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INTRODUCTION

TreeAge Pro 2020 R1.0 introduced two important capabilities which shed some light on the important

topic of creating Partitioned Survival Analysis (PartSA) Models and corresponding Markov Models.

First, TreeAge Pro can now convert a simple PartSA model (with 2 or 3 survival curves) into a Markov
model. The results from the PartSA and Markov models can then be compared. Second, TreeAge Pro
can now calibrate both Markov and PartSA models to obtain results which match the reference model

data.

This paper will demonstrate the conversion process, then discuss the subtle but fundamental

differences between the assumptions of PartSA and Markov Models.
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PartSA Model with

2 Survivor Curves

The Partitioned Survival model “PartSA-Referencel.trex” shown below can be found in the

accompanying zipped models folder.

Turn on/off the details displayed via-
Tree Preferences > Display >
VariablesMarkov Info

Progression-Free Survival (PFS)

t— Part5AInformation

State under Curve: Progression-Free State
Continuous Cost: cChemo

Continuous Eff: util_PF

cChemo = 100,000

cPostProgress = 10,000

disc_rate =0

rate_03 =003

rate_PF=0.2

shape_05=1.2

shape_PF=1.0

sunv_0S = DistSurv("Dist_Surv_Overall”)
sund_PF = DistSun("Dist_Surv_ProgFree”)
util_PF =029

uli_PP =07

|— PartSA Information

Time Horizon: 30

sun_PF

Overall Survival (OS)

— Part5A Information

State under Curve: Post-Progression State
Continuous Cost: cPostProgress
Continuous Eff. util_PP

suv_0S

The model has two survival curves with each defined by a Weibull distribution:

e “Dist_Surv_ProgFree” with parameters rate_PF and shape_PF

e “Dist_Surv_Overall” with parameters rate_OS and shape_0OS

Performing RollBack or other Partitioned Survival Analyses generates the reports and charts required

to examine the model. The RollBack results from this model are presented below.

Turn on/off the details displayed via:
Tree Preferences = Display >

Variables Markov Info
PartSA

Progression-Free Survival (PFS)

|— PartSAInformation

State under Curve: Progression-Free State
Continuous Cost: cChemo

Continuous Eff: util_PF

cChemo = 100,000
cPostProgress = 10,000
disc_rate=0
rate_05=0.03

rate_ PF=02
shape_05=1.2
shape_PF=1.0

util_PF =09
util_PP=0.7

|— PartSAInformation
Time Horizon: 30

sun_035 = DistSurv("Dist_Surv_Overall™)
sunv_PF = DistSurv("Dist_Surv_ProgFree”)

-
[5601366.12\ 116705 QALY |

Overall Survival (OS)

|— PartSAInformation

State under Curve: Post-Progression State
Continuous Cost cPostProgress
Continuous Eff: util_PP

PartSA and Markov Equivalence
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The primary outputs cost and Quality Adjusted Life Years (QALYs) are accumulated continuously using
PartSA assumptions based on the areas under the survival curves. The total values accumulated over

30 years are $601,356.12 and 11.6705 QALY, respectively.

We can quickly convert this model to a fully executable Markov model by Right-clicking on the PartSA

node and choosing “Convert to Markov” from the context menu.

Turn on/off the detaﬂsl displaved via: Progression-Free Survival (PFS)
Tree Preferences > Display >
VarigblesMarkov Info PartSAInformation
State under Curve: Progression-Free State
PartSA Cont?nuous Cost:_cChemo
Continuous Eff: util_PF
cChemo = 100,000 M En »
cPostProgress = 10,000 i
disc_rate =0 Font L4
rate_ 03 =003
rate_PF =02 Define Variable 3
shape_05=1.2 § tate
shape_PF=1.0 Define Tracker 4
surv_0S = DistSurv("Dist_Surv_Overal
surv_PF = DistSun("Dist_Sunv_ProgFri Add Branch
util_PF=0.9 I | Exclude Strategy from analysis
uti_PP =0.7
[ PartSAInformation hazilvis i’
Time Horizon: 30 Change Type L4
Change Coherence 3
Show Node ID
(= Y Select Subtree
Convert to Markov
Convert to DES
y Convert to STD
of  Cut
& Copy
Paste
Delete

In the Conversion Options dialog shown below, choose Complex and click Ok.

¥ Conversion Options I&J

Choose conversion formulas:
@ Complex - adjusted (match PartSA)

Simple - primary

[ OK ] | Cancel |

The complex option generates special transition probability equations for 2 and 3 curve PartSA models

that attempt to match the original PartSA curves. The simple option creates more straightforward
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formulas, so it is more useful for experimenting with transition probabilities in the Markov model. See

more notes on simple conversion formulas at the end of this chapter.

When the conversion is complete, a model editor tab will open with a Markov model shown below:

Stay in Progression-Free State

<] P Free State
#
Progression-Free State Transition to Post-Progression State
—Markov Information 811082 <] PostProgression State
Cycle Cost cChemoliCYElESPErYear
| Cycle Effectiveness: util_PF/ CyclesPervear Transition to Dead
1 <]  Dead
0
Stay in Post-Progressio) State
Markoy - PartSA V 4 Y e \ .
y . <] Post-Prag State
e y . Post-Progression State 4
EPUIE‘P;%“E: 0,000 — Markov Information Transition to Dead
CydlesPerYear= 4 Cycle Cost cPostPragress [ CydlasPervear <
disc_raie =0 Cycle Effectivensss: util_PP [CyclasPervear Dead
memb_81 = distsun(Disl_Surv_ProgFres”; _stage / CyclesPertear) — pSZloS3
memb_81_Forw1 = distsun Disl_Surv_ProgFree” (_stage + 1) CyclesPerYear) 0
memb_52 = distsun(DisL_Surv_Overall’,_stage / CyclesPervear) - distsun(Disl_Sur._ProgFree”; _stage / CyclesPerYear)
memo_S2_Forwl = distsuniDist_Sury_Overall’; (_stage + 1)/ GyclesPervear) - distsunv('Disl_Sun_ProgFree’; (_stage + 1)/ CyclesPervear) Dead
mempb_S3 = 1 - distsun( Dist_Sun/_Overall, _stage / CyclesPerYear) <]
memb_S3_Forwi = 1 - distsurv(Dist_Surv_Overall”, (_stage + 1)/ CyclesPervear)

pS1toS2 = if (Memb_S1=0; 0; (memb_S1 - memb_S1_Forw1) { memb_S1)

Note that Transition to Dead
pS2toS3 = if (memb_S2=0; 0; (memb_S3_Forw1 - memb_S3)/ memb_S2)

rals_0S - 0.03 state is disabled by
te_PF=0.2 P

hepe 0812 probability = 0 to

shape_PF=1.0

surv_08 = DistSurv("Dist_Surv_Overall”) corres po n d to Pa rtSA m Od el

sun_PF = Distsunv(Dist_Surv_ProgFree”)

util_PF=09

util_PP=07

|— Markov Information

Termination condition: _stage == 30 ¥CyclesPervear

The transition probability expressions pS1toS2 and pS2toS3 are generated automatically.

Typically, Markov model transitions that represent single-cause risks, while PartSA models represent
multi-cause survival functions. In the absence of information on how to split the multi-cause survival
functions into separate individual risks, the converted Markov model imposes the constraint that
patients only transition from each state to the next sicker state. Conceptually, each expression derives
time-dependent transition probabilities by computing the percentage of the cohort in its associated
state at time N and at time N+1. The transition probability for each cycle adjusts the cohort
membership from time N to time N+1. These probability expressions use the multi-cause survivor
functions of the Part SA model to compute “single-cause” transition probabilities for the Markov

model that result in equivalent cohort proportions at corresponding times.

For example, the OS curve represents the combination of Background Mortality and Excess disease
mortality. Likewise, the Progression Free Survival curve represents proportion of the cohort that

moved out from the PFS state due to progression, disease mortality and background mortality.

PartSA and Markov Equivalence Page 5 of 23
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Here is the State Transition Diagram of the Markov model that allows transition probabilities from the

multi-cause survival data.

This transition
Progression-Free State |S dlsabled

The Markov model assumes single-
cause movement out of PFS to
PPS. Complex formulas adjust for
desired cohort proportions.

Post-Progression State
2

We see that structurally there are only strict forward transitions to “sicker” states are allowed (in
addition to staying in the same state). This structural constraint enables the multi-cause PartSA

survival data to be used in the context of the Markov “singe-cause” transitions.

Transition from Progression Free State to Dead is disabled. We will later examine how this transition

can be used in a more realistic modelling case.

The following three features of the Markov model are important to understanding its equivalence to

the original PartSA model:

1. PartSA conversion equations.
2. Within Cycle Correction (WCC) Markov option.

3. Adjustable Markov cycle length.

PartSA Conversion Equations

PartSA and Markov Equivalence Page 6 of 23
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As mentioned above, transition probability expressions pS1toS2 and pS2toS3 capture the multi-cause
risks of the PartSA survival data and transform them into “single-cause” Markov model transition

probabilities. This moves the cohort in a way that mimics the PartSA survival curves.

It should be clear that the conversion is a brute force mechanism to make the Markov model
equivalent to the original PartSA model. However, it is intended only for demonstration purposes and
to highlight the differences between the modelling techniques. The complex conversion is an
interesting solution, but ultimately the simple conversion with additional work on “missing” single-

cause transitions will enable the user to create a more realistic Markov model.
Within-Cycle Correction (WCC)

The Markov model is configured to use Within-Cycle Correction (WCC) option rather than Half Cycle
Correction. The reward entries in WCC models are simpler and more directly correspond to the
continuous rewards in PartSA model. Note that only continuous rewards in PartSA model are

converted to Markov model.
Adjustable Markov Cycle Length

The converted Markov model includes a new parameter CyclesPerYear. This parameter is used to
change the Markov model’s cycle length. Increasing CyclesPerYear shortens the cycle length and
improve the accuracy of the results with respect to the original PartSA model. The CyclesPerYear value
affects transition probability calculations in the complex expressions. Annual Costs and Utilities from
the PartSA model are divided by CyclesPerYear to generate appropriate values for the cycle length.
Also, the Time horizon entry from the PartSA model is multiplied by CyclesPerYear to run a sufficient

number of cycles based on the cycle length.

PartSA and Markov Equivalence Page 7 of 23
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If we run RollBack on both models, we see that Markov Model with CyclesPerYear = 1 overestimates

the rewards:

Turn on/off the details displayed via:
Tree Preferences > Display >
Variables Markov Info

PartSA

Progression-Free Survival (PFS)

[ Fart3AInformation

State under Curve: Progression-Free State
Continuous Cost: cChemo

I."nnhnumlc: Fff util PE

cChemo =100,000
cPostProgress = 10,000

[5498760 62 \ 4 4388 QALY

"‘\I 5601356.12 \ 11.6705 QALY ! .

disc_rate =0 Orverall Survi (05)
rate_05=0.03
- 102595.50 4 7.1817 QALY
rale_PF =02 [~ PartSAInforghation E
shape_05=12 State under Clirve: Post-Progression State
shape_PF=1.0 Continuous Qost: cPostProgress
surv_08 = DistSunv("Dist_Surv_Overall”) Continuous G util_PP
sun_PF = DistSurv("Dist_Sunv_ProgFree™)
util_PF=09 I 10.259550
] *test.trex 52 .
R T S sT e B -
Stay in Progression-Free State
I\\\_ ./;I # q
Progressn -Free State Transition to Post-Progression State
[500422.05 1 4.5038; FF = 0.002 |-—<

Markov - PartSA

cChemo =100000 J
cPostProgress = 10,600
CyclesPerYear=1

disc_rate =0

memb_51=
distsurv("Dist_Surv_ProgFree”,
CyclesPeryear)
memb_S1_Forw1 =
distsurv("Dist_Surv_ProgFree”, (_stage +
1)/ CyclesPerYear)

memb_52 = distsurv("Dist_Sur_Overall™;

etana I MurlacParVaari o

_stage/

PartSA and Markov Equivalence
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Cycle Cogt cChemo / CyclesPerYear
Cycle Effgctiveness: util_PF/
CyclesPafYear

__,. b Y T

6054?9 58\ 11.8578

_I\‘IdII’\U\l IIIIUHIICIUUII

Cycle Cost cPostProgress/
CyclesPerYear

Cycle Effectiveness: util_PP/
CyclesPerYear

Dead
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Transition to Dead

0

Stay in Post-Progression State

4

i,

<

| 10505753 1 7.3540; FP = 0.169

pS2i0s3

[0.001 00000 FP=0828 |

Progression-Free State

Post-Progression State

Dead

Post-Progression State
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If we change the CyclesPerYear to 360 the results become quite close.

Turn on/off the details displayed via:
Tree Preferences > Display >
Variables Markov Info

PartSA

Progression-Free Survival (PFS)

PartSA Information
State under Curve: Progression-Free State

Continuous Cost: cChemo
T oantinunne Eff util BE

[5498760.62 \ 4 4868 QALY |

cChemao = 100,000

cPostProgress = 10,000

disc_rate =0

rate_05=0.03

rate_ PF=02

shape_05 =12

shape_PF =10

sunv_05 = DistSurv("Dist_Sun_Overall”)
surv_PF = DistSurv("Dist_Surv_ProgFree™)
util_PF=10.9

N L =
[5601356.12 1 11.6705 QALY i E'BUB

\ Overall Survival (OS)

(5102595 60\ 7.1817 QALY _|

PzrtSAInformation
State under Curve: Post-Progression State
Conl nuous Cost: cPostProgress
Conl nuous Eff. util_PP

10.259550

| *test.trex i3

Markov - PartSA

cChemo = 100,000 /

cPostProgress = 10,00
CyclesPerYear = 360

disc_rate =0

memb_S1=
distsunv("Dist_Surv_ProgFree”, _stage/
CyclesPerYear)

memb_5S1_Forw1 =
distzurnv("Dist_Surv_ProgFree”, (_stage +
1)/ CyclesPerYear)

memb_5S2 = distsurv("Dist_Surv_Owverall™;
| stage/ CyclesPerYear) -

Progression-Free State

— Marliov Information

Cycle Cost cChemao/ CyclesPerYear
Cycle Effectiveness: util_PF/
Cyclesk eryear

4

M

Cycle Cost: cPostProgress /
CyclesPeryear
Cycle Effectiveness: util_PFP/
CyclesPerYear

0
Dead

<

Stay in Progression-Free State

#
Transition to Post-Progression State
—[496760.64 \ 4.4888. FP = 0.002  F——<]
pS1toS2
Transition to Dead
0
Stay in Post-Progression State
#
102596.83 1 7.1818; FP = 0.167 |
ransition to Dead

pS2tos3

[0.00\0.0000: FP = 0831 |

Progression-Free State

Post-Progression State

Dead

Post-Progression State

Dead

We noted earlier that only continuous rewards are converted from the PartSA to the Markov model.

The modeler can introduce additional rewards (startup, exit, interval, discrete, exit) manually after

being satisfied that the continuous rewards are computed correctly.

If the original PartSA model contains survival curves that cross-over, this will generate run-time errors

in the converted Markov model. PartSA model analyses can re-allocate the cross-over region to the

sicker state (see Cross-Over report), but the Markov model will fail because the transition probability

formulas will generate negative values at the cross-over points. Also, LogNormal and LogLogistic

PartSA and Markov Equivalence
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distributions cannot be evaluated at time = 0, requiring a small time adjustment to avoid run-time

errors in the Markov model.

The simple conversion will try to use existing distributions in the converted Markov model, but that
may not always be possible. You may encounter function call (specifically if you use an expression

with _time to represent the survival or hazard function explicitly):
DistTransProb("AppropriateDistribution”;_stage/CyclesPerYear;1/CyclesPerYear)

You will need to define an appropriate distribution and then replace the “AppropriateDistribution”
with the reference to your newly defined distribution. Alternatively you might define the transition

probabilities directly from a survival function.

PartSA and Markov Equivalence Page 10 of 23
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PartSA Model with 3 Survivor Curves

TreeAge Pro can convert models with 3 survivor curves, but the corresponding Markov models have
even more complicated formulas and additional nuances. We will demonstrate these complications

with survival graphs generated from the second example model “PartSA-Reference2.trex”.

Progression-Free Survival (PFS)

I PartSAInformation ﬂ

State under Curve: Progression-Free State

Continuous Cost: cPFS

Continuous Eff util_PF

sunv_PF
PartSA - 3 State Stage 1 Progression
S . <]

cPFS=1,000 I— PartSAlInformation
cPP3=110,000 State under Curve: Post Progression Stage 1
disc_rate=10 Continuous Cost cPPS
rate_Q5 =003 Continuous Eff util_PP_stage?
rate_PF =102
rate_PPS_Stage1 = 0.08 sun_PP3_Stagel
gﬂgggzgﬁjg Stage 1 Progression/Overall Survival (OS)

shape_PPS_Stage1 =12

sury_0S = DistSun("Dist_Sunv_Cverall™)
sury_PF = DistSurv("Dist_Surv_ProgFree”)
surv_PPS_Stagel =
DistSurv"Dist_Sury_PPS_Stage1™)
util_PF=0.9

util_PP_stage1 =028

util_PP_stagez2 =07

— PartSA Infarmation

Time Horizon: 10

PartSA and Markov Equivalence
In TreeAge Pro 2020 R1.0

— PartSAInformation

State under Curve: Post-Progression Stage 2
Continuous Cost: cPPS

Continuous Eff util_PP_stage2

sun_035
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As with 2 curve model, the multi-cause survival curves are used to calculate transition probabilities
based on the assumption of direct transition to the next sicker state. These transitions are highlighted

in the state transition diagram below:

Progression-Free State
1

Post Progression Stage 1
>

Post-Progression Stage 2

Notice the effect of the 4-cycle delay in reaching Dead state.

PartSA Survival Curves | @ || PartSA Survival Curves B

PartSA Ac Markov

Actions

v 7 PartSA Survival Curves
Model PartSA Survival Curves . Model -
1 1
095 055 With Annual Cycle length
09
e 0ss The cohort can reach
)
08 0s Dead state only after 4
073 o7 cycles!
= 07 = 0
% 065 % 069
E o0 5 0s
2055 2053
B 05 —— 1. Progression-Free Survival g o5 — L.State 1
" 045 — 1.5tage | Progression = 045 — 2.State2
2 04 3. Stage | Progression/Over. Z 04 3. State 3
g 035 E 0.35
Z 03 @ 03
025 025
02 02
015 0.15
01 01
0.05 0.05
0 0
0 1 2 4 5 6 7 %8 9 10 0 1 2 3 4 3 & 71 8 9 10
time time ——

If you increase the CyclesPerYear parameter to reduce cycle length, this reduces the impact of the

transition delay and yields results closer to the PartSA model.

Conversion of 4 curve models would result in even more complicated equations and has not been

implemented in the conversion process.

PartSA and Markov Equivalence Page 12 of 23
In TreeAge Pro 2020 R1.0



WwIlreeAae

SOFTWARE, LLC

In summary, PartSA models use survival curves for which state exit is a combination of multiple causes.
For example the OS curve represents the exit from alive to dead, but death could be from this disease
or other causes. Markov models are typically built with transition probabilities derived from single
cause events (e.g. separate transitions for disease mortality vs. background mortality). Given the
divergent assumptions, conversion from one model type to the other requires assumptions about

single-cause transitions as well as complex calculations.

In the next section, we will explore using model calibration as a method that can bridge Markov and

PartSA modelling methods without the need to introduce arbitrary restrictions on Markov models.

PartSA and Markov Equivalence Page 13 of 23
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CALIBRATION OF MARKOV MODEL TO MATCH PARTITIONED SURVIVAL MODEL

We may have data for survival curves which can be used in PartSA model directly. However, if we
want to build a Markov model, we need to separate the PartSA multi-cause survival functions into
single-cause Markov transition probabilities. When separating the causes, we must make assumptions
about the Markov transition probabilities and their underlying survival or hazard functions. Therefore,
we should then use calibration to look for the best set of Markov model parameters that best match

the PartSA model outputs.

Starting with the same 2 curve PartSA model “PartSA-Referencel.trex” we would like to find a

corresponding Markov model parameters.

Progression-Free Survival (PFS)

|- PartSAlnformation
.. - State under Curve: Progression-Free
Root Decision Node necessary for State g
Calibration of PartSA model PariSA Continuous Cost: cChemo
1

Continuous Eff. util_PF

cChemo =100,000 |- Part3AInformation

cPostProgress = 10,000 Time Herizon: 10 sury_PF

rate_05=0.04 )

rate_PF=0.2 Overall Survival (OS)

shape_03=14

shage_PF= 1 [ PartSAInformation 4
Tima1 = 1.0 State under Curve: Post-Progression
Time2=3.0 State_

Time3=5.0 Continuous Cost: cPostProgress

Timed=7.0 Continuous Eff. util_PP

surv_08

Conversion of the PartSA model above generated the Markov model “Markov for Calibration to

PartSA.trex” using the simple transition probability option. The formulas for single-cause transition

PartSA and Markov Equivalence Page 14 of 23
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probabilities use the DistTransProb function, which calculates time-dependent probabilities from the

original survival function distributions in the PartSA model.

Stay in Progression-Free
State
Progression-Free State
#
Transition to Post-
Progression-Free State Progression State

<] Post-Py State

- Markav Information
Cycle Cost: cChemo / CyclesPerYear
Cycle Eff. util_PF | CyclesPervear

pSitos2

Transition to Dead -
Background Mortality

1
Dead

pBackgroundMort

Stay in Post-Progression

Calibration Experiment Markov - PartSA Gtote
cChemo = 100,000 -~ Markay Information Post-Progression State B Post-Progression State
cPostProgress = 10,000 Termination condition: _stage >= N = E
Sis;gl_ef;eei\fgar= 1z TimeHorizon * CyclesPerYear T Tarkay Information Transition to Dead

Cycle Cost cPostPragress /
[cyclesPervear
Cycle Eff. util_PP / CyclesPerYear

Dead

pBackgreundMort = DistTransProb("Di und";_stage/CyclesPeryear, 1/CyclesPervear)
pS1toS2 = DistTransProb("Dist_Surv_ProgFree";_stage/CyclesPerYear; 1/CyclesPerYear)
PpS2toS3 = DistTransProb("Dist_Surv_Disease’;_stage/CyclesPerYear 1/CyclesPervear)
rate_Disease = 0.15 0
rate_Lambda_Background = 0.002
rate_OS = 0,03 Dead

rate_PF =02

shape_Disease = 1.0 ° <
shape_Gamma_Background = 0.2

 05=12

pS2toS3

1.
DistSurvi"Dist_Surv_Disease”)
DrstSurvi”Dist_Surv_PragFree”)

¥
TimeHorizon = 30
util_PF =09
uti PP =07

To generate a more accurate Markov model, we will no longer restrict transitions to direct progression
from one state to the next sicker state. Note that the transition from the PFS to Dead is no longer zero.
Instead, we will assume that background mortality transition tp_PFSToDead is a function of a
Gompertz distribution (DistBackground) that was obtained from other population survival studies and
should be applied to our PFS cohort. Mortality data including tabular data could be used for this

transition probability.

Introduction of this additional risk of death in the PFS state necessarily changes the other transition
probabilities generated by the conversion process —tp_PFSToPPT and tp_PPTToDead. We will assume
that those transitions are functions of Weibull distributions with unknown parameters which we can

refine through calibration.

Specifically, we will use the calibration process to refine the underlying distributions to best fit the
original survival data by adjusting the rate and shape of each Weibull distribution. The distribution

parameters are shown below in the Calibration View’s Input Tab.

PartSA and Markov Equivalence Page 15 of 23
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‘rj Variable Properties & Distributions ﬂ Tables | [{z] Variable Definitions @, Markov Info | £¢1 Clone Masters/Copies | (2| Node Properties ‘7._’7 Global Trackers G} Calibration &3

Setup | Inputs | Targets | Results

Available inputs # Variable Initial value
CyclesPerYear 1 rate_Disease 015
disc_rate 2 chape_Disease 1.0
rate_Lambda_Background 3 rate PF 0.2
shape_Gamma_Background 1 sha|;e_PF 10

TimeHorizon
util_PF
util_PP

Initial step
0.01
0.01
0.01
0.01

Lower bound
0.01
002
0.01
075

Upper bound
10
20
05
20

| Add variable ---» |

| Delete variable <--- |

For calibration, we also need target data to measure the fit to the original PartSA survival data.

Specifically, we will use the proportions of people in the PFS state and the Dead state from the PFS and

OS survival functions at selected times of 1, 3, 5 and 7 years.

Note that we should choose a “sufficient” number of targets for the number of unknown parameters.

This is similar to algebraic systems of equations where we need at least as many independent

equations as we have unknown variables. Although we could have chosen target proportions at 2

different times (four target values) for four inputs, our calibration results might not match the survivor

curves at times further into the future. In general fitting and calibrating is subject to some

assumptions (e.g. the type of distributions to use, selection of target time), it is important to try

different assumptions and verify how robust are the resulting model outputs.

PartSA and Markov Equivalence Page 16 of 23
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The next step is to prepare the model for calibration by creating independent model outputs to match
against the target values. Specifically, we need to generate outputs that represent state membership
in both PFS and Dead states at the times described earlier. This model contains 8 additional payoffs

for these outputs. They are instrumented as shown below in the following Markov Info View.

Y= Variable Prope (gg Distributions (55 Tables ﬂE Variable Defini r Instrumentation of the
B Markov Model for calibration
Event Rewards | PartSA | with Payoffs which calculate
Markow node: Markov - PartSA c:ohortI petrcdeptages at
AN sSelecied 1imes.
Elernent _ Post-Progression State
4 Rewards (Active Sets)
Startup Cost 0 0
Cycle Cost cChemo / CyclesPerYear  cPostProgress / CyclesPe...
Event Cost 0 0
Startup Eff ] ]
Cycle Eff util_PF [ CyclesPerYear util_PP / CyclesPerYear
— = m T T 2 T
4 Rewards (Additional Sets)
Startup Statel Tirmel

Cycle Statel Timel

Startup State3Timel
Cycle State3Timel

Startup Statel Time3
Cycle Statel Time3

Startup State3Time3
Cycle State3Time3

tartup Statel Tim
Cycle Statel Time5

Startup State3Time5
Cycle State3Timed

Startup Statel Time?
Cycle Statel Time?

Startup State3Timel?

o= R R - R e Y e R e R e e R e Y e R e T e R e R e [ e B e B e N e R e T s R - R s I = |

chDIEDEIDGDIEDED Il

-[> Initial Probabilities and Tunnel Max
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The next step is to use the Calibration View’s Targets Tab to specify the appropriate model outputs

and their corresponding target values as shown below.

Setup | Inputs | Targets Rsulls|

Goodness of Fit type lSimple Sum of Square Differences -

HAvailable targets
Payoff 1 (Cost)
Payoff 2 (Eff)
Payoff 3 (Statel Timel)
Payoff 4 (State3Timel)
Payoff 5 (Statel Time3)
Payoff 6 (State3Time3)
Payoff 7 (Statel TimeS)
Payoff & (State3TimeS)
Payoff 9 (Statel TimeT)
Payoff 10 (State3TimeT)

Weight

N e e

Calibration Targets for State1 and State3 at different
times.

Final expression:

(Payoff3_1 - 0.832490612611603) ~ 2 + (Payoff4_1 - 0.0266636542222264) * 2 + (Payoff5_1 - 0.558035145770047) ~ 2 +
(Payoff6_1 - 0.102721558300423) ~ 2 + (Payoffl_1 - 0.374062144602083) ~ 2 + (Payoffd_1 - 0.183580685159439) ~ 2 +
(Payoffd_1 - 0.250741353989858) * 2 + (Payoffll_1 - 0.263237972109244) ~ 2

[ Add target ---> ]

’ Delete target <--- ]

Run ][ step
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Now we are ready to run the Calibration process. Press the “Run” button and observe the real-time
output. Each row consists of a model calculation using a set of input parameter values and shows the

calculated target values and the Goodness of Fit demonstrating how close we are to the target values.

.‘E, Variable Properties f_“, Distributions ﬂ Tables | [z Variable Definitions % Markov Info | £¢] Clene Masters/Cop ETracker Properties E;I Tracker Modificatio (3) Calibration &3 £ Dashboard = B8
Setup | Inputs | Targets  Results

F rate_Disease shape_Disease rate_PF shape_PF Goodness of Fit Payoff3_1 (diff) o
-0.214077 Best GoF: 2.073e-05

36 0.584802 0.39495 . (0.002848) - .
317 0584802 039 {0.002848)
318 0584802 o.3j to.oozsm |
319 0584802 0394 - ~'(0.002848)
320 0584802 0.394962 037ls12 1.026935 207305 0829642 (0.002848) = //| J
321 0.584802 0,394962 (184512 1026935 207305 0820642 (0.002848) = i
322 0584802 0.394962 0184512 1.026935 ) 2973e05 0829642 (0.002848)
T2 0564802 0394962 0184512 7026075 297305 0829642 (0.002848)
324 0584802 0.394962 0184512 1.026935 207305 0820642 (0.002848) 4526764
325 0.584302 0.394962 0184512 1.026935 207305 0829642 (0.002848) L
36 0584802 0.394962 0184512 1.026935 297305 0820642 (0.002848) _ fteration
d L1 ¢ MNormal scale | Save as RPTX

Use inputs in model | | Use inputs for new calibration | @ Logarithmic scale (logl0) /| Open after saving

Run

Notice that the calibration process identified best fit input values for the model. The parameter
estimates for the PFS transition probability distribution are a rate of 0.185 and a shape of 1.027, which
are not exactly the same as the original PartSA PFS curve (parameters rate = 0.2 and shape = 1.0).
They were adjusted because in the Markov model exit from PFS state is implemented with two
different single-cause transitions. The combination of these two paths has to match the PartSA PFS

curve.

The Weibull distribution “Dist_Surv_Disease” for Death from Disease has the rate estimate of 0.584
and shape = 0.395 (decreasing risk!). The fact that this distribution has decreasing risk is a result that
we are trying to match the PartSA OS curve (Weibull with rate = 0.04 and shape = 1.4) with a
combination of the Gompertz distribution with increasing risk and a Weibull distribution that has to

compensate for the increasing risk.
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The PartSA model will generate Survival Curves graph, for a selected PartSA node, from Analysis menu
-> Partitioned Survival Analysis -> Survival Curves. In Markov model running Cohort Analysis on a
selected Markov node will provide a link to report Markov PartSA report. The final result can be seen

in this Survivor Curve graphs generated by PartSA model and calibrated Markov model:

PartSA Survival Curves | B PartSA Survival Curves
PartSA . e Markov .
PartSA Survival Curves
Model PartSA Survival Curves i Model
1 — 1. Progression-Free Survival (PFS) 1 — 1.5tatel
~ ~ _
095 — 2. Overall Survival (05) 095 2. State2
09 X \\ e S 09 Y \s.._
035 T L 085
08 N [ ' \
075 075
07 L
5 065 \ 5 065
T 06 M £ os
S 055 N 2 055 N
g a
5 =
z

05 05

045 5 045 p

04 Z 04 4

035 303 4

03 o3 I,/

025 - v e 4 =
02 N
015 ‘

Note that the TimeHorizon variable for these graphs was decreased to 10 years, so we can focus on

the calibration time interval. You can extend the time horizon to 30 years to assess the effects of

extrapolation of the calibrated survival curves.
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Also, note that the Markov Model time axis was adjusted to years. This can be done within the Edit Chart

dialog as shown below:

[l Edit Chart . S
i Edit Cha —
Edit Chart e 4 ™ -
Select the data to display  the chart and bindm_ié'nn..__ mls|
- = ==
¥ Select Chart Type | B Select Data | | if Format-Chart |
| - s — — _,,\'
Chart Preview D
PartSA Survival Cufves
[ ] = — 1. Statel
: 1
Value (¥) Series™ - — 2. State 2
Series 1 'l S 0.5 Optional ¥ Series Grouping:
e S5 (row["STATEINDEX"
E v row["Y"] S 2
— @3 005 G 045 Y
timée
L Category (X) Series:™ }nw["X"];’lE
Select Data
() Inherit Data from Container | [nherit Columns -'[‘El Groups -
@ Use Data from partSADataSet | l/-———\
Data Preview ‘
Use the right-click menu or drag the column into serie fields.
Show data preview
[STATE | [STATEINDEX | [% | ¢
Statel 0 0 1
State 2 1 0 1 _ ‘
State1 0 . 0985 I
State 1 0 2 0971 -
1 Data Binding...
L 4 /
r:j?\' < Back Mext = Finish Cancel Apply
=

It should be noted that we could have used other distribution types for the Markov model (e.g.
Gamma or Generalized Gamma), which can be more “flexible” than Weibull. We also could have
created a model with more complicated Markov structure, while still trying to generate the PFS and OS

curves from such a model. A more complicated Markov structure might be appropriate given
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understanding of the underlying biology. Calibration could also estimate a larger number of

parameters; however, it is important to provide sufficient number of reference target values.
CONCLUSION

TreeAge Pro includes a feature to convert a simple 2 or 3 curve Partitioned Survival Analysis (PartSA)
model to an equivalent and executable Markov model. The converted Markov model uses the survival
data from PartSA and assumes strict forward progression in the mathematical calculations of
transition probabilities based on the original PartSA survival functions. The converted Markov model,
while calculating the same values as PartSA reference model, highlights the fundamental difference in

structure and transition probability derivation between the two modeling techniques.

The calibration feature can be used to further explore equivalence between Markov models and
PartSA models. Calibration demonstrates that different survival functions must to be used in PartSA

and Markov model if the strict forward progression within Markov model is relaxed.
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APPENDIX
PartSA calculations.

PartSA uses a continuous time and a differential equation solver algorithm with a default integration
step equal to 1/360 of a Year. The algorithm used in the solver is a standard 4™-order Runge-Kutta
algorithm, which better approximates areas under the curve than Markov WCC trapezoidal approach.
You can change PartSA integration step to 1/3600 or smaller and assess the impact on the results.
However, it will be true that Markov model with a similar cycle length to PartSA will have less accurate

reward results.
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