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Abstract

PURPOSE—Recent clinical trials have evaluated treatment strategies for chronic infection with
hepatitis C virus (HCV) in patients co-infected with human immunodeficiency virus (HIV). Our
objective was to use these data to examine the cost-effectiveness of treating HCV in an urban cohort
of co-infected patients.

METHODS—A computer-based model, together with available published data, was used to estimate
lifetime costs (2004 US dollars), life expectancy, and incremental cost per year of life saved (YLS)
associated with 3 treatment strategies: (1) interferon-alfa and ribavirin; (2) pegylated interferon-alfa;
and (3) pegylated interferon-alfa and ribavirin. The target population included treatment-eligible
patients, based on an actual urban cohort of HIV-HCV co-infected subjects, with a mean age of 44
years, of \SNhom 66% had genotype 1 HCV, 16% had cirrhosis, and 98% had CD4 cell counts >200
cells/mm>.

RESULTS—Pegylated interferon-alfa and ribavirin was consistently more effective and cost-
effective than other treatment strategies, particularly in patients with non-genotype 1 HCV. For
patients with CD4 counts between 200 and 500 cells/mms3, survival benefits ranged from 5 to 11
months, and incremental cost-effectiveness ratios were consistently less than $75,000 per YLS for
men and women of both genotypes. Due to better treatment efficacy in non-genotype 1 HCV patients,
this group experienced greater life expectancy gains and lower incremental cost-effectiveness ratios.

CONCLUSIONS—Combination therapy with pegylated interferon-alfa and ribavirin for HCV in
eligible co-infected patients with stable HIV disease provides substantial life-expectancy benefits
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and appears to be cost-effective. Overcoming barriers to HCV treatment eligibility among urban co-
infected patients remains a critical priority.
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Among the estimated 950,000 persons infected with human immunodeficiency virus (HIV) in
the United States, approximately 30% are co-infected with the hepatitis C virus (HCV).lv
While highly active antiretroviral therapy (HAART) has essentially transformed HIV to a
chronic disease, co-infected patients are increasingly vulnerable to complications of chronic
liver disease, including cirrhosis and liver failure. Compared with HCV mono-infected
patients, they tend to have hiagher levels of HCV RNA and to progress more rapidly to cirrhosis
and end-stage liver disease.® Mortality attributable to end-stage liver disease has steadily
increased since 1996, and in some HIV patient populations it is now the leading cause of death.
4 The impact of HCV on HIV progression is more controversial.>™/

CLINICAL SIGNIFICANCE

In patients infected with both HIV and HCV, therapy with pegylated interferon-
alfa and ribavirin for HCV increases life-expectancy and appears to be cost-
effective.

In clinical trials among patients with HCV mono-infection, combination therapy with
pegylated interferon-alfa and ribavirin has produced sustained virologic response rates ranging
from 54% to 63%.8-10 Recently, 4 randomized controlled trials evaluated combination therapy
with pegylated interferon-alfa and ribavirin compared with interferon-alfa and ribavirin in
patients with HIV-HCV co-infection.11-14 The largest of these trials, the AIDS Pegasys
Ribavirin International Co-infection Trial (APRICOT), was conducted at 95 centers in 19
countries with 868 subjects and yielded a sustained virologic response rate of 40%.11 Based
on the APRICOT findings, in February 2005 the United States (US) Food and Drug
Administration approved pegylated interferon-alfa-2a and ribavirin for the treatment of HCV
in patients with HIV.

To the best of our knowledge, only one cost-effectiveness analysis evaluating the treatment of
HCV in HIV-HCV co-infected patients has been published. Kuehne et al demonstrated that
combination therapy for histologically moderate HCV in co-infected patients resulted in an
increase in quality-adjusted life expectancy while incurring costs comparable with other well-
accepted clinical interventions.1® However, this analysis was performed before randomized
controlled trials had established approximate treatment efficacy rates in HIV-HCV co-infected
patients, and the APRICOT trial rates of sustained virologic response were generally lower
than the lower bounds of the sensitivity analysis performed by Kuehne and colleagues. Since
this prior cost-effectiveness analysis was conducted, considerable progress has been made in
discerning treatment efficacy rates and relative risk estimates for progression of liver disease
in HIV-HCV co-infected patients.

Our objective was to use recent prospective data regarding eligibility for interferon-based
treatment, the impact of HIV on the progression of HCV-related liver disease, and
demonstrated treatment efficacy from clinical trials to consider the potential health benefits,
economic costs, and cost-effectiveness of treatment for HCV among an urban cohort of co-
infected patients with stable HIV disease.
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We modified an existing Markov model of HCVL7 to reflect co-infection with HIV and
examined the cost-effectiveness of the foIIowini; strategies for HCV treatment in the treatment-
eligible segment of an urban co-infected cohort 8: combination therapy with interferon-alfa-2a
and ribavirin; monotherapy with pegylated interferon-alfa-2a; and combination therapy with
pegylated interferon-alfa-2a and ribavirin.

Population characteristics (mean age, Metavir score distribution, and mean CD4 cell count)
for the modeled cohort were derived from a subgroup of the Hepatitis and AIDS Liver
Outcomes (HALO) Study cohort that was co-infected with HIV and HCV, and eligible for
treatment (Table 1).18

We followed the recommendations of the US Panel on Cost-Effectiveness in Health and
Medicine, 19 adopting a societal perspective (although we excluded patient time costs) and
discounting all costs and clinical consequences at a rate of 3% per year. The comparative
efficiencies of alternative treatment strategies were measured by the incremental cost-
effectiveness ratio, defined as the additional cost of a specific treatment strategy divided by its
additional health benefit, expressed here as years of life saved (YLS). The incremental ratio
for a strategy was computed in comparison with the next most effective option after eliminating
strategies that were dominated (more costly and less effective than other options) or ruled out
by extended (weak) dominance (strategies with higher incremental cost-effectiveness ratios
than more effective options). We conducted sensitivity analyses to assess the influence of
varying uncertain parameters and adopting alternative assumptions on our results.

A deterministic state-transition Markov model (DATA 4.0; TreeAge Software Inc.,
Williamstown, Mass) was used to simulate the natural history of HCV infection in patients co-
infected with HIV. Early stages of liver disease were classified using the Metavir scoring
system, which characterizes the extent of fibrosis that results as damaged liver cells are
repaired, including no fibrosis (F0), portal fibrosis without septa (F1), portal fibrosis with few
septa (F2), numerous septa without cirrhosis (F3), and cirrhosis (F4). Advanced stages of liver
disease were defined clinically as compensated cirrhosis, decompensated cirrhosis (including
separate states for ascites, variceal hemorrhage and hepatic encephalopathy), and primary
hepatocellular carcinoma (Figure 1). Monthly transition probabilities were derived from the
literature and allowed individuals to move through different health states over time.

We made the following assumptions:

HCVZiBfection may resolve through successful treatment, implying clearance of HCV
RNA<Y;

Patients without a sustained viral response to HCV treatment (as defined by an HCV
RNA level of <50 IU per milliliter 24 weeks after completion of therapy) received no
clinical benefit and were subject to pretreatment rates of HCV-related liver disease
progression11'21;

Patients in early stages of liver disease who experienced a sustained viral response
were no longer at risk for HCV-related liver disease22;

Patients with cirrhosis received treatment, and if it was effective they regressed to
Metavir stage F3; if treatment was ineffective they were still at risk for decompensated
cirrhosis?3;
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Response to treatment was conditional on genotypell;

The rate of fibrosis progression in the absence of effective treatment was conditional
on age and sex, and remained the same for transition to the next higher Metavir stage;

All patients were assumed to have a stable CD4 cell count between 200 and 500 cells/
mm? and to be receiving HAART for HIV; and

Patients with decompensated cirrhosis were eligible for liver transplantation.z""25

Selected parameters used in the model are shown in Table 2. We used baseline age- and sex-
specific rates of progression from chronic HCV infection to cirrhosis based on an empirically
calibrated model of chronic HCV in mono-infected patients.17v26 We modified these based
on data from studies com;aring the relative progression in HIV co-infected patients versus
mono-infected patients.2 -30 \We assumed that progression from cirrhosis to decompensated
cirrhosis was similar in co-infected patients and mono-infected patients, and used rates derived
from a cost-effectiveness study in mono-infected patients.31 Excess mortality due to HIV was
based on data from the Multicenter AIDS Cohort Study, from which CD4-specific rates were
derived to parameterize a natural history model of HIVV/AIDS published by Freedberg et
al32; an additive relationship to age- and sex-standardized mortality rates was assumed. We
then compared the model’s predictions of cirrhosis prevalence with a published study by Di
Martino et al that was not used for natural history parameter estimation.33 Among an HIV-
HCV co-infected cohort of former intravenous drug users with an average 10.6-year duration
of HCV infection and a mean CD4 count of 482 cells/mm3, 59% of whom had received
interferon monotherapy (overall efficacy of 6.4%) and 73% of whom were male, 8.75% had
cirrhosis at baseline and 17.5% had cirrhosis at follow-up 4.7 years later.33 Our model
predicted that in a cohort of patients with this sex and treatment profile and duration of HCV
infection, 16% had cirrhosis over the same follow-up period.

Annual costs of care related to chronic HCV infection and liver disease included detailed
estimates of resource utilization, including hospitalizations, outpatient visits, laboratory tests,
medications, and interventions.3 Treatment costs were based on average wholesale drug
prices34 combined with previously published cost estimates for clinic visits, laboratory tests,
and the treatment of adverse events.3° The annual costs of HIV care for patients on HAART
with CD4 count between 200 and 500 cells/mm3 were obtained from a recently published
model for HIV screening.36,37

In the base case we assumed treatment for 48 Weeks,ll'13 and dosages resembled those in
APRICOT: for interferon and ribavirin, 3 million IU interferon alfa-2a subcutaneously 3 times/
week plus 800 mg ribavirin/day; for pegylated interferon, 180 ug of pegylated interferon alfa-2a
subcutaneously weekly; and for pegylated interferon and ribavirin, pegylated interferon as
described above plus 800 mg ribavirin/day. We made the conservative assumption that all
patients completed the full course of medication. In sensitivity analyses, we explored a second
treatment protocol and assumed that patients without an early virologic response at week 12
discontinued treatment. The percentage of such patients was drawn from APRICOT and varied
by treatment arm. We assessed early treatment withdrawal due to adverse events or abnormal
laboratory values in a sensitivity analysis.

Table 3 shows the discounted lifetime costs, life expectancy, and incremental cost per YLS for
each treatment strategy, stratified by sex and genotype. For the men in our modeled cohort, the
average discounted life expectancy without treatment was 11.6 years and lifetime costs were
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$240,300. In men with genotype 1, treatment for HCV provided incremental gains ranging
from 1.0 to 5.2 months compared with no therapy. Combination therapy with pegylated
interferon and ribavirin dominated all other strategies because it was both more effective and
had a lower (more attractive) cost-effectiveness ratio. Compared with no therapy, its
incremental cost-effectiveness ratio was $73,000 per YLS.

For men with non-genotype 1 HCV, treatment provided incremental gains ranging from 3.0 to
10.7 months compared with no therapy. Again, combination therapy with pegylated interferon
and ribavirin was the dominant strategy. Compared with no therapy, its incremental cost-
effectiveness ratio was $39,700 per YLS. Results in women were very similar.

In an exploratory analysis assuming cessation of treatment when no early virologic response
occurs, the rank ordering of strategies remained the same. The incremental cost-effectiveness
ratio for combination therapy with pegylated interferon and ribavirin became more attractive
—Ilower by 19% in men with genotype 1 ($59,300 per YLS) and by 17% in men with non-
genotype 1 ($33,100 per YLS). Again, results in women were similar.

Results were relatively insensitive to varying parameters across plausible ranges for treatment
efficacies among patients with cirrhosis and treatment risks. Results were most sensitive to
variation in the annual excess death rate due to HIV, fibrosis progression rates and treatment
efficacies in noncirrhotic patients. Results were moderately sensitive to drug costs. For men
with genotype 1 infection, when the excess mortality due to HIV was reduced by 97%, the
incremental cost-effectiveness ratio decreased to $41,400 (base case: $73,000 per YLS). When
excess mortality was increased 11-fold to represent death rates in patients with a history of
severe opportunistic infections, the incremental cost-effectiveness ratio increased so greatly
that treatment was dominated by nontreatment.

We conducted a 2-way sensitivity analysis in which we varied the effectiveness of combination
therapy with pegylated interferon and ribavirin, and the relative risk of fibrosis progression
due to co-infection with HIV (Figure 2). When treatment efficacy exceeded 50%, cost-
effectiveness ratios were consistently less than $50,000 per YLS, regardless of the relative risk
of fibrosis progression. When efficacy was >25%, ratios were consistently <$100,000 per YLS
across the entire plausible range of relative risk assumptions. However, when efficacy was
<25%, the relative risk of progression had slightly more influence on the cost-effectiveness of
treatment.

Results were sensitive to the discount rate used. With no discounting, the incremental cost-
effectiveness ratio was approximately 60% lower than in the base case, while a discount rate
of 5% resulted in a ratio that was 140% higher than the base case. Varying the cost of pegylated
interferon and ribavirin between 50% and 150% of the base-case resulted in cost-effectiveness
ratios ranging from $56,300 to $88,500 per YLS.

DISCUSSION

We found that treatment with pegylated interferon and ribavirin for chronic HCV infection in
an urban cohort coinfected with HIV, with characteristics similar to the treatment-eligible
subgroup in the HALO Study, will provide substantial life expectancy gains. These gains are
greatest in patients with non-genotype 1 infection. Combination therapy with pegylated
interferon and ribavirin was the most effective and cost-effective treatment strategy regardless
of genotype or sex.

There were substantial differences in the cost-effectiveness ratios between patients with
genotype 1 and nongenotype 1 HCV, mainly attributable to differences in treatment response
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rates. There were only small differences in the cost-effectiveness of treatment for men and
women.

Four trials to date have evaluated the efficacy of HCV treatment in HIV-HCV co-infected
patients; we used efficacy results from the largest multicenter trial, APRICOT, for the base
case alnaxlysis.ll'14 Each trial found treatment to be more efficacious in non-genotype 1
patients, but the magnitude of the differences varied by trial, as shown in Figure 2. Because
cost-effectiveness ratios are sensitive to treatment efficacy, a wide range of cost-effectiveness
ratios is possible. Despite our conservative assumptions, our cost-effectiveness results may be
particularly favorable because APRICOT efficacies are high relative to other trials’ results.
However, the APRICOT study’s treatment protocol requiring 800 mg of ribavirin daily has
become a relatively standard clinical practice. The AIDS Clinical Trials Group (ACTG) trial,
on the other hand, administered ribavirin according to a dose-escalation schedule.13 The
Agence Nationale de Recherches sur le Sida (ANRS) HCO2-RIBAVIC trial’s exclusion
criteria for subjects was less stringent than the other trials, allowing patients with alcohol intake
up to 40 grams per day for women or 50 grams per day for men to participate; 21% of this
study population had psychiatric disorders, and 40% had bridging fibrosis or cirrhosis. 12 These
factors may explain the higher efficacies demonstrated in the APRICOT study, but may also
indicate that the RIBAVIC trial results might be more applicable to the urban cohort modeled
here if treatment eligibility criteria are relaxed.

In contrast to results from a recent cost-effectiveness analysis in HCV mono-infected patients,
the present study suggests that monotherapy with pegylated interferon and combination therapy
with interferon and ribavirin are dominated strategies in co-infected populations;.17 Our results
also differ from those of Kuehne et aI,16 because this earlier cost-effectiveness analysis of
HIV-HCV co-infected patients assumed treatment efficacy and protocols were the same as in
mono-infected patients. The APRICOT study not only demonstrated that treatment efficacy is
substantially lower in co-infected patients, but that combination therapy with interferon and
ribavirin rarely results in a sustained viral response, even in non-genotype 1 patients. While
Kuehne et al found this strategy to be cost-effective ($18,500 per YLS relative to no treatment
in genotype 1 patients and $63,500 per YLS relative to 24 weeks of combination therapy with
interferon and ribavirin in non-genotype 1 patients), our analysis suggests that combination
therapy with pegylated interferon and ribavirin dominates other treatment strategies.

Due to limitations in data that would ideally inform a model of co-infection, our goals for this
analysis were modest and exploratory in nature, aiming to update a previous analysis with
treatment efficacy data and identify influential parameters. Implications of our analysis are
restricted to a specific target population of treatment-eligible patients with stable HIV disease
and stable CD4 cell counts between 200 and 500 cells/mm3. A more sophisticated model of
co-infection that fully represents the natural history of HIV disease will be necessary to explore
important questions regarding the optimal timing of treatment for chronic HCV relative to
antiretroviral therapy for HIV disease, and potential interactions or additive toxicities between
treatments. Other limitations of our study include the uncertainty surrounding many of the
model’s parameters. Also, we did not consider health-related quality of life in co-infected
patients, and all of our costs were literature-based.

We chose to use population characteristics and treatment eligibility criteria from an urban
cohort that has been previously described.18 While the treatment-eligible portion of the HALO
Study cohort was in many respects similar to the population studied by APRICOT, efficacy as
demonstrated in a randomized controlled trial is not the same as effectiveness in a typical
clinical setting. Prospective studies currently underway with the HALO Study and other
cohorts will provide insight to treatment effectiveness in a particular population of HIV-HCV
patients. It is important to note that only 30% of the co-infected subgroup of the HALO Study
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cohort was eligible for HCV treatment; the remainder were not eligible for a variety of reasons,
including unstable social circumstances, concern about potential adverse effects, and concern
about ability to work during the treatment course.38

As treatment-eligible co-infected patients are not currently the norm, further studies are needed
to establish the effectiveness of combination HCV therapy in populations with low eligibility
for treatment. Overcoming barriers to HCV treatment eligibility and initiation in HIV-HCV
coinfected patients remains a priority, now that combination therapy has been demonstrated
efficacious in certain populations. For co-infected patients with stable HIV disease, treatment
appears to be not only life-prolonging but cost-effective as well.
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Figure 1.
Overview of the Markov model.
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Figure 2.

Two-way sensitivity analysis for treatment efficacy and the relative risk of fibrosis progression
due to co-infection with HIV. * Indicates percentage of patients with a sustained viral response.
The base case value for relative risk of fibrosis progression was 1.35. Efficacy points are merely
for reference and do not necessarily represent cost-effectiveness ratios for the particular trial
or study they mark due to different drug regimens, protocols, and subject characteristics.
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Table 1
Demographic Characteristics of the Treatment-eligible HIV-HCV Co-infected Subgroup of the HALO

Cohort18

*

Variable Treatment-eligible n =44 (%)
Age (years + SD) 448+7.3
Sex

Male 34 (77)

Female 10 (23)
CD4 cell count >200 cells/mm?® 43 (98)
HCV genotype

1 29 (66)

2,3,0rd 15 (34)
Liver biopsy results (Metavir score)T

F1 8 (25)

F2 14 (44)

F3 5 (16)

F4 5 (16)

*

Exclusion criteria for treatment eligibility in this cohort included the following: nonadherence (missing >3 clinic appointments), ongoing alcohol or drug
use (other than marijuana) in the preceding 6 months, active psychiatric illness (defined as symptomatic psychosis or depression or a suicide attempt
within the previous year), active medical illness (defined as ongoing illness that is a contraindication to interferon therapy or is associated with a life
expectancy of <3 years), decompensated liver disease (defined as a Child Pugh score of >7), advanced HIV disease (defined as a CD4 cell count of <100

cellsimm3 regardless of HIV viral load, or a count of 100-200 cells’mm3 with a viral load of >10,000 copies per milliliter), neutrophil count of <1.5 x

109 cells per liter, and platelet count of <75 x 109 cells liter. Analyses are stratified on HCV genotype (ie, 1 versus non-1), which affects response to
therapy, and sex, which affects rate of fibrosis progression.

TMetavir scores were available for 32 subjects. Percentages add to more than 100 due to rounding.
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Variable Base Case
*
HCV natural history parameters 17,26-29,31
Fibrosis progression in men, age (years)T
0 0.149
50 0.169
60 0.298
>70 0.406
Fibrosis progression in women, age (years)T
0 0.108
50 0.135
60 0.208
>70 0.284
Cirrhosis to ascites 0.025
Cirrhosis to hepatic encephalopathy 0.004
Cirrhosis to hepatocellular carcinoma 0.015
Cirrhosis to variceal hemorrhage 0.011
Liver transplant probability 0.031
Mortality rate per person
Ascites 0.110
Hepatic encephalopathy (first year) 0.680
Hepatic encephalopathy (subsequent years) 0.400
Hepatocellular carcinoma 0.433
Transplant (first year) 0.210
Transplant (subsequent years) 0.057
Variceal hemorrhage (first year) 0.400
Variceal hemorrhane (subsequent years) 0.130
Treatment parameters1
Treatment response probability
Interferon-alfa + ribavirin
Genotype 1 0.07
Non-genotype 1 0.18
Pegylated interferon-alfa
Genotype 1 0.14
Non-genotype 1 0.31
Pegylated interferon-alfa + ribavirin
Genotype 1 0.29
Non-genotype 1 0.58
Probability of early virologic response (EVR)
Interferon-alfa + ribavirin 0.38
Pegylated interferon-alfa 0.55
Pegylated interferon-alfa + ribavirin 0.71
Treatment mortalit)égrobability 0.002
Costs (2004 US §)31,34.37
Treatment Protocol 1
Interferon-alfa + ribavirin $15,568
Pegylated interferon-alfa $19,305
Pegylated interferon-alfa + ribavirin $27,880
Treatment Protocol 2
Interferon-alfa + ribavirin $8,769
Pegylated interferon-alfa $13,109
Pegylated interferon-alfa + ribavirin $22,022
Costs of annual HCV care
Chronic HCV $140
Compensated cirrhosis $1,017
Ascites $4,280
Variceal hemorrhage, first year $23,669
Variceal hemorrhage, subsequent years $4,632
Hepatic encephalopathy, first year $15,192
Hepatic encephalopathy, subsequent years $3,519
Hepatocellular carcinoma $40,828
Liver transplant, first year $134,458
Liver transplant, subsequent years $23,481
Costs of annual HIV care
CD4 count 200-500/mm? $5,096
Three-drug antiretroviral therapy $13,752

*
Annual rates per person are presented here except where specified, but these were converted to monthly probabilities in the model.

TFibrosis progression rates are assumed to be linearly interpolated in these ranges. Progression rates were the same for Metavir stages FO to F4.
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¢AII patients receive the full 48-week course of therapy.

§Patients without an early virologic response receive only 12 weeks of therapy; protocol assumes nondrug costs by week 12 are two-thirds of nondrug
costs for 48 weeks of therapy.
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