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evaluation of Adverse Events

 Example: data-driven realisation of Markov
model
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Motivation: /l

Markov models (MM) are a common approach
* to synthesize data on health effects on new technologies,
costs, life gains, QOL gains/losses
e for the calculation of lifetime costs, life expectancy or
quality-adjusted life expectancy

Markov model simulations (MMS) allow to study effects of
model parameters on outcome without the need for dedicated
experiments

» MM can be used to compare different treatment modalities
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Motivation /|

e Clinical data under-used
(e.g. only for answering trial hypothesis)
e MM are usually individually built:
varying design assumptions of MM for the same type of problem

=>» makes the comparison of results of different subtypes difficult!
Example: cost-effectiveness for different tumour entities and beam qualities

BUT: There are classes of questions that can be examined by the
same standardised model (speed up of data analysis)

Need for a suitable tool to set-up a standardised MM

Test used case: realise generic MM for the evaluation of sideeffects
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Basics:

* Set of (mutually exclusive) health states
* Set of transistion probabilities among
the health states (constant, time-varying)
* Cycle length (year, month etc.)
* Utility value and/or cost
assigned to each health state
* “Markovian Assumption”:
No memory

start — assymptomatic state

P13 P22 progressive disease

ej pas =1 death
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Why meta-model for Markov model simulations (MMS)?

- Computable description of properties of ‘Standard’ for
Markov model (simulations) communicating
* Against which instances of MMS can be Markov models
validated

« Can drive tool development

* Such as a language for defining Markov Model Simulations
* Based on concepts familiar to domain experts

Can serve as processing
instruction for a simulation
programme and as
documentation of computed
MMSs.
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Method

<<enumeration>>
£ EvaluationMethod
= deterministic

- stochastic

<<enumeration>>
£ SimulationType
= individual

= cohort

H MarkoviModelSimulation

T mmsiD

2 simulationType : SimulationType
2 evaluationMethod : EvaluationMethod

<<datatype>>
£ ModalityConstrainedValueReferenceType

 ExpressionType

<<datatypes>>

2 initialAge

lc<enumeration>>}
£ PayOFffType

lc<enumeration>>}
£ ModalityType

2 populationSize
o,

modelTransfer

includedMafkovModels

- 2 cycleDuration

__» L H MarkovModel J
e AL S—

1.% 0.% ISl payOFf
H IncludedMarkoviModel __ |B-ModelTransfer o /
2 markovModelReference - -~~~ 2 source g PayOFff = 1 g state
o o
2 E:zmggi;gi\gt:delNumberOFCycles T target & payOFffType : PayOFffType &, payOffReference
£ _ 1 § payOffValue : ModalityConstrainedValueReferenceType
,/” / transition
- - : /I
-~ - ’ 0"*
_- U
e /’ H Transition

time-dependent

_-" <<enumer_atlon>>——;‘
H ValueTable 7Tt ' distributionTypel  / -
< valueTablelp®f - ----""~ - normal /) o7
- beta / -7
- 4 P
hasCpmponent 7 7
1 Pid
2.% \ ] Phe
H ValueTableComponen E Value | | WA .
2 timelntervalStart 2 valuelD
2 timelntervalEnd 2 perTimeUnit
2 valueReference o source
2 distribution : distributionType
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H DistributionParamete

T parameterName
2 parameterValue

T sourceStateReference

T targetStateReference

5 payOffReference

2 transitionProbability : ModalityConstrainedValueReferenceType

Result of e.g.
 data analysis

* modelling

* expert opinion
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Generic

Initial state
Duringﬁfcreat' no/ mild a2 al al,a2 a3 \ Tr;eatn;ent-
ment, first acute AE severe severe severe severe severe i
6 weeks - Death
: [ ]
During C 2:/ oid cl,c2
cycles: \ severe
After "y v
treatment c3
severe '§i
C cl N\ > Death
severe
c2
severe
U » (Generalized from J.P.C. Grutters et al. 2010)
al, a2,a3... acute AE
c1,c2,c3 .. late AE Pay-Offs: p1,p2,p3 fixed to transistions and states
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Template

Example: part of Markov model describing late Aes

StatESI <<datatypes>> <<datatypes> <<enumeration>> lc<enumeration>>}
= Q E jonT: 3 stateG IDT: 2T itionPatternT 2 stateT:
« stateGrouplD 1, stateType ‘normal’, RN BT el ] [Sromal
. . i - absorbing
qguery: [combination late severe AE] - transient
= star

H MarkovModelTemplate

* stateGrouplD 2, stateType ‘absorbing’,
query: [death \{treatmentrel. death}] /

‘ ’
* stateGrouplD 3, stateType ‘normal’, 0.x
. . H TransitionManual  /
querY'[Comb|nat|0n Iate AE<3] T sourceStateGrouplDReference : stateGrolpIDType stateCroup

o sourceStateGrouprefinementQuery : QyeryExpressionType 0.*

T targetStateGrouplDReference : stateGfoupIDType

o targetStateGrouprefinementQuery : QueryExpressionType B StateGroup

7 T stateGrouplD : stateGroupIDType

0.% . T stateType:stateType
/tran5|t|onByPattern 2 query : QueryExpressionType
H TransitionByPattern
o stateGrouplDReference : stateGroupIDType
o transitionPattern : TransitionPatternType
o stateGroupRefinementQuery : QueryExpressionType

Transitions:
* sourceStateGrouplD 3, refinementQuery: ‘none’
targetStateGrouplD {1,2}, refinementQuery: ‘none’
*  sourceStateGrouplD 1, refinementQuery: ‘none’
targetStateGrouplD 2, refinementQuery: ‘none’
* stateGrouplDref 1, transitionPattern ‘allToAll’, refinementQuery: ‘none’
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Data from DB

ATIENT m \
¢ ID_Patient CHAR(20) ' ID_Observation BIGINT
<> First_Name VARCHAR(40) Q Ot:serverCHAHU) m
<> Surname VARCHAR(40)  Date_Recorded DATE ' ID_Sideeffect BIGINT
 Date_of_Birth DATE [~ <. Ip_observer BIGINT B - Sideeffect VARGHAR(40)
% Gender CHAR(1) ——| % ID_Patient CHAR(20) ' < Code INT
< Performance_Status SMALLINT(3)  DOCTOR_ID_Doctor CHAR({20) :_ _d® Score SMALLINT(1)
<> Diagnosis VARCHAR(300) > <> Scoring_System VARCHAR;...
<> Diagnosis_Code VARCHAR(4) » Date_ocurred DATE
<> T_Stage VARCHAR(2) @ ID_Observation BIGINT
<> N_Stage CHAR(1) —— -
> M_Stage CHAR(1) [ -
<> Grade CHAR(1) :
> Death_Date DATETIME |
<> Death_Type VARCHAR(7) '
- |

' ID_RT BIGINT __| DOCTOR
<> Beam_Type VARCHAR(45) ' ID_Doctor CHAR(20)
<> Boost CHAR(1) <» Surname VARCHAR(40)
- Treatment_Start DATE < First_Name VARCHAR(40)
~ Treatment_End DATE <> Specialization VARCHAR(40)
< Fractions SMALLINT(2) < Institution VARCHAR(100)
<> Dose SMALLINT(3) : >
2> Chemotherapy CHAR(1) R
4 ID_Patient CHAR(20) 2
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Queries to Define Model

STATES

Determine severe acute AEs

SELECT DISTINCT SIDEEFFECT.Sideeffect

FROM default_schema.OBSERVATION,default_schema.RADIOTHERAPY,default_schema.SIDEEFFECT

WHERE default_schema.OBSERVATION.ID_Patient=default_schema.RADIOTHERAPY.ID_Patient
AND default_schema.OBSERVATION.ID_Observation=default_schema.SIDEEFFECT.ID_Observation
AND default_schema.OBSERVATION.Date_Recorded < default_schema.RADIOTHERAPY.Treatment_End
AND default_schema.SIDEEFFECT.Score > 2 AND default_schema.SIDEEFFECT.Score < 5

Determine severe chronic AEs

SELECT DISTINCT SIDEEFFECT.Sideeffect

FROM default_schema.OBSERVATION,default_schema.RADIOTHERAPY,default_schema.SIDEEFFECT

WHERE default_schema.OBSERVATION.ID_Patient=default_schema.RADIOTHERAPY.ID_Patient
AND default_schema.OBSERVATION.ID_Observation=default_schema.SIDEEFFECT.ID_Observation
AND default_schema.OBSERVATION.Date_Recorded > default_schema.RADIOTHERAPY.Treatment_End
AND default_schema.SIDEEFFECT.Score > 2 AND default_schema.SIDEEFFECT.Score < 5

Check for existence of death (returns patients ID)
SELECT ID_Patient FROM default_schema.PATIENT WHERE default_schema.PATIENT.Death_Type='o’
SELECT ID_Patient FROM default_schema.PATIENT WHERE default_schema.PATIENT.Death_Type='"t’

State without AE or mild AE always exists.
TRANSISTIONS

.... Similar queries to determine transition probabilities (will give a probability distributionfor each transistion)
transition probability=0 =» transition doesn’t exist.

PAYOFFS
Doesn’t exist in DB model =» external input
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Result in MM Language

-

» | | exampleMM.xml §

<?xml version="1.0" encoding="UTF-8"?>
<ma:markovModel xmlns:ma="http://www.partner.cern.ch/MarkovModelSimulation”
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="MarkovModelSimulation.xsd" markovModelID="RkhoYFUq5jeltxzVCBOnwl9e-Q-H
<cycleDuration number="1" timeUnit="year"/>
<modalities>
<modality modalityID="IMRT" modalityInfo="IntensityModulatedRadioTherapy"/>
<modality modalityID="IMRTCT" modalityInfo="IntensityModulatedRadioTherapy-ChemoThe
<modality modalityID="PT" modalityInfo="ProtonTherapy"/>
</modalities>
<pay0ffClasses>
<pay0ffClass payOffClassID="cost" payOffClassInfo="treatment related cost"/>
<pay0ffClass payOffClassID="qol" payOffClassInfo="patient reported quality of life"

</pay0ffClasses>
<l-- PAYOFFS -->
<pay0ffs>

<pay0ff payOffID="pay0ff-01" payoff(Class="cost">
<pay0ffExpression>"valueref:value-81 + valueref:value-02"</pay0ffExpression>
</pay0ffx>
<pay0ff payOffID="pay0Off-02" payOFFClass-"qol"ﬂ
<pay0ffExpression="valueref:value-83"</pay0ffExpression>
</pay0ff>
<pay0ff payOffID="pay0ff-83" payoff(lass="cost">
<pay0ffExpression="valueref:value-84"</pay0ffExpression>
</pay0ff>
<pay0ff payOffID="pay0ff-04" payOffClass="qol">
<payOf fExpression="valueref:value-85"</pay0ffExpression>
</pay0ff>
<pay0ff payOffID="pay0ff-05" payOffClass="cost">
<pay0f fExpression>"valueref:value-86"</pay0ffExpression>
</payOff>
</pay0ffs>
<!-- STATES -->
<states>
<state statelID="caelcae2" stateType="normal">
<stateInfo>v3oGVvBhZnAStNQkWvduZ8P58</statelnfox>
<associatedPay0Offs>
<pay0ffReference payOffID="pay0ff-01"/>
<payOffReference payOffIlD="pay0ff-02"/>
</associatedPay0ffs>
</state>
<state stateID="death" specialStateType="absorbing">
<stateInfo>tbz8h</statelnfo>
<associatedPayOffs>
<pay0ffReference payOffID="pay0ff-03"/>
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</pay0ff>
</pay0ffs>
<!-- STATES -->
<states>
<state statelD="caelcae2" stateType="normal">
<stateInfo>v3oGVvBhZnAStNQkWvduZ8P58</statelnfox
<associatedPayOffsx>
<payOffReference payOffID="pay0ff-01"/>
<payOffReference payOffID="pay0ff-02"/>
</associatedPay0ffs>
</state>
<state stateID="death" specialStateType="absorbing">
<stateInfo>tbz8h</stateInfo>
<associatedPayOffsx>
<payOffReference payOffID="pay0ff-03"/>
<payOffReference payOffID="pay0ff-04"/>

</associatedPay0ffs>
</state>
<!-- . other states ... -->
</states>
<l-- TRANSITIONS -->
<transitions>
<transition>
<associatedPayOffs>
<payOffReference payOffID="pay0ff-05"/>
</associatedPay0ffs>
<sourceStateReference statelD="caelcae2"/>
<targetStateReference statelD="death"/>
<transitionProbability valuelD="value-987"/>
</transition>
<transition>
<associatedPayOffs/>
<sourceStateReference statelD="caelcae2"/>
<targetStateReference statelD="caelcae2"/>
<transitionProbability forModalityID="IMRT" valueID="value-08"/>
<transitionProbability forModalityID="IMRTCT" valueID="value-89"/>
<transitionProbability forModalityID="PT" valueID="value-18"/>
</transition>
<!-- . other transitions ... -->
</transitions>

</ma:markovModel>
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Summary/Outlook

Introduction of metamodel for markov model simulations
Development of a generic markov model for the evaluation of AE
And framework for expressing generic Markov models

Illustrated working principle on example based on database schema

Framework enables to evaluate and predict clinical outcome

More to come.....
-Test generic model on real data to proof benefit

- Further validate modelling framework
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