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Why Do We Care about Cancer Screening?

Motivation

Cancer is a main cause of death worldwide (13%, 7.6 million)
I Ranks the second in developed countries and the third in developing

countries
I Cancer mortality: Lung > Stomach > Liver > Colorectal > Breast

Definition
I cancer screening: a procedure to detect a cancer without symptom
I Clinical procedure: procedure with a relevant symptom

Conventional wisdom behind cancer screening
I Screening → Early detection → ↓ Cancer mortality → ↓ All-cause mortality
I Cancer screening is regarded to play a central role for fighting against cancer

(Cutler, 2009)
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Why Do We Care about Cancer Screening?

Cancer screening is very popular
I Annually $4 billion for breast cancer screening in the US
I Public cancer screening expenditure in Korea $400 million (in 2010)

However, net benefit of cancer screening is called into question
I Clear evidence is scarce

I Prostate and breast cancer screening debate in 2009
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Limitation of Previous Studies

Evidence on causal impact is rare
No study on mechanism

I Consequences of cancer screening are multi-dimensional

Focus only on cancer-specific mortality
I Inconsistencies in cancer mortality and all-cause mortality

Hyuncheol Kim (2012) Effect of Cancer Screening 4 / 60



This Study

The Korea’s public cancer screening program
I General health screening and cervical cancer screening since 1999

F Free for all

I Stomach and Breast since 2002
F Below insurance contribution cut-off (poorer): free of charge
F Above insurance contribution cut-off (richer): 50% co-payment

Regression discontinuity design

Large administrative data for 8 years with comprehensive outcomes
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Contribution

Reliable estimates of causal effect
I using plausibly exogenous variation
I large number of observation
I regression discontinuity design

Provide evidence on ’full’ impact of cancer screening
I First study on mechanism of cancer screening

F behavioral response of cancer screening
F Explain on inconsistency between cancer and all-cause mortality

Other contributions
I First evidence for stomach cancer screening
I First evidence for breast cancer screening in non-western country
I Covers entire age group of 40 and over (even aged 70+)
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Summary of Result
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Regression Discontinuity Design: example

Treatment is assigned by running variable with cutoff 0.6.

Potential outcome is dashed lines, but we observe only solid line.

Comparing people just above to just below the cutoff who are similar
but have different probability of eligibility
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National Health Insurance(NHI)

Universal coverage
I NHI covers 95% of population
I Medical Care Assistance (MCA) covers the rest (the poor)

Single insurer
I National Health Insurance Corporation (NHIC)

Two categories of health insurance
I Employee type insurance (31.4 million)

F Employees and their dependents
F Contribution rate : fixed percentage of wage
F 3.62% (in 2002) - 5.33%(in 2010)

I Self-employed insurance (17.2 million)
F All people who are excluded from employee insurance
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National Screening Program

Offered to people aged over 40 in every two years
I People born in even/odds-numbered years are offered in

even/odds-numbered years
I Offer is valid for two years

General health screening & cervical cancer screening (since 1999)
I free of charge

Stomach and breast cancer screening since 2002 liver(2003) and
colorectal(2004)

I Below cut-off: free of charge
I Above cut-off: 50% copayment ($17(stomach), $7(breast)

Gastric cancer screening: either UGI(X-ray) or EGD(endoscopy)

Breast cancer screening: mammography(X-ray)

Hyuncheol Kim (2012) Effect of Cancer Screening 11 / 60



National Screening Program

History of NHIC cancer screening
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Data

National Health Insurance Corporation (NHIC) Data
I Eligibility

F age, gender, employment status, insurance contribution, mortality
F information on wage, pension, interest income, car and real estate is

available

I Medical records
F diagnosis (ICD-10), medical expenditure, number of hospital and

out-patient clinic days

I Screening data

Sample; NHIC 2001-2008 data
I Aged 40 and over
I Gastric and breast cancer screening

F 2002 and 2003 cohort are stacked up
F by standardizing insurance contribution
F previous stomach and breast cancer patients are excluded

Hyuncheol Kim (2012) Effect of Cancer Screening 13 / 60



Major Dependent Variables

Cancer detection
I New cancer cases (ICD-10)
I Restriction : due to concern on over-diagnosis

F Medical expenditure on cancer ≥$300 in the first year of detection

Cancer-related mortality
I Cancer cases + Mortality with non-zero cancer expenditure in last year

of death
I More comprehensive than cancer-specific mortality

All-cause mortality
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Summary Statistics

2002-2003 cohorts

Hyuncheol Kim (2012) Effect of Cancer Screening 15 / 60



Gastric Cancer Screening Result

Number of gastric cancer patients by screening result

Interpretation
I False negative is low.
I False positive is reasonable
I Detection is not many: 607 = 469(EGD)+138(UGI)
I Gastric cancer screening also detects other type of diseases
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Density Distribution, 2002/2003 cohort, Male

Density distribution of insurance contribution

I Insurance contribution is smooth but discrete
F Errors are clustered by insurance contribution (Lee and Card, 2007)

I Manipulation is not likely: McCrary Test (McCrary, 2008)
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Estimation Strategy: Regression Discontinuity Design

The regression model is

Outcomeit = β1I{Ii ≥ τ}+ f (Ii ) + γXi + ψc + εi ,

where Outcome is outcomes for individual i, t years after screening
offer
I is the standardized insurance contribution
τ is the cutoff
f (I ) is a function of the insurance contribution
ψ is cohort fixed effect
X is a set of control variables - age, employment status and general

screening take-up indicator

Bandwidth : 0.2-0.5 and IK optimal bandwidth - 0.3 is preferred

Modeling f(I): linear, quadratic and cubic
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Eligibility, 2002/2003 cohort

Male Female

Note: Open circle plots residual + mean of dependant variable, Locally weighted linear

regression with rectangular kernel, Bandwidth 0.3

Hyuncheol Kim (2012) Effect of Cancer Screening 19 / 60



Gastric Cancer Screening Take-up, 2002/2003 cohort

↑ by 8.4%p (146%) in male ↑ by 8.2%p (102%) in female
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Breast Cancer Screening Take-up, 2002/2003 cohort, female

↑ by 8.4%p (97%)
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Cancer Screening Take-up, Male, 2002/2003 cohort

Gastric cancer: ↑ by 8.4%p (EGD 2.9%p, UGI 5.6%p)
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Cancer Screening Take-up, Female, 2002/2003 cohort

Gastric cancer screening ↑ by 8.6%p (EGD 2.4%p, UGI 6.2%p)

Breast cancer screening ↑ by 8.4%p
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Information from EGD and UGI, Male

↑ 0.40%p ↑ 0.03%p ↑ 2.34%p

↑ 3.45%p ↑ 0.05%p ↑ 1.98%p

Normal Cancer suspicion Other stomach diseases
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Information from EGD and UGI, Male

Probability of being ”normal” and ”other type of gastric diseases” ↑
Probability of being ”cancer suspicion” ↑ (not in all age groups)
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Information from EGD and UGI, Female

↑ 0.54%p ↑ 0.01%p ↑ 2.11%p

↑ 4.80%p ↑ 0.02%p ↑ 1.89%p

Normal Cancer suspicion Other stomach diseases
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Information from EGD and UGI, Female

Probability of being ”normal” and ”other type of gastric diseases” ↑
Probability of being ”cancer suspicion” ↑ (not in all age groups)

less ”cancer suspicion” than in male
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Information from mammography, Female

↑ 7.12%p ↑ 0.03%p ↑ 1.84%p

Normal Cancer suspicion Other breast diseases
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Information from mammography, Female

Probability of being ”normal” and ”other type of breast diseases” ↑
Probability of being ”cancer suspicion” ↑ (not in age 40-49 group)
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Cancer Detection, incidence when t≤2

No ’on average’ change in cancer detection

Gastric ca, Male Gastric ca, Female Breast ca, Female
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Cancer Detection by age group, incidence when t≤2

Gastric ca, Male, 40-69 Gastric ca, Male, 70-

Gastric ca, Female, 40-69 Gastric ca, Female, 70-

Hyuncheol Kim (2012) Effect of Cancer Screening 31 / 60



Cancer Detection, incidence when t≤2
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5-Year Mortality, Gastric Cancer Screening, Male

Gastric cancer mortality All cancer mortality

Non-cancer mortality All-cause mortality
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5-Year Cumulative mortality, Gastric Cancer Screening, Male

mortality gain in age group 40-59 due to non-cancer mortality ↓
mortality loss in age group 60+ due to non-cancer mortality ↑
mortality loss in unemployed

size of coefficient: non-cancer mortality � cancer-specific mortality
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5-Year Cumulative mortality, Gastric/Breast Cancer Screening, Female

Gastric cancer mortality Breast cancer mortality

Non-cancer mortality All-cause mortality
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5-Year Cumulative mortality, Gastric/Breast Cancer Screening, Female

mortality loss in age group 60+ due to non-cancer mortality ↑
mortality loss in unemployed due to non-cancer mortality ↑
size of coefficient: non-cancer mortality � cancer-specific mortality
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Summary of major outcomes

Gastric cancer detection ↑ in age group 40-69

No gastric/breast cancer mortality gain in all age group

Non-cancer mortality increase in age group 60+

Mortality gain in male aged 40-59, loss in female aged 60+

Mortality loss in unemployed

Mainly due to non-cancer mortality change

Mechanism: Why?
I early detection
I future cancer screening take-up
I health behavior (health screening take-up)
I medical expenditure
I employment status
I intermediate health outcome (bio-markers)
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Early Detection, Gastric cancer, Male

Intensity of treatment at the first year of cancer detection: No change

t≤2 3≤t≤6
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Early Detection, Gastric cancer, Male

No impact on early detection
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Early Detection, Gastric cancer, Female

Intensity of treatment at the first year of cancer detection: No change

t≤2 3≤t≤6
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Early Detection, Breast cancer, Female

Intensity of treatment at the first year of cancer detection: No change

t≤2 3≤t≤6
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Early Detection, Female

No impact on early detection
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Future NHIC Gastric Cancer Screening Take-up, Male

Round 2 Round 3
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Future NHIC Gastric Cancer Screening Take-up, Male

Screening take-up ↓ in age group 60+ and those unemployed
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Future NHIC Gastric Cancer Screening Take-up, Female

Round 2 Round 3

Hyuncheol Kim (2012) Effect of Cancer Screening 45 / 60



Future NHIC Breast Cancer Screening Take-up, Female

Round 2 Round 3
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Future NHIC Cancer Screening Take-up

Screening take-up ↓ in those unemployed
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Future NHIC Health Screening Take-up, Male

Round 2 Round 3
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Future NHIC Health Screening Take-up, Female

Round 2 Round 3
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Future NHIC Health Screening Take-up

Health screening take-up ↓ in all subgroup
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Change of Medical Expenditure, Male

Medical expenditure increases

Total (5 years) Gastric cancer (5 years)
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Change of Medical Expenditure, Male

Medical expenditure increases
I in those with employed and low baseline medical expenditure
I perhaps information effect of cancer screening: access to medical

services ↑
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Change of Medical Expenditure, Female

Medical expenditure increases
I only within two years from cancer screening
I information effect is small in female
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Changes in Employment Status

1.0%p ↓ in Male No change in Female
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Household Employment Status

1.0%p ↓ in both Male and Female, bigger in age group 60+
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Bio-markers: Intermediate Health outcomes

Bio-markers are reliable indicator of health behavior and disease status

Types of bio-makers
I BMI (Body Mass Index) - obesity
I Blood sugar level - Diabetes Mellitus(DM)
I Blood pressure - hypertension
I Cholesterol - hyperlipidemia
I Hemoglobin - anemia
I Gamma GTP - alcohol consumption
I SGOP/SGPT - liver diseases
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Bio-markers: Intermediate Health outcomes, Male

Becomes worse especially in age group 60+ and unemployed
I corresponding non-cancer mortality ↑ in age group 60+
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Bio-markers: Intermediate Health outcomes, Female

Becomes worse especially in age group 60+
I corresponding non-cancer mortality ↑ in age group 60+ and

unemployed
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Conclusion and Policy Recommendation

Conclusion
I Mortality gain only on male aged 40-59
I Mortality loss in age group 60+ and unemployed
I Cancer screening has an small impact (not statistically significant) on

target cancer mortality
I Cancer screening has an bigger impact on non-cancer mortality

F health behavior change
F medical expenditure
F employment status

I (Not shown) Behavioral Change: gastric cancer screening > colorectal
cancer screening
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Conclusion and Policy Recommendation

Is Conventional wisdom of cancer screening correct?
I Screening → Early detection → ↓ Cancer mortality → ↓ All-cause mortality

Policy recommendation
I All-cause mortality must be an end point outcome
I Behavioral change and non-cancer mortality must be considered

F implication for sigmoidoscopy and colonoscopy

I ”Tailored” mass cancer screening is necessary (risk group)
I Awareness campaign (”symptom”) can be more efficient than mass

screening

Hyuncheol Kim (2012) Effect of Cancer Screening 60 / 60



Suggestion for students want to be an empirical economist

Focus very on causal impact (endogeneity)
I Matching
I IV
I Fixed effect model
I Regression discontinuity design
I RCT (Randomized Controlled Trial)

Labor/Health/Education Economics
I Data accessibility
I Institutional details!
I Econometrics
I US vs. Korean data

Development Economics
I Funding - KOICA
I Connections
I Econometrics
I Brave heart
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