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Summary points

« Many health interventions deemed cost-effective are not affordable. Despite the impor-
tance of affordability to policymakers, little of the cost-effectiveness literature in global
health addresses this issue.

« Budget impact analysis (BIA) describes an intervention’s short-term costs and savings
from the payer’s perspective.

o Researchers should report BIA alongside cost-effectiveness analysis (CEA). When CEA
and BIA lead to different conclusions, researchers should explain why.

o Policymakers should recognize that not all cost-effective interventions are affordable
and interpret information about cost-effectiveness in the context of their budget and
other available funding sources.

« Both cost-effectiveness and affordability should be reflected in the design of essential
health service packages.

Introduction

The post-2015 Sustainable Development Goals call for governments to combat infectious dis-
ease, reduce maternal and infant mortality, and ensure that quality healthcare is accessible and
affordable to all [1]. To meet these objectives, about half of all countries are in the midst of
efforts to introduce or extend universal health coverage (UHC) [2]. This process requires gov-
ernments to define essential service packages guaranteed to all citizens. Because of resource
limitations, these packages cannot include all health services. As a result, both researchers and
policymakers have recommended prioritizing cost-effective interventions [3-5].

However, cost-effective interventions are not always affordable. In some cases, adopting
cost-effective interventions would necessitate eliminating other, more beneficial expenditures.
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Table 1. Comparison of CEA and BIA.

In a highly publicized example, new medications for chronic hepatitis C were found to be cost-
effective in many settings, even at high prices [6-8], but provision of these medications to all
potential beneficiaries has been unaffordable, even with discounts [9,10]. Affordability chal-
lenges have also arisen with numerous other interventions, including vaccines for human pap-
illomavirus (HPV) and pneumococcal infections [11,12] and GeneXpert tuberculosis
diagnostics [13,14]. This disconnect between cost-effectiveness and affordability can compli-
cate efforts to identify and adopt high-value programs.

This paper first assesses the current use of budget impact analysis (BIA) and cost-effective-
ness analysis (CEA) in health economic assessments conducted for low- and middle-income
countries (LMICs) (Table 1). We then recommend steps researchers and policymakers can
take to better incorporate affordability information into health economic evaluations, along-
side CEA.

Current state of CEA and BIA

While political, social, and cultural factors play an important role in budget allocation, CEA
can inform decisions on how to maximize health returns from limited resources. Over the past
decade, interest in evaluating affordability has also increased [9,15,16]. BIA assesses affordabil-
ity by estimating an intervention’s short-term net costs from the payer’s perspective [17].
Many countries, including Canada, the United Kingdom, Brazil, and Thailand request both
BIA and CEA when assessing whether to include a drug on a public formulary [17-20]. In
2014, the Bill & Melinda Gates Foundation also recommended including both BIA and CEA
in health economic assessments [21]. Still, BIA is rarely considered in priority-setting frame-
works for UHC [16].

Furthermore, peer-reviewed health economic literature for LMICs often lacks budget
impact information. For example, we investigated the use of BIA in articles catalogued in the
Tufts Medical Center Global Health Cost-Effectiveness Analysis (GHCEA) Registry. The
GHCEA Registry contains information on all peer-reviewed English-language CEA articles
with health benefits measured in terms of averted disability-adjusted life years (DALYs) [22].
We found that only 3% (n/N = 12/384) of the articles in the GHCEA conducted a formal BIA,
explicitly mentioning BIA in the methods and results sections. Another 10% of the articles (n/
N = 37/384) informally included some measure of budget impact, often in the discussion sec-
tion. (See S1 Text for inclusion criteria and S1 Table for articles included.)

When articles presented both CEA and BIA, their recommendations often diverged. More
than half of the articles that reported formal or informal BIA findings concluded that cost-

BIA

Quantify an intervention’s impact on resources consumed
Net resource consumption

Payer

Budget cycle (typically 1-5 years)

Absolute costs and savings ($)

CEA
Objective Quantify an intervention’s net health return on investment
Outcomes Net health benefits, net resource consumption
Perspective | Societal, healthcare sector, or payer
Time horizon | Long-term (until all costs and benefits are realized)
Unit ICER = - Cof‘is/'nterver:zoi:gz:iffmparamr
Interpretation
cost-effectiveness
Threshold

A smaller ICER indicates lower costs per unit of health gained, i.e., greater

New intervention is “cost-effective” if ICER falls below a WTP threshold

Lower costs indicate greater affordability

No standard to evaluate the affordability of each
intervention individually

Abbreviations: BIA, budget impact analysis; CEA, cost-effectiveness analysis; ICER, incremental cost-effectiveness ratio; WTP, willingness to pay

https://doi.org/10.1371/journal.pmed.1002397.t001
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Cost barriers identified 1

Theoretically affordable -

Implemented A

No interpretation -

effective interventions might be unaffordable (Fig 1). One stated, “The financial realities facing
resource-deprived health systems in developing countries make it impossible to carry out all
potentially ‘very cost-effective’ interventions” [23]. Others concluded that program budgets
[24] or even national health budgets [25] would have to be tripled or quadrupled in order to
accommodate cost-effective interventions.

Some articles suggested price reductions to address affordability issues [12,26,27]. One
wrote, “hopefully, [the price of the rotavirus vaccine] will be reduced in light of this analysis”
[28], and another recommended a stronger drug negotiation policy for cholera vaccines [23].
Others suggested that additional resources from external funders could subsidize program
costs [12,26,29]. For example, for a malaria home management program, an article stated that
“set up costs may be particularly suitable for funding by donor organizations. . .while subse-
quent costs could be contained within the budget of a typical sub-Saharan African District”
[30].

Next steps forward: Reconciling cost-effectiveness and
affordability

How can cost-effective interventions be unaffordable?

The gap between cost-effectiveness and affordability can be confusing because CEA appears to
account for affordability: it benchmarks an intervention’s value against a measure of social
willingness to pay (WTP) for health improvements (Table 1). However, CEA addresses afford-
ability only indirectly and incompletely.

Article assessments of affordability

I -

10 20 30
Number of papers

Fig 1. Assessments of affordability in the cost-effectiveness literature. Categories reflect author assessments of affordability based on BIA
results. “Cost barriers identified” indicates that the author identified one or more factors that might render an intervention unaffordable.
“Theoretically affordable” interventions were deemed feasible with current resources and/or available external support (e.g., Gavi funding).
“Implemented” interventions had already been implemented at time of publication. “No interpretation” indicates that the author conducted a BIA
but did not make statements about the intervention’s affordability. Examples of how we classified assessments appear in S2 Text. Data Source:
author extraction from the GHCEA Registry (www.ghcearegistry.org). Abbreviations: BIA, budget impact analysis; GHCEA, Global Health Cost-

Effectiveness Analysis.

https://doi.org/10.1371/journal.pmed.1002397.9001

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002397 October 2, 2017 3/10


http://www.ghcearegistry.org/
https://doi.org/10.1371/journal.pmed.1002397.g001
https://doi.org/10.1371/journal.pmed.1002397

@’PLOS | MEDICINE

In theory, CEA assumes that a policymaker would conduct a “shopping spree” with a fixed
budget and information about the cost-effectiveness of all available programs. In order to
decide which programs to fund, the policymaker would first rank programs by incremental
cost-effectiveness ratio (ICER) (Table 1), a measure of cost-effectiveness. The policymaker
would then adopt programs in order of cost-effectiveness, continuing until the health budget
is exhausted. Because the “shopping spree” continues only until the budget is exhausted, the
set of selected programs is, by definition, affordable. The ICER of the last program adopted
(i.e., the least cost-effective program in the budget) is designated the WTP threshold. Programs
with ICERs lower than the threshold are both cost-effective and affordable.

In practice, however, CEA articles typically consider only a few interventions and do not
conduct a “shopping spree.” Instead, the cost-effectiveness threshold is identified exogenously.
Researchers measure the aggregate cost of death and disability in disability-adjusted life years
(DALYs) or quality-adjusted life years (QALYs), both of which reflect longevity and quality of
life. Gaining a year of life in perfect health, for example, averts 1 DALY, whereas gaining a year
of life in some less-favored health state averts a fraction of a DALY, depending on the severity
of the morbidity for that health state. The health economics literature often designates inter-
ventions that avert a DALY (or gain a QALY) for no more than 1-3 times a country’s per cap-
ita gross domestic product (GDP) as “cost-effective.” This is justified by the claim that a
country should be willing to pay about as much for a life year as an average person would pro-
duce in that year. In many countries, however, healthcare budgets are not large enough to
fund all interventions with ICERs below this ceiling [31]. Therefore, some cost-effective inter-
ventions are not affordable.

Explaining the divergence between affordability and cost-effectiveness

Budget size and the WTP threshold. One reason BIA and CEA may diverge is if the pre-
sumed WTP threshold in CEA is too high. Suppose a country’s budget is insufficient to sup-
port all programs with ICERs below the WTP threshold. If the healthcare budget reflects the
preferences of the population regarding the appropriate level of spending on health (or other-
wise cannot be increased), then the true WTP threshold must be lower than what is assumed.
Ideally, the WTP threshold should reflect current spending, and researchers have begun to
estimate empirical thresholds based on a country’s current budget [31].

However, revising the WTP threshold presents several challenges. Empirical thresholds are
difficult to calculate because the process requires knowing the cost-effectiveness of all funded
programs. In addition, it is common for some unfunded programs to be more cost-effective
than programs that are funded. Even if the healthcare budget is theoretically large enough to
fund all cost-effective interventions, if part of that budget is diverted to fund interventions that
are not cost-effective, then some cost-effective interventions may not be affordable. In com-
plex, rapidly changing health systems, CEA cannot provide simple rules. Even high-value
“cost-effective” programs may require more resources than are available in a given budget.

Few LMICs currently meet the WHO spending targets for per capita health spending [32],
and several studies in our sample emphasized the need for increasing overall health budgets
[25,33]. In some cases, cost-effectiveness evidence can increase political will to dedicate
resources to high-value health services. However, large budget increases may not be politically
or economically feasible given limited resources. Acknowledging this, some papers recom-
mended starting with higher-value, lower-cost interventions. For example, one article sug-
gested expanding non-radiologic, very cost-effective breast cancer screening programs in
Mexico and Costa Rica if substantial new resources could not be marshalled for mammogra-
phy, or to focus mammography on highest-risk groups [24].
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Analytical perspective. Some authors attribute the divergence of affordability and cost-
effectiveness primarily to differences in how these two approaches estimate WTP values [34].
However, this view minimizes other differences between the two types of analysis. For exam-
ple, CEAs often take a societal perspective, including costs borne by patients [35], or a health-
care perspective, which includes third-party payments. By contrast, BIA only includes payer
costs. The choice of perspective can strongly influence ICER estimates and may highlight cases
in which a program alleviates or exacerbates a large financial burden on patients or other seg-
ments of society. For example, an analysis of rotavirus vaccination showed that incorporating
financial and productivity costs borne by patients decreased the ICER by 30%-75% [36].
Another article found that if cost estimates were reduced by the size of the subsidies provided
by Gavi, rotavirus vaccination ICERs decreased by 50% [29].

Distribution of costs and benefits. Most guidelines for conducting CEA suggest that
cost-effectiveness ratios should be benchmarked against a WTP threshold to assess value for
money. If a new intervention has an ICER below (i.e., more favorable than) the threshold, it is
theoretically possible to adopt this alternative in place of a less efficient existing program. In
practice, this replacement may not be feasible because programs with more favorable ICERs
may also make much bigger demands on the budget. For example, replacing a program that
costs $1 million and averts 50,000 DALY ($20 per DALY averted) with a more efficient pro-
gram that costs $10 million and averts 1 million DALY ($10 per DALY averted) increases
healthcare spending by $9 million. Finding the extra $9 million may not be possible. In addition,
some programs may not confer full benefits for decades. Cost-effectiveness incorporates cost oft-
sets, but because such offsets may occur in the distant future, accrue to different programs and
payers, and may be uncertain, they are less salient to short-term budget considerations.

Both high costs and delayed cost offsets have been salient to the assessment of new hepatitis
C virus (HCV) medications, which are cost-effective but far more expensive than previous
HCV medications. One analysis estimated that treating all patients with these drugs would
incur costs amounting to 10% of all pharmaceutical expenditures in several countries [10,37].
While the drugs are associated with cost offsets, these offsets do not accrue for decades. As a
result, countries that have adopted these medications have often negotiated low prices, even if
higher prices were cost-effective (e.g., Egypt) or limited access to the drugs (e.g., the United
States) [9,10,38,39].

Discounting. A final reason for inconsistencies between CEA and BIA stems from differ-
ences in how they treat discounting. CEA discounts costs and benefits, typically at a rate of 3%
annually [40,41]. In contrast, BIA guidelines do not recommend discounting because the bud-
get must include full costs and because it is often infeasible to invest a health budget and gain a
return [17]. In general, use of discounting makes programs with benefits that occur in the near
term look more favorable and programs with delayed benefits (e.g., many preventive pro-
grams) look less favorable.

Recommendations. To address the fact that interventions deemed cost-effective in the
published literature are not always affordable, we propose including information about imple-
mentation costs alongside cost-effectiveness. First, researchers should present BIA alongside
CEA. For most health services, there is no budget impact information available. If the size of a
program’s eligible population can be estimated, standardized BIA can be readily conducted
using information already developed for CEA (see Fig 2). At a minimum, this should include
cost and cost offsets over a short time horizon; if possible, researchers should benchmark costs
against the available local budget.

Second, researchers should highlight possible reasons for divergence between CEA and
BIA, which can help to identify and prioritize high-value programs. These can help policy-
makers interpret evaluations of cost-effectiveness in light of available resources by (1)
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ICER (health system): 678
ICER (payer, 25% Gavi support): 158
ICER (payer, 50% Gavi support): cost-saving
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Fig 2. Distribution of costs and benefits per year for a stylized vaccination intervention. Total bar height is the
undiscounted cost or benefit. The dark blue portion of the bar is the present value cost or benefit with a 3% annual
discount rate. Abbreviation: ICER, incremental cost-effectiveness ratio.

https://doi.org/10.1371/journal.pmed.1002397.9002

identifying high-return packages of services conditional on existing budgets and (2) suggesting
areas that would yield high benefit from increased investment. In Table 2, we summarize these
recommendations for research and policy.

Example. We explore a brief example of how these recommendations might inform

research and policy (see S3 Text

for derivation). In Fig 2, we display costs and benefits per year

for a stylized example based on HPV vaccination of 5 cohorts, each of 100,000 10-year-old
girls in a low-income country [12,42-44]. While the health system ICER would be cost-

Table 2. Research and policy/advocacy recommendations for CEA and BIA.

Conducting BIA

Combining BIA
and CEA

Costs and
savings

Benchmark

Context

Time horizon
Perspective

Discounting

Research
Add BIAto CEA

Report undiscounted payer costs and savings
over 1-5 year time horizon in current country
currency

Benchmark cost as a percentage of the current
budget

Indicate programs that might be reduced or
eliminated to add new interventions

Compare CEA and BIA
Report costs and benefits accrued per year

Report health sector, societal, and payer
ICERs

Report discounted and undiscounted ICERs

Policy/Advocacy
Request CEA and BIA

In most cases, not all “cost-effective” interventions will fit into
the budget. Compare the relative cost-effectiveness of different
strategies. All else equal, choose interventions with lower ICERs.
Aim to reduce spending on interventions with high ICERs, and
increase spending on those with low ICERs.

Use BIA to inform CEA

Seek external support for programs with favorable ICERs but high
upfront costs.

Identify opportunities for allocating costs across sectors, particularly
when benefits are shared among different sectors.

Work with researchers to ensure that discounting reflects local
preferences and investment opportunities.

Abbreviations: BIA, budget impact analysis; CEA, cost-effectiveness analysis; ICER, incremental cost-effectiveness ratio.

https://doi.org/10.1371/journal.pmed.1002397.t002
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effective based on per capita GDP in many countries, all costs are borne upfront while benefits
would not be experienced for decades. We estimate a cost of approximately $8.25 million for a
5-year vaccination program, with highest costs in the first year of the program. Few LMICs
could support that expense. For example, in 2015, government expenditures on routine immu-
nizations averaged around $9 million across countries in sub-Saharan Africa [45]. Based on
this average, and on the yearly costs for a new vaccine in our example, the additional interven-
tion would require a 17%-25% annual budget increase.

To address large upfront investments often required for vaccination, Gavi, the Vaccine Alli-
ance, provides cofinancing for LMICs. These yield country contributions as low as $0.20 per
vaccine, with gradual increases until the country independently finances the vaccine. When we
recalculated the ICER assuming Gavi covered 25% of the cost, payer ICER decreased from
$678/DALY to $158/DALY. If Gavi covered half the cost, the payer ICER would become nega-
tive, indicating the intervention is cost-saving, but upfront costs still might not be affordable
for some countries.

Conclusion

Designing high-quality healthcare in the era of universal coverage requires cost-effectiveness
and budget impact information for health services in different settings. We found that fewer
than 5% of global health CEAs conduct BIAs. With information about both cost-effectiveness
and budget impact, policymakers can better develop a high-value set of programs for specific
contexts. They can also identify services with high costs but high potential population health
benefits for which to seek collaboration or external financial support, particularly preventative
services and those that provide long-term cost savings. To promote effective incorporation of
economic evidence in decision-making, researchers must address gaps in data and clearly
communicate findings to policymakers.

Beyond economic value, there are many additional considerations in budget decisions,
including the need to identify complete and accurate costs [46], balance competing priorities
[47], incorporate equity and financial protection considerations [48], and operate in health
systems with multiple payers [16]. Nevertheless, alongside these factors, rigorous consideration
of both cost-effectiveness and affordability should be key elements in the design of packages of
essential global health services.

Supporting information

S1 Table. Articles with formal and informal BIA.
(PDF)

S1 Text. Selection process and summary of articles analyzed.
(PDF)

S2 Text. Examples of classifications in Fig 1.
(PDF)

S3 Text. Derivation of stylized HPV vaccine example.
(PDF)

Acknowledgments

The content is solely the responsibility of the authors and does not represent the official views
of the funders.

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002397 October 2, 2017 7/10


http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002397.s001
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002397.s002
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002397.s003
http://journals.plos.org/plosmedicine/article/asset?unique&id=info:doi/10.1371/journal.pmed.1002397.s004
https://doi.org/10.1371/journal.pmed.1002397

@'PLOS | MEDICINE

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

Goal 3: Ensure healthy lives and promote well-being for all at all ages. In: Sustainable Development
Knowledge Platform [Internet]. [cited 28 Jun 2016]. Available: https:/sustainabledevelopment.un.org/
sdg3

Boerma T, Eozenou P, Evans D, Evans T, Kieny M-P, Wagstaff A. Monitoring progress towards univer-
sal health coverage at country and global levels. PLoS Med. 2014; 11: e1001731. https://doi.org/10.
1371/journal.pmed.1001731 PMID: 25243899

Chalkidou K, Glassman A, Marten R, Vega J, Teerawattananon Y, Tritasavit N, et al. Priority-setting for
achieving universal health coverage. Bull World Health Organ. 2016; 94: 462—467. https://doi.org/10.
2471/BLT.15.155721 PMID: 27274598

Teerawattananon Y, Luz A, Kanchanachitra C, Tantivess S. Role of priority setting in implementing uni-
versal health coverage. BMJ. 2016; 352: i244. https://doi.org/10.1136/bmj.i244 PMID: 26813049

Summers LH. Economists’ declaration on universal health coverage. Lancet. 2015; 386: 2112-2113.
https://doi.org/10.1016/S0140-6736(15)00242-1 PMID: 26388531

Liu S, Watcha D, Holodniy M, Goldhaber-Fiebert JD. Sofosbuvir-based treatment regimens for chronic,
genotype 1 hepatitis C virus infection in U.S. incarcerated populations: a cost-effectiveness analysis.
Ann Intern Med. 2014; 161: 546-553. https://doi.org/10.7326/M14-0602 PMID: 25329202

Linas BP, Barter DM, Morgan JR, Pho MT, Leff JA, Schackman BR, et al. The cost-effectiveness of
sofosbuvir-based regimens for treatment of hepatitis C virus genotype 2 or 3 infection. Ann Intern Med.
2015; 162: 619. https://doi.org/10.7326/M14-1313 PMID: 25820703

Aggarwal R, Chen Q, Goel A, Seguy N, Pendse R, Ayer T, et al. Cost-effectiveness of hepatitis C treat-
ment using generic direct-acting antivirals available in India. PLoS ONE. 2017; 12: e0176503. https://
doi.org/10.1371/journal.pone.0176503 PMID: 28520728

Urrutia J, Porteny T, Daniels N. What does it mean to put new hepatitis C drugs on a list of essential
medicines? BMJ. 2016; 353: i2035. https://doi.org/10.1136/bm|.i2035 PMID: 27106956

lyengar S, Tay-Teo K, Vogler S, Beyer P, Wiktor S, Joncheere K de, et al. Prices, Costs, and affordabil-
ity of new medicines for hepatitis C in 30 countries: An economic analysis. PLoS Med. 2016; 13:
€1002032. https://doi.org/10.1371/journal.pmed.1002032 PMID: 27243629

Andrus JK, Jauregui B, Oliveira LHD, Matus CR. Challenges to building capacity For evidence-based
new vaccine policy in developing countries. Health Aff (Millwood). 2011; 30: 1104—1112. https://doi.org/
10.1377/hlthaff.2011.0361 PMID: 21653964

Kim JJ, Campos NG, O’Shea M, Diaz M, Mutyaba I. Model-Based Impact and Cost-Effectiveness of
Cervical Cancer Prevention in Sub-Saharan Africa. Vaccine. 2013; 31, Supplement 5: F60-F72. https://
doi.org/10.1016/j.vaccine.2012.07.093 PMID: 24331749

Langley I, Lin H-H, Squire SB. Cost-effectiveness of Xpert MTB/RIF and investing in health care in
Africa. Lancet Glob Health. 2015; 3: e83—e84. https://doi.org/10.1016/S2214-109X(14)70370-5 PMID:
25617201

Menzies NA, Cohen T, Lin H-H, Murray M, Salomon JA. Population Health Impact and Cost-Effective-
ness of Tuberculosis Diagnosis with Xpert MTB/RIF: A Dynamic Simulation and Economic Evaluation.
PLoS Med. 2012; 9: €1001347. https://doi.org/10.1371/journal.pmed.1001347 PMID: 23185139

ICER Value Assessment Framework—ICER [Internet]. [cited 3 May 2016]. Available: http://icer-review.
org/methodology/icers-methods/icer-value-assessment-framework/

Wiseman V, Mitton C, Doyle-Waters MM, Drake T, Conteh L, Newall AT, et al. Using Economic Evi-
dence to Set Healthcare Priorities in Low-Income and Lower-Middle-Income Countries: A Systematic
Review of Methodological Frameworks. Health Econ. 2016; 25: 140-161. https://doi.org/10.1002/hec.
3299 PMID: 26804361

Sullivan SD, Mauskopf JA, Augustovski F, Jaime Caro J, Lee KM, Minchin M, et al. Budget Impact Anal-
ysis—Principles of Good Practice: Report of the ISPOR 2012 Budget Impact Analysis Good Practice ||
Task Force. Value Health. 2014; 17: 5—14. https://doi.org/10.1016/j.jval.2013.08.2291 PMID: 24438712

Marshall DA, Douglas PR, Drummond MF, Torrance GW, Macleod S, Manti O, et al. Guidelines for con-
ducting pharmaceutical budget impact analyses for submission to public drug plans in Canada. Phar-
macoEconomics. 2008; 26: 477-495. PMID: 18489199

Care SB. Guidance on Budget Impact Analysis of Health Technologies in Ireland. 2015; Available:
http://www.higa.ie/system/files/Guidance_on_Budget_Impact_Analysis_of_Health_Technologies_in_
Ireland.pdf

van de Vooren K, Duranti S, Curto A, Garattini L. A Critical Systematic Review of Budget Impact Analy-
ses on Drugs in the EU Countries. Appl Health Econ Health Policy. 2013; 12: 33—40. https://doi.org/10.
1007/s40258-013-0064-7 PMID: 24158922

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002397 October 2, 2017 8/10


https://sustainabledevelopment.un.org/sdg3
https://sustainabledevelopment.un.org/sdg3
https://doi.org/10.1371/journal.pmed.1001731
https://doi.org/10.1371/journal.pmed.1001731
http://www.ncbi.nlm.nih.gov/pubmed/25243899
https://doi.org/10.2471/BLT.15.155721
https://doi.org/10.2471/BLT.15.155721
http://www.ncbi.nlm.nih.gov/pubmed/27274598
https://doi.org/10.1136/bmj.i244
http://www.ncbi.nlm.nih.gov/pubmed/26813049
https://doi.org/10.1016/S0140-6736(15)00242-1
http://www.ncbi.nlm.nih.gov/pubmed/26388531
https://doi.org/10.7326/M14-0602
http://www.ncbi.nlm.nih.gov/pubmed/25329202
https://doi.org/10.7326/M14-1313
http://www.ncbi.nlm.nih.gov/pubmed/25820703
https://doi.org/10.1371/journal.pone.0176503
https://doi.org/10.1371/journal.pone.0176503
http://www.ncbi.nlm.nih.gov/pubmed/28520728
https://doi.org/10.1136/bmj.i2035
http://www.ncbi.nlm.nih.gov/pubmed/27106956
https://doi.org/10.1371/journal.pmed.1002032
http://www.ncbi.nlm.nih.gov/pubmed/27243629
https://doi.org/10.1377/hlthaff.2011.0361
https://doi.org/10.1377/hlthaff.2011.0361
http://www.ncbi.nlm.nih.gov/pubmed/21653964
https://doi.org/10.1016/j.vaccine.2012.07.093
https://doi.org/10.1016/j.vaccine.2012.07.093
http://www.ncbi.nlm.nih.gov/pubmed/24331749
https://doi.org/10.1016/S2214-109X(14)70370-5
http://www.ncbi.nlm.nih.gov/pubmed/25617201
https://doi.org/10.1371/journal.pmed.1001347
http://www.ncbi.nlm.nih.gov/pubmed/23185139
http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/
http://icer-review.org/methodology/icers-methods/icer-value-assessment-framework/
https://doi.org/10.1002/hec.3299
https://doi.org/10.1002/hec.3299
http://www.ncbi.nlm.nih.gov/pubmed/26804361
https://doi.org/10.1016/j.jval.2013.08.2291
http://www.ncbi.nlm.nih.gov/pubmed/24438712
http://www.ncbi.nlm.nih.gov/pubmed/18489199
http://www.hiqa.ie/system/files/Guidance_on_Budget_Impact_Analysis_of_Health_Technologies_in_Ireland.pdf
http://www.hiqa.ie/system/files/Guidance_on_Budget_Impact_Analysis_of_Health_Technologies_in_Ireland.pdf
https://doi.org/10.1007/s40258-013-0064-7
https://doi.org/10.1007/s40258-013-0064-7
http://www.ncbi.nlm.nih.gov/pubmed/24158922
https://doi.org/10.1371/journal.pmed.1002397

@'PLOS | MEDICINE

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

NICE International (2014). Bill & Melinda Gates Foundation. Methods for Economic Evaluation Project
(MEEP) Final Report.

Neumann PJ, Thorat T, Zhong Y, Anderson J, Farquhar M, Salem M, et al. A Systematic Review of
Cost-Effectiveness Studies Reporting Cost-per-DALY Averted. PLoS ONE. 2016; 11: e0168512.
https://doi.org/10.1371/journal.pone.0168512 PMID: 28005986

Jeuland M, Cook J, Poulos C, Clemens J, Whittington D, DOMI Cholera Economics Study Group. Cost-
effectiveness of new-generation oral cholera vaccines: a multisite analysis. Value Health J Int Soc Phar-
macoeconomics Outcomes Res. 2009; 12: 899-908. https://doi.org/10.1111/].1524-4733.2009.00562.
x PMID: 19824189

Niéns LM, Zelle SG, Gutiérrez-Delgado C, Rivera Pefia G, Hidalgo Balarezo BR, Rodriguez Steller E,
et al. Cost-effectiveness of breast cancer control strategies in Central America: the cases of Costa Rica
and Mexico. PLoS ONE. 2014; 9: €95836. https://doi.org/10.1371/journal.pone.0095836 PMID:
24769920

Basu S, Bendavid E, Sood N. Health and Economic Implications of National Treatment Coverage for
Cardiovascular Disease in India. Circ Cardiovasc Qual Outcomes. 2015; 8: 541-551. https://doi.org/10.
1161/CIRCOUTCOMES.115.001994 PMID: 26555122

Aguilar IBM, Mendoza LO, Garcia O, Diaz |, Figueroa J, Duarte RM, et al. Cost-effectiveness analysis
of the introduction of the human papillomavirus vaccine in Honduras. Vaccine. 2015; 33, Supplement 1:
A167—-A173. https://doi.org/10.1016/j.vaccine.2014.12.067 PMID: 25919157

Strand KB, Chisholm D, Fekadu A, Johansson KA. Scaling-up essential neuropsychiatric services in
Ethiopia: a cost-effectiveness analysis. Health Policy Plan. 2016; 31: 504-513. https://doi.org/10.1093/
heapol/czv093 PMID: 26491060

Ortega O, EI-Sayed N, Sanders JW, Abd-Rabou Z, Antil L, Bresee J, et al. Cost-Benefit Analysis of a
Rotavirus Immunization Program in the Arab Republic of Egypt. J Infect Dis. 2009; 200: S92—-S98.
https://doi.org/10.1086/605057 PMID: 19817621

Kim S-Y, Sweet S, Slichter D, Goldie SJ. Health and economic impact of rotavirus vaccination in GAVI-
eligible countries. BMC Public Health. 2010; 10: 253. https://doi.org/10.1186/1471-2458-10-253 PMID:
20470426

Goodman CA, Mutemi WM, Baya EK, Willetts A, Marsh V. The cost-effectiveness of improving malaria
home management: shopkeeper training in rural Kenya. Health Policy Plan. 2006; 21: 275-288. https://
doi.org/10.1093/heapol/czI011 PMID: 16682433

Claxton K, Martin S, Soares M, Rice N, Spackman E, Hinde S, et al. Methods for the estimation of the
NICE cost effectiveness threshold [Internet]. University of York, Centre for Health Economics; 2013.
Available: http://www.york.ac.uk/media/che/documents/reports/resubmitted_report.pdf

Dieleman JL, Templin T, Sadat N, Reidy P, Chapin A, Foreman K, et al. National spending on health by
source for 184 countries between 2013 and 2040. Lancet. 2016; 387: 2521-2535. https://doi.org/10.
1016/S0140-6736(16)30167-2 PMID: 27086174

Kuznik A, Lamorde M, Nyabigambo A, Manabe YC. Antenatal Syphilis Screening Using Point-of-Care
Testing in Sub-Saharan African Countries: A Cost-Effectiveness Analysis. PLoS Med. 2013; 10. https:/
doi.org/10.1371/journal.pmed.1001545 PMID: 24223524

Drummond MF, Sculpher MJ, Torrance GW, O’Brien BJ, Stoddart GL. Methods for the Economic Eval-
uation of Health Care Programmes. 3rd ed. Oxford University Press; 2005.

Weinstein MC, Siegel JE, Gold MR, Kamlet MS, Russell LB. Recommendations of the Panel on Cost-
effectiveness in Health and Medicine. JAMA. 1996; 276: 1253—1258. PMID: 8849754

Ahmeti A, Preza |, Simaku A, Nelaj E, Clark AD, Felix Garcia AG, et al. Cost-effectiveness of rotavirus
vaccination in Albania. Vaccine. 2015; 33, Supplement 1: A201—-A208. https://doi.org/10.1016/j.
vaccine.2014.12.075 PMID: 25919162

Andrieux-Meyer |, Cohn J, de Araujo ESA, Hamid SS. Disparity in market prices for hepatitis C virus
direct-acting drugs. Lancet Glob Health. 2015; 3: €676—€677. https://doi.org/10.1016/S2214-109X(15)
00156-4 PMID: 26475012

The funding of viral hepatitis: the big question [Internet]. World Hepatitis Summit; 2015. Available:
http://www.who.int/hepatitis/news-events/06_the-funding-of-viral-hepatitis.pdf?ua=1

Barua S, Greenwald R, Grebely J, Dore GJ, Swan T, Taylor LE. Restrictions for Medicaid Reimburse-
ment of Sofosbuvir for the Treatment of Hepatitis C Virus Infection in the United States. Ann Intern Med.
2015; 163: 215. https://doi.org/10.7326/M15-0406 PMID: 26120969

Brouwer WBF, Niessen LW, Postma MJ, Rutten FFH. Need for differential discounting of costs and
health effects in cost effectiveness analyses. BMJ. 2005; 331: 446—448. https://doi.org/10.1136/bmj.
331.7514.446 PMID: 16110075

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002397 October 2, 2017 9/10


https://doi.org/10.1371/journal.pone.0168512
http://www.ncbi.nlm.nih.gov/pubmed/28005986
https://doi.org/10.1111/j.1524-4733.2009.00562.x
https://doi.org/10.1111/j.1524-4733.2009.00562.x
http://www.ncbi.nlm.nih.gov/pubmed/19824189
https://doi.org/10.1371/journal.pone.0095836
http://www.ncbi.nlm.nih.gov/pubmed/24769920
https://doi.org/10.1161/CIRCOUTCOMES.115.001994
https://doi.org/10.1161/CIRCOUTCOMES.115.001994
http://www.ncbi.nlm.nih.gov/pubmed/26555122
https://doi.org/10.1016/j.vaccine.2014.12.067
http://www.ncbi.nlm.nih.gov/pubmed/25919157
https://doi.org/10.1093/heapol/czv093
https://doi.org/10.1093/heapol/czv093
http://www.ncbi.nlm.nih.gov/pubmed/26491060
https://doi.org/10.1086/605057
http://www.ncbi.nlm.nih.gov/pubmed/19817621
https://doi.org/10.1186/1471-2458-10-253
http://www.ncbi.nlm.nih.gov/pubmed/20470426
https://doi.org/10.1093/heapol/czl011
https://doi.org/10.1093/heapol/czl011
http://www.ncbi.nlm.nih.gov/pubmed/16682433
http://www.york.ac.uk/media/che/documents/reports/resubmitted_report.pdf
https://doi.org/10.1016/S0140-6736(16)30167-2
https://doi.org/10.1016/S0140-6736(16)30167-2
http://www.ncbi.nlm.nih.gov/pubmed/27086174
https://doi.org/10.1371/journal.pmed.1001545
https://doi.org/10.1371/journal.pmed.1001545
http://www.ncbi.nlm.nih.gov/pubmed/24223524
http://www.ncbi.nlm.nih.gov/pubmed/8849754
https://doi.org/10.1016/j.vaccine.2014.12.075
https://doi.org/10.1016/j.vaccine.2014.12.075
http://www.ncbi.nlm.nih.gov/pubmed/25919162
https://doi.org/10.1016/S2214-109X(15)00156-4
https://doi.org/10.1016/S2214-109X(15)00156-4
http://www.ncbi.nlm.nih.gov/pubmed/26475012
http://www.who.int/hepatitis/news-events/06_the-funding-of-viral-hepatitis.pdf?ua=1
https://doi.org/10.7326/M15-0406
http://www.ncbi.nlm.nih.gov/pubmed/26120969
https://doi.org/10.1136/bmj.331.7514.446
https://doi.org/10.1136/bmj.331.7514.446
http://www.ncbi.nlm.nih.gov/pubmed/16110075
https://doi.org/10.1371/journal.pmed.1002397

@'PLOS | MEDICINE

41.

42,

43.

44.

45.

46.

47.

48.

Shiroiwa T, Sung Y-K, Fukuda T, Lang H-C, Bae S-C, Tsutani K. International survey on willingness-to-
pay (WTP) for one additional QALY gained: what is the threshold of cost effectiveness? Health Econ.
2010; 19: 422—-437. https://doi.org/10.1002/hec.1481 PMID: 19382128

Quentin W, Terris-Prestholt F, Changalucha J, Soteli S, Edmunds WJ, Hutubessy R, et al. Costs of
delivering human papillomavirus vaccination to schoolgirls in Mwanza Region, Tanzania. BMC Med.
2012; 10: 137. https://doi.org/10.1186/1741-7015-10-137 PMID: 23148516

Campos NG, Sharma M, Clark A, Kim JJ, Resch SC. Resources Required for Cervical Cancer Preven-
tion in Low- and Middle-Income Countries. PLoS ONE. 2016; 11: e0164000. https://doi.org/10.1371/
journal.pone.0164000 PMID: 27711124

Fesenfeld M, Hutubessy R, Jit M. Cost-effectiveness of human papillomavirus vaccination in low and
middle income countries: A systematic review. Vaccine. 2013; 31: 3786—-3804. https://doi.org/10.1016/j.
vaccine.2013.06.060 PMID: 23830973

WHO. Immunization Financing Indicators. In: WHO [Internet]. [cited 13 Jul 2017]. Available: http://
www.who.int/immunization/programmes_systems/financing/data_indicators/en/

Cunnama L, Sinanovic E, Ramma L, Foster N, Berrie L, Stevens W, et al. Using Top-down and Bottom-
up Costing Approaches in LMICs: The Case for Using Both to Assess the Incremental Costs of New
Technologies at Scale. Health Econ. 2016; 25: 53—66. https://doi.org/10.1002/hec.3295 PMID:
26763594

Baltussen R, Jansen MP, Mikkelsen E, Tromp N, Hontelez J, Bijimakers L, et al. Priority setting for uni-
versal health coverage: We need evidence-informed deliberative processes, not just more evidence on
cost-effectiveness. Int J Health Policy Manag. 2016; Available: http://www.ijhpm.com/article_3231_0.
html

Verguet S, Laxminarayan R, Jamison DT. Universal Public Finance of Tuberculosis Treatment in India:
An Extended Cost-Effectiveness Analysis. Health Econ. 2015; 24: 318-332. https://doi.org/10.1002/
hec.3019 PMID: 24497185

PLOS Medicine | https://doi.org/10.1371/journal.pmed.1002397 October 2, 2017 10/10


https://doi.org/10.1002/hec.1481
http://www.ncbi.nlm.nih.gov/pubmed/19382128
https://doi.org/10.1186/1741-7015-10-137
http://www.ncbi.nlm.nih.gov/pubmed/23148516
https://doi.org/10.1371/journal.pone.0164000
https://doi.org/10.1371/journal.pone.0164000
http://www.ncbi.nlm.nih.gov/pubmed/27711124
https://doi.org/10.1016/j.vaccine.2013.06.060
https://doi.org/10.1016/j.vaccine.2013.06.060
http://www.ncbi.nlm.nih.gov/pubmed/23830973
http://www.who.int/immunization/programmes_systems/financing/data_indicators/en/
http://www.who.int/immunization/programmes_systems/financing/data_indicators/en/
https://doi.org/10.1002/hec.3295
http://www.ncbi.nlm.nih.gov/pubmed/26763594
http://www.ijhpm.com/article_3231_0.html
http://www.ijhpm.com/article_3231_0.html
https://doi.org/10.1002/hec.3019
https://doi.org/10.1002/hec.3019
http://www.ncbi.nlm.nih.gov/pubmed/24497185
https://doi.org/10.1371/journal.pmed.1002397

S1 Table: Articles with formal and informal BIA

A Bilinski, P Neumann, J Cohen, T Thorat, K McDaniel, JA Salomon

GHCEA

Registry PubMed ID Title Year Categorization

Article ID
Feasibility and cost-effectiveness of standardised

2002-01-0515 12076553 second-line drug treatment for chronic tuberculosis patients: 2002 Informal
a national cohort study in Peru.
Human health benefits from livestock vaccination for

2003-01-0408 14997239 ] 2003 Informal
brucellosis: case study.
Cost effectiveness analysis of strategies for maternal and

2005-01-00265 16282407 . . i 2005 Informal
neonatal health in developing countries.
The cost-effectiveness of introducing hepatitis B vaccine

2005-01-00333 15689430 . _ ) L L . 2005 Informal
into infant immunization services in Mozambique.
Feasibility and cost-effectiveness of treating

2006-01-00200 16968123 multidrug-resistant tuberculosis: a cohort study in the 2006 Informal
Philippines.
Cost-effectiveness analysis of antiretroviral drug treatment

2006-01-00214 16785697 o . 2006 Informal
and HIV-1 vaccination in Thailand.
The cost-effectiveness of improving malaria home

2006-01-00222 16682433 2006 Informal

management: shopkeeper training in rural Kenya.



2006-01-00251

2007-01-00072

2007-01-00105

2007-01-00135

2007-01-00167

2008-01-00031

2008-01-01783

2009-01-01591

2009-01-01612

2009-01-01613

2009-01-01617

2009-01-01633

2009-01-01712

2010-01-01406

16317205

18038073

17875014

17535105

17308266

18398383

18562457

19931723

19824189

19817621

19817591

19706492

19159483

21179503

Cost-effectiveness of free HIV voluntary counseling and
testing through a community-based AIDS service
organization in Northern Tanzania.

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

Cost-effectiveness of annual targeted larviciding campaigns
in Cambodia against the dengue vector Aedes aegypti.

Cost-effectiveness of rapid syphilis screening in prenatal
HIV testing programs in Haiti.

What is the most cost-effective population-based cancer
screening program for Chinese women?

Vaccine-preventable haemophilus influenza type B disease
burden and cost-effectiveness of infant vaccination in
Indonesia.

The cost of Child Health Days: a case study of Ethiopia’s
Enhanced Outreach Strategy (EOS).

Economic evaluation of a routine rotavirus vaccination
programme in Indonesia.

Cost-effectiveness of new-generation oral cholera vaccines:
a multisite analysis.

Cost-benefit analysis of a rotavirus immunization program
in the Arab Republic of Egypt.

Cost-effectiveness of rotavirus vaccination in peru.

Transmission dynamics and economics of rabies control in
dogs and humans in an African city.

Cost-effectiveness of Rotavirus vaccination in Vietnam.

The potential economic value of a Trypanosoma cruzi

(Chagas disease) vaccine in Latin America.

2006

2007

2007

2007

2007

2008

2008

2009

2009

2009

2009

2009

2009

2010

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Informal

Formal



2010-01-01517

2011-01-01260

2011-01-01287

2011-01-01307

2011-01-01312

2012-01-01089

2012-01-01374

2013-01-00734

2013-01-00744

2013-01-00773

2013-01-01153

2014-01-00629

2014-01-00988

2014-01-02096

20470426

21945959

21857810

21734764

21720546

22719233

21378101

24349314

24331749

24223524

22407018

24769920

23242696

25476586

Health and economic impact of rotavirus vaccination in
GAVl-eligible countries.

The cost-effectiveness of rotavirus vaccination in Armenia.
Serological testing versus other strategies for diagnosis of
active tuberculosis in India: a cost-effectiveness analysis.
Cost-effectiveness of parenteral artesunate for treating
children with severe malaria in sub-Saharan Africa.
Comparative economic evaluation of Haemophilus
influenzae type b vaccination in Belarus and Uzbekistan.
A multifaceted intervention to improve the quality of care
of children in district hospitals in Kenya: a
cost-effectiveness analysis.

Cost-effectiveness of community-based management of
acute malnutrition in Malawi.

Cost-effectiveness analysis of breast cancer control
interventions in Peru.

Model-based impact and cost-effectiveness of cervical
cancer prevention in sub-Saharan Africa.

Antenatal Syphilis screening using point-of-care testing in
Sub-Saharan African countries: a cost-effectiveness analysis.
Cost-effectiveness of Haemophilus influenzae type b (Hib)
vaccine introduction in the universal immunization schedule

in Haryana State, India.

Cost-effectiveness of breast cancer control strategies in
central america: the cases of costa rica and Mexico.

Child Health Week in Zambia: costs, efficiency, coverage
and a reassessment of need.

Cost-effectiveness of larviciding for urban malaria control

in Tanzania.

2010

2011

2011

2011

2011

2012

2012

2013

2013

2013

2013

2014

2014

2014

Formal

Formal

Informal

Formal

Informal

Formal

Informal

Formal

Formal

Formal

Informal

Formal

Informal

Informal



2014-01-02136

2014-01-02222

2015-01-01801

2015-01-01824

2015-01-01827

2015-01-01957
2015-01-01960

2015-01-01961

2015-01-01962

2015-01-01963

2015-01-02007

2015-01-02030

25304420

24969782

26491060

26423002

26413788

25919162
25919158

25919157

25919156

25919154

25768008

25691915

Cost-effectiveness of HIV prevention for high-risk groups at
scale: an economicevaluation of the Avahan programme in
south India.

Scaling up integrated prevention campaigns for global
health: costs andcost-effectiveness in 70 countries.

Scaling-up essential neuropsychiatric services in Ethiopia: a
cost-effectiveness analysis.

Scaling up of HIV treatment for men who have sex with
men in Bangkok: a modellingand costing study.

Improving Maternal Care through a State-Wide Health
Insurance Program: A Cost andCost-Effectiveness Study in
Rural Nigeria.

Cost-effectiveness of rotavirus vaccination in Albania.

Cost-effectiveness of HPV vaccination in Belize.

Cost-effectiveness analysis of the introduction of the human
papillomavirusvaccine in Honduras.

Cost-effectiveness analysis of 10- and 13-valent
pneumococcal conjugate vaccines in Peru.

Cost-effectiveness analysis of introducing universal human
papillomavirusvaccination of girls aged 11 years into the
National Immunization Program inBrazil.

A cost-effectiveness analysis of a program to control
rheumatic fever andrheumatic heart disease in Pinar del
Rio, Cuba.

Comparison of impact and cost-effectiveness of rotavirus
supplementary androutine immunization in a complex

humanitarian emergency, Somali case study.

2014

2014

2015

2015

2015

2015
2015

2015

2015

2015

2015

2015

Informal

Informal

Formal

Informal

Formal

Informal

Informal

Formal

Informal

Informal

Informal

Informal



Health and Economic Implications of National Treatment
2015-01-02335 26555122 Coverage forCardiovascular Disease in India: 2015

Cost-Effectiveness Analysis.

Health and economic benefits of public financing of epilepsy

2016-01-02270 26765291 . . . _ 2016
treatment in India: An agent-based simulation model.

Informal

Informal




S1 Text: Selection process and summary of articles
analyzed

A Bilinski, P Neumann, J Cohen, T Thorat, K McDaniel, JA Salomon

Selection process

We first used a full-text search on the Global Health Cost-Effectiveness Analysis (GHCEA)
Registry (n=484) to identify articles from low-and-middle income countries (LMIC) (n=384). We
then found articles either contained the phrase “budget impact” in a full-text search (n=19)
and/or were marked in the GHCEA Registry as presenting aggregate cost for a full target
population (n=34). From this subset, we identified studies that conducted a formal BIA (n=12),
which mentioned BIA in their methods and results sections or informal BIA (n=37), mentioning

budget impact in the discussion section or indirectly in other results.

Summary of articles with formal or informal BIA

Formal BIA  All LMIC

Category Item articles articles
(N =12) (N = 384)
Intervention’  Immunization (%) 25 (51) 118 (31)
Pharmaceutical or device (%) 14 (29) 126 (33)
Other (%) 10 (20) 140 (36)
Region? Asia (%) 17 (35) 110 (29)
Sub-Saharan Africa (%) 15 (31) 144 (38)
Latin America (%) 7 (14) 40 (10)
Other (%) 9 (18) 89 (23)
Sponsorship? Government or academic (%) 26 (53) 187 (49)
Foundation (%) 21 (43) 135 (35)
Pharmaceutical or device company (%) 3 (6) 17 (4)
Analysis National or regional scope (%) 33 (67) 262 (68)
GDP cutoffs used (%)% 40 (82) 259 (67)
Health care payer perspective (%)> 25 (51) 235 (61)
Published after 2010 (%) 27 (55) 230 (60)
GHCEA Registry Rating - mean (sd) 5.2 (1.1) 4.9 (1.1)

Interventions are presented as mutually exclusive. 2Categories are not mutually exclusive, as
articles can present more than one ICER. 3Articles could have multiple sponsors or no sponsors.
4An intervention was deemed cost-effective if its ICER fell below a multiple of per capita GDP.
CEA was conducted from a healthcare payer perspective, according to the GHCEA Registry
reader.
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e Theoretically affordable:

— “The budgetary implications of adopting artesunate for routine use in hospital-based
care are negligible.” (Lubell 2011)

— “The results of this analysis were submitted to the Armenian Ministry of Health, and
led to a decision to apply for support from GAVI for rotavirus vaccine introduction.”
(Jit 2011)

e Implemented: “Cost was a major factor when the standardised programme was first
implemented in 1997, with the regimen chosen being the most affordable in the context of
the National Tuberculosis Programme’s budget. Other options remain more expensive, but

are becoming increasingly realistic with substantial reductions in drug prices.” (Sudrez 2002)
e Cost barriers identified:

— “On the one hand, given the urgency with which the government would like to control
this important public health problem, the immunization program might be able to
secure the increased budget. On the other hand, the affordability of adopting this
vaccine is contested at this time due to the serious economic crisis facing the country.”
(Aguilar 2015)

— “We note that a fully universal plan of coverage for all 3 categories of treatment, while
cost-effective, would generate a total societal cost of $13.6 billion per year (Rs. 873
billion or 87 300 crore; $2.6 billion for primary prevention, $0.8 billion for secondary
prevention, and $10.2 billion for tertiary treatment), most of which might have to be
borne by the government to finance national coverage, which is far larger than the
current $4 billion government healthcare budget; India remains among the countries
with the lowest spending as a proportion of GDP (4%), despite its growing economy.”
(Basu 2015)



S3 Text: Derivation of stylized HPV vaccine example
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While our HPV example is simplified, it is intended to reflect the general disease dynamic:

e Average budget: Using the WHO Immunization Financing Indicators
(“jrf_ifindictor_04.csv”), we took the mean of the amount spent by the government on

vaccinations in 2015 in the AFRO region, which was approximately $9 million.

e Costs: We estimated costs from Quentin (2012). Based on the total economic cost of
$26.41 per girl for approximately 50,000 girls, we assumed that each girl contributed $10 to
overhead costs, for a total of $500,000. We multiplied this total by 1.5 to reflect the larger
population in our sample, for a total of $750,000 in fixed costs. We assumed an incremental
economic cost (i.e. variable cost per patient) of approximately $15/fully vaccinated girl ($10
in non-vaccine costs and a $5 vaccine cost). We assumed that 100,000 girls were vaccinated

per year.

e Benefits: We used Tanzanian incidence of cervical cancer by age, reported in Campos
(2016) (Supporting Information, Table D). We assumed that benefits were proportional to
the number of vaccinated women in an age group, multipled by the cervical cancer incidence
in that age group. We scaled benefits to obtain an ICER in a reasonable range (e.g. Kim
(2013), Fesenfeld (2013)).



