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Case Study Background:

Several years of teaching workshops has led to a new illness being observed among
health economists. As revealed by new research from the pioneering decision
scientist, Dr. Grooves, this new disease is a consequence of the enduring sadness
that results from the workshop being over. This condition has come to be called the
Brief Yearning Episode (commonly abbreviated to BYE). Our team has exclusive
access to data on the natural history of BYE.

These data were gathered from an observational study that followed a cohort of 30-
year old students for 3 years. At the start of the study, 60% have Mild BYE and 40%
were healthy.

BYE is associated with reduced quality of life. The utility weight for Mild BYE is 0.88
and the utility weight for Severe BYE in 0.65, whereas individuals without BYE have
a utility of 1.0.

Everyone represented in the model faces age-specific background mortality, which
can be based on the provided life table. Individuals with BYE have a risk of dying
from sadness. Mild cases have a 1.4% annual probability of dying from sadness and
severe cases have a 4.21% annual probability of dying.

The data also suggested that healthy individuals that survive background mortality
have a 40.71% chance of developing BYE within a year of the workshop. Among
individuals newly developing BYE, 80% have Mild BYE and the rest have Severe BYE.
It has been estimated that 30% of the individuals with Mild progressed to Severe
over a 3-year period. Individuals with Mild BYE can fully recover and return to the
Well state, with an annual probability of 7%, conditional on surviving to the end of
the year.

Patients with Severe BYE have a 10.5% annual probability of returning to the Mild
state. Individuals with Severe BYE cannot return directly to the Well state.
Individuals who recover from previous episodes of BYE face the same risk of
developing the condition again as those who have not yet had BYE.

To treat BYE, the only solution is a beach holiday. For mild cases, a $3,000 trip per
year is required and for severe cases, a $9,000 trip is required. It is recommended

that patients moving from mild to severe, have a one-time treatment at progression
of upgrading to a private jet for $35,000.

A similar disease CYA that is seen in economic workshops but has slightly more
expensive treatment and slightly worse outcomes has been found to cost about
$100,00 per person and result in 10 QALYs.

Dr. Grooves develop a 5-state Markov model: (1) Well, (2) Mild, (3) Severe, (4)
Disease Death and (4) [All Cause] Death based on the data provided above. He said
he used a 3% discounting rate for both costs and QALYs, and half-cycle correction
on the model. All costs were converted into the same year. He is hoping to find the
life-time impacts of BYE.

He also provided you some results from other papers that he think you could use to
help understand your results. (Added later)
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This Guide’s Style:

This guide is written as if you are in the brain of the expert

and walks you through their thoughts. The goal is to help you build
intuition for doing quality assurance on your own model as well as
reviewing external resources. This is heavily focused on Amua but

many of the concepts can be applied to other softwares.
|
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- - // | have the model open in Amua

and the first thing that | want
t0 use is Amua's "Check Model"
feature this will show me any
errors that can be qu\ck\y fixed

ELS F——

[ Ecomote | © tiotns [ % Paramsinr sais | £ Froparim: |

Amua version 0.3.3
Copyright © 2017-2025 Zachary |. Ward (hetps: | fgithub.com frward fAmua)

Armua is free sofvwane and is distributed in the hope that it will be useful, but comes with ABSOLUTELY NO
WARRANTY.

See Help => About Amua for distribution detals.

~eCK 7, A

Mode\

‘J,.ggm] O Notes | == Parameter Sets | £} Properties |
‘ Treatment 23081.0559 1.614738517316E8 23081.0559 9.10z

—~\| > 1errors:

Node Death: Probabilities sum to 0.0!

OKay 50 this tells us that me
that the death node has

probabilities that do not sum
t0 1. Let me look at that.
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Ah yes, | forgot to add
the 100% probability that
keeps all individuals in
the "Death” end state.
Well | am here, | also
verified that the Death

Remain Dead * —
state has the end state ]
of "Death"

PN \

Remain Dead
Death @ Death
Remember that end states p0 w1

mean that no one can e
leave once they enter.

Make sure there is an

100% chance that

everyone stays in that

state. (We don’t zombies!)

p0
RO (80

pQ

Now that we have fixed
that error, we can run the
check again to see if there

is an\/Thmg else we
missed. J

P

e\

_Im‘ 1] NutesT %* Parameter Sets Tﬁ I;rnperties ]

---- -

23921.8006 8.71013990184E7

%del checked!

// OKQ\/, perfect. The "Model
checked!” notification in the
Console means that the model
has code that will run. It does
not mean that | have a perfect

model.

P
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Amua = Markow Trace: Natural Disease History

We should get two very A yen hopy
. ’ [Cyeke | Wl it Swvare | Dissase.. |Death | Cyche
\mPOrTOﬂT P\eces Of\ ? 01&'?1.»& :Za ;2?&gn ?':u;n ﬁml iii::
. F3 148.1328 | 337 T92.8426 | 25. 7473 30.0073 666.3
evidence on the model: : 176.1865 | 98014 | 719.6652 |47 2624 | 470842 |652.5
. 5 178.627 11.9748 7007736 | 57.4286 51.196 322.3
the Markov trace (right)
and outcomes (bottom)
[ Econsale | © Notes | == parameter Sets | & Properties |
&
Strategy Utility ~ Cost Utility (Dis) Cost (Dis)
Natural Disease History 3292.6128 3.67924017059E7 3292.6128 3.3326684 |
>

'

| want to start with the
Markov trace because |
a\read\/ see an issue.

“He is hoping to R
find the life-time

impagts..of BYE.”
Remember that a ”Lifet

model runs until everyone
dies. The number of
cycles varies based on
the initial age. You can
over estimate but each

‘ additional cycle does add
run time to model.

|

The model needs 1o be a
lifetime model but this

on\\/ has S cycles in the
Markov Trace

Matural Disease History

t==5

\

| Cyche_

._ Matural Disease History

o 0.0 0.0 ] o 3250

1 101.798 |00 BET.7OFL | 137658 | 16.7291 |G65.5 ¢ = ]
Ed 148.1328 | 3.27 7928436 | 25,7473 | 30,0073 | B66.3

3 168.2571 | 6.8406 7480524 | 36,7742 | 400667 | 6605

4 176. 1869 | 9.8014 TI6652 | 472624 | 470842 | 6525

] 178627 | 119748 |700.7736 | 574286 |51.156 3223
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a0 e Amua - Markey Trace: Natural Dissass Histery

o oy e o

105 7 || Cveie well | M |Severs | Divease ... Death

‘-Wl L] 64.208% | 6.0176 I4T.BO3T | 4B1TETS | 1936653

e n 619044 |5.8103 | 2340546 |496.6784 | 2005523
| e ahiiiE | S.5861 FES0FEE | A% a0D | 2099000

iy ?l ST0680 | 50504 57 S0ROTIR | 218700
T4 4TI | 5020 06,3511 | SSROLTE | 2278810
75 SLOST 48861 1968226 | 5089215 | 2370008
e 49,5232 | 45481 1872387 | 104407 | 2459508
w 469191 | 4.4057 177 ATIY | S14.2151 | 256.9665
™ 443393 | 41607 167.6049 | S16.6469 | 2672582
TS AL712 39151 157.709% | 5189351 | 277.7248
=m 391064 | 36705 1478577 | STLOE04 | 288.28%

n 36,5302 | 3.4287 13E.1171 | S23.0843 | 298.5397

3 11968 31882 1ZEAT98 | 524 9477 | 309 4662

Great the Markov Trace £ s e | s s
< o [ o
now hGS ]OO C\/C\eS NO-\- I w0376 |zo6bs | B33 | 5323591 | 3603125 | 78
) i T M
everyone is dying though. 1 1l

2 12.63 1.185% AT. 7529 SI66EET | 4007434

3 TR N304 1.0447 AT.0832 SITIREE | 4084429

This does not make sense.
It is h'\gh\\/ un\'\Ke\\/ t0

have 20 people alive at
130 years old

2\

kol .7603 09161 I6.H026 | SITEIAZ | 4145858 B
95 85163 0.7993 321993 | 53830014 | 42001837 .
7394 0.694 79561 | SIETOT | 425.2489 .
63922 L HU16BE | BI9OETT | A20.78ET Xl

55026 0.516% T0.BDAE | 5393595 | 431 8166 o

4.7U6E | 0.4427 178319 | SI96183 | 4373896 | 16

40255 | 0.377d 183301 | $19.8181 | 4408373 | 7.1
T

/{ First | want to check the
structure of the model.
We just fixed the Death
node so let's check all
branches that lead to
death.

P

has branch
p—die
end state is Death

Severe to Death:
has branch

p_die
' Mild to Death:
has branch

end state is Dey
p_die
end state is Dey

OKa\/ the structure
looks good, now |

want to look at the
table inputs J

P
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LN Arsin - Defing Table

Hame: | bl_p_did | Table Type: |iookup (=) | immerpatasion Me... | Linear i
“wimport [ " Bxport Rows: o = 112 Cols:ofe = & I Lookup Method: |imerpoiate %) | parapatate No E
age XL |
L —, L
[
20 [omminy: Index Column
2 |Teest. Values for all indices
1n.g 602151,
B (i Table type: Lookup
4.0 550472,
N e Method: Interpolate
v 608419,
oo |easser
|
1'!\..““ B ATIAT
Not \ooK\ng like a
B table issue. | will
now go look at the
variable for p_d'\e.
Name: | p.de| : ]
Ji=) Exprasainn:
tbl_p_die[t.1]
Correct table name

Looking at the 1°" column

which is the p_die column
o Using Amua time variable
"t to look up the index

is 30. This means that
right now *t" is using
the cyc\e number not
the age of the person
10 index the table.

(0 C Amua )

Remember that the

Amua built in “t” Name:  p_die Name:  p_die
variable is the cycle flx) Expression: | flx) Expression:
number or time in the tbl_p_die[t,1] thi_p_die[t+i_age,1]
model. It will be 1 for
Cxpected Value: J . J
. cycle 1, 2 for cycle 2, e
and so on.
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Amua - Markov Trace: Natural Disease History

ot |sute Prevalence 7] " Export L3 Copy

Cyele | Well Mild Severe Disease ... | Death | Cyel

70 60748 [05702 |22.9683 |408.6244 [561.7623 [21.%

7n 51627 |0.4846 |19.5197 |408.9076 |565.9255 |18.

7 43731 |0.4105  [16:5343 |409.1475 | 569.5347 | 15.

7 36921 [0.3465 |13.9594 |40935 [572.652 |13

74 3.1069 [0.2916 | 117468 |409.5204 |575.3343 |10,

75 26058 [0.2446 |9.8524 |409.6634 |577.6338 [9.2

76 21784 |0.2045 |8.2363 |409.7829 [579.598 (7.7

7 18168 (01705 |6.8693 |409.8826 |581.2608 [6.4

78 15118 |0.1419  |5.7159 | 409.9655 |582.665 |5.3

79 1,255 0.1178 4.7451 410.0343 |583.8478 | 4.4

80 10394 |0.0976 | 3.93 410.0914 | 584.8416 | 3.6

81 08589 |0.0806 |3.2474 | 410.1385 |585.6747 | 3.01

82 03420 (00322 |12963 | 4101573 |$588.1714 | 1.2

8 01369 |00128 |0.5175 |410.1648 |589.168 |0.4

84 00546 |0.0051 |02066 |410.1678 | 589.5659 | 0.1

85 00218 |0.002  |0.0825 |410.169 |589.7247 |0.0

86 0.0087 |8.0E-4 |0.0329 |410.1695 | 589.7881 | 0.0

y 87 00035 |30E-4 [00131 |410.1697 |589.8134 |0.0

= 88 00014 |10E-4 |0.0052 | 410.1697 | 589.8235 | 0.0f

89 6.0E-4  |10E-4  |0.0021 |410.1698 |589.8275 | 0.0f

90 2064 |00 BOE-4 | 410.1698 |589.6292 |8.0
Per{‘ecf now 91 LoE-4 |00 3.06-4  |410.1698 |589.8298 [ 3.0
' 92 0.0 0.0 LO0E-4 |410.1698 |589.83 | L0I

. 93 0.0 0.0 10E-4 |410.1698 | 589.8302 | 0.0
ever\/one is dead b\/ 94 0.0 0.0 0.0 410.1698 | 589.8302 0.0
95 0.0 0.0 0.0 410.1698 | 589.8302 0.0

~— 96 0.0 0.0 0.0 410.1698 | 589.6302 |0.0

the end of the - e |5 0.0 0.0 0.0 410.1698 | 589.8302 |0.0
s 0 100 |98 0.0 0.0 0.0 410.1698 | 589.8302 0.0
‘ 99 0.0 0.0 0.0 410.1698 | 589.8302 0.0/
model 100 0.0 0.0 0.0 410.1698 | 589.8302 [0.0 ¥
. -l - T

kg the start Jof
the study, 60%
have Mild BYE and
40% were

A Now when | look at
the graph i'm

noticing something
else.

heal thy .G

At cyc\e 0, all
1,000 peoP\e are in
the severe state.

| need to check
Remember the .
starting the starting

probabilities set PVObOb\HﬂQS.
the number of

individuals that start

. in each state.

),

B (5) c_healthy

P
Fo4c_treatment

Tl

N focishesevere

The starting
probabilities are
comp\ew‘ely different
than what we wanted
0 model.

Disease Dearf

Bl
fou 08 0

Death

P
R O;(5)0

L‘

FUL 0 150

P
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Amusa - Warkow Trace: Natural Disease History
Suane Prevaknce 7 o txpert L1 Copr

1| Gl well
00.0 3 [T
2657418 | 307, 1267007 | 83872
SO46R27 | 185114 (3,
000814 | 193459 | 48406
B51.9897 | 40.05K2
9605 [677.5294 | 50004184
GBE. 60T %
126 |e9L.21p
R

;
~ Great! Now we have
individuals starting

=N I Well or Mild.

S g % 140.0685 | 13 52
[ B — e e — T 1373498 ¥ 519,
& 1 B W ® % 60 0 80 ® 0 134.6448 | 12, 56907 P
t 1IL897E | 12,3808 | 4986930

1290843 | 121192 | 48K 1694 | 2708 d
Woll - Mikd - Seeee  Deese Doath - Death - Te

Loong at the gmph
again, | notice there

is a large spike in
severe Cases J

Let me look at
the background
10 see if this

makes sense. J /

“Among individuals
newly developing BYE,

80% have Mild BYE

and the rest have

“30% of the
individuals with

Mild progressed to

Severe BYE.”
Severe over a

3-year period”

Based on this, |
would expect Mild to

spike first then to
| ' see Severe grow
Let's start b\/ looking over time
at the structure of |

the model. | should P
start with Well or
Mild since everyone
starts in these states J '"m go'\ng to look

A at the Well state,
specifically the
flow to Severe.

Looking at this | can see
that the Well state
correcﬂ\/ has Mild and

Severe end states so that
is not the issue.
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Develop BYE

Now | want to check
the probab'\\'n‘\/
parameters.

Stay Well

| just fixed p_die so |
know that is correct.
and the Survive has
the "C".

Remember that in
Amua, using “C” allows
the tool to

| will start automatically calculate

with P_BYE the complementary

Somohedl thy individuols . probability.

that survive background

mortality have a 40.71%
chance of developing

~BYE within a year of

Since we have the workshop

annual cyc\es. |

| Name | Expression
N el o Great it s
: _'/ﬂmzzs:::u 0.3 Now let me

covrectl J

p_severe2miid

check P_m'\\

“,..developing
BYE, 80% have Mild

Name | Expression
i_age 30
p_disease_death_mild |0.014

Based on the

e 0.08 background BYE and the rest
iﬂﬁﬂﬁu p_Xan 2(18_’/) have Severe BYE.”
p_BYE

u_mild A

e )
@

Name: | p_mild| Name:
flx) Expression: > flx) Expression:
0.08 0.8

p_mild

\.
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The spike in Severe
got lower but it still

feels high to me. |
am going to do J
additional checks

P

| finished checking the
Well state so now |
will check the Mild

state specifically the
flow to Severe.

P

H“xg

0B B R ® oM oW R o® W M
t

| |

| see that the Mild
state has the correct
end state for each
p— branch.

L E_mildZsevere

e Progressin

Now | want to
check the

probability
parameters. J

P

p_mild 2well

Dusease Death

- pdisease_death_mild

Death All Cause

- pdie
P——

“M1ld cases have
al.4% annual

p—disease_death_mild

is correct probability of

o ”
Name dying
i_age 30
p_disease_death_mild | 0.014
p_mild 0.8
r_mild2severe 0.3

i_age
p_disease_death_mild
p_rmild
r_mild2 severe

“30% of the
individuals with

This is a S—year
probab'\\'\’r\/. | need to
make sure this is an
annual probability in
the model

2\

Yikes! this was
entered into

the model
wrong

Mild progressed

to . Sa@vere over,

3-year period”

Name: | p_mildZsevere

Remember that you =) expression:
cannot mix rates and rateToProb(probToRate(0.3, 3, 1), 1, 1)
probabilities.
Additionally, all
probabilities must be
. for the cycle length. pp_mild2severe

Progress

—1
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| remember from
looking at Mild that

p—disease_death_mild
was higher than p_die
for most ages i, ek,

ilo 0.00163...

L — 32.0 0.00174...
O 10 M W 40 S0 60 T B0 S0 100 33.0 0.00184...
¢ PN 34.0 0.00195...

35.0 0.00206...
36.0 0.00219...
37.0 0.00232...
38.0 0.00245...
39.0 0.00259...
40.0 0.00272...
41.0 0.00290...
42.0 0.00309...
43.0 0.00327...

“Mild cases have
a 1.4% annual “Severe cases have

probability of a 4.21% annual 450 |oo03es.
. . 46.0 0.00392...

s ” r | i b

dying probability of 50 |000asr
dying" o -

51.0 0.00547...
52.0 0.00591...

Knowing this, | am
surpr'\sed to see more

all cause deaths than
disease deaths J

| know that the
Mild state is correct.

So let me check the
Severe state J

~
// LooK‘mg at the flow, |

see that there is a
branch correctl

leading to the end
state "Disease Death’

Suivive ¢ p_severe2mild

Stay

Disease Death

=P Di

pp_disease_death_mild

C_SEVETE Death All Cause

pop_die

However, | noticed that
the probab'\lﬁy is
p—disease_death_mild

P

Disease Death ] Disease Death
pep_disease_death_mild p disease_death_severe

L
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OKa\/, this is looking rea\\\/
good. 'm making a mental
note about the wiggle in
Well but | want to move
on to outcomes since i have
reviewed a lot of the
structure.

AN

0O W 2@ 3N 4 SO &6 M W 0 100
t

[ vt — g —Severe  Donense Dowtm — Douth]

A qu'\ck look at the
results shows me

Strategy QALYs Cost | QALYs (Dis) | Cost (Dis)

Treatment | 23348.0 | 5.58E8 23348.0 3.37E8
— N\

“3% discounting
rate fior both
costs and

QALYs"”

The cost is being
discounted but
"QALYS" and "QALYS \
(Dis)" are the same Remember that

discounting should be
P applied to both to
/( QALYs and costs. They
do not have to be the

‘ same percentage
though.

tion | Markow || “ubgroups

Max cycles: 1000 [f] Show trace [_] Compile traces [
State Prevalence Decimals: 4
Half-eyele correction /

[f] Discount Rewards

| Dimension | Discount Rate (%) l Discount start cycle: 0

‘ Cost : Cycles peryear: L0

Utility 0
Cost 3 Cost 3

[ ok Encanl Dimension | Discount Rate (%) Dimension | Discount Rate () )
y | > Utility 3
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l 3 Amua - Propertias
[Gerwnl I Analysis 1 Simulation M Subgraups

Max cycles: 1000 (] Show trace [| Compile traces
State Prevalence Decimals: 4

(] Half-gyele eorrection
¥ Diseount Rewards

_f Well here, | also
confirmed that

Dimension | Discount Rate (%) 1 Discount start cycle: 0

ha\?—cyc\e correction ‘\‘ iy ; S
was used J
P Lo To help make the results

more understandable o
me, | am going to use a
cohort size = 1. This gives

me individual-level cost
and QALYS

s

[ ] Amua - Properties

Mml Markew  Subgroups

Simulation type: | Cohort (Deterministich IIL ilst-grder unceriai...
O —

Seed RNG  Seed: 999

n T Display individual-level res. .
Q\) /7 Q () Multi-thread simulation

1 threads | Setto..

Strategy | QALYs Cost QALYs (Dis) | Cost (Dis)

Treatment | 23.35 [ $557,760 13.74 $336,917

QO

Looking at the numbers
on the individual-level
gives me a much better
understanding of how
realistic They Seem

QALYs tells me the
additional qua\'\‘r\/—
adjus’red life years

that a person w'\\\J
have.

.

With an initial age
of 30. Having 4

QALYs on average
feels good to me.

g

| would be concerned if
’rhe\/ were super h'\gh

(like 30) or super low
(like 2). J
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Strategy | QALYs Cost QALYs (Dis) | Cost (Dis)

reatment | 23.35 | $557,760 13.74 $336,917

“Severe cases,
o $9,000 trip
per year'”

“Patients moving from

mild to severe, have

a one-time treatment
N at progressio@ . of ...

// Knowing that most $35, 0000
costs are low, | want
t0 see in the trace if
a lot of people are
in severe

PN

“Mild cases, a

£3, 000\ trip per
year”

Looking at fhis, | see that
around cyc\e 20 there are a
lot more deaths than illness. |
would expect costs to be

around c_sick * 20. Expec’rmg
like $150,000 - $200,000.

| am going to
check the costs
on each state.

%cn
L%
N Since you are aIread
b _\\-\\ looking at costs. It's a
o N good time to just
T quickly check the utility
oo - | values as well, even if

. the results feel realistic

A qu'\cK check of
the death states

®OALYs are O o” Beath
®Cost is O J R:2ALY) 0; (5) 0
o
po0
R:JALY) 0; ($) 0
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U’r'\\'n‘\/ Is u_healthy
u_hea\‘rh\/ =1

®Cost is c_hea\’rh\/
c_hea\’rh\/ =0

P

“Utility weight
for MitdyBYE' is
0887

Mild
/ UT'\\'\T\/ is u_mild
®u_mild = 0.88

mCost is c_mild
®c_mild = 3,000J

—  Healthy A

(QALY): u_healthy The cost of

(8): . healthy treatment is being
applied EVERY CYCLE
- Sick to ALL md'\v'\dualsy
the Mild state
(QALY): u_mild

($): c_mild + c_treatment 2\
POtients moving from
mild to severe, have
a one-time treatment
at progression.of ...

$35, 00050

== Severe

But we want a
one-time cost at

progression J

(QALY): u_severe
($): c_severe

N

// Severe
UT'\\'\Ty IS u_severe
®u_mild = 065
®ACost is c_severe

®c_severe = $9,000 e .
— “Utility weight

PN for Severe BYE
s 10,656 """

l
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Strategy QALYs Cost QALYs (Dis) | Cost (Dis)

Treatment | 23.35 |$855,503 13.74 $106,646

=~
This price seems mote
reasonable based on
most people getting
sick and living to
around 50.
PN

Now that the results
are looking good. |
want to revisit the

weird bump | saw in
Well in the Marku
Trace

J | think | want to start
by checking all the
arms that lead to Well

since | have a\read\/
checked everyfh\ngu
the Well branch

This should
on\y be from
the Mild State

\

| have alread\/
checked the two
death probabilities
and p_mild2severe

ML BYE can fully
recover and return to
the Well state, with
an annual probability
of 7%”

Progress

o p_mild2severe
© DALY, (S)e_treatment

Ni Progression

Diseaze Death
pp_disease_death_mild

[Death AN Cause & Death
o die

p—mild2well = 0.07

_
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This all looks correct
50 nNow | need to

figure out why this
bump is happemw

Let mejus‘r see if
the Severe state

somehow leads into
Well. J

P

Ahhhh, there is the
issue. When | look
at “\mprove" itis

going o well - o
\nSTEOd O'F \‘M\\d" Survive 1 p_severe2mild
Survive Siay T
[ = =
Disease Death "
m pa_diseate_death_severe == Discase Death
etrare Death All Cause
op_die & Death
Improve o }
P severeImild

e = Mild ]

pp_severe2mild
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Strategy | QALYs Cost QALYs (Dis) | Cost (Dis)

Treatment | 22.37 | $197,154 13.32 $113,410
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Now i'm going to look
at the resources that

were provided to see
if | got similar resxy

Cost (Dis) QALYs (Dis) Inc. Cost Inc. QALYs ICER

Strategy

No Treatment $78,620 11.56 - - -

Screen then Treat $103,245 10.18 $24,625 -1.38 -$17,844.20

Treatment $107,989 13.45 $4,744 3.27 $1,450.76

. Do not report negative
Oh Nol R\ghT GWQ\/ \ ICERs. They are
notice a nega‘r'\ve ICER. ambiguous; the
strategy can be
dominated or dominant.
Report the status
instead.

Cost QALYs Inc.
Strategy (Dis) (Dis) Inc. Cost QALYs ICER StatusJ

Now, | can
No T 78,62 1. - - -
o Treatment $78,620 56 ( actually

Treatment $107,989 | 13.45 | $29,369 1.89 $15,539.15 \ compare. J

Screen then Treat | $103,245 10.18 $24,625 -1.38 -- Dominated .

“Treatment:
Cost (Dis) = $108,127
QALYs(Dis) = 13.65"

My results are similar
and it makes sense

that we did not
consider screemnu
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The second
resource also has
an Incremental

CEA table for me
to review.

2 g

Cost QALYs Inc. Inc.

Strategy (Dis) (Dis) Cost QALYs

ICER

No Treatment $86,340 12.35 - -

Screen then Treat | $107,650 13.79 $21,310 1.44 $14,799

Treatment $109,145 14.08 $22,805 1.73 $13,182
A

Seems like They also
found "Screen then
treat to be a viable

s’rm’regy. Let me look
at this closer.

.

2
Huh, the incremental
cost from "Screen
then Treat" to Treat
is wrong. | need to
look into this.
A

Seems like
both strategies

are compared
to "No Treat' J

P

Economic evaluation \

uses marginal (not

absolute) contribution.
This helps remove

Treatment $109,145 14.08 $1,495 0.29 dominated strategies

~

and allows us to

S . identify the best value

for cost.

Cost QALYs Inc. Inc.

Strategy (Dis) (Dis) Cost QALYs

ICER

No Treatment $86,340 12.35 - -

Screen then Treat | $107,650 13.79 $21,310 1.44

OKay. now when |
correcﬂy calculate the
incremental CEA, | see
the screening sTm’regy
dominated again.

Cost QALYs Inc. Inc.

vtrategy ois) | ©is) | cost | aqaivs| 'ER SIELE

N

No Treatment $86,340 | 12.35 - -

Treatment $109,145 | 14.08 | $22,805 1.73 | $13,182

Screen then Treat | $107,650 | 13.79

Dominated

“Treatment:
Cost (Dis) = $108,127

/ Once again, we
/4

(

a

{K QALY (Dils)  =¢13%65"

have similar
F’mdmgs.
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Key Takeaways

Effective model QA:

* Run automated checks - Use software validation features first

 Review Markov trace visually - Look for unexpected patterns

e Examine outputs - Check if results are in plausible range

e Trace backwards from anomalies - When something looks wrong, follow
the logic chain back to find the error

e Verify against source materials - Cross-check key parameters and
structure against background documents

e Double check your model - Check structure, settings, parameters, costs,
AND interpretation

1. Model Structure Integrity

Absorbmg States Must Absorb
Key Learning: End states (like death) should have a 100% probability of remaining
in that state
« Why it matters: Without this, your model suggests people can leave death or
other terminal states
« How to check: Absorbing state populations should never decrease in the Markov
trace

Verify All State Transitions Match Inputs (& Reality)
« Key Learning: Every pathway between states should reflect actual transitions
« Why it matters: Impossible transitions create unrealistic health trajectories
« How to check: Look for unexpected spikes or drops in Markov trace

Use Causal (Not Predictive) Parameters
« Key Learning: Model parameters should represent causal effects of interventions,
not observational associations
« Why it matters: Treating a predictor of disease doesn't prevent disease unless
that predictor is on the causal pathway
« How to check: Ask "Does this parameter capture the causal effect of the
intervention?" not "Is this parameter associated with better outcomes?"

2. Time Horizon and Model Settings

Match Model Horizon to Research Question
« Key Learning: Termination conditions should allow the model to answer your
research question fully
« Why it matters: Cutting off too early underestimates long-term costs and benefits
« How to check: For lifetime models, ensure nearly all cohort reaches absorbing
states; verify cycle count in the Markov trace matches intended time period

Apply Discounting to All Relevant Outcomes
« Key Learning: Both costs and health outcomes typically need discounting
« Why it matters: Missing discounting on any dimension biases your cost-
effectiveness estimates
« How to check: Confirm that discounted and undiscounted columns differ.
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3. Parameter Values and Data Inputs

Verify Table Lookups Use Correct Index Variables
« Key Learning: When using lookup tables (e.g., mortality, utility), ensure the index
matches what you intend (age vs. cycle number)
« Why it matters: Wrong indexing applies inappropriate values throughout the
model
« How to check: Trace a few values manually; check if time-varying parameters
behave as expected

Watch for Data Entry Errors
« Key Learning: Simple typos, misattributed values, and misplacement in models
can dramatically change results
« Why it matters: Small input errors cascade into large output errors
« How to check: Double check every parameter in your model.

Never Mix Rates and Probabilities
« Key Learning: Rates and probabilities are different mathematical constructs
requiring conversion
« Why it matters: Rates and probabilities can not be mathematically combined.
« How to check: Confirm conversions applied when needed

4. Cost and Benefit Assignments

Distinguish Between State Costs and Event Costs
« Key Learning: Ongoing state costs (per cycle) differ from one-time event costs
(at transition)
« Why it matters: Misclassification dramatically inflates or deflates total costs
« How to check: Verify costs align with clinical practice (annual treatment vs one-
time intervention)

5. Results Interpretation and Reporting
Never Report Negative ICERs
« Key Learning: Negative ICERs are ambiguous; they could mean "dominant"” or
"dominated"
« Why it matters: Readers cannot interpret cost-effectiveness.
« How to check: When ICER is negative, determine if more costly/less effective
(dominated) or less costly/more effective (dominant) and report that status.

Always Use Incremental (Not Absolute) Analysis
« Key Learning: Compare each strategy to the next-best alternative, not all to
baseline
« Why it matters: Absolute comparisons miss dominated strategies and don't show
marginal value
« How to check: Verify incremental costs/effects calculated sequentially after
ranking by cost

Remember: Models that "run" are not necessarily correct. Verification
requires multiple forms of evidence that your implementation matches your
conceptual model.
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