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Abstract

Hepatitis C virus (HCV) vaccine development remains at an early stage. We explored the economic and health consequences of potential
HCV vaccines by comparing universal vaccination with a hepatitis C vaccine to no vaccination in two groups: (1) injecting drug users (IDU);
(2) all 12 year olds, using a Markov cohort simulation. Among IDUs, vaccination would avert 248 cases of HCV infection and 89 HCV-related
deaths per 1000 individuals, and reduce costs. In average risk cohorts, vaccination did not reduce costs but was reasonably cost effective.
These results provide encouragement to vaccine developers that a vaccine that is moderately effective and reasonably priced should not face
economic barriers to implementation and will be attractive to third party payers.
© 2004 Elsevier Ltd. All rights reserved.
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1. Background (n=~240,000]1]. Approximately 170 million people are in-
fected worldwide, with a global seroprevalence rate of about
Hepatitis C virus (HCV) is a leading cause of chronic 3%/[2].
liver disease in North America and across the globe. The  Although the incidence of new infection is falling in de-
prevalence of HCV infection in Canada is about 0.8% veloped countries as a result of blood screening, HCV infec-
tion remains a major public health problem. The number of
Abbreviations: HCV, hepatitis C virus; HBV, hepatitis B virus; QOL, infected ”_1d|V|duaI's in North America will not fall signifi-
quality of life; QALY, quality-adjusted life year; IDU, injection drug user; ~ cantly until approximately 201E8]. HCV-related costs con-
HUI 3, Health Utilities Index Mark 3; ICER, Incremental cost-effectiveness  tinue to rise, and HCV-related mortality will double or triple
fa“OC i hor. P + add University Health Network during the next 10-20 yeaf4]. New infections continue to
* Corresponding author. Present address: University Heal etwork, . . H _ri s .
Toronto General Hospital, 200 Elizabeth Street, ES-9-407, Toronto, Ont., occeur, prlmar|ly among hlgh risk groups .SUCh _as Inje.Ctlon
Canada M5G 2C4. Tel.: +1 416 416 340 4155; fax: +1 416 416 595 5826. drug users (IDUs). Over 30,000 new HCV infections still oc-
E-mail addressmurray.krahn@uhn.on.ca (M.D. Krahn). cur each year in the US and Canada. Thus, interest remains
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strong in the development of preventive and therapeutic HCV
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Despite substantial progress, however, HCV vaccine de- ey T
velopment remains at an early stage. Vaccine developers face Anti-HCV+ —
formidable scientific and technological challenges, includ- & RNA- Fikrosks
ing the high level of heterogeneity of the HCV genome, /\ F4
poorly understood immunologic mechanisms underlying per- y
sistent infection, lack of reproducible cell culture systems H::;";t"is H::J:?i;is Decompensated
and (until recently) small animal mod€[s,6]. Researchers / Cirrhosis
and pharmaceutical manufacturers are actively exploring ap- Liver v
proaches based on the use of HCV-related proteins and pep- Related
tides, DNA, use of live viral and bacterial vectors, and com- Death

bination approaches. Several promising small mammal and _ ) ) )
primate studies have been completed and phase  human trialg'g' 1. Schematic of the Markov model of the natural history of HCV infec-
|

. . . on. This schematic depicts health states and potential health state transitions
have been carried out by Chiron and Immunogenetics COrPO-in the natural history of HCV infectiorAbbreviationsF0-F4, liver fibrosis

rations[5,6]. stages in the METAVIR staging system, in which FO represents no fibrosis,
In 2002, the Canadian Network for Vaccines and Im- and F4 indicates the presence of liver cirrhd3ig]; HCV+, individuals

munotherapeutics of Cancer and Chronic Viral Diseases V\{ith apo_sitive/negative test for gntiboc}ies to the_ HCV virus; RNAndi-

(CANVAC), a network of 74 Canadian scientists in collabo- wduglswnh/wnhout detectable circulating HCV virus; HCC, hepatocellular

ration with biopharmaceutical companies, funded this study carcinoma; Tx, transplant.

as part of a program of behavioral, social science, and eco-

nomic studies to lay the groundwork for the introduction of

new antiviral vaccines. The objective of this study was to ex-

plore the economic and health consequences of the introduc

tion of innovative HCV vaccines, under a variety of scenarios

regarding vaccine efficacy, durability, and cost. ' o
Persons who are offered vaccination may or may not ac-

cept it. We expect that most, though not all, of those receiv-
ing vaccination will develop a protective immunological re-
sponse (antibody mediated, cell mediated or both), which
will attenuate over time. Protected and unprotected persons

First, we considered vaccination of a high-risk group, injec- Will P& exposed to an annual risk of developing HCV and,

tion drug using (IDU) individuals who were HIV and HCV for IDps, an annual risk of develqping HIV infection. IDUs
negative at the time of vaccination. Because targeted high-risk€<Perience a high risk of mortality from HCV, from HIV
vaccination has shown limited success in preventing other vi- 21d from other lifestyle-related events. Some injection drug
ral illnesses such as hepatitis B virus infection, we also evalu- US€rs Within each year will stop injecting and, if HIV and
ated the effect of vaccinating general population cohorts who HCV negative, will assume the same mortality and infection

are HCV and HIV negative. Our baseline strategy involved risk profile as the general populati.o.n.
vaccinating 12-year old school children. This strategy would Health states and allowed transitions between health states

allow HCV vaccine to be administered in the school, as an 0r HCV-infected individuals are depictedig. 1. Our HCV
addition to provincially administered universal hepatitis B Mode! represents a further development of a model used
vaccination programs in Canada. School-based vaccinationi© €stimate the prognosis of individuals infected with HCV

programs for HBV achieve high coverage rates and have low 1r0ugh the blood suppi?,10]. In this model, HCV progno-
vaccine administration costs (14). We also considered strate-SiS 1S @ functlpn of liver fIbI’O'SIS stagg, aF'O_' toa Iessgr 'e'xtent,
gies that involved vaccination of older cohorts. HCV serologic status. HCV-infected individuals are initially
assumed to have no fibrosis but progress over time to more
severe fibrosis stages. This process is halted if a patient re-
sponds to antiviral therapy. Those developing liver cirrhosis

We used a Markov-based decision analytic model pro- (stage F4) may develop decompensated liver disease or hep-
grammed in DATA Professional (Tree Age Software atocellular carcinoma and may die from these complications

Williamstown, Massachusetts) to evaluate the potential ©f liver disease or require a liver transplant.

health and economic effects of alternate vaccination strate-

gies. In a Markov simulation, cohort members move between 1.3. Model assumptions

predefined states of health over time periods or cycles (an-

nual cycles in our study) until all members have died. By = The following assumptions were incorporated into our
tracking the proportion of the cohort who experience adverse model: (1) progression is unidirectional, (2) regression froma

health events and their associated costs, the computer simula-
tion captures the number of adverse events, quality-adjusted
life years (QALYS) and costs associated with each strategy

1.1. Strategies

We compared a policy of universal vaccination with a hep-
atitis C vaccine to a policy of no vaccination in two groups.

1.2. Decision analytic model
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later liver fibrosis stage to an early stage (e.g. F1-F0, F2—F1,to vaccine) rates of greater than 90%. We conservatively set
F3-F2) does not occur. (3) The duration of a cycle in our this rate at 80% for a new HCV vaccine. The annual rate of
model is one year, during which only one stage transition loss of protective immunity (2.5% per year) was also based
per individual can occur. (4) Patients become aware of HCV on experience with HBV vaccing 8,24] Wide confidence
status at a constant rate after infection, though many remainlimits around these speculative estimates allow incorpora-
undetected for long periods of time. (5) Patients are offered tion of their considerable uncertainty into the final estimates
combined antiviral therapy (ribavirin plus interferon) only of vaccine-related costs and effectiveness.

once, in the FO health state, in both the vaccine and non-

vaccine strategy arms if they have not cleared the virus. (6) A 1.7. Incidence of HCV infection

sustained response to antiviral treatment is considered a cure

and no further liver disease progression can occur. (7) Liver  Yearly age specific incidence rates for HCV infection in
transplantation is performed only in patients with decompen- Canada were estimated using two methods. We first ob-

sated cirrhosis. tained a published estimate of the ratio of true incidence
(18/100,000/year) to reported incidence (7.1/100,000/year)
1.4. Outcome measure in the US[3,25] We applied this ratio to reported age-

specific incidence data from the enhanced surveillance pro-

We expressed outcomes of the analysis using the concepgram in Canada, which reported an overall incidence rate of

of quality-adjusted life years (QALYS). QALYS are mea- 2.9/100,000/year. The true overall incidence rate was esti-
sured by adjusting each year of life lived by a 0-1 scaled mated to be 7.4/100,000 (2:918/7.1/100,000).

quality of life measure called utilitiel1]. QALYS are a We also used a second method to estimate incidence.

standardized way of expressing the gains in health producedRemis et al. developed an age-specific HCV incidence model

by any health intervention, and are frequently used to es-for Canada, fitting age-specific incidence parameters to re-

timate the cost effectiveness of preventive health programsported point prevalence estimates in a variety of general and

including vaccinatiorj12—14] high-risk populations (unpublished data). Remis estimated
an overall HCV incidence rate of 16.3/100,000 in Canada,
1.5. Model probabilities more than double that of our initial estimate. We adopted

the first method in order to use a conservative incidence esti-
Probabilities representing the likelihood of HCV-related mate in our baseline model and explored alternate incidence
events were identified through a systematic MEDLINE re- scenarios in a sensitivity analysis.
view, manual searches of bibliographies of identified articles,
reviews of conference proceedings, previous studies by thel.8. HCV incidence in injection drug users
investigators, and the investigators’ files. Probabilities used
in our model are displayed ifable 1 The incidence rate of HCV in injection drug users IDUs
When several studies were available, probabilities were is much higher than in the general population. Based on four
estimated by pooling event rates using the following equa- studies recently reported in the US and Canada, the weighted
tion: Summary transition rateEP; x Wi/XW whereP; and average incidence rate is 14.5% per year, varying from 6.4 to
W are the individual transition probability and weight, 37.3%[26—29] When injection drug use ceases, we assumed
respectively[15]. The weight for each study is the in- that the risk of HCV infection reverts to that of the general
verse of the variance for the transition probability or num- population.
ber of patients in the study. Since most studies reported
a rate of developing an event rather than a probability, 1.9. Excess mortality ratio in injection drug users
transformation between rates and probabilities was made

using the following formula: Probabilit=1—exp ¢rate) Injection drug users have a much higher mortality rate

[8,16]. than the general population. Injecting drug users are at risk
of drug overdose, bacterial infection and have a high burden

1.6. Vaccination of co-morbidity that may lead to unexpected death. Reported

excess mortality ratios vary by geographic regjd6—39]

Estimates of vaccine efficacy and compliance are, of We estimated excess mortality rates for Canada by pooling
course, speculative as an approved vaccine does not yet exrates from all studies that report a ratio of IDU to general
ist. However, some insight into behavioral and immunologic population mortality. The pooled weighted mortality ratio
issues may be provided by considering experience with otheris 14.28[30—37] Because age ranges in published studies
viral hepatitis vaccines. are wide, we applied this excess mortality rate to all IDUs

We estimated vaccine compliance rates from hepatitis B currently using drugs.
vaccination programs in school-based vaccination programs  We pooled data from six reports in order to estimate the
[17,18]and among IDU$19-23] Most vaccines have effi-  relative excess mortality rate among HIV positive IDUs in
cacy (ability to prevent infection among those who respond comparison to HIV negative IDU81,37,40-42]
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Table 1
Model probabilities, utilities, and costs
Variable Baseline value Range Reference
Vaccine variables
Probability of vaccine compliance, general population 0.90 [17,24]
Probability of vaccine compliance, IDUs 0.51 0.51-0.88 [19-23,69]
Vaccine response rate 0.90 Assumption
Vaccine efficacy 0.80 Assumption
Annual loss of immunity 0.025 Assumption
HCV and HIV incidence and mortality
HCV incidence rate, general population (per 100,000/year) 7.4 7.4-16.3 See textp. 8
Age 10-19 (per 100,000/year) 1.0 1.0-2.2
Age 20-39 23.2 23.2-51.2
Age 40-69 8.8 8.8-19.3
Age >70 0.9 0.9-2.0
HCV incidence rate, IDU (per person/year) 0.145 [26-29]
HIV incidence rate, IDU (per person/year) 0.01 [43]
IDU mortality/general population mortality ratio 14.3 [30-37]
IDU HIV+ mortality/all IDU mortality ratio 25 [31,37,40-42]
Cessation of injecting drug use (prevalence)
Age 20-29 1.00 Expert opinion
Age 30-39 0.74
Age 40-49 0.40
Age 50-69 0.09
Age >70 0.00
HCV prognostic model
Annual rate of identification as being HCV+ 0.0297 [9]
Probability of spontaneous clearance 0.150 0.050-0.250 [9]
Probability of progression FO to F1 0.109 0.095-0.123 [9]
Probability of progression F1 to F2 0.111 0.091-0.131 [9]
Probability of progression F2 to F3 0.119 0.099-0.139 [9]
Probability of progression F3 to F4 0.124 0.099-0.146 [9]
Probability of progression F1 to HCC 0.0001 0.00001-0.001 [9]
Probability of progression F2 to HCC 0.0001 0.00001-0.001 [9]
Probability of progression F3 to HCC 0.001 0.001-0.010 [9]
Probability of progression F4 to HCC 0.021 0.018-0.024 [9]
Probability of progression F4 to decompensation 0.046 0.038-0.054 [9]
Probability of death from decompensated cirrhosis 0.138 0.074-0.202 [9]
Probability of dying from HCC 0.860 0.570-0.900 [9]
Probability of liver transplant 0.033 0.017-0.049 [9]
Probability of transplant death, (year 1) 0.169 0.127-0.210 [9]
Probability of transplant death, successive years 0.034 0.024-0.043 [9]
Probability of treatment with combination therapy [9]
FO 0.315 0.192-0.382
F1 0.800 0.750-0.950
F2 0.800 0.750-0.950
F3 0.800 0.750-0.950
F4 0.754 0.500-0.900
Decompensated cirrhosis 0.052 0.004-0.072
Probability of sustained response to CMB treatment [9]
FO 0.361 0.7-1.3
F1 0.361
F2 0.432
F3 0.432
F4 0.208
Decompensated cirrhosis 0.208
Costs
Vaccine cost (per dose, 3 doses) $51 30-100 [491°
Vaccine administration $31 30-100 [50]
Vaccine administration $16 10-100 [24]
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Table 1 Continued

Variable Baseline value Range Reference

Annual cost of care
Mild/moderate chronic hepatitis (FO to F3) $158 $89-300 [70]2b
Compensated cirrhosis (F4) $210 [70]2P
Decompensated cirrhosis $10,925 $9000-15,000 [70]*P
HCC $7122 $5000—26825 [70]2P
Liver transplantation, 1st year $102,920 $70,000-135,03571]°
Liver transplantation, successive years $12,809 $11,000-15,42770]2°

Costs of treatmeft
CMB, 24 weeks $4548 $1200-8000 [70]2P
CMB, 48 weeks $8707 $2400-15,000 [70]2P

HIV infection 14,930

Utilities
Canadian population norms (sustained virological response, spontaneous resolution, never infected 0.930 0.928-0.92]
Mild/moderate chronic hepatitis (FO to F3) 0.73 0.64-0.83 [51]
Compensated cirrhosis (F4) 0.74 0.66-0.83 [51]
Decompensated cirrhosis 0.69 0.52-0.85 [51]
Liver transplantation 0.70 0.63-0.77 [51]
Hepatocellular carcinoma (HCC) 0.51 0.26-0.76 [51]
Sustained virological responder 0.77 0.63-0.77 [51]
Disutility of interferon therapy 0.14 0.05-0.30 [51]
Utility, HIV infection 0.80 - [56]
Utility, ongoing injecting drug use 0.65 - [56]

AbbreviationsHCC, hepatocellular carcinoma; FO, no fibrosis; F1, fibrosis stage 1; F2, fibrosis stage 2; F3, fibrosis stage 3; and F4, fibrosis stage 4.
8 US Medicare charges were converted to costs using a ratio of 1.62.
b Canadian costs were obtained using 1998 Medical and Health Care Purchasing Power Riépitiesiw.statcan.ca/english/IPS/Data/62-001-XPB)htm
to convert US dollars to Canadian currency, and then inflated to 2003 dollars, using the consumer price index for health and personal care.
¢ HCV vaccine cost estimated from the cost per vaccine for hepatitis A.
d Treatment costs include the costs of drugs, and monitoring (including follow-up).

1.10. HIV incidence rate among IDUs population cohorts were based on published costs of school-
based hepatitis B vaccinatid24]. Vaccine administration
HIV incidence rates among IDUs were derived from a for IDUs was expected to occur within the context of an
study by Remis et al. which modeled HIV incidence rates existing clinical or public health program (e.g. needle ex-
from 1980 to 201%43]. We used arate of 1.0% in our model. change site, harm reduction project). Therefore, administra-
At this rate, a cohort with mean age of 30 and an average oftion costs for IDUs were assumed to require only a separate
10 years of drug use will have a 10% HIV prevalence rate. visit for each injection to a primary care physician or site at
which primary care is delivered (Ontario Health Insurance
1.11. Annual drug stopping rate Plan fee codes A008, G53%0]) Costs of ongoing HCV and
HIV care, including decompensated liver disease and trans-
The prevalence of successful withdrawal from injecting plantation, were derived from studies in which HCV-related
drug use by age among IDUs was based on expert judgmeniealth states were commensurate with those represented in
of the investigators (RR). our model. Cost estimates were based on best quality single
studies rather than from pooled data.
1.12. HCV-related costs
1.13. Utilities for health outcomes
The analysis was performed from a societal perspective.
Future costs and health effects were discounted at 3% an- Ultilities for HCV-related health states were derived using
nually [44]. Costs were obtained from published sources, published Health Utilities Index Mark 3 (HUI Mark 3) data
and were estimated from charge data using cost to chargederived from a sample of 200 hepatitis C patients with all
conversion ratio of 1.6445-48] Cost data were con- levels of disease severity, from early disease to hepatocellu-
verted to Canadian dollars at the purchasing power par-lar carcinoma to post-transplantatifsi]. Utilities derived
ity conversion rate and inflated to 2003 levels using the from instruments thatincorporate community weights are the
consumer price index for health care and personal itemsreference standard for cost-utility analyses performed from
(http://www.statcan.ca/english/IPS/Data/62-001-XPB)htm  the societal perspectijé1].
Estimates for the potential cost of a future HCV vaccine  Several assumptions were made about HCV-related util-
were based on the approximate costs of hepatitis A vaccine inities to simplify the analysis. All patients who were not
the Canadian contef49]. Administration costs for general currently infected with HCV (i.e. those with a sustained
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virologic response to treatment, those who spontaneouslynation over the lifetime of the cohort. It would also result in
clear HCV infection and those who have never been infected) the prevention of 89 HCV-related deaths. The health bene-
were assigned the utility value for the general Canadian adultfit expressed in quality-adjusted life years gained per person
population that reports no co-morbiditigR]. This assump-  vaccinated was very substantial, at an estimated 1.6 QALYs.
tion may lead to a slight overestimate of the benefits of vac- Vaccination also resulted in net cost saving, with an esti-
cination, as HCV utilities and quality of life in sustained vi- mated reduction in costs of approximately $400 per person
rologic responders are lower than general population values(in HCV-related costs) offered vaccination. Thus, a universal
[51,53] In assigning utilities for the different fibrosis stages, vaccination strategy in this group can be said to be dominant
we assumed that FO, F1, F2, and F3 all shared the same util-over the alternative strategy of not vaccinating, as such a pol-
ity. Evidence suggests that, in the absence of cirrhosis, thereicy would both improve health overall as well as reduce costs
is no difference in the health-related quality of life of HCV (Table 2.
infected individuals between those with mild and moderate
chronic hepatitig54]. The adverse effects of antiviral HCV 2 2. Average risk-school age populaticrable 2
treatmenf55], as well as HIV infection and ongoing injecting
drug use, were estimated from published souf56% Because of the lower HCV infection risk, vaccinating
The short-term impairment in quality of life (disutility) a general population would result in a smaller health gain
associated with combination antiviral therapy (interferon and per person vaccinated, preventing 180 cases of HCV and 73
ribavirin) was elicited using the EQ-5D, aninstrumentsimilar HCV-related deaths per 100,000 offered vaccination. For the

to the HUI Mark 3[57,58] annual birth cohort in Canada of 400,000, we project that uni-
versal HCV vaccination would prevent approximately 300
1.14. Analysis HCV-related deaths. As expected, health gains per person

vaccinated expressed in QALYs were much smaller than for
We performed an expected value analysis, in which the the IDU population, at 0.008 QALYs, or approximately 3
expected future costs and consequences were calculated usjuality-adjusted days. In this population, a universal vacci-
ing the baseline parameter values. This analysis was sup-hation program is no longer cost saving, but results in im-
plemented with one-way sensitivity analyses, in which the proved health at an increased cost, yielding an incremental
sensitivity of the analytic result to changes in an individual cost effectiveness ratio of $18 045/QALY.
parameter value was estimated. In addition, we performed a
Monte-Carlo simulation in which values for model parame- 2.3, Sensitivity analysidéble 3
ters were drawn from pre-specified probability distributions.
This method facilitated simulation of 95% confidence inter- We explored the effects of uncertainty with respect to key
vals for expected costs, quality-adjusted life years, and incre-model variables on the attractiveness of vaccination policies
mental cost per quality-adjusted life year gained. in both groups using one- and two-way sensitivity analyses
and Monte-Carlo simulations involving probability distribu-
tions for all variables. One-way sensitivity analyséal{le 3

2. Results demonstrated that the analytic result was insensitive to all
variables in the high-risk scenario. That is, the incremental
2.1. IDU population Table 9 cost effectiveness ratio did not exceed standard thresholds of

$50,000 per QALY for any change in any parameter value. In
At our baseline estimate of vaccine efficacy and uptake, the average-risk scenario, the analytic result was most sen-
vaccinating an IDU population would result in the preven- sitive to the HCV incidence rate, vaccine cost, and the age
tion of 248 HCV infections per 1000 persons offered vacci- of vaccination. At our higher estimate of vaccine incidence

Table 2
Results of baseline cost-effectiveness analysis (overall HCV incidence rate in Canadian population =7.4/100,000, and in the IDU popula¥#)n = 14.46
Strategy Lifetime cases of Lifetime HCV-related Cost QALYs (95% CI) ICER (95% ClI)
HCV (/1000) deaths (/1000)
Injecting drug user Vaccine 460 139 $33,490 18.786 -
No vaccine 708 227 $33,889 17.202 -
Marginal 248 88 $-399 1.584 (0.431, 3.100) Dominated-{§40, $340)
(/100000) (/100000)
Average risk 12 year old  Vaccine 380 88 $176 26.558
No vaccine 560 161 $32 26.550
Marginal 180 73 $144 ($76-211) 0.008 (0.002, 0.017) $18,000 ($7000, $66,700)

Abbreviations:IDU, injecting drug user; Cl, confidence interval; QALY, quality-adjusted life year; ICER, incremental cost effectiveness ratio, expressed as
discounted incremental cost per discounted incremental quality-adjusted life year, in 2003 Canadian dollags (AS$511.31).
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Table 3
Univariate sensitivity analyses
Value Incremental cost effectiveness ratio
IDU Average risk 12 year old
Vaccine response rate 1.0 —-270 16,700
Baseline (0.90) —250 18,000
0.5 —150 35,400
Vaccine efficacy 1.0 —270 14,700
Baseline (0.80) —250 18,100
0.5 —190 31,300
Vaccine compliance 1.0 —250 18,000
Baseline (0.51, 0.90) —250 18,000
0.5x Baseline —250 18,000
Annual loss of immunity 0.05 —240 26,300
Baseline (0.025) —250 18,000
0 —270 13,000
HCV incidence 2« Baseline —300 3300
Baseline (0.000074/year, 0.145/year) —250 18,000
0.5x Baseline —190 81,000
Vaccine cost (3 doses) $1000 220 118,000
$ Baseline ($153) —250 18,000
$20 —-330 3200
Age at vaccination 10 370 21,000
Baseline (12) —250 18,000
30 —600 43,400

2 Incremental discounted cost (2003 $C) per incremental discounted quality-adjusted life year.

(16.3/100,000/year), universal vaccination resulted in greaterues. Vaccinating IDUs was an economically attractive strat-
clinical benefit, greater cost saving (IDU population) and a egy (ICER <$50,000/QALY gained) for all combinations of
more attractive cost effectiveness ratio (average risk 12 yearvaccine cost and efficacy considered. A 50% effective vac-
old population: $13,900/QALY ($8400-17600/QALY)) cine remained highly attractive even at a vaccine cost of $300.
For a vaccine that does not yet exist, the variables Thus, vaccination programs for IDUs, even with much higher
with the greatest degree of uncertainty are vaccine costcosts associated with recruitment, advertising, screening, or
and vaccine efficacyTable 4 shows incremental cost- the vaccine itself, would be highly economically attractive,
effectiveness ratios (ICERSs) for combinations of these val- given at least moderate efficacy. For the general population,

Table 4
Two-way sensitivity analysis on efficacy and cost of vaccination
Vaccine cost ($) (3 doses) Vaccine effectiveness
0.5 0.6 0.7 0.8 0.9
In IDU
300 630 430 280 160 80
250 470 300 170 80 10
200 300 170 70 0 —60
150 140 40 -30 -90 —120
100 -20 —-90 —140 —170 —190
50 —190 —220 —240 —250 —260
25 —270 —280 —290 —290 —300
Average risk 12 year old
300 171,400 142,500 121,900 106,400 94,400
250 143,300 119,100 101,800 88,800 78,700
200 115,200 95,600 81,700 71,200 63,000
150 87,000 72,200 61,600 53,600 47,500
100 58,900 48,700 41,500 36,000 31,800
50 30,700 25,300 21,400 18,500 16,200
25 16,600 13,500 11,300 9700 8400

Incremental cost per quality-adjusted life year gained for the vaccination strategy.
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vaccine costs of less than $150 generally resulted in a uni-economically attractive. It cannot therefore be considered a
versal vaccination strategy being cost effective. definitive study.

We explored the effects of changing the age distributions  In addition, this is a cohort simulation study. Like other
as well as overall HCV incidence, as both may change with published cohort simulation studies of vaccination programs
vaccination. For the IDU group, decreasing incidence by 50% [63-67] it cannot capture the full benefits of vaccination such
prior to age 35, and increasing by 50% after age 35 had mini- as preventing secondary and tertiary infection to non-cohort
mal effect on the analytic result. Shifting the age distribution members. A full population simulation run over many gen-
20 years to the rightincreased the cost-utility ratio to $77,895 erations would be required to estimate the full health and
per QALY gained in the general population cohort. economic effects of an ongoing vaccination progri&8).

Finally, probabilistic (Monte-Carlo) sensitivity analyses Nonetheless, cohort simulation models often have greater
incorporating the joint effects of uncertainty within all model fidelity to clinical events within the cohort, and generally
parameters showed that for the IDU population, the model approximate simulations of dynamic models. When results
was very robust. The 95% confidence bound for incremental differ, cohort models tend to underestimate the economic at-
cost per QALY was $-740 to $340, suggesting a high degree tractiveness of vaccination policifg8], because the benefits
of confidence (>99%) that a universal vaccination strategy of preventing additional infections in contacts of the vaccines
would be economically attractive. Among average risk 12 are notfully captured. Thus, we believe that this model, while
year olds, the 95% confidence bound was $6949 to $66,691.conservative, provides significant insight into the future eco-
Our simulations suggest that, at baseline efficacy values, therenomic and health consequences of vaccination at current lev-
is approximately a 93% probability that an effective vaccine els of HCV infection risk.
would be economically attractive (ICER < $50,000/QALY). Finally, the generalizability of this model to other settings

will depend on the degree to which the HCV epidemiology

and HCV health care costs in other countries are similar to
3. Discussion those of Canada. It is likely to be the case that vaccinating

high-risk groups will be cost effective irrespective of set-

Our analysis suggests that a vaccine of even moderate efting (seeTable 3. However, for general populations in other
ficacy would substantially reduce the both the lifetime risk health care settings, the economic attractiveness will depend
of HCV infection and the adverse effects of HCV sequelae. heavily on the local burden of disease, the cost of caring
Among the approximately 100,000 IDUs in Canada, a vac- for individuals with HCV infection and, notably, the cost of
cine with 80% efficacy would reduce the risk of HCV infec- reaching vaccinees and administering vaccine.
tion by 35-50% and reduce HCV-related deaths by 32—-45%.

A more durable vaccine whose efficacy declines more slowly

over time (our baseline rate =2.5% loss of protection per 4. Conclusion

year) would prevent an even larger proportion of HCV-related

events. Our analysis also suggests that a vaccine of even mod- At conservative estimates of vaccine cost and efficacy,
erate efficacy would be cost saving in high-risk groups and an HCV vaccine will likely be highly economically attrac-
quite economically attractive ($18,000/QALY, 93% proba- tive. As vaccine development progresses, additional studies
bility of being <$50,000/QALY) in lower risk general pop- should be performed to update these predictions. The results
ulation cohorts. Few health interventions reduce costs andof this study should provide encouragement to vaccine devel-
improve health. Those that do should be implemented forth- opers that a vaccine that is moderately effective and reason-
with. Interventions that increase costs and improve health re-ably priced should not face economic barriers to implemen-
quire judgments about whether additional expenditures rep-tation, and will be attractive to third party payers, in settings
resent good value for money. In the case of population hep-where the burden of disease and costs of HCV-related health
atitis C vaccination, $18,000/QALY gained is well below care are similar to those of Canada.

conventional cost effectiveness thresholds of $50,000 and

$100,000/QALY[44,59] It is also comparable to the eco-

nomic attractiveness of vaccines for pneumococcal pneumo-Acknowledgements
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