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Introduction

• This presentation describes three cost-effectiveness models 
developed by three different teams: CDC, Pfizer, and Pittsburgh

• A presentation and report for each model were given to the ACIP 
Pneumococcal Vaccines work group

• All three reports went through the CDC economic review following 
the ACIP Guidance for Health Economics Studies

• Completion of the economic review does not confer any explicit or implied 
approval of the model
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Study question

• Should PCV13 be administered routinely to all immunocompetent 
adults aged ≥65 years in the context of indirect effects from pediatric 
PCV use experienced to date?

• Cost-effectiveness ratios from the three models will compare two scenarios: 
PCV+PPSV at age 65 years (current recommendation) vs. PPSV-only at age 65 years
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CostsPCV+PPSV – CostsPPSV-only Change in costs
----------------------------------------------------- = ---------------------------- = $/Outcome
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Terminology

Abbreviation Full term / description

CMC Chronic Medical Conditions1 but not immunocompromised

IC Immunocompromising Conditions2

PCV Pneumococcal conjugate vaccine, 13 serotypes

PPSV Pneumococcal polysaccharide vaccine, 23 serotypes

IPD Invasive pneumococcal disease

PCV-inP & PCV-outP PCV-type inpatient pneumonia and PCV-type outpatient pneumonia

VE-PCV(ST3) [disease] PCV effectiveness against serotype 3 disease

VE-PCV(non-ST3) [disease] PCV effectiveness against all PCV13-type disease except for serotype 3 disease

CFR Case-fatality ratio

CER Cost-effectiveness ratio
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1. Includes chronic heart, lung, and liver disease, diabetes, alcoholism, and those who smoke cigarettes
2. Includes chronic renal failure, nephrotic syndrome, immunodeficiency, iatrogenic immunosuppression, generalized malignancy, HIV, Hodgkin disease, leukemia, lymphoma, multiple 
myeloma, solid organ transplants, cochlear implants, CSF leaks, congenital or acquired asplenia, sickle cell disease, or other hemoglobinopathies (i.e. those who are covered by the 2012 ACIP 
recommendations)

https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6140a4.htm


Outline

• Introduction
• Overview of cost-effectiveness results
• Model assumptions
• Health outcomes and cost results
• Detailed cost-effectiveness results

• Sensitivity analyses

• Conclusion
• Discussion and Limitations
• Summary

8



Overview of model results
Base case results: Comparing PCV+PPSV vs. PPSV-only
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Model Cost-effectiveness ratios ($/QALY) 

CDC
$562,000

$649,000, estimate from October 2018
$222,000, with higher VE-PCV(ST3)1

Pfizer $199,000
$186,000, including immunocompromised2

Pittsburgh
$765,000

$814,000, among black population3

$761,000, among non-black population3

1. An alternate base case scenario from the CDC model assumes higher VE PCV (ST3).
2. One Pfizer model base case scenario includes IC but does not allow vaccinations among IC. An alternate base case scenario in the Pfizer model excludes IC individuals, which is in closer 
alignment to the policy question under consideration and more similar to the structure of the CDC model.
3.At the request of the ACIP work group, the Pittsburgh model was developed to investigate differences in cost-effectiveness across black and non-black populations.



Overview of model results
Selected assumptions compared to CDC model
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Model $/QALY

CDC
$562,000
$222,000, with higher     

VE-PCV(ST3)

Pfizer $199,000

Pittsburgh $765,000

Pfizer model
• Higher VE-PCV assumptions

• Most importantly: VE-PCV(ST3) pneumonia
• More severe case assumptions

• Lower indirect effects from childhood 
vaccination on older adults

Pittsburgh model
• Higher VE-PPSV assumptions
• No indirect effects
• More detailed modeling of black and non-black 

populations
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Model inputs
Selected base case assumptions1
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Model inputs CDC Pfizer Pittsburgh

Vaccine effectiveness Varies 
(discussed later)

Varies 
(discussed later) Varies

Indirect effects2 4.1% every year 4.1% for 3 years None

Utility loss for IPD 0.0087 0.1300 0.07453

Utility loss for 
inpatient pneumonia 0.0060 0.1300 0.07453

Case-fatality ratios for 
inpatient pneumonia 3.7% to 7.2% 5.6% to 13.7%4 5.0%

1.From the review, these assumptions appear to be the most important in terms of determining differences between model results. Other assumptions and model characteristics across all 
three models include: static (non-dynamic) Markov models of age 65 year old cohort of 2.7 million individuals followed until the end of life, several risk groups (e.g., healthy, CMC), multiple 
disease states (e.g., IPD, inP, outP), vaccination and medical costs adjusted to US2017$, discount rate of 3%.
2. Reductions in PCV pneumonia and IPD (non-ST3, non-19F) from childhood vaccinations. Incidence of serotypes 3 and 19F disease have been observed to exhibit minimal or no reduction 
related to indirect protection from childhood vaccinations on older adults.
3.The Pittsburgh model IPD and pneumonia utility is based on 34 days with 0.2 utility per day. Not shown here, model assumptions also include a probability of lifelong disability following 
recovery from IPD, where disability was associated with 0.4 utility .
4.The Pfizer CFR ranges presented here do not include CFR among IC populations.



Model inputs1

PCV effectiveness against PCV-type pneumonia
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Sources: CDC model based VE-PCV (ST3) PCV-P on Suaya (2018) and VE-PCV (ST3) PCV-P = 0% based on no measured VE-PCV (ST3) IPD in Pilishvili (2018). Pfizer model VE PCV PCV-P 
assumptions were based on Bonten (2015), assumed VE-PCV (-ST3) PCV-P = VE-PCV (ST3) PCV-P. In the CDC model scenario with higher VE-PCV (ST3), VE-PCV (ST3) PCV-P starts at 45%
1.Pittsburgh model assumptions on VE not presented here due to space and also because other assumptions make the Pittsburgh model less comparable, including no adjustments for VE-PCV 
ST3 diseases, no indirect effects, and higher VE-PPSV.
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Model inputs1

PCV effectiveness against IPD
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Sources: CDC model VE-PCV13 IPD based on Pilishvili (2018). Pfizer model VE-PCV (-ST3) IPD assumption based on Bonten (2015) with an age-based adjustment applied to Bonten (2015) 
estimates from the average age of 73 in Bonten (2015) to age 65 which is base case assumption in the model. Pfizer model VE-PCV (ST3) IPD based on Pilishvili (2018) point-estimate. In the 
CDC model scenario with higher VE-PCV (ST3), VE-PCV (ST3) IPD equals the Pfizer assumption.
1.Pittsburgh model assumptions on VE not presented here due to space and also because other assumptions make the Pittsburgh model less comparable, including no adjustments for VE-PCV 
ST3 diseases, no indirect effects, and higher VE-PPSV.
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Health outcomes and cost results1
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Outcome and costs CDC Pfizer Pittsburgh

Health 
Outcomes

(Inpatient) IPD cases prevented 76 175* 313
Inpatient PCV-type pneumonia cases prevented 2,047 2,826* NA
Deaths due to IPD prevented 10 25* 46
Deaths due to PCV-type pneumonia prevented 79 199* 69
Total deaths prevented 89 224* 115
QALYs gained 709 1,542 545
Life-years gained 1,101 1,865 NA

Costs 
($ millions)

Vaccine costs 423 357 405
Medical costs -25 -51 -27
Total costs 398 306 378

1.These are discounted total population values for the complete time horizon of the model for a cohort of about 2.7 million individuals aged 65 years at the start of the model. All the models 
also estimate prevented outpatient pneumonia cases, which are not presented here. 
*Cases and deaths were not reported as discounted values in the Pfizer report. All other values were discounted at 3%.
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Review of cost-effectiveness results
Base case results: Comparing PCV+PPSV vs. PPSV-only
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Important differences between CDC and 
Pfizer model assumptions
• VE-PCV assumptions

• Most important: VE-PCV (ST3) pneumonia

• Other factors
• Case-fatality ratios
• Duration of indirect effects
• Utility values

Model $/QALY

CDC
$562,000
$222,000, with higher     

VE-PCV(ST3)

Pfizer $199,000

Pittsburgh $765,000



Cost-effectiveness results 
PCV effectiveness sensitivity analyses
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Cost-effectiveness results 
PCV effectiveness sensitivity analyses
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0 250,000 500,000 750,000 1,000,000

VE-PCV same as CDC

Base case

$ / QALY

VE-PCV (ST3) IPD

VE-PCV (non-ST3) IPD and pneumonia

Pfizer 
model

VE-PCV (ST3) pneumonia



Cost-effectiveness results 
PCV effectiveness sensitivity analyses
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0 250,000 500,000 750,000 1,000,000

CFRs same as CDC

Utilities same as CDC

Indirect effects permanent

Base casePfizer model

Cost-effectiveness results 
Other important factors sensitivity analyses
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0 250,000 500,000 750,000 1,000,000

CFRs same as Pfizer

Utility same as Pfizer

Indirect effects last 3 years

Base case

$ / QALY

0 250,000 500,000 750,000 1,000,000

CFRs same as CDC

Utilities same as CDC

Indirect effects permanent

Base case
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CDC model

Pfizer model

Cost-effectiveness results 
Other important factors sensitivity analyses



VE-PPSV against PPSV-type pneumonia = 45%2

0

500,000

1,000,000

1,500,000

2,000,000

2,500,000

CDC Pfizer Pittsburgh

$
/ Q

AL
Y VE-PCV against PCV-type pneumonia = 73%3

Higher PCV-type pneumonia incidence4

Higher PCV-type pneumonia CFR4

Cost-effectiveness results
Ranges from one-way and multi-way sensitivity analyses1
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Note: Axis has changed from previous graphs of CERs to accommodate wider range in estimated CERs. 
1.These do not include results from probabilistic sensitivity analyses. 2.Schiffner-Rohe (2016), Falkenhorst (2017), Tin Tin Htar (2017).3.McLaughlin (2018). 4Ramirez (2017) and Pfizer Inc. 
internal data.
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Discussion and Limitations

• Vaccine effectiveness appears to be the most important assumption
• Especially VE of PCV against serotype 3 pneumonia
• Varied assumptions on VE for PCV and PPSV across models

• Other important assumptions
• Indirect effects
• Utility loss for disease states
• Case-fatality ratios

• Models assume different levels of uncertainty
• Pfizer model assumes less uncertainty overall
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Summary

• Cost-effectiveness of routine vaccination with PCV for 65 year olds

• Differences across models related to
• Vaccine effectiveness assumptions, especially PCV VE against ST3 pneumonia
• Other less important factors

• Case-fatality ratios
• Duration of indirect effects
• Utility assumptions
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Cost-effectiveness ratios ($/QALY)
Model Base case Range

CDC $562,000
$222,000, with higher VE-PCV(ST3) $112,000 to $2.3 million

Pfizer $199,000 $46,000 to $650,000 

Pittsburgh $765,000 $461,000 to $2.2 million 
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