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Overview

• Understanding a CEA Plane
•Willingness-to-Pay Threshold
• ICER calculation, incremental ratios and dominance
• Interpreting ICER/ICUR

– Perspective
– Time Horizon

• Reporting Quality of Analysis
– Impact Inventory (Second Panel)
– CHEERS Checklist 
– QHES Assessment Instrument



Objectives

• To provide background on the rationale and 
importance of Decision Analysis (DA) and Cost-
effectiveness Analysis (CEA)

• To explain the theoretical foundations DA/CEA



Types of Analysis

Type of Analysis Input/Cost Outcomes

Cost Minimization Monetary terms ($) Not considered

Cost-Effectiveness Monetary terms ($)
Natural units (e.g. child 

mortality/morbidity)

Cost-Utility Monetary terms ($)
Utility measures (QALYs, 

DALYs, etc.)

Cost-Benefit Monetary terms ($)
Monetary terms ($)

(capture wider range of 
benefits)



UNDERSTANDING THE 
COST-EFFECTIVENESS ANALYSIS (CEA) 

PLANE



Four Regions in Space
Cost Difference

Health Lost

A. Save Money, 
Improve Health

B.  Spend Money, 
Improve Health

C.  Spend Money, 
Reduce Health

D. Save Money, 
Reduce Health

Health Gained



Grades for Adoption of New Vaccines

A: Compelling evidence for 
adoption

B: Strong Evidence

C: Moderate

D: Weak

E: Compelling evidence for 
rejection

Laupacis, Andreas, et al. "How attractive does a new technology have to be to warrant adoption and utilization? Tentative guidelines for using clinical and
economic evaluations." CMAJ: Canadian Medical Association Journal 146.4 (1992): 473.



Example 1
Efficiency Curve/ Efficient Frontier

Greer, A., & Fisman, D. (2011). Use of Models to Identify Cost-effective Interventions: Pertussis Vaccination for Pediatric Health Care Workers. P
EDIATRICS. doi:10.1542/peds.2010-0796



Example 2: PCV-10 vs. PCV-13 
pneumococcal vaccines 

Lee, Kenneth KC, et al. "The health economic impact of universal infant vaccination with the 10-valent pneumococcal nontypeable Haemophilus influenzae 
protein D conjugate vaccine as compared with 13-valent pneumococcal conjugate vaccine in Hong Kong." Value in Health Regional Issues 2.1 (2013): 64-74.

SA indicated that PCV-10 
would generate more 
QALYs and save costs 
compared to PCV-13



WILLINGNESS-TO-PAY 
THRESHOLD



Spending On Vaccine: The Heartbreak Of 
Budget Caps

Cost Difference

Number of 
patients 
vaccinated

Budget Cap
(never spend more than 
this on one vaccine)$1



Spending On Vaccine: The Sorrow Of 
Consumption Quotas

Cost Difference
Consumption Quotas
(Cannot afford more than this many vaccines per 
year)

200,000 vaccines



Spending On Vaccines: The Sorrow Of 
Consumption Quotas

Money Spent

200,000 
Vaccinated 
children

THRESHOLD
SLOPE 
(never spend more than $1  Per Vaccine)

Angle that 
represents $1 
per Vaccine



Price Thresholds are Efficient
Cost Difference

Health Lost

A. Save Money, 
Improve Health

C.  Spend Money, 
Reduce Health

D. Save Money, 
Reduce Health

Health Gained

THRESHOLD
SLOPES 
(never spend more than this per unit)



Health Programs in Region B

Cost
In 
$100 

Effect C/E DC DE DC/DE
(ICER)

Ø $0 0 0 NA NA NA

A $100 100 1 100 100 $1 per 
YLL 
saved

A+B $150 140 1.1 50 40 $1.25
per YLL

A+B+C $200 165 1.2 50 25 $2 per  
YLL

Cost

Effect

A

A+B

A+B+C

YLL is “year of life lost”



Choose your Strategy
Cost

Effect

A

A+B

A+B+C

X
X+Y

C+Y+Z

Vaccination 
programs

Reproductive 
health programs



High Willingness To Pay

Cost

Effect

A

A+B+C

X
X+Y

C+Y+Z

Vaccination 
Program

Reproductive 
health programs

THRESHOLD
SLOPE 1
(never be on a 
slope that is 
steeper than these 
slope indicators)



Low Willingness To Pay

Cost

Effect

A

A+B

A+B+C

X
X+Y

C+Y+Z

Vaccination 
programs

Reproductive 
health programs

THRESHOLD
SLOPE 2
(never be on a slope 
that is steeper)



Two Kinds of Lines
Cost Difference

Health Lost Health Gained

THRESHOLDS LINES
Say “What slopes are  
acceptable”

“Expansion Path” Lines
Say What is possible to achieve



Willingness-to-Pay Thresholds

• The ceiling ICER beyond which interventions are not 
considered to be cost-effective.
• Reflects the maximum value decision makers attach to 

health benefits
•More simply, represents the budget constraint faced by 

decision-makers.
• Three general approaches for identifying thresholds:

– Based on % per capita GDP (most common)
– Based on % per capita national incomes
– Based on benchmark interventions
– Based on league tables.

Marseille, Elliot, et al. "Thresholds for the cost–effectiveness of interventions: alternative approaches." Bulletin of the World Health Organization 93.2 (2015):

118-124.



Willingness-to-Pay Threshold
• Under WHO-CHOICE recommendations:

– if the ICER (valued in DALYs averted) is between the GDP per capita and 3 times the GDP 
per capita => cost-effective

– if the ICER (valued in DALYs averted) is less than the GDP per capita => very cost-effective

• Common U.S. WTP thresholds:
– $50,000/QALY to $150,000 per QALY
– Some Economists argue patients are willing to pay 1x-3x of annual income
– Could the increase in WTP be related to Pharmaceutical Pricing indices?

• U.K. Method 



ICER CALCULATION, INCREMENTAL 
RATIOS AND DOMINANCE



Incremental cost-effectiveness ratio 
(ICER)

Incremental Thinking
•Compare one alternative with another

– Start by comparing the least expensive to the 2nd most expensive, 
to the 2nd most expensive, to the 3rd most expensive, etc.

•Focus on
– Difference in costs:
– Difference in effects:
– where O is Old intervention and N is New intervention 

CostO – CostN

EffectO – EffectN



Incremental cost-effectiveness ratio 
(ICER)

• Defined as the ratio between the incremental cost and the 
incremental effect between two interventions

CostO – CostN

EffectO – EffectN
= = ICER  ∆ Cost

∆ Effect

Net Monetary Benefit

NMB = (WTP * ΔEffect) - ΔCost



Strong Dominance
Cost Difference

Health Lost Health Gained

“Expansion Path” Lines
Say what is possible to achieve at 
lowest cost per health gain

Dominant choices lie below the 
expansion path.  A choice here costs 
less and has a better outcome than 
choices in the Expansion Path.



Strong Dominance Example
Cost-effectiveness of infant vaccination with the 10-valent pneumococcal
(PCV-10) vaccine vs. the current 13-valent (PCV-13), in Hong Kong in 2011

• PCV-10 exhibits dominance because it has a lower cost and higher health 
gains (e.g. QALYs gained) compared to PCV-13 

Lee, Kenneth KC, et al. "The health economic impact of universal infant vaccination with the 10-valent pneumococcal nontypeable Haemophilus influenzae 
protein D conjugate vaccine as compared with 13-valent pneumococcal conjugate vaccine in Hong Kong." Value in Health Regional Issues 2.1 (2013): 64-74.



Strong Dominance

• It is important to also put results in tables
– Lining up alternatives in order by costs helps to make it obvious that the higher cost 

alternatives are associated with lower effectiveness

Alternative Cost QALYs

PCV-10 $641,860,544 1,242,615

PCV-13 $675,994,429 1,242,525



Dominated Choices
Cost Difference

Health Lost Health Gained

“Expansion Path” Lines
Say what is possible to achieve at 
lowest cost per health gain

Dominated choices lie above the 
expansion path.  They are possible 
to achieve but deliver less health at 
higher cost than other options. They 
are “dominated” so we do not 
choose them.



Eliminating Dominated Alternatives 
Graphically 

• Non-dominated alternatives get increasingly flatter as we 
move from less expensive to more expensive undominated
alternatives
• Graph should resemble a “production function”

– First unit of input produces more output than next unit of input and this 
trend continues

– Creates a graph looking like the one below

Output
(health gains)

Input (cost)



REPORTING ON QUALITY OF ANALYSIS



CHEERS Checklist

• Aim: Provide recommendations, in the form of a checklist, 
to optimise reporting of health economic evaluations
• Primary Audience: Researchers reporting economic 

evaluations, the editors and peer reviewers evaluating 
their publication potential
• Consists of a 24 item checklist with recommendations on 

the minimum amount of information to be included
– Check list can be found on the ISPOR Health Economic 

Evaluations Publication Guidelines Task Force website: 
(www.ispor.org/Task- Forces/EconomicPubGuidelines.asp)  

Husereau, Don, et al. "Consolidated health economic evaluation reporting standards (CHEERS) statement." CE & Resource Allocation 11.1 (2013): 6.

http://www.ispor.org/Task-%20Forces/EconomicPubGuidelines.asp


CHEERS Checklist - full list of items discussed 

Title and abstract 
1. Title

2. Abstract

Introduction 
3. Background & Objectives

Methods
4. Target Population & subgroups

5. Setting and location

6. Study perspective

7. Comparators

8. Time horizon

9. Discount rate

10. Choice of health outcomes

11. Measurement of effectiveness

12. Measurement and valuation of 

preference based outcomes 

13. Estimating resources and costs 

14. Currency, price date, and conversion 

15. Choice of model 

16. Assumptions 

17. Analytical methods 

Results
18. Study parameters 

19. Incremental costs and outcomes

20. Characterizing uncertainty 

21. Characterizing heterogeneity 

Discussion
22. Study findings, limitations, 

generalizability, and current knowledge 

Other
23. Source of funding 

24. Conflicts of interest 

Husereau, Don, et al. "Consolidated health economic evaluation reporting standards (CHEERS) statement." CE & Resource Allocation 11.1 (2013): 6.



QHES Assessment
• Instrument designed to evaluate all 3 types of health 

economic analyses
– cost-minimization
– cost-effectiveness
– cost-utility

• Consists of 16 criteria (based on criteria included in 19 
existing guidelines and checklists for cost-effectiveness 
evaluations) 
• Each criterion has a weighted point value
• generated using random-effects general least-squares regression 

• The perfect quality score for a study is 100

Ofman, Joshua J., et al. "Examining the value and quality of health economic analyses: implications of utilizing the QHES." Journal of Managed Care
Pharmacy 9.1 (2003): 53-61.



QHES Assessment

Ofman, Joshua J., et al. "Examining the value and quality of health economic analyses: implications of utilizing the QHES." Journal of Managed Care
Pharmacy 9.1 (2003): 53-61.



Clark, Andrew D., et al. "Impact and cost-effectiveness of Haemophilus influenzae type b conjugate vaccination in India." The Journal of pediatrics 163.1 
(2013): S60-S72.

Case study review and application of 
the IMPACT/CHEERS checklist to score the 

quality of the study 



CHEERS 24 item Checklist 
Title and abstract 
1. Title (describe economic 

evaluation & interventions) - Compares the Hib vaccine and status-quo in CEA.

2. Abstract (structured summary of 
obj, perspective, setting, methods--
design & inputs, results--base case 
& SA, conclusion)

-Impact & CEA of Hib vaccine 
-Government Perspective, -State level analysis from India
-Decision model & 2nd effects and cost data. 
-US$192-1,033/DALY averted (gov.t perspective) OR US$155-
939/DALY averted  (gov.t perspective). SA of key parameters.

-CE under WHO guidelines. Hib increased costs are offset by 
healthcare savings 

Introduction -National safe & effective Hib vaccine implemented in most 
countries but slow adoption in India. Mixed regional evidence. 
Lack of consensus on CE of national coverage in India.

-Estimate state level and national level CE of Hib vaccine 
(compared to status-quo assumed)

-Help decision-makers invest in the health interventions that 
provide greatest health returns per money invested

3. Background & Objectives 
(Explicit context for the study, study 
question, and policy relevance)

Methods 
4. Target Population All children in India under 5 years of age with Hib disease
5. Setting and location State-level estimates

6. Study perspective Societal: Including costs incurred by the Indian Government, the
GAVI Alliance, and Indian households

7. Comparators Hib vs. non-Hib conjugate vaccination 



8. Time horizon
Aggregated costs & benefits of routine vaccination over 20 years, 2012-31
-Vaccine costs occur during the 1st year of each cohort. 
-Disease cases, deaths, and treatment costs estimated for 1st 5 yrs. of age 
-DALYs and squealed costs estimated over lifetime.

9. Discount rate Costs and health benefits discounted by 3%/year

10. Choice of health 
outcome

-Primary health outcomes: Hib related lives saved and DALYs averted
-Secondary health outcomes: No. of Hib cases: Hib Meningitis, Hib 
Pneumonia, Hib NPNM, and sequelae, outpatient visits, hospitalizations,

-Population simulation model parameters: births, infant mortality, 
mortality of under-5 yrs. olds, LE, vaccine coverage and efficacy

11. Measurement of 
effectiveness

-Secondary literature for both primary and secondary health outcomes.
-For DALYs: age distribution of Hib disease, disability weights, incidence of 
sequelae cases 

12. Measurement and 
valuation of preference 
based outcomes 

N/A, used DALYs

13. Estimating resources and 
costs 

Health care: outpatient and hospital cost at public and private facilities 
(varied by level and type), traditional healers and drugs, 

-Household medical expenses for respiratory ailments in children <5 years 
old by type (medicines, user fees, lodging, transport, etc.)

-Opportunity costs (time spent while looking after a sick child)
-Government costs  (from micro-simulation study) & NGO costs
-Hib Conjugate Vaccine Cost

14. Currency, price date, and 
conversion 

Secondary literature for price data. Costs were estimated in 2010 US$ 
using an exchange rate of 45.7 Indian rupees for one US$ 



15. Decision-analytical model used

Figure 1. Hib CEA decision model used in prior literature, Clark et al (2012)

Clark, Andrew D., et al. "Impact and cost-effectiveness of Haemophilus influenzae type b conjugate vaccination in India." The Journal of pediatrics 163.1 
(2013): S60-S72.



16. Assumptions 
(decision-analytical 
model)

Cases incidence
-On the % of bacterial meningitis cases caused by Hib, assumed 
the % of unconfirmed cases attributable to Hib to be the same as 
the % of confirmed cases attributable to Hib (44%)

-Final adjusted Hib meningitis incidence was 22/100K children 
same in all states

-Clinical pneumonia incidence varied by site, assumed national 
range

-23.6% CFR for all severe untreated pneumonia
-23% of the cases had no access to formal medical care
Costs
-Children with access to medical care were admitted to hospitals

17. Analytical 
methods
(approaches to 
validate or make 
model adjustments, 
etc.)

Sensitivity Analysis 
-Varied each parameter in turn by  10% (univariate 1-way 
sensitivity analysis)

-Changed combinations of influential parameters (multivariate 
scenario analysis), ran 19 alternative scenarios, including worst 
case.



Results

18. Study 
parameters   

(report values, 
ranges, 

references, 
and table)

Tables 1-3, 
Figures 2 & 3

Clark, Andrew D., et al. "Impact and cost-effectiveness of Haemophilus influenzae type b conjugate vaccination in India." The Journal of pediatrics 163.1 (2013): S60-S72.



Clark, Andrew D., et al. "Impact and cost-effectiveness of Haemophilus influenzae type b conjugate vaccination in India." The Journal of pediatrics 163.1 (2013): S60-S72.

19. Incremental costs and outcomes (mean value & differences between comparators, 
ICERs) 
Table 4



20. 
Characterizing 

uncertainty

Figure 5

Clark, Andrew D., et al. "Impact and cost-effectiveness of Haemophilus influenzae type b conjugate vaccination in India." The Journal of pediatrics 163.1 (2013): S60-S72.



21. 
Characterizing 
heterogeneity 

Figure 4

Clark, Andrew D., et al. "Impact and cost-effectiveness of Haemophilus influenzae type b conjugate vaccination in India." The Journal of pediatrics 163.1 (2013): S60-S72.



Discussion

22. Study findings, 
limitations, 
generalizability, and 
current knowledge 

-Authors report a cost of US$819/DALY from the gov. 
perspective, and report similarity with prior estimates from 
similar Haryana State study (US$903)

-Hib vacc. would increase costs by US$130M. But $ is much 
less than other countries, & is offset by healthcare savings 
(77% of which is from OOP).

-Limitations: Lacking or uncertain info. on risk factors for “Hib 
pneumonia” were assumed same as “all-cause pneumonia”. 
Also, assumptions on state-level variation. Ex: tested a 50% 
of the base case incidence for Hib pneumonia. Uncertain 
parameters varied in SA. Results consistent. 

Other 

23. Source of 
funding 

Author M.S. received research funding from GlaxoSmithKline, 
Merck, and Pfizer (previously Wyeth Lederle Vaccines), served 
on their scientific advisory boards and received honoraria for 
these activities.

24. Conflicts of 
interest 

Other authors declare no conflicts of interest, real or 
perceived.



Impact Inventory Template (1)

46

Impact Inventory Template

a. Categories listed are intended as examples for analysts.

squealed 
costs

1st 5 yrs. 
of age

DALYs
1st 5 yrs. 
of age

Sanders, Gillian D., et al. "Recommendations for conduct, methodological practices, and reporting of cost-effectiveness analyses: second panel on cost-effectiveness in health
and medicine." Jama 316.10 (2016): 1093-1103.

NGO



Impact Inventory Template (2)

b. Examples include activities such as food preparation, cooking, and clean up in the household; household management; shopping; obtaining services; and travel 
related to household activity

Sanders et al (2016)



Exercise: Reporting and Interpreting 
Vaccine CEA Results

•Review questions in groups
•Discuss potential responses
•Respond to questions online



Discussion Questions (Quiz)
1. Looking at the CEA Plane, interventions that fall under which of the four quadrants should never be implemented or should be stopped. 

a. Quadrant I. Interventions that increase costs and increase effectiveness
b. Quadrant II. Interventions that increase costs and decrease effectiveness
c. Quadrant III. Interventions that safe money and decrease effectiveness
d. Quadrant v. Interventions that safe money and increase effectiveness

2. What is an efficient Willingness-to-Pay threshold?
a. Budget caps (e.g. spend up to $200 in 1 year)
b. Consumption quotas (e.g. get up to 5 hospital beds in 1 year)
c. Prices caps (e.g. spend up to the average price)
d. Both a and c

3. Which of the following statements is TRUE about the incremental-cost-effectiveness ratio (ICER)?
a. The ICER informs about the extra amount of money that will be spent 
b. Decision maker is left to decide if spending the amount implied by the ICER to reach the next most expensive alternative is worthwhile
c. Decision maker uses his or her own judgment to decide how much is worthwhile to spend
d. If there are multiple undominated programs, first ask if it is worthwhile to spend the additional amount on the next to the least expensive 

undominated alternative. If it is worthwhile, then ask about moving up to 
e. All of the above

4. Which of the following statements about dominant and dominated alternatives is/are true?
a. A dominated alternative is worse than some combination of two alternatives
b. A dominant alternative is always more effective and more expensive
c. A dominant alternative is both more effective and less expensive 
d. Both a and c

5. Which of the following is/are not one of the items part of the minimum information to be included when reporting economic evaluations
a. Conflict of interest
b. Currency, price date, and conversion
c. Setting and location

d. Incremental costs and outcomes

e. Author’s affiliation



Decision Tree Model in Excel


