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Incentive for cost effectiveness analysis




BRCA

BRCA

BRCA



HCV

HCV

$15,000-
20,000



HIV

CD4

$2,325

($26,900)



HIV

HIV

AZT HIV
$857

$340

$8
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160
454
875
1662

66.5
91.9
87.9
78.4
81.0

144
93
179
23
439

3.5
16.1
45.3

8.7
23.5

5 0.0 322
24 0.0 277
76 71.1 709

0 898

105 51.4 2206

37.3
58.5
75.3
76.6
68.2



Cost-effectiveness
Underlying philosophy

Subjective
Utilitarianism

Communitarianism

Objective
Utilitarianism




Inequality

Libertarianism Egalitarian Liberalism
Rich Poor

Not only within the nation,
But also within the world



Use of life expectancy in economic evaluation




Survival probability

(life expectancy)

\/(1—p)

(1-p)
/
/L

2

(1-p)°
Ife expectancy = Area under the
urvival curve

O S 10 15 20 25

Time (years)



Rates and probabilities

2
50

0.5

Not 0.25!!



P: probability of death
Time (cycle) Well — Sick

0 100 0
1 n 100-n
2 50 50
n =100 x (1-p)
50 = n(1-p)

P=029,n=71



Probability <+—> Rate

e Probability of transition by time t:
P(t) =1 - exp(-rt)
where r = rate
e« Example: P(2) =0.5=1-exp™?
exp ™2 =1-0.5
-r X 2=1In(0.5)
r =-In(0.5)/2 =0.35

P(1) =1 -exp0:3>x1=0.29



In summary

p = probability; r = rate
Within one time period
Probability
Rate
ex annual rate/12 = monthly rate



Declining Exponential Approximation to Life
Expectancy (DEALE)

constant mortality rate)
(compound mortality rate: p.)

Disease specific
VS
Background causes



Survival probability

(life expectancy)

Life expectancy (LE) = Area under the
Survival curve
S(t) = expt

LE = 1/rate: if exponential
Rate = 1/LE

S(t) = expLEt

0 5 10 15 20 25
Time (years)



DEALE: example

85 enalapril
LE)
SOLVD study ( 61 92
4
enalapril: 0.63
placebo: 0.58

LEg, = 18.7 years
LEgs = 5.5 years



Mortality rate of general population who is 85
years old (=ugs)

Ugs = 1/5.5 = 0.1818



I T patient Is not treated...

Background rate for trial population
We; = 1718.7 = 0.0535

Overall rate for placebo arm
L. = -In(0.58) /74 = 0.1362

Disease-specific rate
L = 0.1362 - 0.0535 = 0.0827

I T patient is not treated..
LE = 1/(0.1818 + 0.0827) = 3.78 years



I T patient Is treated...

Background rate for trial population
We; = 1718.7 = 0.0535

Overall rate for enalapril arm
L. = -In(0.63) /74 = 0.1155

Disease-specific rate
L = 0.1155 - 0.0535 = 0.0620

I T patient is treated...
LE = 1/(0.1818 + 0.0620) = 4.10 years



Extra; 1T survival time was shown as
median...

« Median survival = 5.8 years

e Qverall rate for this arm
1. = -In(0.50) /5.8 = 0.12



LE gain for a patient

 LE without treatment = 3.78 years
 LE with treatment = 4.10 years
e Gain=4.10 - 3.78 = 0.32 years (3.8 months)



85

50

Cost effective ?

QALY 0.7

200 /0.32x0.7
900 /QALY



Incremental Cost-Effectiveness Ratio

Net Increase in health care cost
Net gain in health effect




Markov Model










Cost

Clinical
Evidence 1 Utility
Clinical
Evidence 11 \

Clinical

Evidence 1] =l

Observed

data V .
Prediction

v
Policy Making



Simple decision tree

AV

\/




Health Outcomes

. Lives saved
. Life years gained

Quality-adjusted life year
(QALYS)






Markov Model




Markov model

utility

(sensitivity analysis)



Markov health states

P(1to 1) =0.75 P(2to2)=0.7

O P(Lto 2)=0.2 q

Well [ Sick

P(1 to 3) = (M A(z to 3)=0.3
Mutually exclusive

& collectively exhaustive P(3to 3)=10
No memory




time

t+1

Simple Markov Model

Well
Quality of life adjustment

100 0.00

Well Sick
0.75 0.20 0.05

Quality adjusted life years = 0.75 + 0.20*0.50 + 0.05*0.00 = 0.85



Simple Markov Model

cycle 1.00

Well

5 Well Sick ®

0.75 0.20 0.05
070~ 0.30
3 Well Sick
0.75*0.75=056  0.75%0.20 1-0.56-0.29

+ 0.20*0.70=0.29 =015



Transition Probability Matrix

well sick dead
well 0.75 0.2 0.05
sick 0] 0.7 0.3

dead 0] 0] 0]
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1.00

0.80

0.60

0.40

0.20

0.00

e

sick Quality
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Markov models for estimating life expectancy

e Mortality rate

Well Sick @

\

Well Sick @




Impact of treatment on life expectancy

Excess mortality (additive) model
h,=Dby+d*(1-e)

Proportional hazards (multiplicative) model
he=b;* [1+(p-1) *(1-¢)]

e: risk reduction:
e O 100 risk reduction
he = by

d, p : constant obtained from survival studies



Excess mortality (additive) model

e Estimate d and e from SOLVD study

4
Placebo 0.58 S,(4)
Enalapril 0.63 S((4)

g
1 S, (t
go. Lo o(D)
t N(t)




Estimating d and e

S,(4) =0.58 e 10
77.032 «
N(4) = P = 0.93
’ ™~ 61 10
1 0.58
d=- — In| —— | =0.1186
4 0.93
1 0.63
d*(1-e)=- — In | ——— | =0.0979
A 0.93
0.0979 _
e=1- =0.17 17% reduction

0.1186



Estimating p

5 In[S,(t)]
In[N(t)]
In[0.58]
P= =7.74

In[0.93]



Simple Markov model used to calculate life
expectancy (additive model)

pDie = 1- exp(-BaseRate-d*(1-e))
BaseRate = lifetab[Age+ stage]



Simple Markov model used to calculate
life expectancy (multiplicative model)

 pDie = 1- exp(-BaseRate*(1+(p-1)*(1-e))
 BaseRate = lifetab[Age+ stage]



85 enalapril
LE gain

Model LE gain (month)
DEALE 3.8
excess mortality model 2.8

proportional hazard model 1.7



Markov model: exercise |
Breast Cancer Treatment

=Local
% rate Recur
% Mets

6% rate

%

dead



Markov model: exercise

%
quality of life (QOL)

Local

Incremental cost per quality-adjusted life years gained



Cycle length =1 year
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Define values

uRecur: 0.80
uMets: 0.40
r: 0.03
pMets2: 0.90
pMetsl: 0.75
PBCAZ2: 0.06
muMets: 0.50
Age: 55



Define values

Usual Treat
uLocal: 0.95 0.90
pBCAl: 0.02 0.01
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Treat: $15/QALY gain

=
Fank. atrategy Wlue Incremental Walue
N 1SS 1 - SO
2 Uzual Care ¥14 ¥

X

‘ OE. I

To Oz |

Usual care: $14/QALY gain
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Define costs

e CcRecur: 5000
e cMets: 20000
e cLocal: 500



Define drug cost

Usual Treat
0 $1000



[ Text Repart

Usual Care 21K 414.101 41,810
Treat w2k, W10k, 414.646 W45 42,161 413,013

Dominance Repaort;
Mo strategies were clearly dominated by any ather,

Estended Dominance Report;
Mo shategies were eliminated by extended dominance,
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In conclusion

e Incremental cost-effectiveness ratio of treat
compared with usual care is $19,013/QALY gained.



Exercise 1l: HIV screening test

HIV
HIV
HIV

HIV

0.97, 0.9988



HIY [n ented

pHIV
it |n ented

Positive Test

pFos

HIY Screen
)

HIY In ented

Negatwe Test pHIY LAt
HIY Screening F'rnl:llernD Mot In ented

HlY In fected

pHIY
it In ented

7| LELateRy

Mo Screen
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60 80

1,000 1

100 1.4
100 0.9



P(D+)= 0.001 T+ D+

P(T+/D+) = 0.85

P(T+/D-) = 0.05

P(D+T+) = ?

P(T )P(D+/T+)=P(T+nD+)
P(T+nD+) = P(D+) P(T+/D+)

P(T ) P(D+/T+) = P(D+) P(T+/D+)

P(D+/T+) = P(D+) P(T+/D+) [ P(T+)

P(T+) = P(T+ND+) + P(T+nD-)— > P(T+) = P(D+)P(T+/D+) + P(D-)P(T+/D-)

P(D+/T+) = [P(D+) P(T+/D+)] | [P(D+)P(T+/D+) + P(D-)P(T+/D-)]



P(D+/T+) =

[P(D+) P(T+/D+)] / [P(D+)P(T+/D+) + P(D-)P(T+/D-)]
0.001 0.85 0.001 0.85 0.999 0.05

=0.177

1000 177



Detection Rate (%)

100

I 1 1 I 1

3 4 B o 7
False Positive Rate (9%)

B

9

10

Integrated test
ifirst and second trimesters)

Combined test (first trimester}

CQuadruple test (second trimester)

Triple test {secand trimester)



P(D+/T+) = [P(D+) P(T+/D+)] / [P(D+)P(T+/D+) + P(D-)P(T+/D-)]

l

P(posttest) = [P(pretest) P(T+/D+)]
| {P(pretest)P(T+/D+) + [(1- P(pretest)]P(T+/D-)}

P(pretest) = 0.3

P(T+/D+) = 0.85 Likelihood ratio =

P(T-/D-) =0.90 Sensitivity/(1 — Specificity)
P(T+D-) =010 ¢ = 0.85/(1-0.90) =8.5

P(posttest) =[0.3 x 0.85]
/ [(0.3x 0.85) + (0.7 x 0.10) = 0.78

0.3
0.78



Valuables
Spec
Sens

Prev
LEToX
LERX
LELateRXx
LE

Value

0.9988
0.97
0.05
39.4
3.5
2.75
40.3



LE=40.3
LELateR*=2.75
LERx=3.5
LET0x=39.9
Frev=0.05
Sens=0297

Spec=0.0922

Al Scresning F'rnl:llernD

HIY [nfected

jnsitiveTeatD pHIV JLER
oHIY=Pres.. ‘ Mot Infected

HIY Screen{} oPas :  LETo
nPas=Frey.. ‘ HI' Infected
| <] LELateR}:
egative Test . < pHIY
LE=Prev(1-... | Mot Infected
# # <] LE
HIY Infected
<] LELateRy
0 BCreen {]< oH I
nHIV=Pray ot Infected
# <] LE



To Be or Not To Be?

e Screen: LE = 38.4578
e NoO Screen: LE = 38.4225



Monte Carlo Simulation
Microsimulation modeling




1st case

1 year

2 year

3 year

4 year

S year

Well
Y o7
Well
\ 4 0.75
Well
4 0.20
Sick

QALYs = 3.5

1 cycle
Well
well, sick, dead

0.75, 0.20, 0.05

0.30

STOP !l



Monte Carlo Simulation

2nd case
1 year Well A 0.20
2 year Sick
¥ o0.70
3 year Sick
A 0.30

4 year

QALYs = 2.0



3rd case

1 year

2 year

3 year

4 year

5 year

Monte Carlo Simulation

Well

VY o0.75

Well

Y o5

Well

Y o5

Well
0.05

~

QALYs = 4.0




Monte Carlo Simulation

million case
1 year Well
4 0.20
2 year Sick

Dead
3 year

QALYs = 1.5



Variability of distribution

megan

SD SD

Monte Carlo Simulation
QALY cohort simulation

Monte Carlo Simulation SD



The cost effectiveness of combination

antiretroviral therapy
N Engl J Med 2001; 344: 824-31

cost effectiveness

Monte Carlo Simulation — 1 million simulations

predictors: CD4 cell count, HIV RNA levels

outcome: LE, QALY, lifetime direct cost, $/QALY gained

clinical data resource: AIDS clinical trials group 320 study

cost data resource: national AIDS cost and services utilization survey
drug costs obtained from the red book



The cost effectiveness of combination

antiretroviral therapy
N Engl J Med 2001; 344: 824-31

QALY LE 1.53
2.91 $45,460 $77,300
QALY $23,000
$13,000 - $23,000/QALY gained
CD4 cell count cost effectiveness

3 cost effective



Monte Carlo Simulation

million case
Enter: age, gender, CD4, RNA

(2

Chronic < > Acute Clinical Event
HI1V infection

\/




Monthly probabilities of clinical events

e Labo: CD4 cell count, HIV RNA level

e Clinical: Development of opportunistic infections,
Adverse reactions to medications, death

e QOutcome: primary and recurrent opportunistic
Infection, life expectancy, life expectancy adjusted
for the quality of life, lifetime consts

e Costs: drugs, hospitalization,

not included: the cost of patients’ time (e.g.,
lost wages due to time spent obtaining care)

Discount rate: 3%



Cost effectiveness analysis

Total $ LE LE*QALY $/LE $/QALY

No 45460 197 {1 % J
Drugs 77,300 3.51 291 21,000t 23,0002

77,300 - 45,460
1. = 21,000/LE gained

3.51-1.97

77,300 - 45,460
2: = 23,000/QALY gained

2.91-1.53




Example 1:

1st visit: Pap smear - $75
2nd yisit; - $400
31 visit: -$1,000 - $4,000



clinical trials, cohort studies, national survey, databases
Calibration: population-based data model
Validation:

SEER




Survival probability

(life expectancy)

Life expectancy = Area under the
urvival curve
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Stop treatment, then what happen?
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Incremental Cost-Effectiveness Plot

Slope =
$37,500/QALY

M3, the best choice?
M3

M4

+ Slope =
S $150,000/QALY Slope =
$60,000/QALY
Slope =
$1¢2,500/QA1|\%1 M2
Slope =
$50,000/QALY
0 20 40 60 80

QALY
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