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Economic evaluation of hepatitis B vaccination in low-income
countries: using cost-effectiveness affordability curves

Sun-Young Kim,? Joshua A Salomon® & Sue J Goldie®

Objective We sought to describe a method that explicitly considers both a health-care programme’s cost-effectiveness and its
affordability. For illustration, we apply the method to the programme to vaccinate infants against hepatitis B in the Gambia.
Methods We synthesized selected data and developed a computer-based model from the societal and payer perspectives to
evaluate the cost-effectiveness of routine infant vaccination against hepatitis B in the Gambia compared with no vaccination. The
primary outcome measure was cost per averted disability-adjusted life year (DALY), which was expressed in 2002 US dollars. We
used Monte Carlo methods for uncertainty analysis to examine the affordability of the programme from the payer’s perspective,
and we derived an affordability curve and cost-effectiveness affordability curves for the programme.

Findings In the Gambia, vaccinating infants against hepatitis B is highly cost-effective. Compared with offering no intervention,
the vaccination programme would cost US$ 28 per DALY averted from the societal perspective or US$ 47 per DALY averted from the
payer's perspective. The programme also has the potential to be affordable, starting at a relatively low budget of US$ 160 000 per
year. Combining the two dimensions of the outcome measure, the probability that vaccinating infants would be both cost-effective
and affordable is 40% at an annual programme budget of US$ 182 000 (the estimated total programme cost from the payer's
perspective), given a threshold cost-effectiveness value of US$ 47 per DALY averted.

Conclusion In the face of uncertainties about both the health and economic consequences of a vaccine programme, as well as
the availability and magnitude of resources needed to fund the programme, cost-effectiveness affordability curves can provide
information to decision-makers about the probability that a programme will be both cost-effective and affordable: these are distinct

but equally relevant considerations in resource-poor settings.
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Introduction

Hepatitis B virus (HBV) infection re-
mains a global public health challenge
that causes significant morbidity and
mortality,'! and the burden of disease is
especially high in less-developed coun-
tries.? Since 2000, the GAVI Alliance
(formerly the Global Alliance for Vac-
cines and Immunisation) and the
Vaccine Fund have accelerated the intro-
duction of HBV vaccines in low-income
countries by providing five years of
funding for new and underused vaccines,
including HBV vaccines.? As of April
2005, mainly as a result of these efforts,
158 of 192 WHO Member States had
adopted routine infant or childhood
vaccination against HBV (GAVI Work-
ing Group, unpublished data, 2005).

Moreover, building on the success of
phase 1 of the programme (2000-2005),
more resources were mobilized, and the
GAVI Alliance decided to extend its
support for the 72 poorest countries for
phase 2 (2006-2015).4

However, there is no guarantee of
long-term support for HBV vaccines,
and each recipient country is required to
cofinance its immunization programme,
gradually increasing its contribution to
a self-sustainable level at the end of the
current grant.* Therefore, despite the
GAVI Alliance’s extended support, each
recipient country needs to be conscious
of the financial sustainability of its HBV
vaccination programme and, accord-
ingly, each country will need informa-
tion on the total amount of resources
required to fund the programme. The

introduction of other new and unde-
rused vaccines — for example, those
against Haemophilus influenzae type b
(Hib) and yellow fever — in an increasing
number of countries may intensify com-
petition for limited resources. Finally,
there will inevitably be uncertainty
surrounding the real-world benefits of
vaccination (for example, the ability to
achieve adequate vaccine coverage) and
the resources required to implement and
sustain programmes,’ particularly in set-
tings with weak health infrastructure,
which will further complicate budget-
related decisions.

In this context, decision-makers
will likely benefit from additional infor-
mation about whether an HBV vaccina-
tion programme is affordable and cost-
effective. In addition, decision-makers
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will benefit from an explicit recognition
that the information will be uncertain
and from analyses that take into account
this uncertainty. In part, this has been
addressed by summarizing cost-effec-
tiveness results using cost-effectiveness
acceptability curves; these curves show
the probability that a programme will be
cost-effective as a function of different
thresholds for acceptable cost—effective-
ness ratios.® However, one limitation of
this approach is that the total amount of
resources required to fund a programme
is not considered.” The cost-effectiveness
affordability curve proposed by Sendi
and Briggs overcomes this limitation
because it presents the probabilities that
a programme is simultaneously cost-
effective and affordable as a function of
both the threshold cost—effectiveness
ratio and budgetary constraints.® To
illustrate the usefulness of providing
decision-makers with information on
affordability and cost-effectiveness while
formally accounting for uncertainty, we
applied this approach to a real-world
policy example: the programme to
vaccinate infants against HBV in the

Gambia.

Methods

Analytical overview

Using the example, we first evaluated
the programme’s cost-effectiveness and
derived cost-effectiveness acceptability
curves. The cost-effectiveness of a pro-
gramme was benchmarked in reference
to specified thresholds, such as per-
capita gross domestic product (GDP).
A cost-effectiveness acceptability curve,
constructed in the context of a multi-
variate uncertainty analysis, presents
the probability that a programme will
be cost-effective in relation to a range of
different cost-effectiveness thresholds.

We next assessed affordability at
country level in terms of the annual
expected cost for the vaccination pro-
gramme compared with a specified pro-
gramme budget. We considered a range
of circumstances under which the pro-
gramme might be assigned a single fixed
budget. An affordability curve — also de-
rived within a multivariate uncertainty
analysis — presents the probability that
a programme will be affordable under
various programme budgets.

The cost-effectiveness analysis was
conducted from both a societal perspec-
tive and a payer perspective; the afford-
ability analysis was conducted from
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the payer’s perspective. The societal
perspective was chosen so that the cost-
effectiveness results would be compa-
rable with other studies; the payer per-
spective was chosen in order to explicitly
consider affordability, since the payer is
likely to play an important part in mak-
ing decisions about the budget.

Finally, we simultaneously consid-
ered both cost-effectiveness and afford-
ability, combining these results graphi-
cally in cost-effectiveness affordability
curves. These curves depict the prob-
abilities that a programme will be both
cost-effective and affordable under dif-
ferent annual budgets and at different
threshold values of cost-effectiveness.

A policy example

The Gambia — which has a per capita
income of around US$ 300 and high
HBV endemicity — first introduced
the HBV vaccine in 1990, depending
heavily on external aid (Gambian gov-
ernment, unpublished data, 2001) and
eventually began offering it routinely to
all infants. Since 2003, the Gambia has
been receiving support from the Vaccine
Fund for HBV vaccines and two other
new and underused vaccines, Hib and
yellow fever (Gambian government,
unpublished data, 2004); nonetheless,
the Gambia faces potential financial
challenges. Extending earlier work,” we
assessed the cost-effectiveness of the
routine vaccination of infants against
HBV compared with no vaccination,
reflecting recent changes in cost and new
data on long-term vaccine efficacy and
the incidence of liver cancer. We fol-
lowed published guidelines for conduct-
ing cost-effectiveness analyses.'*'?

We developed a computer-based
model for a birth cohort of 56 000
Gambian infants born in 2002 and
simulated the health and economic
consequences associated with HBV in-
fection. The model takes into account
the mother’s HBV infection status,
the risk of transmission to the infant
and the consequences resulting from
HBYV infection over the course of the
cohort’s lifetime. The model’s outcomes
include lifetime costs, cases of new HBV
infection, primary liver cancer, disease-
specific deaths and disability-adjusted
life years (DALYs). A technical appen-
dix (available from the authors upon
request) includes details of the model
schematic and assumptions, the natural
history model of HBV infection and
data sources. Tables 1 and 2 present
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baseline values, ranges and imposed
distributions of epidemiological pa-
rameters.

For the analysis from a societal per-
spective, we estimated the direct medi-
cal costs — including programme costs
(vaccine, injection supplies, delivery)
and averted costs of medical treatment
— and direct non-medical costs (travel,
parents’ time spent immunizing chil-
dren, patients’ time). In our analysis
from the payer’s perspective, only
programme costs were included. We ad-
justed for inflation using the Gambian
GDP deflators," and expressed costs in
2002 US dollars. Table 3 summarizes
the assumptions on costs (further detail
is given in the technical appendix). The
primary outcome measure was cost-
effectiveness, expressed as the incremen-
tal cost per DALY averted for vaccina-
tion compared with no intervention.
For the base case, all outcomes were
discounted at 3% per year based on
WHO guidelines," although other rates
were used in the sensitivity analyses.

To explore parameter uncertainty,
we conducted univariate sensitivity
analyses (reported in the technical ap-
pendix) and multivariate probabilistic
sensitivity analysis. For the latter, we
specified distributions around uncer-
tain parameters (Tables 1, 2 and 3, and
technical appendix) and performed
1000 Monte Carlo simulations for each
perspective. Results of the probabilistic
sensitivity analyses were used in the sub-
sequent derivation of cost-effectiveness
acceptability curves and affordability
curves.

Assumptions for the
affordability consideration

We intentionally made simplifying as-
sumptions to demonstrate the applica-
tion of our analytical framework in the
most transparent manner possible. These
include the assumption that coverage
for traditional vaccines used in the Ex-
panded Programme on Immunization
(measles, diphtheria—tetanus—pertussis,
oral polio vaccine and bacille Calmette—
Guérin) is already high (> 90% as of
2002) in the Gambia, so that investment
in new and underused vaccines (HBV,
Hib and yellow fever) are justified (Gam-
bian government, unpublished data,
2003). Also, each routine infant vaccina-
tion programme is indivisible — meaning
vaccination cannot be administered to
only a fraction of infants — based on argu-
ments that this would be inequitable. If
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Table 1. Assumptions about hepatitis B vaccine coverage and efficacy, and epidemiology of infection with hepatitis B virus
(HBV) used in the model evaluating the cost-effectiveness and affordability of vaccinating infants against infection

Parameters Baseline Range® Assumed"” Sources
distribution
Hepatitis B vaccine coverage (%) 94 85-100 Triangular Unpublished data®
Vaccine efficacy (3 doses)
Initial protective immunity against infection (%) 95 90-100 Triangular —
Breakthrough infection after 6 years among those vaccinated (%)% 4.5 1.3-10.7 Beta 21,22
Chronic carriage after breakthrough infection (%) 1.1 0-2.9 Beta 21,22
Epidemiological assumptions
Prevalence of pregnant women who are hepatitis B surface antigen 10.6' 7.4-15.0° Logit-normal 23
positive (HBsAg+) (%)
Prevalence of mothers who are hepatitis B early antigen positive 11.6' 4.9-24.8° Logit-normal 23
(HBeAg-+) among HBsAg+ mothers (%)
Perinatal risk of infection (%)
Babies born to HBeAg+ mothers 27.9 9.2-59.6° Logit-normal 23
Babies born to mothers negative for hepatitis B early antigen (HBeAg-) 8.0 1.8-28.79 Logit-normal 23
Cumulative prevalence of HBV infection (%)
At age 5 years 50 35-55 Triangular 21,24
At age 15 years 90 63-95 — —
lifetime risk 95 80-99 = =

¢ The ranges of parameters are for univariate sensitivity analyses and were chosen to be as inclusive as possible based on the literature.
® The technical appendix (available from the authors) provides details on the choice of distributional forms and parameterization.

¢ Gambian Government, unpublished data, 2003.

¢ Annual rate of breakthrough infection was calculated using this value, assuming that immunity wanes exponentially over time.

¢ Annual rate per person.
f Values specific to the sub-Saharan region.

9 95% confidence interval for the sub-Saharan region.

there were a deficit in the funding for the
national immunization programme, less-
expensive monovalent vaccines would be
used; and based on previous analyses, !>
the childhood vaccination programmes
would be assigned priority in the fol-
lowing order: traditional vaccines plus
tetanus toxoid, HBV vaccine, other new
and underused vaccines.

Derivation of an affordability
curve and cost-effectiveness
affordability curves

We evaluated programme affordabil-
ity based on the joint distribution of
simulated incremental health gains and
the costs of HBV vaccination from the
payer’s perspective. If we plot the simu-
lated outcomes on a cost-effectiveness
plane (which has net costs on the verti-
cal axis and net health outcomes on
the horizontal), an affordability curve
captures the proportion of points in this
plane that fall below the horizontal lines
corresponding to different budget levels.®
A set of cost-effectiveness affordability
curves combines the information from
a cost-effectiveness acceptability curve
and an affordability curve to capture
the proportion of points that fall below

both the diagonal line representing a
particular cost-effectiveness threshold
and the horizontal line representing a
particular budget level.®

Findings

Table 4 presents the incremental cost—
effectiveness ratio of vaccinating infants
against HBV compared with no vac-
cination from the payer’s perspective.
The point estimate provides information
on the cost-effectiveness of the HBV
programme, allowing the programme’s
value-for-money to be compared with
various benchmarks. For example, the
programme’s incremental cost—eflective-
ness ratio of US$ 47 per DALY averted
is lower than the Gambia’s per-capita
GDP (around US$ 300), a measure
often used as a surrogate indicator of
the cost-effectiveness threshold below
which a programme would be consid-
ered highly cost-effective.'® However,
the point estimate does not consider
uncertainty around the programme’s
costs and effects.

The cost-effectiveness acceptability
curve in Fig. 1 incorporates such un-
certainty and presents the probability
that the HBV vaccination programme
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is cost-effective in relation to different
threshold values for cost-per-DALY ra-
tios. The curve was constructed by plot-
ting the proportion of simulated out-
comes on a cost-effectiveness plane that
fall below the diagonal lines through
the origin of which slopes represent
various cost-effectiveness cut-off points.
The curve shows that the programme
would not be considered cost-effective
at thresholds < US$ 25 per DALY
averted but would always be considered
cost-effective at thresholds > US$ 97 per
DALY averted. The curve also indicates
that if the programme’s payer is willing
to pay US$ 47 per DALY averted, there
is a 65% probability the programme
will be cost-effective.

A cost-effectiveness acceptability curve
provides an intuitive visual summary of
uncertainty about cost-effectiveness, but
it does not explicitly account for po-
tential constraints on total resources.”?
On the other hand, an affordability
curve does account for this constraint
in presenting the probability that the
total costs of a programme fall below
a specified budget level. In our policy
example (Fig. 2), the probability that
the HBV programme is affordable is 0%
up to a budget of US$ 157 000 but in-
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Table 2. Further assumptions about the natural history of hepatitis B infection and disability weights used in the model
evaluating the cost-effectiveness and affordability of vaccinating infants against hepatitis B virus (HBV)

Parameters Baseline Range® Assumed"” Sources
distribution
Transition probabilities
Acute infection
Symptomatic cases (%) 1-30 0-40 - 23,25
Fulminant cases among symptomatic infection (%) 0.1-0.6 0-0.6 - 26
Death among fulminant cases (%) 70 60-80 Triangular 25
Risk of developing chronic hepatitis (%)
<0.5 years 0.885 0.84-0.93¢ Normal 27
>0.5 years exp(—0.645 x age®%4%) - 27
Chronic hepatitis
Transferring into inactive carrier state®
<25 years 0.02-0.16 0-0.163 = 28
= 25 years 0.10 0.083-0.163 Triangular 29
Rate of developing compensated cirrhosis*
<25 years 0.0001-0.0012 = = 30
= 25 years 0.015 0.01-0.057 Triangular 26,31
Rate of developing hepatocellular carcinoma 0-0.0027 - - 30
Inactive carrier
Risk of relapsing to chronic hepatitis
<25 years 0.0043 0.003-0.0065 Triangular 32
=25 years 0.03 0.029-0.073 Triangular 29
Rate of resolution®
<25 years 0.0056 0.0005-0.01 Triangular 28
=25 years 0.01 0.0005-0.015 Triangular 26
Compensated cirrhosis
Risk of developing decompensated cirrhosis® 0.035 0.032-0.046 Triangular 26,31
Risk of developing hepatocellular carcinoma 0-0.066 - - 26,31
Risk of premature death* 0-0.0056 = = 33
Decompensated cirrhosis
Risk of developing hepatocellular carcinoma® 0-0.003 - - 31,33
Risk of premature death® 0-0.0056 - - 33
Hepatocellular carcinoma
Risk of premature death*
<25 years 0-0.00015 = = 33
=25 years 0.081-0.5 = = 30
Disability weights for liver diseases 34
Episode of acute infection® 0.075 0.075-0.212 Triangular
Cirrhosis 0.33 0.31-0.495 Triangular
Liver cancer’ 0.59 0.59-0.73 Triangular

2 The ranges of parameters are for univariate sensitivity analyses and were chosen to be as inclusive as possible based on the literature.
® The technical appendix (available from the authors) provides details on the choice of distributional forms and parameterization.

¢ 95% confidence interval for the sub-Saharan region.

¢ Annual rate per person.

¢ Assuming a duration of 0.17 years, the model used an annual average weight of 0.013.
f Liver cancer was assumed to progress in three consecutive phases: (1) diagnosis/primary therapy/waiting; (2) metastasis; and (3) terminal. Disability weights for
each stage were 0.20 (range: 0.2-0.43), 0.75 (range: 0.75-0.83), and 0.81 (range: 0.81-0.93). The average weight of 0.59 was calculated assuming that each

stage lasted approximately the same duration.

creases as the budget increases, reaching
100% when the budget increases to US$
207 000. Accordingly, US$ 157 000
can be considered the lower boundary
and US$ 207 000 the upper boundary
of the amount of resources required for
the programme. The curve also indi-
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cates that if the programme budget were
set at US$ 182 000 per year based on
the estimated average programme costs
(Table 4), the probability that the pro-
gramme will be affordable is only 58%
because of the uncertainty surrounding
the programme’s costs.

Fig. 3 combines the information
provided by the cost-effectiveness ac-
ceptability curve and the affordability
curve and presents a set of cost-effective-
ness affordability curves for the three
different levels of programme budget
examined in Fig. 2. In the graph, each
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Table 3. Assumptions on resource utilization® used in the model of the cost-effectiveness and affordability of vaccinating
infants against hepatitis B virus (HBV)

Parameters Baseline Range® Assumed® Sources
Distribution
Programme costs
Vaccines per dose®® 0.32 0.23-0.43 Triangular 35
Injection supplies per dose®®
Auto-disable syringes 0.068 - = 35
Safety boxes 0.0056 - - 35
Delivery costs per dose’ 0.63 0.21-0.84 Triangular Estimated
Wastage rates (%)
Vaccines 20 10-50 Triangular 36
Auto-disable syringes 10 0-20 Triangular 36
Safety boxes 50 10-100 Triangular 36
Treatment costs of HBV-related diseases
Average no. lifetime outpatient visits for each of HBV 1 0.5-2 Triangular 37
infection-related diseases’
Average cost per outpatient visit 0.86 0.60-1.27 Triangular 10
Average no. days hospitalized per lifetime” 8.4! 7.0-9.5 Triangular 37
Average cost per inpatient day 4.15 2.08-6.23 Triangular 10
Travel and time costs'’
Average transportation costs per travel 0.31 0.20-0.50 Triangular 37,38
Average time for travel/waiting/treatment at public 23 0.96-2.76 Triangular 39
health facilities (hours)
Average hourly wage 0.155 0.12-0.19 Triangular Unpublished data*

¢ All cost estimates are expressed in 2002 US$ at an official exchange rate of 19.91825 Gambian dalasi = US$ 1.00 (source:
World Development Indicators Online, World Bank. Available at: http://web.worldbank.org/WBSITE/EXTERNAL/DATASTATISTICS/
0,,contentMDK:20398986~menuPK:64133163~pagePK:64133150~piPK:64133175~theSitePK:239419,00.html).
® The ranges of parameters are for univariate sensitivity analyses and were chosen to be as inclusive as possible based on the literature.
¢ Because most sources for costs did not provide enough information, we assumed triangular forms for all cost parameters.
¢ UNICEF's 2002 average unit prices were used for the vaccine (a 10-dose vial) and injection supplies.

In the model, the unit costs for the vaccine and injection supplies were adjusted for the corresponding wastage rates and were further adjusted for the average

freight cost rates (6% for vaccines and 15% for injection supplies) to incorporate the costs incurred for international transport.

Total delivery costs included all incremental non-recurrent (capital) and recurrent (operational) programme costs other than vaccine and injection supply costs

required to deliver HBV vaccines under the current Gambian immunization system. Delivery costs per dose were adjusted for coverage. See Appendix 6 in the
technical appendix (available upon request) for details.

@

primary liver cancer.

=

the year of death.

Data obtained from representative sub-Saharan African countries.
Patients’ time-costs for treatment of HBV-related disease were calculated by multiplying the average time for travel, waiting and treatment at public health

It was assumed that over a lifetime HBV infection entails an average of one outpatient visit each for symptomatic acute infection, chronic hepatitis, cirrhosis and

It was assumed that fulminant cases and HBV infections developing into chronic status entail hospitalization and that these inpatient costs are incurred during

facilities (obtained from the Gambian government document, reference 43) by average hourly wage. Parents' time and travel costs for bringing their children
to immunization facilities were computed using the direct allocation method to divide costs between different vaccines administered together in the Gambian
vaccination schedule under an average costing approach.

 Gambian Government, unpublished data, 2003.

curve represents the probability that the
HBV programme is both cost-effective
and affordable at each combination
of a cost-effectiveness threshold (hori-
zontal axis) and a programme budget
(indicated by legends for each curve).
The bottom curve indicates that under
programme budgets < US$ 157 000 (the
lower bound of the resources required),
the probability that the programme
is simultaneously cost-effective and af-
fordable is 0% regardless of the levels
of willingness-to-pay since the prob-
ability that the programme is affordable

is 0% under such low budgets. The
middle curve shows that under the
US$ 182 000 budget (the average pro-
gramme cost), the probability that the
programme is both affordable and
cost-effective would increase as the
cost-effectiveness threshold increases,
reaching a maximum of 68% at the
threshold of US$97 per DALY averted
(the minimum threshold above which
the probability that the programme is
cost-effective is 100%). Similarly, the
upper curve shows that the correspond-

ing probability under the US$ 207 000
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budget (the upper bound of the re-
sources required) would reach 100% at
the same threshold of US$ 97 per DALY
averted. The curve under “no budget
constraint” is identical to the curve un-
der the US$ 207 000 budget. This im-
plies that setting a programme budget
above the upper bound of the resources
required for the programme (US$
207 000) would not add any further
health benefits. It is also noteworthy that
the curve under “no budget constraint”
is by definition identical to the cost-
effectiveness acceptability curve shown
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Table 4. Base case results discounted at 3% for a birth cohort of 56 000 infants, assuming 94% coverage of hepatitis B virus (HBV)

vaccine

Strategy Total Total no.  Total no. Cost” Incre-  Effective- Incremental Incremental

no.cases cases of  cases of mental ness‘ effectiveness* cost-
of new primary  premature cost” effectiveness
infections® liver deaths® ratio®
cancer®

Societal perspective

No vaccination 41245 155 161 134400 = 295266 = =

Routine infant 12119 21 29 243600 109760 291385 3881 28

vaccination

Payer’s perspective

No vaccination 41245 155 161 0 = 295266 0

Routine infant 12119 21 29 182000 182000 291385 3881 47

vaccination

¢ Epidemiological outcomes do not vary by perspective.

> All costs in 2002 USS.

¢ Effectiveness measured in disability-adjusted life years.
¢ Incremental effectiveness measured in disability-adjusted life years averted.
¢ The incremental cost—effectiveness ratio is the ratio of dollars per disability-adjusted life year averted.

in Fig. 1. From a different angle, with a
cost-effectiveness threshold set at US$
47 per DALY averted (the point estimate
of the incremental cost—effectiveness
ratio) the probabilities that the pro-
gramme is simultaneously cost effective
and affordable are 0% under an annual
budget of US$ 157 000, 40% under a
budget of US$ 182 000, and 65% under
a budget of US$ 207 000.

Discussion

We found from the policy example that
vaccinating infants against HBV reduces
the burden of HBV-related diseases by
> 80%, and it is a highly cost-effective
health intervention in the Gambia
(Table 4). Our findings also showed that
the programme has the potential to be
affordable even with a relatively low an-
nual budget of US$ 160 000 (Fig. 2).
Our example illustrates how cost-
effectiveness affordability curves can
enhance the information provided by
traditional analyses of cost-effectiveness.
While cost-effectiveness acceptabil-
ity curves provide a valuable heuristic
for summarizing the distribution of
expected health and economic conse-
quences in the setting of multivariate
uncertainty, they do not distinguish
between joint distributions of costs and
effects that share the same correlations
between these two dimensions but dif-
fer in scale.”® Cost-effectiveness afford-
ability curves provide one way to address
this limitation. When all points in the
joint distribution of costs and benefits
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are positive on both dimensions (as is
likely with most childhood vaccines), the
consideration of budget constraints in
addition to cost-effectiveness thresholds
in analyses of multivariate uncertainty
enhances the information available to
guide real-world decisions.

Limitations

There are several limitations to this
analysis. First, our modelling of a single
birth cohort for the example does not
reflect the indirect effects of vaccination
on the force of infection (the rate at
which susceptible individuals become
infected) over time, and estimated ben-

efits may be higher. Second, because
our analysis is intended to demonstrate
the framework of how one may add
the dimension of affordability to cost-
effectiveness analyses, we focused on the
affordability of the HBV programme.
We did not evaluate the affordability of
all competing interventions, so this ex-
ample provides only qualitative insight
into the potential impact of the afford-
ability of the HBV programme. We can-
not draw conclusions that depend on
the affordability of other programmes
delivering new and underused vac-
cines that are competing for resources.
Finally, we could not take into account

Fig. 1. Cost-effectiveness acceptability curve

(US$ 97 per DALY averted, 100%)
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Threshold cost-effectiveness ratio (in 2002 US$)

DALY, disability-adjusted life year.
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the potential impact of technological
changes that may considerably affect
the programme’s cost-effectiveness, such
as the introduction of pre-filled auto-
disable devices or multivalent vaccines.

Implications

Despite the favourable cost-effectiveness
profile of HBV vaccination programmes,
without adequate long-term funding
when the GAVI Alliance’s support is
terminated, low-income countries such
as the Gambia may face difficult deci-
sions over how to set priorities and al-
locate limited resources among different
childhood vaccines, and in particular
new vaccines. In this context, the im-
portance of examining affordability as
well as cost-effectiveness when consid-
ering introducing a new vaccine should
be increasingly emphasized.'”'® Few
studies have explicitly examined the af-
fordability of new vaccines under such
circumstances, and no specific guide-
lines for evaluating affordability have
been suggested.

In this regard, our study provides
guidance relevant to policy-making in
two respects. First, in the face of un-
certainties about both the health and
economic consequences of a programme,
as well as the availability and magnitude
of resources needed to fund the pro-
gramme, policy-makers can use afford-
ability curves to discern the probability
that a new programme will be affordable

Research
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Fig. 2. This affordability curve shows the probability that the HBV vaccination
programme would be affordable under various programme budgets.
The US$ 182 000 budget is the point estimate of the projected annual

programme costs
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Annual programme cost/programme budgets
for infant HBV vaccination (in 2002 US$)

under a specified budget or can project
the consequences of assigning different
amounts of funding to the programme
over a range of programme budgets. Al-
though economic studies that compare a
programme’s annual per-capita cost with
annual per-capita government health
expenditure or compare a programme’s
estimated annual average cost with its
annual budget are useful, the approach
suggested here takes into account un-
certainty in the estimates of costs and

Fig. 3. Cost-effectiveness affordability curves show the probabilities that HBV
vaccination is both cost effective and affordable under different annual
budgets at varying threshold cost-effectiveness values
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benefits.! Second, the cost-effectiveness
acceptability curves may serve as tools
to communicate results of complex
probabilistic cost-effectiveness analyses
to policy-makers. When policy-makers
need information on affordability in
addition to the cost-effectiveness of a
new vaccine, a single illustration that
combines the cost-effectiveness and af-
fordability profile of the vaccine may
allow for easier interpretation.

The usefulness of cost-effectiveness
affordability curves is limited when a
resource allocation problem needs to be
addressed generally because it focuses
on a single new programme’s fixed bud-
get. In our example, we assumed that
before support from the GAVI Alliance
ended, low-income countries would be
likely to secure sufficient resources to
fund the traditional vaccines and might
want to set a separate budget for the
increased use of new and underused
vaccines. We also assumed that there
may not be sufficient resources available
to fund all of the relatively expensive
new and underused vaccines, and that
if so, HBV vaccines would be assigned
priority, based on the cost-effectiveness
profiles reported in studies.'* If this is
not the case, fully evaluating the HBV
vaccination programme’s affordability
requires a more comprehensive ap-
proach that explicitly considers the
affordability of other competing vac-
cination programmes under a shared
budget. For example, for the case in
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which the budget constraint is the total
portfolio cost, Sendi and colleagues
propose calculating the probability that
each portfolio would be affordable over
a range of budget levels by iterating
Monte Carlo simulations of all relevant
interventions and then calculating the
joint distribution of the total port-
folio costs and effectiveness through
summation of each programme’s cost
and effectiveness.”* However, if HBV
vaccines are to be used in multivalent
presentations (for example, diphtheria—
tetanus—pertussis with HBV vaccine, or
diphtheria—tetanus—pertussis with Hib
and HBV vaccine) then an optimal mix
of antigens should be identified, taking
into account the fact that the cost of
a combined vaccine would not be the

sum of the costs of each monovalent
vaccine. Additional research is needed to
solve resource allocation problems and it
should consider all relevant programmes
under a shared budget and incorporate
complicated constraints.

Nevertheless, given that such re-
search would require an enormous
amount of effort in a real-world setting,
and that HBV vaccines might reason-
ably satisfy the assumptions necessary
for the existence of a fixed budget
based on the vaccines’ favourable cost-
effectiveness profiles, an approach that
considers cost-effectiveness, affordabil-
ity and uncertainty can serve as a practi-
cal tool to provide valuable information
to decision-makers in low-income
countries who might face severe budget

Sun-Young Kim et al.

constraints for their HBV programmes
or programmes for other new and un-
derused vaccines. M
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Résumé

Evaluation économique de la vaccination contre I'hépatite B dans les pays a faible revenu a partir de

courbes coit/efficacité-accessibilité économique
Objectif Nous avons recherché une méthode permettant de
prendre en compte explicitement a la fois le rapport codt/
efficacité d'un programme et son accessibilité économique. A titre
illustratif, nous avons appliqué cette méthode au programme de
vaccination des nourrissons contre |'hépatite B en Gambie.
Méthodes Nous avons fait la synthése de données sélectionnées
et mis au point un modele informatique pour évaluer le rapport
co(t/efficacité pour la société d'une part et pour ceux qui financent
le programme d'autre part de la vaccination systématique
des nourrissons contre |'hépatite B en Gambie par rapport a
I'absence de vaccination. La principale mesure des résultats
programmatiques est le colt par année de vie corrigée de
cadre de I'analyse d'incertitude, nous avons étudié I'accessibilité
économique du programme pour ceux qui le financent par des
méthodes de Monte Carlo, ce qui nous a permis d'établir une
courbe d'accessibilité économique et des courbes rapport colt/
efficacité en fonction de I'accessibilité économique pour ce
programme.

Résultats En Gambie, le rapport colt/efficacité de la vaccination
des nourrissons contre I'hépatite B est trés bon. Par comparaison

avec la situation en |'absence d'intervention, ce programme
vaccinal devrait coliter US$ 28 par DALY évitée pour la société ou
US$ 47 par DALY évitée pour ceux qui le financent. Ce programme
pourrait aussi étre abordable économiquement en débutant
avec un budget relativement faible de US$ 160 000 par an. Si
I'on combine ces deux dimensions de la mesure de résultats, la
probabilité que cette vaccination des nourrissons soit a la fois
d'un bon rapport colt/efficacité et abordable économiquement
est de 40 % pour un budget annuel du programme de US$
182 000 (codt total estimé du programme pour ceux qui le
financent), sachant que la valeur seuil du rapport codt/efficacité
est de US$ 47 par DALY évitée.

Conclusion Face aux incertitudes quant aux conséquences tant
sanitaires qu'économiques d'un programme de vaccination et
quant a la disponibilité et a I'ampleur des ressources nécessaires
pour financer ce programme, les présentes courbes colt/efficacité
fonction de I'accessibilité économique peuvent fournir aux
décideurs des indications sur la probabilité qu'il soit a la fois d'un
bon rapport colit/efficacité et abordable, ces deux aspects étant
distincts, mais tout aussi pertinents I'un que I'autre dans les pays
a faible revenu.

Resumen

Evaluacion econémica de la vacunacion contra la hepatitis B en paises de ingresos bajos: uso de curvas de

costoeficacia/capacidad de pago

Objetivo Describir un método que considerase explicitamente
tanto la costoeficacia de un programa de atencion sanitaria como
los recursos disponibles para llevarlo a cabo. A modo de ejemplo,
se aplico el método al programa de vacunacion de los lactantes
contra la hepatitis B en Gambia.

Métodos Se sintetizaron datos seleccionados y se elabord un
modelo computadorizado desde las perspectivas de la sociedad
y del pagador para evaluar la costoeficacia de la vacunacion
sistematica de los lactantes contra la hepatitis B en Gambia
en comparacion con la ausencia de vacunacion. La medida de

840

resultado principal fue el costo por afio de vida ajustado en
funcién de la discapacidad (AVAD) evitado, que se expresd en
US$ de 2002. Se utilizaron métodos de Monte Carlo de anélisis
de incertidumbre para examinar la capacidad de pago del programa
desde la perspectiva del pagador, y se obtuvieron una curva de la
capacidad de pago y curvas de costoeficacia/capacidad de pago
para el programa.

Resultados En Gambia, la vacunacion de los lactantes contra
la hepatitis B es muy costoeficaz. En comparacion con la no
intervencion, el programa de vacunacion costaria US$ 28 por
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AVAD evitado desde el punto de vista de la sociedad o US$ 47
por AVAD evitado desde la perspectiva del pagador. El programa
puede también ser asequible, comenzando por un presupuesto
relativamente bajo de US$ 160 000 al afio. Combinando las dos
dimensiones de la medida de resultados, la probabilidad de
que la vacunacion de los lactantes sea tanto costoeficaz como
asequible es del 40% para un presupuesto programatico anual
de US$ 182 000 (costo total estimado del programa desde la
perspectiva del pagador), considerando un valor de costoeficacia
umbral de US$ 47 por AVAD evitado.
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Conclusién Ante las incertidumbres asociadas a las
consecuencias sanitarias y econdmicas de un programa de
vacunacién, asi como a la disponibilidad y magnitud de los
recursos necesarios para financiar el programa, las curvas
de costoeficacia/capacidad de pago pueden aportar a los
responsables de la toma de decisiones informacion de interés
sobre la probabilidad de que un programa sea tanto costoeficaz
como asequible, conceptos éstos distintos pero igualmente
pertinentes en los entornos de recursos escasos.
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