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Context of the Problem

• Cost-Effectiveness Modeling of Cancer 
Screening
– What is the “life-time” cost of cancer treatment

• With screening
• Without screening

– OR
• For early stage cancer
• For late stage cancer



Limitations of the Data

• Life-time cost may accrue over several years or 
even decades

• Available longitudinal data (e.g. from trials, 
surveys, administrative claims) may be over 
durations of only a few or several years

• Treatment modalities and associated costs 
change rapidly over time



One Solution

• Model “life-time” cost by combining “phase-
specific” costs from relatively recent data with 
relatively recent and/or modeled/projected 
survival coefficients

• Phase specific cost estimates can also be used 
to evaluate trends in cancer costs and estimate 
prevalence cost



Monthly Costs of Care for Colorectal 
Cancer Patients by Length of Survival

$0

$2,000

$4,000

$6,000

$8,000

$10,000

$12,000

$14,000

$16,000

$18,000

0 12 24 36 48 60 72 84 96

Month After Diagnosis

36 Month Survival
48 Month Survival 
60 Month Survival
72 Month Survival
84 Month Survival
96 Month Survival

SOURCE:  Yabroff et al; Med Care 2009;47:7(supp 1)S56-S63..



Incidence Cost Estimates
• Longitudinal per-person estimates useful for cost-effectiveness 

analyses of cancer prevention, early detection, treatment

• Can also be used to assess
– Specific services or components of care
– Care trajectory

• Stratified estimates
– Stage of disease at diagnosis
– Treatment-specific (e.g., type of breast surgery) 
– Provider-type (e.g., type of surgeon for ovarian cancer)

Can be aggregated for newly diagnosed in a specific year



Prevalence Cost Estimates

• Aggregate cross-sectional estimates in specific year useful for 
policy and program planning
– Current cancer burden (e.g., $104.1 billion in U.S. in 2006)
– Proportion of program costs (e.g., x% of Medicare payments)
– Future trends

• Evaluate specific services or components of care in a specific 
year
– Hospitalizations
– Chemotherapy
– Imaging
– Radiation

• Can also report per-person estimates in a specific year
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Incidence costs in 2001‐2002:  Costs for all patients newly diagnosed in 2001‐2002, 
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Phase of Care Approach

• Uses all of the data
• Each individual longitudinal cost plot contributes 

data to, up to, three phase
– Initial care phase, e.g. diagnosis – 6 months
– Terminal care phase, e.g. 12 months prior to date of 

death
– Continuing care phase, e.g. all other months



How are phases determined
• Descriptive, e.g. join-point analysis, mathematical 

dissection of the “U” curve
• Clinical, e.g. initial surgery, adjuvant therapy, 

monitoring, recurrence, terminal care
• Rule of thumb, e.g. diagnosis + 6 months, etc.
• Reasonable definition of phases may vary by cancer 

type; e.g. cancers with very short survival may be a 
special case

• Reasonable definition of phases may change as 
treatment technology evolves

• Could also consider diagnostic phase
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Net Cost Approach

• In order to estimate how much cost is 
attributable to cancer
– Construct parallel phases for “controls” (non-cancer 

patients and “cases” (cancer patients), stratified and 
matched by various factors, e.g. stage, age, gender.

– Use pseudo-diagnosis data for controls



Modeled Estimates

• Modeled Life-time Cost
– Phase specific costs are combined with survival coefficients 

to yield an average life-time cost for a particular survival 
cohort. A weighted sum of these, where weights are the 
proportion of the population with a given survival, yields 
average life-time cost for the total population (on interest).  
Survival coefficients can be historically observed, updated or 
“period” based

• Modeled Prevalence Cost
– Phase specific costs are combined with phase specific 

prevalence estimates to yield total prevalence cost estimates, 
e.g. “national economic burden”



Statistical Issues
• The phase-specific cost approach for life-time 

cost is similar, but not identical to the Kaplan 
Meier Sample Average approach developed by 
Etzioni and others, which has be shown to 
provide unbiased estimates

• The approaches have been shown to yield very 
similar results empirically

• Variances can be generated for both approaches
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SEER Registries

Los Angeles
San Francisco – Oakland
San Jose-Monterey
Greater California
Connecticut
Detroit
Atlanta
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New Jersey
New Mexico
Seattle-Puget Sound
Utah



Linked SEER-Medicare Data

• Patients identified in SEER registries linked 
to Medicare files

• Among individuals with cancer aged 65+, 94% 
linked to Medicare enrollment data

• Over 2.4 million persons in SEER-Medicare
• 5% random sample of Medicare beneficiaries 

in SEER area – identify controls without cancer
• Combines detailed tumor information with 

longitudinal service use and costs before, during, 
and after diagnosis 



Strengths and Limitations of Using Linked 
SEER-Medicare Data for Estimating Costs

• Strengths
• Large number of cancer patients with detailed information 

about care before, during, and after diagnosis
• Large number of similar individuals in the same geographic 

regions without cancer (controls)
• Cancer incidence highest in the elderly

• Limitations
• Medicare payments only, does not include other sources of 

payment or out-of-pocket.  Other non-Medicare payments 
estimated separately.

• Population limited to elderly
• Claims not developed for research
• No information about services not covered by Medicare 



Medical Expenditure Panel Survey (MEPS)

• Nationally representative household survey of health 
care use, expenditures and insurance coverage in 
the United States

• Conducted by the Agency for Healthcare Research 
and Quality (AHRQ)

• Sample frame is the National Health Interview Survey 
(NHIS), about ¼ of sample

• Up to 4 years of observation when linked to NHIS
• Includes individuals of all ages 
• Information from all sources of payment, including 

Medicare, private insurance, Medicaid, and out of 
pocket payment

• Comprehensive information about care
• Response rates >60%



Limitations of MEPS for Estimating Cancer 
Costs

• Small number of survivors with specific cancer in any year
• Useful only for prevalence estimates – even smaller number of 

newly diagnosed in any year
• Information on cancer diagnosis is self-reported
• In some years, cancer survivors identified because of treatment 

or problem – “treated prevalence”, may not capture other aspects 
of cancer-related costs (e.g., side effects)

• Sickest patients may be less likely to respond
• Observation period may not incorporate full trajectory of care



Overview

• Background
– Uses of Cost Estimates
– Types of Estimates (Incidence, Prevalence)

• Data Sources
– SEER-Medicare
– Medical Expenditure Panel Survey (MEPS)

• Methods for Estimating Incidence and Prevalence
Costs
– Phase of Care
– Incident Cohort
– Prevalent Samples (SEER-Medicare, MEPS)

• Next Steps/Ongoing efforts



Approaches for Estimating Longitudinal 
Incidence Costs

Directly observed cohort

Kaplan Meier Sample Average (KMSA) average cost 
per month among those alive at the end of the month

Statistical models

Modeled phase of care

Apply monthly phase of care estimates to monthly 
survival probabilities for observation 
period (e.g., 5-years)



Comparison of Incidence Costs in Elderly 
Colorectal Cancer Patients : Cohort vs. 

Modeled Phase of Care

SOURCE:  Yabroff et al., Med Care 2009;47(7 Suppl 1):S56-S63
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Estimates of the National Expenditures for 
Cancer Care in the US in 2010 (in billions of 
dollars), by Cancer Site and Phase of Care

Source: Mariotto et al., J Natl Cancer Inst  2011;103:117-128.



Estimates of National Expenditures for Selected 
Cancers in 2010 and 2020: Impact of Assumptions 

About Trends in Incidence, Survival and Costs of Care
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Considerations in Choosing Method for 
Estimating Cost

• Incidence or Prevalence
• Research question

• Changes in treatment patterns over time
• Descriptive estimates
• Modeling

• Type of cancer
• Yearly incidence/sample size
• Survival 
• Cost trajectory

• Data Source and Resources
• Importance of Payment Source
• Modeling assumptions



Ongoing Efforts to Improve Estimation of 
Cancer Costs

• Enhanced MEPS 
– Collaborative effort with NCI, CDC, ACS, OBSSR, 

AHRQ
– Use responses to NHIS to add households with 

cancer survivors
– Targeted surveys of cancer survivors and families

• SEER-Medicare studies
• State-based efforts
• HMO-based efforts

– Managed care and fee-for-service in elderly
– All ages
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