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SUMMARY. Recent advances in the treatment of hepatitis C

virus (HCV) infection have led to the availability of both

highly efficacious interferon-containing and interferon-

sparing regimens. However, the use of such therapies faces

restrictions due to high costs. For patients who are medi-

cally eligible to receive interferon, the choice between the

two will likely be impacted by preferences surrounding

interferon, severity of disease, coverage policies and out-of-

pocket costs. We developed a decision model to quantify

the trade-offs between immediate, interferon-containing

therapy and delayed, interferon-free therapy for patients

with chronic, genotype 1 HCV infection. We projected the

quality-adjusted life expectancy stratified by the presence

or absence of cirrhosis for four strategies: (i) no treatment;

(ii) immediate, one-time treatment with an interferon-con-

taining regimen; (iii) immediate treatment as above with

the opportunity for retreatment in patients who fail to

achieve sustained virologic response with interferon-free

therapy in 1 year; and (iv) delayed therapy with inter-

feron-free therapy in 1 year. When compared to one-time

immediate treatment with the interferon-containing regi-

men, delayed treatment with the interferon-free regimen in

1 year resulted in longer life expectancy, with a 0.2 qual-

ity-adjusted life year (QALY) increase in noncirrhotic

patients, and a 1.1 QALY increase in patients with cirrho-

sis. This superiority in health benefits was lost when wait

time for interferon-free therapy was greater than

3–3.2 years. In this modelling analysis, interferon-free

therapy resulted in superior health benefits compared to

immediate therapy with interferon until wait time exceeded

3–3.2 years. Such data can inform decision-making

regarding treatment initiation for HCV as healthcare

financing evolves.

Keywords: decision analysis, HCV, interferon sparing,

treatment timing.

Hepatitis C virus (HCV) has a high burden of disease glob-

ally, where more than 185 million persons are estimated

to be living with chronic infection [1]. Over time HCV

causes cirrhosis in approximately 40% of individuals due

to progressive liver fibrosis, a clinical condition that confers

increased risk of hepatocellular cancer, variceal bleeding,

hepatic failure and other complications of advanced liver

disease [2]. Liver-related morbidity and mortality is pro-

jected to increase substantially in the coming years, with

an estimated 1.76 million persons with HCV developing

cirrhosis and more than 1 million persons dying of liver

disease by 2060 in the United States alone [3,4].

While the development of new, oral direct-acting antivi-

ral medications (DAAs) has revolutionized the landscape of

hepatitis C therapy, the high price tag has led to increas-

ingly restrictive policies regarding coverage eligibility

reported among various US state Medicaid programmes,

including limiting access to those with advanced liver

fibrosis [5,6]. Internationally, the WHO has endorsed the

use of DAAs, although price negotiations have varied

between countries [1,7]. As a result, many HCV-infected

patients both now, and in the future, will face a decision of

whether they would rather be treated immediately, with a

less costly, interferon-containing regimen, or wait until

such a time that they be considered eligible for an inter-

feron-free treatment.

Abbreviations: DAAs, direct-acting antiviral medications; HCV,

hepatitis C virus; HEP-CE, hepatitis C cost-effectiveness; IFN, inter-

feron; QALY, quality-adjusted life year; SVR, sustained virologic

response.
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Deferring therapy until interferon-free options are acces-

sible, however, is not without risk. Progressive liver disease

as well as the development of hepatocellular cancer may

increase morbidity and mortality in untreated individuals.

Additionally, symptoms of HCV, such as malaise, fatigue

and abdominal pain, might lower quality of life throughout

the time that a patient is forced to wait for interferon-free

therapy. The appropriate choice for any individual – treat

now or wait? – is a complex function of expected mortality,

treatment efficacy and quality of life.

In the light of rapid therapeutic advancement for HCV,

data are needed to inform the decision-making between

providers and patients regarding the health benefits and

risk associated with waiting for interferon-free therapy. We

used decision-analytic modelling to quantify the trade-offs

between immediate, interferon-containing therapy and

delayed, interferon-free therapy for patients with chronic,

genotype 1 hepatitis C virus infection.

METHODS

Analytic overview

We adapted the Hepatitis C Cost-Effectiveness (HEP-CE)

model, a Monte Carlo model to evaluate the clinical impact

of immediate, interferon-containing therapy versus delayed,

interferon-free therapy for individuals with genotype 1 hep-

atitis C virus infection. The HEP-CE model simulates the

natural history, screening, and treatment of hepatitis C dis-

ease and incorporates HCV epidemiology, disease progres-

sion, therapy and non-HCV mortality. [8–11]. We

developed and analysed the model using TreeAge Pro

2012 software (TreeAge Software, Inc., Williamstown, MA,

USA). It is described in greater detail below and shown in

Fig. 1.

We considered four treatment strategies (Fig. 2): (i) no

treatment (for comparison); (ii) immediate, one-time treat-

ment with an interferon (IFN)-containing regimen; (iii)

immediate treatment as above with the opportunity for re-

treatment in patients who fail to achieve sustained viro-

logic response (SVR) with interferon-free therapy in 1 year

(IFN + IFN-free); and (iv) delayed therapy with interferon-

free therapy in 1 year (IFN-free). For each strategy, we

used the model to project the unadjusted life expectancy

and quality-adjusted life expectancy, measured in quality-

adjusted life years (QALYs) for 1 million individually simu-

lated patients with chronic, genotype 1 hepatitis C virus

infection. We discounted QALYs by 3% [12]. We stratified

outcomes by the presence or absence of cirrhosis at the

start of the simulation. In the base case, we based assump-

tions for mean age, treatment efficacy, rates of adverse

events and quality of life on treatment on published litera-

ture. We performed sensitivity analyses around expected

time to interferon-free therapy, age at the start of the

model, disease progression and quality of life with HCV

infection and while on treatment.

HCV disease progression

The model simulates the natural history of treatment-na€ıve

patients with chronic, genotype 1 HCV infection (Fig. 1).

Patients are individually simulated through the model and

progress through three stages of liver disease: mild–moder-

ate fibrosis, cirrhosis and decompensated cirrhosis. The

model uses estimates of the time from HCV infection to cir-

rhosis and of time from cirrhosis to first decompensation

event to stochastically determine the fibrosis stage at simu-

lation start, as well as the rate of fibrosis progression

throughout the simulation [13–15]. As a result, the model

generates variable rates of fibrosis progression, such that

HCV disease progression in individuals without SVR

HCV-infected 
individual

No HCV 
Treatment

HCV 
Treatment

Decompensated 
cirrhosis

Treatment 
failure

SVR

Death

Cirrhosis

Mild-moderate 
fibrosis

Fig. 1 Simplified Model Schema.

Treatment versus no treatment of HCV-

infected individuals is simulated.

Individuals without SVR progress

through the natural history of HCV

infection. Decompensated cirrhosis

represents a composite health state that

includes end-stage liver disease,

hepatocellular cancer and liver

transplant. Death may occur at any

state and may be HCV related or HCV

unrelated. HCV: hepatitis C virus, SVR:

sustained virologic response.
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some individuals progress quickly to cirrhosis, while others

die from nonliver-related mortality without ever becoming

cirrhotic [2]. Each progressive stage of liver disease is asso-

ciated with decreased quality of life. Only when individuals

reach cirrhosis, however, are they at risk of liver-related

mortality, including mortality from hepatocellular cancer.

The risk of liver-related death is higher still when individu-

als reach decompensated cirrhosis.

HCV treatment

In the IFN strategy, patients receive immediate therapy

with an IFN-containing regimen. We based the probability

of SVR, adverse events and treatment discontinuation due

to adverse events for this regimen on a 12-week course of

sofosbuvir 400 mg once daily, peginterferon alfa-2a

180 lg subcutaneously once weekly and weight-based

ribavirin (1000 mg daily in patients <75 kg and 1200 mg

daily in patients ≥75 kg) [16]. In the IFN + IFN-free strat-

egy, patients received immediate therapy with the IFN-con-

taining regimen as above. Those who did not attain SVR

with the first regimen waited 12 months and were then

retreated with the IFN-free regimen of 12 weeks of sof-

osbuvir 400 mg once daily and ledipasvir 90 mg once

daily (Table 1) [17]. Patients with decompensated cirrhosis

are ineligible for treatment.

Benefits of SVR

In noncirrhotic individuals, attainment of SVR results in

cessation of disease progression and returns in quality of

life and mortality risk to that of noninfected HCV indi-

viduals of the same age and sex. For those individuals

with cirrhosis or decompensated cirrhosis at the time of

SVR, the risk of liver-related mortality decreases by 94%

[18].

Quality-adjusted life years

Quality-adjusted life years (QALYs) is an outcome mea-

sure that combines both the quantity and quality of

remaining life. The quantity of life is based on the unad-

justed life expectancy as calculated by the HEP-CE model

and is a function of the natural history of HCV as well as

the treatment strategies examined. The quality of life is a

reflection of an individual’s preference, or utility value, for

a given health state. Utility values are obtained from

HCV-specific instruments and range from zero to one, in

which zero represents death and one represent life with

perfect health. Quality of life is a combination of 3 utility

functions:

1. Utility without HCV infection as related to non-HCV

comorbidities and determined by age and sex,

2. Utility with HCV infection as determined by stage of

liver disease and

3. Utility on treatment based on a HCV regimen [19,20].

To estimate the combined utility for these health states,

their effects on total utility were assumed to be propor-

tional and independent such that these three functions

could be multiplied by each other to yield the utility of

their combined health state [21]. A utility decrement was

also subtracted to individuals who suffered a major toxicity

event due to treatment [22].

Fig. 2 Treatment Strategies. HCV-infected individuals (i) no treatment; (ii) immediate, one-time treatment with an

interferon-containing regimen; (iii) immediate treatment as above with the opportunity for retreatment in patients who fail

to achieve sustained virologic response with interferon-free therapy in 1 year; and (iv) delayed therapy with interferon-free

therapy in 1 year. HCV: hepatitis C virus, IFN: interferon, SVR: sustained virologic response.

© 2015 The Authors Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.

632 Mai T. Pho et al.



Table 1 Selected model inputs

Variable Base case value

Range evaluated in

sensitivity analyses Source(s)

Cohort characteristics

Average age, years (SD) 52 (14.3) 40–80 [17]

Proportion male 0.59 0–1 [17]

Average age at HCV infection (years) 26 Triangular (16,36)* [31]

HCV disease progression

Median years to cirrhosis from age of

infection (10–90%)

25 10–40 [14]

Median years to first liver event after

developing cirrhosis (10–90%)

11 Triangular (6,19)* [13,15]

Liver-related mortality with cirrhosis

(deaths/100 PYs)

1.39 1.0–1.8 [32]

Liver-related mortality with

decompensated cirrhosis (deaths/100 PYs)

12 8–16 [32]

Reduction in liver mortality after SVR, % 94% 81–98 [18]

HCV therapy efficacy

SVR of IFN-containing therapy

No to moderate fibrosis (Metavir F0–F3) 0.92 Beta (252,21)† [16]

Cirrhosis (Metavir F4) 0.80 Beta (43,11)† [16]

SVR of IFN-free therapy

No to moderate fibrosis (Metavir F0–F3) 0.99 Beta (179,1)† [17]

Cirrhosis (Metavir F4) 0.94 Beta (32,2)† [17]

HCV therapy adverse events

IFN-containing regimen

Treatment DC due to AE

No to moderate fibrosis (Metavir F0–F3) 0.02 Beta (6,267)† [16]

Cirrhosis (Metavir F4) 0.02 Beta (1,53)† [16]

IFN-free regimen

Treatment DC due to AE

No to moderate fibrosis (Metavir F0–F3) 0 Beta (2,481)† [17]‡

Cirrhosis (Metavir F4) 0 Beta (0.2,55.8)† [17]‡

Quality of life

Without HCV infection or after achieving SVR 0.74–0.92 0.60–1.0 [33–35]
With HCV infection

No to moderate fibrosis (Metavir F0–F3) 0.89 0.75–1.00 [19,36,37]

Cirrhosis (Metavir F4) 0.62 0–0.72 [19,36,37]

Decompensated Cirrhosis 0.48 0.40–0.60 [19,36,37]

While receiving IFN-containing regimen

No to moderate fibrosis (Metavir F0–F3) 0.80 0–0.89 [38]

Cirrhosis (Metavir F4) 0.59 0–0.62 [38]

While receiving IFN-free regimen

No to moderate fibrosis (Metavir F0–F3) 0.86 0–0.89 [38]

Cirrhosis (Metavir F4) 0.61 0–0.62 [38]

Major toxicity decrement 0.16 0.1–0.25 [22]

SD, standard deviation; HCV, hepatitis C virus; PY, person-years; SVR, sustained virologic response; IFN, interferon; DC, dis-

continued; AE, adverse event.

*Triangular sampling distribution (min, max).
†Beta sampling distribution (a, b).
‡Personal communication, Pang PS, Gilead Sciences on June 4, 2014.
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Sensitivity analysis

To assess for robustness of results, we performed one- and

two-way sensitivity analyses around time to interferon-free

therapy, age at start of the model, quality of life with HCV

infection and while on treatment, calculations of quality of

life for joint health states based on additive and minimum

health state utility methods and rate of liver-related mor-

tality. Probabilistic sensitivity analyses were performed

using second-order Monte Carlo simulation to determine

the probability of expected value outcomes. To account for

outcome uncertainty due to sampling error surrounding

treatment efficacy and adverse events, we assigned beta

distributions to these variables based on clinical trial data

and sampled randomly from these distributions.

This study was approved by the Institutional Review

Board of the University of Chicago.

RESULTS

Immediate treatment with interferon-containing therapy,

with the option of retreatment with interferon-free therapy

for those do not initially attain SVR led to the greatest

gains in quality-adjusted life expectancy (3.1 QALYs and

8.6 QALYs in noncirrhotic and cirrhotic patients, respec-

tively, compared to no treatment). When retreatment was

not an option, delayed treatment with interferon-free ther-

apy was superior to immediate treatment with interferon-

containing therapy by 0.2 QALY in noncirrhotic patients

and 1.1 QALY in patients with cirrhosis (Table 2).

The superiority of delayed interferon-free therapy com-

pared to one-time, immediate interferon-containing therapy

was sensitive to the time that patients were forced to wait

before receiving interferon-free treatment. In patients with

and without cirrhosis, the health benefit of waiting for

interferon-free therapy was lost when wait time for this

regimen was greater than 3 years for patients with cirrho-

sis and 3.2 years for noncirrhotic patients (Fig. 3). Increas-

ing delay in interferon-free therapy resulted in decreasing

health benefits compared to no therapy, an effect that was

greater in patients with cirrhosis compared to noncirrhotic

patients.

Base case results remained robust despite broad variation

in age at start of the simulation (varied from 40 to 80

years old), mortality rate associated with HCV infection,

quality of life with HCV infection and while on treatment

and method for calculating joint health states. For exam-

ple, interferon-free therapy at 1 year remained superior to

one-time immediate interferon-containing therapy when

the quality of life with cirrhosis and decompensated cirrho-

sis was equivalent to death (Table 2). When quality of life

while receiving interferon was equivalent to death, waiting

for interferon-free therapy remained superior to immediate

one-time interferon-containing therapy. The superiority of

waiting 1 year for interferon-free therapy persisted until

the incidence of liver-related death reached 98 of 100 per-

son-years (approximately 70 times the base case incidence)

in noncirrhotic individuals and 12 of 100 person-years

(approximately 9 times the base case incidence) in cirrhotic

individuals (not shown). Two-way sensitivity analyses of

the impact of age at start of simulation and wait time for

interferon-free therapy are shown in Fig. 4.

In probabilistic sensitivity analysis, interferon-free ther-

apy with 1-year delay was superior to one-time immediate

interferon-containing therapy for patients without cirrhosis

in 88.2% of one thousand cohorts of one thousand simu-

lated patients. For patients with cirrhosis, the interferon-

free therapy was superior in 95.4% of one thousand

cohorts of one thousand simulated patients.

DISCUSSION

The decision to initiate treatment in patients with genotype

1 HCV infection who are eligible to receive pegylated inter-

feron is complex and must balance, among other factors,

quality of life, patient preferences, available regimens and

risks of disease progression. Using decision-analytic model-

ling, we found that the benefits of waiting for all oral ther-

apy in patients who wished to avoid pegylated interferon

as well as retreatment were time-limited. In an era of inter-

feron-free therapy with restrictions to access, waiting for

interferon-free therapy is beneficial so far as this delay did

not exceed 3–3.2 years. These findings were more pro-

nounced with increasing age at the time of decision.

For patients who have no absolute contraindication to

interferon-containing therapy, but wish to avoid the medi-

cation given its poor tolerability, this analysis may inform

in several ways the process of shared decision-making with

providers regarding the common question, ‘How long can I

wait before I need to be treated?’ Firstly, assuming that re-

treatment is not an option, the decision around the timing

of HCV therapy is driven to the greatest extent by treat-

ment efficacy. Although the use of health utilities and QA-

LYs remain somewhat controversial as a measure of health

benefit, it is interesting to note that results remained stable

even when the quality of life on either treatment was

equivalent to zero, or death. This may provide information

on how the discussion regarding preferences of treatment

acceptability may be framed for those patients who are

fearful of the side effects of treatment and believe that their

quality of life during this time would be very low. Sec-

ondly, we see that patients, even those who are not cur-

rently cirrhotic, cannot wait for therapy forever. The

health benefits conferred by interferon-free therapy over

interferon-containing therapy, including superior efficacy

and tolerability, are lost after approximately 3 years as

they are outweighed by increasing HCV-related morbidity

and mortality.

While this analysis explores the trade-off between wait-

ing for interferon-free therapy from a pure health benefit

© 2015 The Authors Journal of Viral Hepatitis Published by John Wiley & Sons Ltd.
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perspective, the high costs and variable cost-effectiveness of

new DAAs, including sofosbuvir, have been previously dis-

cussed [23–27]. Deuffic-Burban and colleagues have

reported that in genotype 1 HCV-infected patients, inter-

feron-free therapy was cost-effective compared to telapre-

vir- or boceprevir-based triple therapy in patients with

greater than stage F2 fibrosis [27]. Based on current costs

of sofosbuvir and simeprevir, an analysis by Hagan et al.

[28] found that interferon-free therapy could be considered

cost-effective based on a range of frequently reported

Table 2 Base case and sensitivity analysis results

Strategy QALYs Unadjusted LY

Base Case Results

No cirrhosis

No treatment 11.5 25.4

IFN immediately 14.4 28.0

IFN-free in 1 year 14.6 28.2

IFN+IFN-free in 1 year for

treatment failures

14.6 28.2

Cirrhosis

No treatment 4.9 11.9

IFN immediately 12.2 23.9

IFN-free in 1 year 13.3 26.2

IFN+IFN-free in 1 year for

treatment failures

13.5 26.2

Sensitivity Analysis Results

When QoL with cirrhosis = death

No cirrhosis

No treatment 9.7 25.4

Immediate treatment 14.2 28.0

Delayed treatment 14.5 28.2

Immediate treatment

with retreatment

14.6 28.3

Cirrhosis

No treatment 0.1 11.9

Immediate treatment 10.9 23.9

Delayed treatment 12.4 26.1

Immediate treatment

with retreatment

13.0 26.4

When QoL on IFN = death

No cirrhosis

No treatment 11.5 25.4

Immediate treatment 14.3 28.0

Delayed treatment 14.6 28.2

Immediate treatment

with retreatment

14.5 28.3

Cirrhosis

No treatment 4.9 11.9

Immediate treatment 12.0 23.9

Delayed treatment 13.3 26.1

Immediate treatment

with retreatment

13.5 26.4

When QoL on IFN = IFN-Free Tx

No cirrhosis

No treatment 11.5 25.4

Immediate treatment 14.4 28.0

Delayed treatment 14.6 28.2

Immediate treatment

with retreatment

14.7 28.3

Cirrhosis

No treatment 4.9 11.9

Immediate treatment 12.2 23.9

Delayed treatment 13.3 26.1

(continued)

Table 2 (continued)

Strategy QALYs Unadjusted LY

Immediate treatment

with retreatment

13.6 26.4

When QoL on IFN-free = death

No cirrhosis

No treatment 11.5 25.4

Immediate treatment 14.42 28.0

Delayed treatment 14.43 28.2

Immediate treatment

with retreatment

14.7 28.3

Cirrhosis

No treatment 4.9 11.9

Immediate treatment 12.1 23.9

Delayed treatment 13.1 26.1

Immediate treatment

with retreatment

13.6 26.4

QALYs, quality-adjusted life years; LY, life years; QoL, qual-

ity of life; IFN, interferon.

Fig. 3 Impact of increased wait time for delayed therapy.

Immediate, interferon-containing therapy (solid lines) was

compared to delayed, interferon-free therapy (dashed lines)

for noncirrhotic (grey lines) and cirrhotic (black lines)

patients as wait time for interferon-free therapy was

increased. IFN, interferon; tx, treatment.
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willingness to pay thresholds of $80 000/QALY to

$100 000/QALY. We explored the additional strategy of

offering retreatment with interferon-free therapy for indi-

viduals who have failed immediate therapy with an inter-

feron-containing regimen. While this strategy results in the

greatest QALY gain for patients, it is unlikely to meet soci-

etal cost-effectiveness thresholds given the high cost of

repeated therapy. In the United States, the heterogeneity of

coverage for DAAs by state Medicaid programmes and

commercial insurers, including increased cost sharing to

patient, limiting treatment courses and/or limiting cover-

age of treatment to only patients with cirrhosis, may

increase out-of-pocket costs and impact some patients’

decisions regarding treatment initiation [25]. In developing

countries, price negotiations and prioritization of regimens

that allow for simplified models of care may define thera-

peutic options [7]. This analysis provides projections for

the clinical consequences of preferences regarding treat-

ment options, retreatment and timing for a population fac-

ing highly variable healthcare financing.

This analysis has several limitations. The phase 3 trials

on which treatment efficacy and probability of adverse

effects were based had limited enrolment of patients with

cirrhosis [16,17]. We examined the impact on this uncer-

tainty through probabilistic sensitivity analysis and found

our results to be stable. Similarly, data on quality of life

while on treatment were obtained from a single study on

patient-reported outcomes. Deterministic sensitivity analy-

sis broadly varying these values did not alter results. Risks

of loss to follow-up during the wait for interferon-free ther-

apy may increase with longer wait times; however, this

was not modelled. It is important to note that results are

based on population-based estimates of disease progression.

This was evaluated through probability distributions to

account for uncertainty in the primary data. In our analy-

sis, we used a multiplicative method to combine the utili-

ties for outcomes that comprised of multiple health states,

a technique that is widely used but criticized for lack of

empirical support [21,29,30]. Our results remained robust

with sensitivity analyses using additive and minimum

health state models for calculating joint utilities. Finally, a

treatment strategy in which noncirrhotic patients are made

to wait until they are cirrhotic prior to receiving treatment,

while reflective of some insurer practices, was beyond the

scope of this analysis.

In conclusion, the selection of optimal treatment for

chronic hepatitis C and timing thereof is complex, and

patient choices may be impacted by preferences surround-

ing interferon, desire for immediate treatment and access

to interferon-free therapy. We used decision-analytic mod-

elling to evaluate the clinical consequences of immediate,

interferon-containing therapy versus delayed, interferon-

free therapy for chronic hepatitis infection in patients with

and without cirrhosis. We found that while waiting 1 year

for interferon-free therapy resulted in superior health bene-

fits compared to one-time immediate therapy with inter-

feron over a broad range of sensitivity analyses, these

benefits were time-limited. Such data can improve shared

decision-making by informing the communication of the

risks and benefits of various treatment options.

(a) (b)

Fig. 4 Two-way sensitivity analysis of age and time to delayed therapy, noncirrhotic patients. Health benefits for (a)

noncirrhotic patients and (b) patients with cirrhosis of immediate, interferon-containing therapy were compared to delayed,

interferon-free therapy as patient age and wait time for interferon-free therapy were varied. Waiting for interferon-free

therapy was favoured in the grey shaded area, whereas immediate, interferon-containing therapy was favoured in the un-

shaded area. IFN, interferon.
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