons and instead represented

absolute SVR rates in individual trial arms. These

tables were used to inform the review of clinical evidence

and the economic analyses.

3.1.2 Critique of the Clinical Evidence

Review of studies of daclatasvir The company’s submitted

evidence on clinical effectiveness broadly addressed

NICE’s final scope. The review of daclatasvir trials was of

reasonable quality and appeared to have included all rele-

vant trials. Baseline demographics of recruited patients

were broadly comparable to the demographics of patients

with chronic hepatitis that may be offered treatment in the

UK, although difficult-to-treat populations such as patients

with HIV, post-liver transplant, and patients with current or

recent substance abuse were excluded.

The clinical evidence had a number of limitations. The

two studies that evaluated daclatasvir ? sofosbuvir did not

have a control group. Despite the objective endpoints

Table 3 Summary of sustained

virologic response at follow-up

week 12 in patients with

compensated cirrhosis or

METAVIR F4: daclatasvir trials

Treatment naı̈ve Treatment experienced Data source

Genotype 1

DCV ? SOF (12–24 weeks) 100 % (9/9)a 100 % (2/2)a AI444-040 [17]

DCV ? SOF ? RBV (12–24 weeks) 100 % (7/7)a 100 % (6/6)a AI444-040 [17]

DCV ? PR (12–24 weeks) 63 % (5/8) No data AI444-010 [20]

PR ? placebo (12 weeks) 38 % (3/8) No data AI444-010 [20]

Genotype 3

DCV ? SOF ? RBV (24 weeks) No data No data AI444-040 [17]

DCV ? SOF (24 weeks) 100 % (2/2)a No data AI444-040 [17]

DCV ? SOF (12 weeks) 58 % (11/19)b 69 % (9/13)b ALLY-3 [18]

Genotype 4

DCV ? SOF No data No data

DCV ? PR (24 weeks) 78 % (7/9)b No data AI444-042 [19]

DCV ? PR (12–24 weeks) No data No data AI444-010 [20]

PR ? placebo (24 weeks) 25 % (1/4) No data AI444-042 [19]

PR ? placebo (12 weeks) No data No data AI444-010 [20]

DCV daclatasvir, PR pegylated interferon-a and ribavirin, RBV ribavirin, SOF sofosbuvir
a Patients with METAVIR F4 but no confirmed cirrhosis
b Patients with compensated cirrhosis
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employed in the trials, the lack of a control group meant

that the true efficacy of daclatasvir ? sofosbuvir relative to

alternative treatments was uncertain. For key subpopula-

tions such as patients with compensated cirrhosis and those

who had previously received treatment, data were all based

on small subgroups and the efficacy of daclatasvir in these

important patient subgroups was therefore highly uncer-

tain. Finally, evidence was unavailable for daclatasvir in

several patient subgroups in which daclatasvir was

licensed, including daclatasvir ? sofosbuvir 12 weeks in

genotype 1 treatment-experienced patients, genotype 3

treatment-experienced cirrhotic patients receiving

24 weeks of treatment, genotype 4 patients, interferon

ineligible or intolerant patients across genotypes and

daclatasvir ? PR in genotype 4 treatment-experienced

patients.

Benchmarking review The searches for and the selection

of studies included in the benchmarking analysis were

considered generally acceptable, and the analysis approach

was considered to be reasonable. The ERG considered the

results of this analysis to be reasonably reliable.

Matched adjusted indirect comparison (MAIC) review

The MAIC analyses were not based on randomised evi-

dence as the two daclatasvir trials AI444-040 [17] and

ALLY-3 [18] had no placebo or other comparator arm, and

placebo arms from the trials of other treatments were not

included in the analysis. Although the MAIC method aims

to adjust results to account for possible differences between

trials, the adjustment may be flawed if important unob-

served characteristics were not accounted for.

The MAIC analyses results for genotype 1 patients were

strongly dependent on the fact that AI444-040 [17]

achieved a near perfect SVR12 success rate, and any

adjustments to SVR rate were dependent on the charac-

teristics of the one patient who did not achieve SVR. Data

on patients with genotype 3 were limited. The ERG

therefore considers the MAIC analysis to be unreliable and

should be treated as if it were an unadjusted comparison of

results from different trials, with substantial potential for

bias or misleading conclusions.

Unadjusted trial comparisons Due to limited reporting

of methods, and despite clarifications from the manufac-

turer, it was not clear whether the review of studies

informing the ‘best available evidence’ efficacy tables was

either systematic or comprehensive. It is therefore unclear

whether the trials included were all the relevant trials of

HCV treatments, or whether those included were repre-

sentative of likely effects of the treatments. However, the

ERG found no evidence to suggest that significant trials

had been omitted.

Most results presented in the ‘best available evidence’

efficacy tables were not based on formal comparisons such

as head-to-head or adjusted indirect comparisons. There-

fore, most comparisons are observational and have signif-

icant limitations. In addition, there were concerns about the

appropriateness and consistency of assumptions made to

address missing data (such as assuming equivalence across

genotypes, disease severity and treatment experience sta-

tus). The ERG concluded that the limited evidence (par-

ticularly for patients with compensated cirrhosis) means

that it was largely unclear whether the results for other

treatments were comparable with those presented for

daclatasvir-based regimens.

3.2 Cost-Effectiveness Evidence

3.2.1 Summary of Cost-Effectiveness Evidence

The company developed a new decision analytic model to

compare daclatasvir-containing regimens, daclatasvir ? so-

fosbuvir ± ribavirin, and daclatasvir ? PR, with the com-

parators defined in the NICE scope: PR, telaprevir ? PR,

boceprevir ? PR, simeprevir ? PR, sofosbuvir ? PR,

sofosbuvir ? ribavirin, simeprevir ? sofosbuvir and best

supportive care (considered by the manufacturer as equivalent

to no treatment).

The model predicted the NHS costs and the quality-ad-

justed life-years (QALYs) over the patients’ lifetime for each

treatment option. It consisted of a decision tree combined

with a Markov model. The decision tree modelled the

effectiveness and costs for the first year of the model, during

which treatment occurs. The Markov model simulated the

natural history of the disease over the patients’ lifetime. In

the model, SVR improved health-related quality of life

(HRQoL) and halted disease progression. The SVR rates of

daclatasvir ? sofosbuvir ± ribavirin and daclatasvir ? PR

were obtained from subgroups of the individual trial arms of

AI444-040 [17], AI444-042 [19] and ALLY-3 [18]. SVR

rates were obtained from the unadjusted trial comparison of

individual trial arms described above.

The company submission presented deterministic results

for a total of 27 subpopulations. Daclatasvir-containing

regimens were cost effective under the £20,000–£30,000

per QALY gained threshold in the F3–F4 non-cirrhotic and

compensated cirrhotic subpopulations as presented in

Table 4.

The cost-effectiveness drivers were SVR rates, drug

prices and treatment duration. SVR was associated with a

halt in disease progression, greater HRQoL and zero costs

in the long term. Treatment duration was a key determinant

of total drug acquisition costs, which was the largest driver

of incremental lifetime costs. Hence, treatments with

greater SVR rates and lower treatment durations had more

favourable cost-effectiveness profiles.
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3.2.2 Critique of Cost-Effectiveness Evidence Submitted

The manufacturers’ cost-effectiveness analysis generally

followed the NICE reference case and the NICE scope, and

the development of a de novo cost-effectiveness model was

found to be appropriate and necessary for this appraisal.

The model had an appropriate structure and captured most

relevant health outcomes.

The manufacturer presented results stratified by disease

severity as well as an analysis in the entire population (F0–

F4). The analysis in the entire patient population was

considered uninformative given the heterogeneity across

METAVIR fibrosis states in SVR rates, the natural history

of the disease, and the licensed treatment options. The

remainder of this section therefore focuses on the analysis

stratified by disease severity.

The ERG considered the cost-effectiveness submission

to have a number of limitations. The three key issues relate

to the subgroup analysis of the F0–F2 subgroup, the

exclusion of relevant comparators and the clinical effec-

tiveness (SVR) data used in the model.

The F0–F2 analysis presented by the manufacturer was

limited to a subset of selected pairwise comparisons, was not

informed by SVR data specific to the F0–F2 population and

did not include a watchful waiting strategy (i.e. a ‘no treat-

ment’ option until a patient reaches F3 or F4). The ERG

therefore considers that insufficient evidence was presented

for the F0–F2 subpopulations and the methods and results for

these subgroups were not explored further by the ERG.

The ERG identified a number of concerns with the

analyses presented for the F3/F4 (non-cirrhotic) and com-

pensated cirrhosis populations. The manufacturer excluded

Table 4 Cost-effectiveness results

Severity HCV

genotype

Treatment

history

Manufacturer’s ICER ERG’s ICERa

DCV ? SOF over 12 weeks

F3–F4 non-cirrhotic 1 Naı̈ve 25,454 vs SOF ? PR 19,739 vs SOF ? PR

Experienced 4587 vs no treatment 15,687 vs SOF ? PR

IFN ineligible 4587 vs no treatment 5906 vs no treatment

3 Naı̈ve Extended dominated by

no treatment and SOF ? RBV

254,711 vs PR

Experienced Dominated by SOF ? PR Dominated by SOF ? PR

IFN ineligible 7523 vs no treatment 9607 vs no treatment

4 Naı̈ve 868,019 vs SOF ? PR 36,203 vs SMV ? PR

Experienced 3750 vs no treatment 5906 vs no treatment

IFN ineligible 3750 vs no treatment 5906 vs no treatment

DCV ? SOF with or without RBV over 24 weeks

Cirrhosis 1 Naı̈ve 61,484 vs SOF ? PR 118,636 vs SOF ? PR

Experienced 12,443 vs no treatment 105,972 vs SOF ? PR

IFN ineligible 151,547 vs SMV ? SOF 311,193 vs SMV ? SOF

3 Naı̈ve 89,126 vs SOF ? RBV 139,045 vs SOF ? PR

Experienced 72,662 vs SOF ? PR 143,489 vs SOF ? PR

IFN ineligible 11,781 vs no treatment 172,219 vs SOF ? RBV

4 Naı̈ve 80,548 vs SMV ? PR 150,076 vs SMV ? PR

Experienced 41,522 vs DCV ? PR 73,768 vs DCV ? PR

IFN ineligible 12,443 vs no treatment 190,379 vs SMV ? SOF

DCV over 24 weeks with PR over 24–48 weeks

F3–F4 non-cirrhotic 4 Naı̈ve Dominated by SOF ? PR Dominated by SMV ? PR

Experienced Extendedly dominated by

no treatment and DCV ? SOF

Extendedly dominated by no

treatment and DCV ? SOF

Cirrhosis Naı̈ve Dominated by SMV ? PR Dominated by SMV ? PR

Experienced 3481 vs PR 52,459 vs SOF ? PR

DCV daclatasvir, ERG Evidence Review Group, HCV hepatitis C virus, ICER incremental cost-effectiveness ratio, IFN interferon, PR pegylated

interferon-a and ribavirin, RBV ribavirin, SMV simeprevir, SOF sofosbuvir
a F3–F4 non-cirrhotic subpopulation assumed as F3 patients, compensated cirrhotic subpopulation assumed as patients with METAVIR stage F4
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important comparators. Sofosbuvir ? PR and simepre-

vir ? sofosbuvir were omitted from a number of analyses

on the basis of a lack of data on effectiveness. While this is

reasonable given the available evidence during the period

in which the manufacturer developed its submission, for

some subpopulations these comparators were recom-

mended by NICE during the course of the appraisal pro-

cess. ‘Best supportive care (watchful waiting)’ was

interpreted as no treatment. In reality, watchful waiting

amongst less severe patients is likely to involve a period of

observation followed by treatment if patients reach more

severe disease stages. This treatment strategy was not

included as a comparator. In treatment-naı̈ve patients, the

possibility of further treatment following initial treatment

failure was not considered.

Efficacy data used in the model were at high risk of bias

and were highly uncertain as they were not based on ran-

domised or adjusted comparisons. Where data were not

available for specific comparators in specific subpopula-

tions, they were extrapolated from populations with dif-

ferent disease severities, treatment histories and genotypes.

Other limitations were: (1) the failure to explore the

impact of prior treatment response within the treatment-ex-

perienced subgroup, as suggested in the NICE scope; (2) the

modelling of the experience of cirrhosis patients with SVR,

who were assumed to experience a greater improvement in

HRQoL due to SVR than less severe patients, and no further

disease progression or HCV-related costs (however, evi-

dence suggests that patients with SVR experience disease

progression, albeit at a much lower rate than patients without

SVR, and there is no evidence that achievement of SVR

offers greater HRQoL benefits in more severe patients [22]);

and (iii) the progression rates used in the model, which may

not reflect the natural history of patients in the UK.

3.2.3 ERG’s Additional Analyses

The ERG conducted a number of changes to the manu-

facturer’s model that, together with some minor corrections

to the implementation of the model, constitutes the ERG’s

base case. The ERG’s changes included:

• the inclusion of all relevant comparators and exclusion

of the treatment regimens not recommended by NICE;

• alternative SVR estimates for specific subgroups and

treatment combinations;

• using alternative progression rates for genotype 4 patients;

• allowing cirrhotic patients with SVR to progress to

decompensated cirrhosis or hepatocellular cancer;

• assigning a reduced improvement in HRQoL to

cirrhotic patients with SVR;

• assigning lifetime monitoring costs for cirrhotic

patients with SVR.

Table 4 also shows the results of the ERG’s base case.

Daclatasvir-containing regimens were cost-effective under

the £20,000-£30,000 per QALY gained threshold in the

following F3 populations: genotype 1 treatment naı̈ve,

treatment experienced and interferon ineligible or intoler-

ant; genotype 3 interferon ineligible or intolerant; genotype

4 treatment experienced or interferon ineligible or intol-

erant. In F4 (cirrhotic) patients, daclatasvir-containing

regimens are not cost-effective in any of the subpopula-

tions. The difference in results between the manufacturer’s

and the ERG’s base case was driven by the addition of

relevant comparators and removal of comparators not

recommended by NICE, and by the use of alternative SVR

estimates. The results were sensitive to changes in SVR

rates, changes to treatment durations as permitted by the

licences for daclatasvir and comparators, and inclusion of

slower rates of progression to cirrhosis. The cost effec-

tiveness of daclatasvir ? sofosbuvir in genotype 1 treat-

ment-naı̈ve F3 patients was found to be dependent on the

comparators included in the analysis. In an analysis con-

ducted by the ERG, comparators comprising treatment

sequences were included. The treatment sequences reflec-

ted the reality that patients can be trialled on a cheaper, less

effective regimen followed by a more expensive treatment

for those who failed to achieve SVR. This analysis sug-

gested that it may be cost effective to offer PR as first-line

treatment and reserve daclatasvir ? sofosbuvir for those

who fail first-line treatment.

3.3 Conclusions of the ERG Review

The ERG concluded that in genotype 1 treatment-naı̈ve

patients, the evidence suggests that daclatasvir (?sofosbu-

vir, ±ribavirin) has higher SVR rates than PR, telapre-

vir ? PR, boceprevir ? PR, and possibly simeprevir ? PR

and sofosbuvir ? PR, although this conclusion should be

treated with caution due to potential for bias. However, it is

reasonable to conclude that daclatasvir ? sofosbu-

vir ± ribavirin is unlikely to be inferior to other treatments

in genotype 1 patients. Evidence was too limited in a number

of subpopulations, including patients with compensated

cirrhosis, previous treatment experience and in those of

genotypes 3 and 4, so the ERG does not think any conclu-

sions can be safely made on the relative efficacy of dacla-

tasvir and other treatments in these patients.

Daclatasvir ? sofosbuvir was cost effective only in some

F3 subgroups: those infected with genotype 1, those infected

with genotype 3 interferon ineligible or intolerant, and those

infected with genotype 4 who are treatment experienced or

interferon ineligible or intolerant. Daclatasvir was not cost

effective in combination with PR either in any subgroups or in

combination with sofosbuvir in cirrhotic patients. Reserving
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daclatasvir ? sofosbuvir as second-line treatment after fail-

ure with PR may be a more cost-effective option in genotype 1

treatment-naı̈ve patients.

The main sources of uncertainty regarding the clinical

effectiveness evidence for daclatasvir included (1) the lack

of a control group in the two studies evaluating

daclatasvir ? sofosbuvir; (2) the lack of randomised or

controlled comparisons between daclatasvir and relevant

comparators; and (3) the limited data for SVR12–24 results

in patients with compensated cirrhosis or with prior treat-

ment experience, which were all based on small subgroups.

The main areas of uncertainty for the cost-effectiveness

assessment were the effectiveness of daclatasvir and

comparator treatments and their treatment durations. The

uncertainty in SVR rates arose as data were obtained from

individual trial arms and were therefore subject to bias if

these trials were not comparable in all factors that affect

outcomes. Treatment duration was uncertain as the mar-

keting authorisations for daclatasvir and comparator drugs

allow for changes in treatment duration depending on the

patient’s characteristics. These two issues made the cost

effectiveness of daclatasvir uncertain for some subgroups.

3.4 Company’s Additional Evidence

The company submitted evidence from five worldwide

compassionate use and early-access programmes on people

with cirrhosis and decompensated cirrhosis. The five

cohort studies submitted were (A) French compassionate

use programme (CUP); (B) NHS England early access

programme (EAP); (C) EU CUP; (D) ANRS CO22

HEPATHER cohort (France); and (E) HCV-TARGET

cohort.

Cohorts A, B, C and D reported SVR12 data on

daclatasvir ? sofosbuvir and daclatasvir ? sofosbu-

vir ? ribavirin and included patients who had generally

more severe liver disease than in the original manufac-

turer’s submission, including patients with decompensated

cirrhosis. Cohort B also included patients treated with

ledipasvir ? sofosbuvir. Cohort D included patients who

received a range of sofosbuvir-based treatments, including

combinations with simeprevir. Cohort E did not use

daclatasvir, but reported on other sofosbuvir-based treat-

ments. SVR results from cohorts evaluating daclatasvir

were reported by genotype and are presented in Table 5.

Results from cohort A were commercial in confidence and

therefore could not be reported.

The company presented an additional cost-effectiveness

analysis in people with cirrhosis and HCV genotype 3 who

are interferon ineligible. This analysis differed from the

manufacturer base case in as it used SVR rates from the

French CUP programme and dropped one comparator (so-

fosbuvir ? ribavirin). Daclatasvir ? sofosbuvir was shown T
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to be cost effective, with an incremental cost-effectiveness

ratio (ICER) of £14,037 per QALY gained. The manufac-

turer also submitted cost-effectiveness evidence for patients

with decompensated cirrhosis using data from NHS England

EAP and HCV-TARGET and their decision model.

3.4.1 ERG’s Critique of the Additional Evidence

The data from the new cohort studies are broadly consistent

with the trials in the original submission, but provided

additional supporting evidence, particularly for patients of

genotype 3. The new data suggested that daclatasvir-based

regimens were highly effective for treating HCV infection,

and that daclatasvir ? sofosbuvir (±ribavirin) may be

slightly less effective in genotype 3 than genotype 1. The

UK EAP data suggests that daclatasvir-based treatment

may also be effective in patients with decompensated cir-

rhosis, but SVR rates may be lower than for compensated

cirrhosis. The ERG concluded that even with these addi-

tional cohorts, the numbers of patients across studies

remains limited for specific subgroups, so it is not possible

to draw firm conclusions about differences across geno-

types or other subgroups of patients. The lack of formal

comparative trials in the original evidence base or this

additional evidence means any comparisons between dif-

ferent treatments may not be reliable.

The additional cost-effectiveness evidence submitted on

the use of daclatasvir ? sofosbuvir ± ribavirin in patients

with HCV genotype 3 with cirrhosis who are ineligible for

interferon was considered to be biased. The analysis

compared daclatasvir ? sofosbuvir ± ribavirin with no

treatment, although sofosbuvir ? ribavirin is licensed for

this subgroup and has been recommended by NICE [23].

The ERG considered the cost-effectiveness analyses on

the decompensated cirrhosis subgroups to be unreliable.

The model structure did not allow for patients with

decompensated cirrhosis to be treated. Hence, the company

modelled treatment as occurring in the cirrhotic health

state. The model did not therefore reflect the different

prognosis of patients with decompensated cirrhosis. Fur-

thermore, the use of daclatasvir in patients with decom-

pensated cirrhosis was not considered in the original

submission nor is daclatasvir explicitly recommended for

this group in its product licence. For these reasons, the

ERG concluded that the company did not make an ade-

quate case to consider daclatasvir in this subgroup.

4 Consideration of All Available Evidence

The NICE Appraisal Committee reviewed the evidence on

the clinical and cost effectiveness of daclatasvir and the

value placed on the benefits and harms of daclatasvir by

patients, those who represent them and clinical specialists. It

also took into account the effective use of NHS resources.

4.1 Preliminary Guidance

The Committee recommended daclatasvir ? sofosbuvir

(12 weeks duration) as an option for treating chronic HCV

in adults with genotypes 1 or 4, in patients who are treat-

ment experienced or interferon ineligible/intolerant and

have significant fibrosis (METAVIR fibrosis stage F3–F4)

but no cirrhosis [24]. These recommendations aligned with

the ERG base-case cost-effectiveness analysis, except for

genotype 1 treatment-naı̈ve F3 and genotype 3 interferon-

ineligible F3 populations. Although the ERG base-case

analysis found daclatasvir ? sofosbuvir to be cost effective

in these subpopulations, the Committee concluded that the

ICERs were not sufficiently robust to plausible changes in

SVR rates.

4.2 Manufacturer’s Response to the Appraisal

Consultation Document (ACD) Consultation

The manufacturer submitted a response to the consultation,

which included additional cost-effectiveness analyses on

genotype 3 patients and changes to the originally submitted

model. The model was revised to incorporate nationally

available price discounts for daclatasvir, and to use alter-

native SVR data for sofosbuvir ? ribavirin in genotype 3

interferon-ineligible or -intolerant cirrhotic patients. As the

revised marketing authorisation for daclatasvir had been

granted by this point, a 12-week treatment duration for

daclatasvir ? sofosbuvir was used in all non-cirrhotic

genotype 3 subgroups.

4.3 ERG Critique of the Response Submitted

by the Manufacturer in Response to the ACD

Consultation

The ERG raised concerns with the use of nationally agreed

price discounts for daclatasvir but not for other compara-

tors which are known to have similar agreements with the

Department of Health.

The ERG considered the alternative SVR sources for

sofosbuvir ? ribavirin provided by the manufacturer to be

clinically plausible. The ERG conducted a threshold anal-

ysis to estimate the difference in SVR between

daclatasvir ? sofosbuvir and sofosbuvir ? ribavirin

required for daclatasvir ? sofosbuvir to be cost effective at

£20,000 and £30,000 per QALY in patients with genotype

3 who are F4 (cirrhotic) and interferon ineligible or intol-

erant, and found that using the revised cost for daclatasvir,

daclatasvir ? sofosbuvir was likely to be cost effective in

this population (though not at the list price).
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5 NICE Guidance

Following the consultation on the preliminary guidance,

the NICE Appraisal Committee released the following final

guidance to the NHS (TA364) on 25 November 2015 [2]:

‘‘Daclatasvir is recommended as an option for treat-

ing chronic HCV in adults, as specified in Table 1,

only if the company provides daclatasvir at the same

price or lower than that agreed with the Commercial

Medicines Unit.’’

Further details of the guidance and appraisal commit-

tee’s consideration of the evidence is available on the

NICE website [2].

6 Interpretation of the Guidance

This single technology appraisal highlights some important

challenges faced by NICE in appraising drugs in the

rapidly evolving hepatitis C treatment landscape. The new

drugs for hepatitis C entered the market in quick succes-

sion: simeprevir, sofosbuvir, ledipasvir ? sofosbuvir,

daclatasvir, and ombitasvir ? paritaprevir ? riton-

avir ± dasabuvir were all granted marketing authorisation

in 2014–15. NICE appraised the new drugs under the STA

process and compared each drug with the treatments

available in the NHS at the time of scoping. As a result,

treatments appraised concurrently with daclatasvir (e.g.

ledipasvir ? sofosbuvir) were not directly compared with

daclatasvir. Further relevant comparators may also not

have been included. These include using the new drugs as

second-line treatment following treatment failure with PR,

and watchful waiting at milder disease stages followed by

treatment upon progression. Process improvements to

facilitate inclusion of all potentially relevant comparators

should be considered to minimise the risks of comparing

only a subset of treatment options.

The clinical data supporting the marketing authorisation

for daclatasvir was highly uncertain. Naı̈ve comparisons of

single-arm studies are at high risk of bias since patient

characteristics that affect prognosis may not be evenly

balanced [25]. Methods to adjust the cohorts for differences

in prognostic characteristics have been suggested [26].

However, these methods have not been widely applied or

evaluated and within this appraisal were found to be sub-

ject to significant limitations, particularly when sample

sizes were small. This uncertainty means that treatments

that appear cost effective under the current evidence may

not be cost effective as new evidence emerges. Rigorous

validation and further guidance regarding the use and

appraisal of statistical methods to account for biases arising

from comparisons of single trial arms and to reflect the

additional uncertainty arising from such comparisons are

required [26].

The new drugs for hepatitis C have the potential to

impose a large upfront demand on NHS resources. The

patient population in the UK has been estimated at 214,000

people, although only 5000 or less are currently treated per

year [4]. NHS England expressed concerns during this

appraisal that up to 20,000 people per year could access

hepatitis C treatment, and argued this would not be

affordable given the NHS budget [27]. An increase in

demand for hepatitis C treatment may cause the displace-

ment of higher value treatments than implied by the NICE

cost-effectiveness threshold. If these displaced interven-

tions offer more health benefits than the new treatments for

hepatitis C, uptake of the new treatments may result in a

net loss of health NHS-wide. In the case of daclatasvir, the

NICE Appraisal Committee concluded that these scenarios

were unlikely and that the financial impact of the new

drugs could be adequately managed by the existing

mechanisms, such as tendering and the 2014 Pharmaceu-

tical Price Regulation Scheme [27]. However, it has been

argued that lower cost-effectiveness thresholds or alterna-

tive financing mechanisms may be relevant for drugs with

large short-term budget impacts, although there are ethical

implications on whether it is acceptable to discriminate

against high-prevalence conditions [28]. The implementa-

tion of the new hepatitis C drugs may provide some insight

on how best to manage a large and uncertain financial

burden within the NICE process and UK NHS.
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