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We identified 16 Advisory Committee on Immunization Practices (ACIP) presentations from 2012 to 2016
that indicated 'cost’ or 'economic’ content. Characteristics were reviewed, abstracted, and tabulated to
quantify and assess the transparency and consistency of economic evidence presented to ACIP. To assess
transparency, we documented if each study identified author affiliation, conflicts of interest, study lim-
itations, a clearly described model structure and other model attributes. To assess consistency, we iden-
tified the frequency of specific modeling choices, including the perspective, types of health outcomes
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Economics important areas, such as study perspective and health outcomes. However, we find the inclusion of par-
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1. Introduction

The United States (US) immunization program has been one of
the most effective preventive health care activities in recent his-
tory [1,2]. Deaths due to common vaccine-preventable diseases
(VPDs), such as diphtheria, mumps, pertussis and tetanus, have
decreased by more than 99% compared to estimated pre-vaccine
levels [3]. Economic models have estimated that routine childhood
vaccinations have prevented millions of cases of disease and over
40,000 premature deaths with net economic savings to society of
more than $68.8 billion [2]. In 1964, the Surgeon General of the
US Public Health Service established the Advisory Committee on
Immunization Practices (ACIP) to advise the US government on
the use of vaccines and related agents for effective control of VPDs
in the civilian population [4].

The ACIP Charter states that, when considering recommenda-
tions for use of a vaccine, ACIP members’ deliberations should
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include consideration of epidemiology, disease burden, vaccine
efficacy, vaccine safety, economic analyses, implementation issues,
and the quality of evidence reviewed [5]. In addition to making
new recommendations, the committee may revise or withdraw
their recommendation(s) as new information becomes available
[5]. Economic analyses of vaccinations that are considered by ACIP
are often conducted by various teams of experts, including scien-
tists from CDC, academic research institutions, and vaccine
manufacturers.

In 2007, CDC published the Guidance for Health Economics Stud-
ies Presented to the Advisory Committee on Immunization Practices
(Guidance) [6]. The Guidance was developed to standardize the
presentation of economic evidence to ACIP. According to the Guid-
ance, all researchers (internal or external to CDC) wishing to pre-
sent a health economics study to ACIP must submit at least two
documents, (1) a report providing methods and results, and (2) a
slide set or other presentation materials. The Guidance asks that
the documents clearly describe the methods and results of health
economics studies. Similar guidelines have been established for
other national advisory committees on immunization (NITAGSs) in
developed countries, such as Australia, Germany, the Netherlands,
and Spain; while other countries have developed economic evalu-
ation guidelines for health technologies in general, such as Canada
[7-11].
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All economic analyses to be presented to ACIP are reviewed by a
CDC health economist or other qualified economist before presen-
tation to ACIP to ensure that key methods are followed and to
review underlying assumptions. The purpose of this study is to
review recent economic-related presentations to ACIP and summa-
rize the extent to which these presentations were transparent and
consistent in their description of their methods and findings.

2. Materials and methods

We reviewed ACIP agendas from the last five years (2012
through 2016) and identified 16 ACIP presentations that indicated
‘cost’ or ‘economic’ content, which included cost-effectiveness
analyses (CEA), CEA reviews, and Cost-of-Outbreak analyses. Char-
acteristics of these presentations were reviewed, abstracted, and
tabulated. We then focused on presentations that represented
stand-alone CEA and assessed their transparency and consistency.

To assess the transparency of these studies, we documented if
each study identified the author’s affiliation, any conflicts of inter-
est, study limitations, a clearly described model structure and
other model attributes. To assess consistency, we identified the fre-
quency of specific modeling choices, including the perspective
used, the types of health outcomes considered, the inclusion of
specific types of costs (direct, indirect, program'), the discount rate,
and the use of sensitivity analyses. As an example, in the assessment
of consistency related to study perspective, we identified the per-
centage of studies that presented results from the societal perspec-
tive or health care perspective. A complete list of all the
information collected from the stand-alone CEA presentations is
found in Appendix A, Table A1l. We also evaluated which economic
analyses were associated with an ACIP recommendation by review-
ing ACIP agendas and recommendation documents.

3. Results

Table 1 presents an overview of findings from the 16 presenta-
tions reviewed. These characteristics include the year of the ACIP
presentation, the VPD and/or vaccine(s) studied, the title, the type
of study, the ACIP decision, and any associated publications. Of the
16 presentations, four were presented by academic affiliated
researchers, two were conducted by pharmaceutical companies,
one was conducted by a consulting firm, and ten were conducted
by CDC affiliated researchers. One study described the cost of a
vaccine-preventable-disease outbreak. The remaining 15 studies
presented CEAs related to potential ACIP decisions. Of those CEA
studies associated with an ACIP decision (8/15 or 53%), all of the
presentations occurred within one year prior to the related ACIP
vote. Three of the 15 CEAs were either updates or reviews of pre-
viously presented or published material. The remaining 12 presen-
tations constituted stand-alone CEAs and these 12 presentations
are the focus of the transparency and consistency assessment.
The economic models in the 12 stand-alone CEAs pertained to
the following diseases: pertussis (3), human papillomavirus-
related diseases (2), influenza (1), meningococcal (1), hepatitis B
infection (1), pneumococcal (3), and shingles or herpes zoster (1).
Vaccines analyzed in these presentations included Tdap (3), HPV
vaccine (2), inactivated influenza vaccine, trivalent (IIV3), high-
dose influenza (1), MenACWY (1), HepB vaccine (1), PCV13 (3),
PPSV23 (1), and herpes zoster vaccine (zoster vaccine live) (1).

! Direct costs refer to medical costs, such as cost of treatment, and non-medical
costs, such as caregiver time. Indirect costs refer to lost production (in the form of
foregone gross earnings or household production) resulting from morbidity and
mortality. Program costs are the costs of implementing the health intervention, such
as vaccine administration.

Details of all information collected from each presentation are
listed in Appendix A, Table 1.

3.1. Transparency

Of the 12 stand-alone CEA presentations, we found the majority
included author affiliations (92%) and clearly stated whether or not
conflicts of interest existed (75%). All 12 presentations included
either a text description or a diagram of the model, with 75% using
a diagram to describe the model. All 12 presentations also clearly
stated several other important attributes of an economic study,
including: target population, study perspective, time horizon, dis-
count rate, and conducted some type of sensitivity analysis. Limi-
tations of the analysis, such as uncertainty related to waning of
vaccine effectiveness or disease, were identified in 83% of the
presentations.

3.2. Consistency

We examined the frequency that the CEAs had a particular
model characteristic (Table 2). All 12 presentations clearly stated
a result from the societal perspective, while 17% also presented a
result from the healthcare perspective. Quality-adjusted life-
years (QALYs) were utilized to measure health outcomes in all of
the presentations. Other health outcomes were also utilized, in
particular: cases averted (33%), deaths averted (8%), life years
saved (17%), hospitalizations averted (8%), and number needed to
vaccinate (17%). Looking at the types of direct costs that were
included, general medical costs were the most common, included
in all 12 studies. Smaller percentages of studies also included direct
costs associated with adverse events from the vaccine (33%), gen-
eral non-medical (such as transportation) (25%), caregiver time
(17%), and patient time (33%). Indirect mortality costs were
included in 33% of the presentations, while 42% included indirect
morbidity costs. The studies that included indirect costs focused
on Tdap, herpes zoster vaccine (zoster vaccine live), MenACWY,
and inactivated influenza, trivalent (high-dose versus standard-
dose) vaccines. All of the studies included vaccine material costs
and 83% included vaccine administration costs. All of the studies
assumed a 3% discount rate and presented results from sensitivity
analyses (univariate or multivariate). All studies had at least one
type of sensitivity analysis that focused on the effectiveness of
the vaccine. Most studies (83%) presented at least one multivariate
sensitivity analysis with the scenario-based analyses being the
most common (83%). Probabilistic sensitivity analyses (17%)
appeared less frequently and threshold analyses (0%) were not
presented.

4. Discussion and conclusion

This study reviewed presentations of health economics studies
to ACIP from 2012 through 2016. Our study found economic pre-
sentations to ACIP appear to be transparent overall and consistent
across the majority of modeling characteristics we examined.
While a certain amount of variability across different studies
may be reasonable, the inclusion of particular types of direct costs,
indirect costs, program costs, and sensitivity analyses are areas
that could have higher levels of consistency. Our findings are based
solely on the content of the presentation slides used at ACIP meet-
ings and the published text of ACIP recommendations, not tran-
scripts or minutes of ACIP meetings or associated peer-reviewed
publications or reports. Therefore, the information related to the
content economic evidence that we assessed likely under-states
the entirety of the information presented to ACIP in their sessions.
Furthermore, the ACIP process is supported by numerous Work
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Overview of recent economic-related presentations to the Advisory Committee for Immunization Practices (2012-2016).

Year  VPD or vaccine Short title Study ACIP Decision Associated peer-
Type reviewed publication
(if any)
2012 Mumps, MMR  Third dose in Guam outbreak (e]6} No change to recommendations [14]
Pertussis, Tdap Tdap substitution for Td for 65 years and older CEA Recommend 1 dose of Tdap for adults aged [15]
Pertussis, Tdap  Boostrix in adults 65 years of age and older CEA >65 years
Hepatitis B Hepatitis B protection among HCP CEA No change to recommendations [16]
PCV PCV13 for adults with immunocompromising CEA Recommend PCV13 for adults aged >19 years [17]
conditions with immunocompromising conditions
Hepatitis B Hepatitis B: Long-term vaccine-induced protection Update No change to recommendations
2013 Tdap Decision and cost effectiveness analysis for a CEA No change to recommendations [18]
second Tdap for adolescents and adults
Herpes zoster ~ Herpes zoster vaccination in adults 50 years of age CEA No change to recommendations
and older
PCV Primary doses in the 13-valent pneumococcal CEA No change to recommendations [19]
conjugate vaccination schedule
2014 PPSV and PCV  Modifying PPSV and PCV recommendations for CEA Recommend PCV13 and PPSV23 for adults aged [20]
adults age 50 and over >65 years
HPV 9-valent vs. the 4-valent HPV vaccine CEA Recommend 9vHPV as one of three HPV vaccines [21]
2015 HPV Overview of cost-effectiveness of 9-valent HPV Review for routine vaccination of adolescents
vaccination
HPV HPV vaccination for persons who have completed  Review No change to recommendations [22]
an HPV vaccination series
Influenza High-dose versus standard-dose inactivated CEA No change to recommendations [23]
influenza vaccine in adults aged 65 years and older
2016 HPV Comparing 2- and 3-dose 9-valent HPV vaccine CEA Recommended 2-dose series of 9vHPV for [24]
schedules persons initiating vaccination before age 15 years
Meningococcal Meningococcal vaccination in HIV infected people  CEA Recommend MenACWY for HIV-infected people

aged >2 months

Note(s): VPD = vaccine preventable disease; COO = cost of outbreak; CEA = cost-effectiveness analysis; MMR = measles, mumps, and rubella; Tdap = tetanus, diphtheria, and
acellular pertussis; HCP = healthcare provider; PCV = pneumococcal conjugate vaccine; PPSV = pneumococcal polysaccharide vaccine; HPV = human papillomavirus;
9vHPV = 9-Valent Human Papillomavirus; MenACWY = Meningococcal ACWY.

Table 2

Percentages of selected characteristics among cost-effectiveness models (N =12)

presented at ACIP.

Model characteristics

Percentages of

studies
What perspectives were Societal 100%
considered? Healthcare 17%
What types of health outcomes QALYs 100%
were considered? Cases Averted 33%
Deaths Averted 8%
Life Years Saved 17%
Hospitalizations 8%
Averted
Number Needed to 17%
Vaccinate
What kinds of direct costs were  General Medical 100%
included? Adverse Events 33%
General Non-Medical 25%
Caregiver Time 17%
Patient Time 33%
What kinds of indirect costs Mortality 33%
were included? Morbidity 42%
What program costs were Vaccine Materials 100%
included? Vaccine Administration ~ 83%
Other 17%
What discount rate was used? 0.03 (or 3%) 100%
What kind of sensitivity analyses Any kind (univariate or ~ 100%
were presented? multivariate)
Any univariate 100%
Effectiveness 75%
Costs 83%
Discount Rates 17%
Any multivariate 83%
Scenario-based 83%
Threshold 0%

Probabilistic 17%

Groups, each of which has periodic meetings, receives information,
and hears presentations that we were unable to incorporate into
our study for reasons of scope and logistics.

While there is no threshold for cost-effectiveness that vaccines
must exhibit in order to be implemented in the US, ACIP is charged
with being good stewards for the immunization program and
therefore having an understanding of the importance of the eco-
nomic impact of new immunization recommendations is a priority
[12]. Additionally, economic analyses can help inform delibera-
tions by comparing the impact of different immunization strate-
gies. ACIP provides advice and guidance to the Director of the
CDC regarding use of vaccines and related agents for effective con-
trol of VPDs in the civilian population of the US [5]. As suggested by
the ACIP Charter, consideration of economic and implementation
issues is necessary to achieve the most thoughtful and effective
ACIP deliberations and recommendations. The 2007 Guidance
was developed to standardize the presentation of this evidence
and to improve the communication of economic data to ACIP
decision-makers.

While some areas may be improved, we find that our results
indicate the content and assumptions used in economic-related
evidence presented to ACIP appear to be transparent, according
to our measures, as well as consistent in important areas, such as
perspective and health outcomes. In addition, these economic
studies appear to contribute beneficially to the ACIP policy-
making process. In February 2018, ACIP adopted the use of an
Evidence to Recommendations (EtR) framework to support the
process of moving from evidence to decisions and provide trans-
parency around the impact of additional factors on deliberations
when considering a recommendation [13]. This review presents
an opportunity to not only assess and improve transparency and
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consistency of economic presentations at ACIP, but to also ensure
that economic analyses are systematically integrated into the EtR
frameworks moving forward.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.vaccine.2018.11.055.

References

[1] Porteous GH, Hanson NA, Sueda LAA, Hoaglan CD, Dahl AB, Ohlson BB, et al.
Resurgence of vaccine-preventable diseases in the United States: anesthetic
and critical care implications. Anesth Analg 2016;122:1450-73.

[2] Zhou F, Shefer A, Wenger ], Messonnier M, Wang LY, Lopez A, et al. Economic
evaluation of the routine childhood immunization program in the United
States, 2009. Pediatrics 2014;133:577-85.

[3] Roush SW, Murphy TV. Group V-PDTW Historical comparisons of morbidity
and mortality for vaccine-preventable diseases in the United States. JAMA
2007;298:2155-63.

[4] Smith JC. The structure, role, and procedures of the US Advisory Committee on
Immunization Practices (ACIP). Vaccine 2010;28:A68-75.

[5] Advisory Committee on Immunization Practices. Charter of the Advisory
Committee on Immunization Practices. Atlanta, GA: US department of health
and human services, Advisory Committee on Immunization Practices; 2012.
[2012].

[6] Lieu T, Meltzer MI, Messonnier ML. Guidance for health economics studies
presented to the Advisory Committee on Immunization Practices
(ACIP). Atlanta: Centers for Disease Control and Prevention; 2007.

[7] Committee PBA. Guidelines for preparing submissions to the Pharmaceutical
Benefits Advisory Committee (version 4.3). Canberra: Australian Government
Department of Health and Ageing; 2008.

[8] Modelling methods for predicting epidemiological and health economic effects
of vaccinations. Guidance for analyses to be presented to the German Standing
Committee on Vaccination: Robert Koch Institute; 2016.

[9] Council SF. Dutch guidelines for
research. Amstelveen: Ziekenfondsraad; 1999.

[10] de Trabajo Criterios G. de la Ponencia de Programa y Registro de Vacunaciones.
Criterios de evaluacién para fundamentar modificaciones en el Programa de
Vacunacién en Espafia; 2011.

[11] Drugs CAf, Health Ti. Guidelines for the economic evaluation of health
technologies: Canada. Guidelines for the economic evaluation of health
technologies: Canada: CADTH; 2006.

pharmacoeconomic

[12] Berwick DM, Hackbarth AD. Eliminating waste in US health care. JAMA
2012;307:1513-6.

[13] Control CfD, Prevention. Measles-United States, 2011. MMWR Morbidity and
mortality weekly report. 2012;61:253.

[14] Mahamud A, Fiebelkorn AP, Nelson G, Aguon A, McKenna ], Villarruel G, et al.
Economic impact of the 2009-2010 Guam mumps outbreak on the public
health sector and affected families. Vaccine 2012;30:6444-8.

[15] McGarry Lj, Krishnarajah G, Hill G, Masseria C, Skornicki M, Pruttivarasin N,
et al. Cost-effectiveness of Tdap vaccination of adults aged> 65 years in the
prevention of pertussis in the US: a dynamic model of disease transmission.
PLoS ONE 2014;9:e72723.

[16] Hoerger TJ, Bradley C, Schillie SF, Reilly M, Murphy TV. Cost-effectiveness of
ensuring hepatitis B protection for previously vaccinated healthcare
personnel. Infect Control Hosp Epidemiol 2014;35:845-54.

[17] Cho B-H, Stoecker C, Link-Gelles R, Moore MR. Cost-effectiveness of
administering 13-valent pneumococcal conjugate vaccine in addition to 23-
valent pneumococcal  polysaccharide vaccine to adults with
immunocompromising conditions. Vaccine 2013;31:6011-21.

[18] Kamiya H, Cho B-H, Messonnier ML, Clark TA, Liang JL. Impact and cost-
effectiveness of a second tetanus toxoid, reduced diphtheria toxoid, and
acellular pertussis (Tdap) vaccine dose to prevent pertussis in the United
States. Vaccine 2016;34:1832-8.

[19] Stoecker C, Hampton LM, Link-Gelles R, Messonnier ML, Zhou F, Moore MR.
Cost-effectiveness of using 2 vs 3 primary doses of 13-valent pneumococcal
conjugate vaccine. Pediatrics 2013;132:e324-32.

[20] Stoecker C, Kim L, Gierke R, Pilishvili T. Incremental cost-effectiveness of 13-
valent pneumococcal conjugate vaccine for adults age 50 years and older in
the United States. ] Gen Intern Med 2016;31:901-8.

[21] Brisson M, Laprise J-F, Chesson HW, Drolet M, Malagéon T, Boily M-C, et al.
Health and economic impact of switching from a 4-valent to a 9-valent HPV
vaccination program in the United States. JNCI: ]. Natl. Cancer Institute.
2016;108.

[22] Chesson HW, Markowitz LE, Hariri S, Ekwueme DU, Saraiya M. The impact and
cost-effectiveness of nonavalent HPV vaccination in the United States:
estimates from a simplified transmission model. Human Vaccines
Immunotherap 2016;12:1363-72.

[23] Chit A, Becker DL, DiazGranados CA, Maschio M, Yau E, Drummond M. Cost-
effectiveness of high-dose versus standard-dose inactivated influenza vaccine
in adults aged 65 years and older: an economic evaluation of data from a
randomised controlled trial. Lancet Infect Dis 2015;15:1459-66.

[24] Laprise J-F, Markowitz LE, Chesson HW, Drolet M, Brisson M. Comparison of 2-
dose and 3-dose 9-valent human papillomavirus vaccine schedules in the
United States: a cost-effectiveness analysis. ] Infect Dis 2016;214:685-8.


https://doi.org/10.1016/j.vaccine.2018.11.055
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0005
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0005
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0005
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0010
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0010
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0010
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0015
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0015
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0015
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0020
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0020
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0030
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0030
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0030
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0045
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0045
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0060
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0060
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0070
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0070
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0070
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0075
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0075
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0075
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0075
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0075
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0080
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0080
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0080
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0085
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0085
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0085
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0085
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0090
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0090
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0090
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0090
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0095
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0095
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0095
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0100
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0100
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0100
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0105
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0105
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0105
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0105
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0110
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0110
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0110
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0110
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0115
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0115
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0115
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0115
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0120
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0120
http://refhub.elsevier.com/S0264-410X(18)31580-9/h0120

	Review of the economic evidence presented to the United States Advisory Committee on Immunization Practices, 2012–2016
	1 Introduction
	2 Materials and methods
	3 Results
	3.1 Transparency
	3.2 Consistency

	4 Discussion and conclusion
	Appendix A Supplementary material
	References


