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Abstract
Objective  The aim of this review is to identify and assess modelling approaches in published model-based economic evalu-
ations of treatments for individuals with inherited bleeding disorders.
Methods  A literature search was performed on seven electronic databases, from database inception until 30 May, 2024. 
Inclusion criteria were cost-effectiveness or cost-utility analyses using decision-analytic models. The approaches from 
included models were identified and assessed, and these approaches were compared across bleeding disorders and treatments.
Results  This review included a total of 47 decision-analytic models. The identified models primarily evaluated treatments 
for severe haemophilia A and B. For haemophilia without inhibitors, factor concentrates were the most evaluated interven-
tion (n = 21, 68%), followed by gene therapies (n = 6, 19%) and emicizumab (n = 4, 13%). For haemophilia with inhibitors, 
assessed interventions included emicizumab (n = 8, 50%), immune tolerance induction with factor concentrates (n = 5, 
31%) and bypassing agents (n = 3, 19%). Markov models were often used as a model type (n = 27, 57%), followed by deci-
sion trees (n = 9, 19%), Markov decision trees and decision process (n = 5, 11%) and individual-level models (n = 5, 11%). 
Regardless of the model type, most authors used a lifetime horizon, a 1-year cycle length, and bleeding events—particularly 
joint bleeds—as key health states of the models.
Conclusions  As the reviewed decision-analytic models mainly assessed treatments for severe haemophilia, the identified 
common approaches may only be generalisable to evaluating these treatments. Further research is required to evaluate their 
relevance for evaluating treatments of milder forms of haemophilia or other inherited bleeding disorders.
Systematic Review Protocol Registration  PROSPERO registration number CRD42023416560.

Key Points for Decision Makers 

This review identified and assessed 47 published model-
based economic evaluations of treatments for inherited 
bleeding disorders.

Despite the variations, most studies used a lifetime 
Markov model with a 1-year cycle length and included 
bleeding events, particularly joint bleeds, as health 
states.

Using the common approaches identified in this review 
may enhance treatment comparisons and expedite the 
health technology assessment process.

1  Introduction

Inherited bleeding disorders (iBDs) are a heterogeneous 
group of coagulation disorders characterised by atypi-
cal bleeding due to quantitative or qualitative defects of 
coagulation proteins [1]. Haemophilia A and B are the 
most recognised type, but other iBDs exist such as Von 
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Willebrand disease (VWD) and Glanzmann thrombasthe-
nia [2–4]. Von Willebrand disease is the most common 
iBD, with prevalence estimates that ranged from 109 to 
2200 per 100,000 general population [5]. The second most 
common type is haemophilia, with prevalence rates of 17.1 
per 100,000 male individuals for haemophilia A and 3.8 
per 100,000 male individuals for haemophilia B [6]. The 
hallmark of iBD treatment is still replacement therapy, in 
which the deficient or defective factor is replaced by factor 
concentrate, plasma, platelets or a specific drug [1]. Cur-
rently, non-factor replacement therapies, including emici-
zumab and gene therapies, are being increasingly adopted 
as alternative treatments in several countries [7, 8]. In the 
near future, more innovative treatments are anticipated to 
enter the market, such as increased extended half-life fac-
tor products, factor mimetics, agents targeting natural anti-
coagulants, and gene- and RNA-based therapies [9–11]. 
These emerging treatments are expected to undergo com-
prehensive health technology assessment (HTA) processes 
to determine their cost effectiveness.

Several studies have reported the costs associated with 
iBD treatments [12, 13]. In the EU5 countries (France, 
Germany, Italy, Spain and the UK), the average annual per-
individual treatment costs for severe haemophilia range 
from €116,963 (UK) to €313,068 (Germany) [12]. For 
VWD, the average annual per-individual treatment costs 
range from €29,669 (France) to €84,448 (Italy) across all 
VWD types [13]. The cost ratios of severe haemophilia 
compared to VWD were approximately 6:1 (France), 5:1 
(Germany), 2.5:1 (Italy), 2:1 (Spain) and 3:1 (UK) [12, 
13]. Notably, treatment costs for type 1 VWD are substan-
tially lower than for types 2 and 3, with costs rising from 
€23,287 (type 1) to €83,663 (type 2) and €133,518 (type 
3) [13]. Treatment costs for other iBDs are unreported. 
Given limited healthcare budgets and the expected influx 
of novel therapies for iBDs, concerns raise amongst HTA 
bodies and payers [14]. Therefore, economic evaluations 
(EEs) supporting reimbursement decisions for novel treat-
ments, including treatment for iBDs, are necessary and are 
increasingly required by the healthcare authorities [15].

Economic evaluations can be conducted alongside 
clinical trials, referred to as trial-based evaluations, or 
designed as model-based evaluations using data from 
multiple sources [16]. In the context of chronic diseases 
such as iBDs, clinical trials may end before all benefits and 
costs of assessed treatments have been fully observed and 
considered [17]. Hence, model-based EEs are used as they 
allow for the extrapolation of benefits and costs beyond 
the clinical trial horizon [18]. Several model-based EEs 
have been published to evaluate the cost effectiveness of 
iBD treatments [19, 20]. However, variations in model-
ling approaches were apparent. For example, while the 
review by Cortesi et al. did not specifically focus on the 

assessment of approaches in model-based EEs but aimed 
to identify potential issues associated with EEs of new 
haemophilia treatments, the EEs included in their analy-
sis indicate different model types and time horizons were 
applied in the evaluation of treatments for haemophilia 
[21]. These varying approaches limit the comparabil-
ity of treatment outcomes across different countries and 
over time. Therefore, the aim of this research is to con-
duct a systematic review to identify and assess modelling 
approaches in published model-based EEs evaluating treat-
ments for iBDs.

2 � Methods

2.1 � Study Design

A systematic review was conducted to identify and assess 
modelling approaches in published EEs of treatments for 
iBDs. Modelling approaches were defined as the structural 
design of a model, characterised by elements such as the 
model type, time horizon, cycle length, health states and 
clinical outcomes. Here, treatments refer to pharmaceutical 
interventions, specifically medications aimed at improving 
health outcomes. The cost-effectiveness outcomes of the 
identified models were not assessed, as this review primar-
ily focused on the model structure. The protocol for this sys-
tematic review was registered in PROSPERO (registration 
number CRD42023416560) prior to conducting the study. 
The study adheres to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) framework 
[22].

2.2 � Search Strategy and Study Selection

The search was performed in seven electronic databases, 
including MEDLINE, Embase, Web of Science, Cochrane, 
Google Scholar, EconLit and NHS Economic Evaluation 
Database. In each database, we included the following gen-
eral search terms: “blood coagulation disorder*”, “economic 
evaluation*” and “cost*”. See Table 1 in the Electronic Sup-
plementary Material (ESM) for the comprehensive search 
query per database. The search was performed in the data-
bases from inception until 30 May, 2024, with the exception 
of the NHS Economic Evaluation Database as this database 
has not been updated since January 2015 [23]. An additional 
snowball search was conducted to identify individual studies 
from systematic reviews, meta-analyses and references from 
included studies.

The inclusion criteria for this review were: (i) the use 
of a decision-analytic model; (ii) cost-effectiveness or 
cost-utility analyses evaluating treatments for iBDs; (iii) 
original models (i.e. the first published version of a specific 
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modelling approach); (iv) articles written in English; and 
(v) availability of the full-text article. Accordingly, studies 
were excluded if they: (i) conducted trial-based EEs; (ii) 
reported other forms of EEs, such as costing studies, cost-
outcome analyses, cost-benefit analyses or cost-minimisation 
analyses; (iii) evaluated non-pharmaceutical interventions 
(e.g. diagnostics, surgery, medical devices, lifestyle interven-
tions); (iv) used adapted versions of previously published 
models; or (v) non-English articles. Additionally, confer-
ence abstracts, systematic reviews and meta-analyses were 
excluded from the analysis, although systematic reviews 
and meta-analyses were used for snowball searching. Health 
technology assessment reports were included if they met 
the predefined inclusion and exclusion criteria and were 
retrieved through our search strategy.

Following the initial search, duplicates were removed 
using EndNote 20 (Clarivate, St. Helier, Jersey). Two inde-
pendent reviewers (DMP and RMTtH) assessed studies for 
eligibility using Rayyan (Rayyan Systems Inc., Cambridge, 
MA, USA) in two phases. During phase 1, eligibility cri-
teria were applied to the title and abstract. Both reviewers 
assessed 100% of identified studies in phase 1. In phase 2, 
the full-text articles of included studies from phase 1 were 
retrieved and reviewed, in which the reasons for exclusions 
were documented. In phase 2, DMP assessed all the full-
text articles, while RMTtH reviewed 75% of them. In both 
phases, any discrepancies between the two reviewers were 
resolved through discussion.

2.3 � Data Extraction and Analysis

Data of included studies were extracted by the first reviewer 
(DMP) using a predefined data extraction form developed 
in Microsoft Excel (Microsoft, Redmond, WA, USA). The 
following details were extracted: authorship, year, funding 
source (industry or non-industry), EE type (cost-effective-
ness analysis [CEA] or cost-utility analysis [CUA]), type and 
severity of iBDs, assessed treatments (intervention and com-
parator), country, perspective, clinical outcomes, quality-
adjusted life-year (QALY)-related information (data source 
and utility instrument), cycle length and time horizon, 
health states/disease pathways, model type and rationale. 
A descriptive analysis was conducted to assess the extent 
of commonalities and differences in modelling approaches. 
Additionally, the model type was compared across iBDs, 
treatments and countries. No quality assessment of the mod-
els was conducted, as the objective of this review is not to 
synthesise quantitative evidence through a meta-analysis, 
but rather to qualitatively assess the modelling approaches 
used in evaluating iBD treatments.

3 � Results

3.1 � Identified Studies

A total of 3554 studies were identified, of which 1806 were 
identified through a database search and 1748 through snow-
ball search (Fig. 1). After removing 910 duplicates, 2644 
unique articles remained for initial screening (phase 1), 
where we applied eligibility criteria to titles and abstracts. 
In this phase, 2508 articles were excluded, although spe-
cific reasons for exclusion were not recorded. The remain-
ing 136 articles were selected for a full-text review. Two 
articles could not be retrieved, as their abstracts appeared in 
Rayyan but the corresponding full-text articles could not be 
located. As a result, 134 articles were available for full-text 
screening in phase 2. During this phase, 80 articles were 
excluded based on the following reasons: 37 articles did 
not have full text available; 10 were systematic reviews or 
meta-analyses; 3 were not published in English; 22 were not 
CEA/CUAs; 4 were not model-based EEs; 2 focused on non-
pharmaceutical interventions; and 2 were not iBDs. Ulti-
mately, 54 studies fulfilled the eligibility criteria. However, 
only original models were included in the analysis and thus 
seven studies using adaptation models were further excluded 
[24–30]. These adaptations were mainly country adapted, 
with modifications in aspects such as intervention arm [24, 
28], perspective [26–29], cycle length [28] and time horizon 
[26] (see Table 2 in the ESM).

The analysis encompassed 47 decision-analytic models. 
The publication years range from May 1996 to April 2024. 
The majority of EEs (n = 40, 85%) were published from 
2011 onwards. Nineteen studies were published between 
January 2021 and May 2024, representing 40% of the total 
publications. More than half of the included studies (n = 
26, 55%) were funded by industry. Fourteen studies were 
funded by non-industry sources, and seven did not disclose 
their funding information. The included studies consist of 
12 CEAs (25%), 13 CUAs (28%), and 22 analyses combined 
CEA and CUA (47%) [Table 3 of the ESM]. These EEs 
mainly assessed treatments for haemophilia, with 38 studies 
(81%) focusing on haemophilia A (Table 1) and 6 studies 
(13%) on haemophilia B (Table 2). Among studies in haemo-
philia A, 15 studies (39%) were dedicated to haemophilia A 
with inhibitors (Table 3). Additionally, three EEs (6%) were 
conducted in the mixed populations of haemophilia A and 
B (Table 4) [31–33]. One of these studies simulated hypo-
thetical cohorts of 100 individuals with severe haemophilia 
A, severe haemophilia B or severe VWD, but utilised the 
same data inputs for severe haemophilia A and VWD [31]. 
With regard to the severity level, most studies (n = 39, 83%) 
included individuals with severe haemophilia, of which only 
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three studies (n = 3, 6%) incorporated individuals with all 
levels of severity (mild, moderate and severe) [34–36].

A healthcare-related perspective was adopted in the 
majority of studies (n = 20, 43%). Among these, ten stud-
ies explicitly specified the healthcare system as the adopted 
perspective, six referred to the healthcare service, one to 
the healthcare sector and one to the Ministry of Health. 
Two studies included only direct costs and described their 
perspective as either “healthcare” or “collective”, without 
further clarification [37, 38]. Other perspectives reported 
included societal (n = 10, 21%), payer (n = 9, 19%) and 
multiple perspectives used within each study (n = 5, 11%). 
Of the studies using multiple perspectives, three used payer 
and societal perspectives [39–41], one used healthcare and 
societal perspectives [37], and one included payer, patient 
and societal perspectives [42]. Additionally, two studies con-
ducted multinational cost-effectiveness analyses, with one 
applying different perspectives (healthcare service or payer) 
by country and the other using payer perspective across all 
countries [32, 43]. One study did not explicitly report its 
perspective but included only direct treatment costs in the 
analysis [44].

The EEs were conducted in the continents of America, 
Europe and Asia. Studies conducted in high-income coun-
tries evaluated a broader range of treatment options com-
pared with those from low- and middle-income countries. 
For example, gene therapies were evaluated in studies from 
the USA, the Netherlands and Germany. In low- and mid-
dle-income countries, the evaluations primarily focused on 
factor concentrates and emicizumab. No pattern was found 
suggesting that on-demand treatments were only assessed in 
low- and middle-income countries, as most studies evaluated 
prophylactic treatments irrespective of geographic location.

A variety of intervention and comparator combinations 
were evaluated. For haemophilia A and B without inhibi-
tors, factor concentrates were the most evaluated interven-
tion (n = 21, 68%), with 15 studies assessing short half-life 
(SHL) factors and 6 studies focusing on extended half-life 
(EHL)  factors. SHL therapies included recombinant or 
plasma-derived factor concentrates, while EHL therapies 
consisted of recombinant factor Fc fusion proteins. Studies 
on SHL therapies primarily compared their prophylactic use 
to on-demand use of the same product or compared two dif-
ferent SHL therapies. Studies on EHL therapies compared 
their prophylactic use with SHL therapies or emicizumab. 

Fig. 1   Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA) flowchart. CEA cost-effectiveness analysis, CUA​ cost-
utility analysis, EE economic evaluation, NHS-EED National Health Service Economic Evaluation Database



Model-Based Economic Evaluations for Inherited Bleeding Disorders

Ta
bl

e 
1  

D
et

ai
ls

 o
f i

nc
lu

de
d 

stu
di

es
 fo

r h
ae

m
op

hi
lia

 A
 w

ith
ou

t i
nh

ib
ito

rs

A
ut

ho
r

Fu
nd

in
g 

so
ur

ce
EE

 ty
pe

Se
ve

rit
y

In
te

rv
en

tio
n

C
om

pa
ra

to
r

C
ou

nt
ry

, p
er

sp
ec

-
tiv

e
C

lin
ic

al
 o

ut
co

m
es

C
yc

le
 le

ng
th

, 
tim

e 
ho

riz
on

H
ea

lth
 st

at
es

/d
is

-
ea

se
 p

at
hw

ay
s

D
ec

isi
on

 tr
ee

Pa
te

l e
t a

l. 
(2

01
9)

 
[5

0]
In

du
str

y
C

EA
Se

ve
re

PR
O

 e
m

ic
iz

um
ab

PR
O

 F
V

II
I

U
SA

, p
ay

er
B

re
ak

th
ro

ug
h 

bl
ee

ds
, t

im
e 

to
 

in
hi

bi
to

r d
ev

el
-

op
m

en
t

N
A

, 2
0 

ye
ar

s
N

o 
in

hi
bi

to
rs

, 
lo

w
-ti

tre
 in

hi
bi

-
to

rs
, h

ig
h-

tit
re

 
in

hi
bi

to
rs

Lo
fti

 e
t a

l. 
20

20
 

[5
3]

N
on

-in
du

str
y

C
U

A
​

N
ot

 st
at

ed
rF

V
II

I
pd

-F
V

II
I

So
ut

he
rn

 Ir
an

, 
so

ci
et

al
Q

A
LY

s
N

A
, 1

 y
ea

r
A

bn
or

m
al

 b
le

ed
-

in
g,

 n
o 

ab
no

rm
al

 
bl

ee
di

ng
M

ar
ko

v
Sa

lin
as

-E
sc

ud
er

o 
et

 a
l. 

(2
01

3)
 

[5
4]

N
ot

 st
at

ed
C

EA
Se

ve
re

PR
O

 rF
V

II
I

O
D

 p
d-

FV
II

I
M

ex
ic

o,
 h

ea
lth

 
ca

re
 sy

ste
m

Jo
in

t b
le

ed
s

2 
w

ee
ks

, 1
6 

ye
ar

s
W

ith
ou

t b
le

ed
in

g,
 

bl
ee

di
ng

, d
ea

d

Ja
ra

m
ill

o 
et

 a
l. 

(2
01

6)
 [5

5]
N

on
-in

du
str

y
C

U
A

​
Se

ve
re

PR
O

 p
d-

FV
II

I
O

D
 p

d-
FV

II
I

C
ol

om
bi

a,
 h

ea
lth

-
ca

re
 sy

ste
m

Q
A

LY
s

1 
ye

ar
, l

ife
tim

e
A

liv
e 

(n
o 

ar
th

ro
pa

-
th

y)
, a

liv
e 

(w
ith

 
ar

th
ro

pa
th

y)
, 

de
ad

C
op

po
la

 e
t a

l. 
(2

01
7)

 [3
7]

In
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

PR
O

 rF
V

II
I

O
D

 rF
V

II
I

Ita
ly

, h
ea

lth
ca

re
 

an
d 

so
ci

et
al

Jo
in

t b
le

ed
 e

ve
nt

s, 
to

ta
l b

le
ed

s, 
Q

A
LY

s

1 
ye

ar
, l

ife
tim

e
79

 h
ea

lth
 st

at
es

 
(le

ve
l o

f t
he

 P
S 

S0
-S

78
), 

de
ad

Za
he

di
 e

t a
l. 

(2
02

1)
 [5

6]
N

on
-in

du
str

y
C

EA
 +

 C
U

A
​

Se
ve

re
PR

O
 p

d-
 F

V
II

I
O

D
 p

d-
 F

V
II

I
So

ut
he

rn
 Ir

an
, 

so
ci

et
al

Jo
in

t h
ea

lth
 sc

or
e,

 
Q

A
LY

s
1 

ye
ar

, 7
0 

ye
ar

s
A

liv
e,

 T
J, 

de
ad

Se
th

 e
t a

l. 
(2

02
3)

 
[5

7]
In

du
str

y
C

EA
 +

 C
U

A
​

M
od

er
at

e 
an

d 
se

ve
re

PR
O

 F
V

II
I i

nt
er

-
m

ed
ia

te
 d

os
e

O
D

 F
V

II
I

In
di

a,
 so

ci
et

al
LY

s, 
Q

A
LY

s
1 

ye
ar

, l
ife

tim
e

B
as

e 
st

at
e,

 b
le

ed
in

g 
in

ci
de

nt
 w

ith
ou

t 
jo

in
t i

nv
ol

ve
-

m
en

t, 
bl

ee
di

ng
 

in
ci

de
nt

 w
ith

 
jo

in
t i

nv
ol

ve
m

en
t, 

jo
in

t d
is

ea
se

 
st

at
e,

 d
ea

d
H

en
ry

 e
t a

l. 
(2

01
8)

 [5
8]

In
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

PR
O

 E
H

L 
rF

V
II

-
IF

c
PR

O
 S

H
L 

rF
V

II
I

Sw
ed

en
, h

ea
lth

-
ca

re
 sy

ste
m

Q
A

LY
s, 

A
B

R
1 

ye
ar

, l
ife

tim
e

A
liv

e,
 d

ea
d

B
ul

le
m

en
t e

t a
l. 

(2
01

9)
 [5

9]
In

du
str

y
C

EA
 +

 C
U

A
​

Se
ve

re
PR

O
 E

H
L

rF
V

II
IF

c
PR

O
 S

H
L

rF
V

II
I

Ita
ly

, h
ea

lth
ca

re
 

se
rv

ic
e

Q
A

LY
s, 

A
B

R
, 

an
nu

al
 p

ro
ba

bi
l-

ity
 o

f d
ev

el
op

-
in

g 
or

 re
so

lv
in

g 
TJ

s

1 
ye

ar
, l

ife
tim

e
N

o 
TJ

s, 
TJ

s, 
de

ad

CA
D

TH
 (2

02
1)

 
[5

1]
In

du
str

y
C

U
A

​
Se

ve
re

PR
O

 e
m

ic
iz

um
ab

PR
O

 rF
V

II
I

O
D

 rF
V

II
I

C
an

ad
a,

 p
ay

er
Q

A
LY

s
1 

ye
ar

, l
ife

tim
e

A
liv

e 
w

ith
 H

A
, 

de
ad



	 D. M. Prameyllawati et al.

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

Fu
nd

in
g 

so
ur

ce
EE

 ty
pe

Se
ve

rit
y

In
te

rv
en

tio
n

C
om

pa
ra

to
r

C
ou

nt
ry

, p
er

sp
ec

-
tiv

e
C

lin
ic

al
 o

ut
co

m
es

C
yc

le
 le

ng
th

, 
tim

e 
ho

riz
on

H
ea

lth
 st

at
es

/d
is

-
ea

se
 p

at
hw

ay
s

Y
u 

et
 a

l. 
(2

02
3)

 
[4

9]
N

ot
 st

at
ed

C
EA

 +
 C

U
A

​
Se

ve
re

PR
O

 e
m

ic
iz

um
ab

PR
O

 E
H

L 
FV

II
I

PR
O

 S
H

L 
FV

II
I

C
an

ad
a,

 p
ay

er
Q

A
LY

s, 
bl

ee
di

ng
 

ev
en

ts
1 

m
on

th
, l

ife
tim

e
FV

II
I p

ro
ph

yl
ac

tic
, 

in
hi

bi
to

r d
ev

el
op

-
m

en
t, 

em
ic

i-
zu

m
ab

 p
ro

ph
y-

la
xi

s, 
de

ad
Se

th
 e

t a
l. 

(2
02

4)
 

[4
2]

N
ot

 st
at

ed
C

U
A

​
Se

ve
re

PR
O

 e
m

ic
iz

um
ab

O
D

 F
V

II
I

PR
O

 F
V

II
I l

ow
 

do
se

PR
O

 F
V

II
I i

nt
er

-
m

ed
ia

te
 d

os
e

PR
O

 F
V

II
I h

ig
h 

do
se

In
di

a,
 p

ay
er

, 
pa

tie
nt

, a
nd

 
so

ci
et

y

Q
A

LY
s

1 
ye

ar
, l

ife
tim

e
H

A
 w

ith
ou

t c
om

-
pl

ic
at

io
ns

, m
aj

or
 

bl
ee

d,
 jo

in
t b

le
ed

, 
so

ft-
tis

su
e 

bl
ee

d,
 

or
th

op
ae

di
c 

co
m

pl
ic

at
io

ns
/

di
sa

bi
lit

y,
 d

ea
d

M
ac

hi
n 

et
 a

l. 
(2

01
8)

 [4
5]

N
on

-in
du

str
y

C
U

A
​

Se
ve

re
G

en
e 

th
er

ap
y

PR
O

 F
V

II
I

U
SA

, h
ea

lth
ca

re
 

sy
ste

m
Q

A
LY

s
1 

m
on

th
, 1

0 
ye

ar
s

Pr
op

hy
la

xi
s, 

ge
ne

 
th

er
ap

y,
 jo

in
t 

da
m

ag
e,

 b
le

ed
in

g 
ev

en
t w

ith
 jo

in
t 

da
m

ag
e,

 b
le

ed
in

g 
ev

en
t, 

de
ad

IC
ER

 (2
02

0)
 [4

6]
N

on
-in

du
str

y
C

EA
 +

 C
U

A
​

Se
ve

re
Va

lro
x

PR
O

 e
m

ic
iz

um
ab

PR
O

 F
V

II
I

U
SA

, h
ea

lth
ca

re
 

se
ct

or
Jo

in
t b

le
ed

s, 
tre

at
ed

 n
on

-T
J 

bl
ee

ds
, t

re
at

ed
 

TJ
 b

le
ed

s, 
in

fu
si

on
s, 

LY
s, 

Q
A

LY
s

6 
m

on
th

s, 
lif

et
im

e
N

o 
ar

th
ro

pa
th

y,
 

ar
th

ro
pa

th
y,

 jo
in

t 
re

pl
ac

em
en

t 
su

rg
er

y,
 d

ea
d

Te
n 

H
am

 e
t a

l. 
(2

02
2)

 [1
9]

N
on

-in
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

Va
lro

x
PR

O
 e

m
ic

iz
um

ab
PR

O
 rF

V
II

I
N

et
he

rla
nd

s, 
so

ci
et

al
LY

s, 
Q

A
LY

s, 
PS

, 
(jo

in
t) 

bl
ee

ds
1 

w
ee

k,
 1

0 
ye

ar
s

N
o 

bl
ee

d,
 u

nt
re

at
ed

 
bl

ee
d,

 tr
ea

te
d 

bl
ee

d 
no

t i
nt

o 
TJ

, 
tre

at
ed

 T
J b

le
ed

, 
de

ad
C

he
n 

et
 a

l. 
(2

02
2)

 
[6

0]
In

du
str

y
C

EA
 +

 C
U

A
​

Se
ve

re
PK

-d
riv

en
 P

RO
 

rF
V

II
I

PK
-d

riv
en

 P
RO

 
rA

H
F-

PF
M

C
hi

na
, h

ea
lth

ca
re

 
sy

ste
m

B
le

ed
in

g 
ev

en
ts

, 
ho

sp
ita

lis
at

io
n 

da
ys

, o
rth

op
ae

-
di

c 
su

rg
er

ie
s, 

PS
, Q

A
LY

s

1 
ye

ar
, l

ife
tim

e
A

liv
e,

 d
ea

d

K
ra

gh
 e

t a
l. 

(2
02

3)
 [4

4]
In

du
str

y
C

EA
 +

 C
U

A
​

N
ot

 st
at

ed
In

di
vi

du
al

is
ed

PR
O

 rF
V

II
IF

c
PR

O
 e

m
ic

iz
um

ab
U

K
, n

ot
 st

at
ed

Q
A

LY
s, 

LY
s, 

bl
ee

ds
6 

m
on

th
s, 

lif
et

im
e

N
o 

bl
ee

ds
, a

ny
 

bl
ee

ds
, d

ea
d

M
ar

ko
v 

de
ci

sio
n 

tr
ee



Model-Based Economic Evaluations for Inherited Bleeding Disorders

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r

Fu
nd

in
g 

so
ur

ce
EE

 ty
pe

Se
ve

rit
y

In
te

rv
en

tio
n

C
om

pa
ra

to
r

C
ou

nt
ry

, p
er

sp
ec

-
tiv

e
C

lin
ic

al
 o

ut
co

m
es

C
yc

le
 le

ng
th

, 
tim

e 
ho

riz
on

H
ea

lth
 st

at
es

/d
is

-
ea

se
 p

at
hw

ay
s

Fa
rr

ug
ia

 e
t a

l. 
(2

01
3)

 [4
3]

N
ot

 st
at

ed
C

U
A

​
Se

ve
re

PR
O

 F
V

II
I

O
D

 F
V

II
I

U
K

, N
H

S
U

SA
, t

hi
rd

-p
ar

ty
 

pa
ye

r
Sw

ed
en

, n
ot

 
st

at
ed

Q
A

LY
s

1 
ye

ar
, l

ife
tim

e
A

liv
e 

(n
o 

in
hi

bi
-

to
rs

), 
al

iv
e 

(w
ith

 
in

hi
bi

to
rs

), 
de

ad

R
is

eb
ro

ug
h 

et
 a

l. 
(2

00
8)

 [6
1]

In
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

Ta
ilo

re
d 

PR
O

 
FV

II
I

PR
O

 F
V

II
I

O
D

 F
V

II
I

C
an

ad
a,

 so
ci

et
al

Jo
in

t b
le

ed
 

av
oi

de
d,

 Q
A

LY
s

3 
m

on
th

s, 
5 

ye
ar

s
0 

TJ
, 1

 T
J, 

2 
TJ

, 
3 

TJ
M

ic
ro

sim
ul

at
io

n
Ia

nn
az

zo
 e

t a
l. 

(2
01

7)
 [6

2]
In

du
str

y
C

EA
Se

ve
re

PK
-d

riv
en

 P
RO

 
rF

V
II

I
PR

O
 rF

V
II

I
Ita

ly
, N

H
S

A
JB

R
1 

w
ee

k,
 1

 y
ea

r
N

ot
 st

at
ed

C
oo

k 
et

 a
l. 

(2
02

0)
 

[2
0]

In
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

Va
lro

x
PR

O
 F

V
II

I
U

SA
, h

ea
lth

ca
re

 
sy

ste
m

A
B

R
, c

ha
ng

e 
in

 P
S,

 L
Y

s, 
Q

A
LY

s, 
bl

ee
d 

ev
en

ts
, F

V
II

I 
in

fu
si

on
s

1 
w

ee
k,

 li
fe

tim
e

N
o 

bl
ee

d,
 jo

in
t 

bl
ee

d,
 n

on
-jo

in
t 

bl
ee

d,
 d

ea
d

G
u 

et
 a

l. 
(2

02
2)

 
[6

3]
In

du
str

y
C

EA
 +

 C
U

A
​

Se
ve

re
PK

-d
riv

en
 P

RO
 

rF
V

II
I

PR
O

 rF
V

II
I

C
hi

na
, h

ea
lth

ca
re

 
sy

ste
m

A
JB

R
, Q

A
LY

s
N

ot
 st

at
ed

, 1
 y

ea
r

B
le

ed
in

g,
 n

on
- 

bl
ee

di
ng

Sm
ith

 e
t a

l. 
(1

99
6)

 [6
4]

N
ot

 st
at

ed
C

EA
Se

ve
re

PR
O

 F
V

II
I

O
D

 F
V

II
I

U
SA

, s
oc

ie
ta

l
B

le
ed

in
g 

ev
en

t 
av

er
te

d
N

ot
 st

at
ed

, l
ife

-
tim

e
N

ot
 st

at
ed

St
ud

ie
s a

re
 g

ro
up

ed
 b

y 
m

od
el

 ty
pe

. W
ith

in
 e

ac
h 

gr
ou

p,
 st

ud
ie

s a
re

 o
rd

er
ed

 c
hr

on
ol

og
ic

al
ly

 a
cc

or
di

ng
 to

 th
e 

ty
pe

 o
f i

nt
er

ve
nt

io
n 

ev
al

ua
te

d
AB

R 
an

nu
al

is
ed

 b
le

ed
in

g 
ra

te
, A

JB
R 

an
nu

al
is

ed
 jo

in
t b

le
ed

in
g 

ra
te

, C
AD

TH
 C

an
ad

a’
s 

D
ru

g 
an

d 
H

ea
lth

 T
ec

hn
ol

og
y 

A
ge

nc
y,

 C
EA

 c
os

t-e
ffe

ct
iv

en
es

s 
an

al
ys

is
, C

U
A​ 

co
st-

ut
ili

ty
 a

na
ly

si
s, 

EE
 

ec
on

om
ic

 e
va

lu
at

io
n,

 E
H

L 
ex

te
nd

ed
 h

al
f-

lif
e,

 F
VI

II
 fa

ct
or

 V
II

I, 
H

A 
ha

em
op

hi
lia

 A
, I

C
ER

 in
cr

em
en

ta
l c

os
t-e

ffe
ct

iv
en

es
s 

ra
tio

, L
Y 

lif
e-

ye
ar

, N
A 

no
t a

pp
lic

ab
le

, N
H

S 
na

tio
na

l h
ea

lth
 s

er
vi

ce
, O

D
 

on
-d

em
an

d,
 p

d-
FV

II
I 

pl
as

m
a-

de
riv

ed
 F

V
II

I, 
PK

 p
ha

rm
ac

ok
in

et
ic

, P
RO

 p
ro

ph
yl

ax
is

, P
S 

Pe
tte

rs
so

n 
sc

or
e,

 Q
AL

Y 
qu

al
ity

-a
dj

us
te

d 
lif

e-
ye

ar
, r

AH
F-

PF
M

 a
nt

i-h
ae

m
op

hi
lic

 fa
ct

or
 (

re
co

m
bi

na
nt

) 
pl

as
m

a/
al

bu
m

in
-f

re
e 

m
et

ho
d,

 rF
VI

II
 re

co
m

bi
na

nt
 F

V
II

I, 
rF

VI
II

Fc
 rF

V
II

I F
c 

fu
si

on
 p

ro
te

in
, S

H
L 

st
an

da
rd

 h
al

f-
lif

e,
 T

J 
ta

rg
et

 jo
in

t, 
Va

lro
x 

va
lo

ct
oc

og
en

e 
ro

xa
pa

rv
ov

ex



	 D. M. Prameyllawati et al.

Ta
bl

e 
2  

D
et

ai
ls

 o
f i

nc
lu

de
d 

stu
di

es
 fo

r h
ae

m
op

hi
lia

 B
 w

ith
ou

t i
nh

ib
ito

rs

St
ud

ie
s a

re
 g

ro
up

ed
 b

y 
m

od
el

 ty
pe

. W
ith

in
 e

ac
h 

gr
ou

p,
 st

ud
ie

s a
re

 o
rd

er
ed

 c
hr

on
ol

og
ic

al
ly

 a
cc

or
di

ng
 to

 th
e 

ty
pe

 o
f i

nt
er

ve
nt

io
n 

ev
al

ua
te

d
AA

V 
ad

en
o-

as
so

ci
at

ed
 v

iru
s, 

C
EA

 c
os

t-e
ffe

ct
iv

en
es

s 
an

al
ys

is
, C

U
A​ 

co
st-

ut
ili

ty
 a

na
ly

si
s, 

EE
 e

co
no

m
ic

 e
va

lu
at

io
n,

 E
H

L 
ex

te
nd

ed
 h

al
f-

lif
e,

 E
nt

ra
na

de
z 

en
tra

na
co

ge
ne

 d
ez

ap
ar

vo
ve

c,
 F

IX
 fa

ct
or

 
IX

, H
B 

ha
em

op
hi

lia
 B

, L
Y 

lif
e-

ye
ar

, N
H

S 
na

tio
na

l h
ea

lth
 s

er
vi

ce
, O

D
 o

n-
de

m
an

d,
 P

C
C

 p
ro

th
ro

m
bi

n 
co

m
pl

ex
 c

on
ce

nt
ra

te
, p

d-
PC

C
 p

la
sm

a-
de

riv
ed

 P
C

C
, P

RO
 p

ro
ph

yl
ax

is
, Q

AL
Y 

qu
al

ity
-

ad
ju

ste
d 

lif
e-

ye
ar

, Q
oL

 q
ua

lit
y 

of
 li

fe
, r

FI
X 

re
co

m
bi

na
nt

 F
IX

, r
FI

XF
c 

rF
IX

 F
c 

fu
si

on
 p

ro
te

in
, S

H
L 

st
an

da
rd

 h
al

f-
lif

e

A
ut

ho
r

Fu
nd

in
g 

so
ur

ce
EE

 ty
pe

Se
ve

rit
y

In
te

rv
en

tio
n

C
om

pa
ra

to
r

C
ou

nt
ry

, p
er

sp
ec

-
tiv

e
C

lin
ic

al
 o

ut
co

m
es

C
yc

le
 le

ng
th

, t
im

e 
ho

riz
on

H
ea

lth
 st

at
es

/d
is

-
ea

se
 p

at
hw

ay
s

M
ar

ko
v

Li
u 

et
 a

l. 
(2

02
1)

 
[3

4]
In

du
str

y
C

U
A

​
M

ild
, m

od
er

at
e 

an
d 

se
ve

re
PR

O
 P

C
C

O
D

 F
IX

O
D

 p
d-

PC
C

 +
 

FI
X

O
D

 p
d-

PC
C

C
hi

na
, h

ea
lth

ca
re

 
sy

ste
m

Q
A

LY
s

1 
ye

ar
, 1

7 
ye

ar
s

N
on

-a
rti

cu
la

r 
bl

ee
di

ng
, a

rti
cu

-
la

r b
le

ed
in

g,
 jo

in
t 

da
m

ag
e,

 jo
in

t 
de

fo
rm

ity
Li

 e
t a

l. 
(2

02
1)

 
[3

9]
In

du
str

y
C

EA
M

od
er

at
e 

an
d 

se
ve

re
PR

O
 S

H
L 

FI
X

PR
O

 E
H

L 
FI

X
O

D
 S

H
L 

FI
X

O
D

 E
H

L 
FI

X
U

SA
, t

hi
rd

-p
ar

ty
 

pa
ye

r a
nd

 
so

ci
et

al

To
ta

l b
le

ed
in

g 
ev

en
ts

, j
oi

nt
 

bl
ee

ds

1 
w

ee
k,

 li
fe

tim
e

N
o 

bl
ee

d,
 b

le
ed

 
(n

ot
 jo

in
t),

 b
le

ed
 

(jo
in

t),
 d

ea
d

Zh
ou

 e
t a

l. 
(2

02
3)

 
[6

5]
In

du
str

y
C

U
A

​
M

od
er

at
e 

an
d 

se
ve

re
PR

O
 a

nd
 O

D
 

rF
IX

Fc
PR

O
 a

nd
 O

D
 

rF
IX

C
hi

na
, h

ea
lth

ca
re

 
sy

ste
m

Q
A

LY
s

1 
ye

ar
, l

ife
tim

e
A

liv
e,

 re
qu

iri
ng

 
su

rg
er

y,
 d

ea
d

Po
ch

op
ie

n 
et

 a
l. 

(2
02

4)
 [6

6]
In

du
str

y
C

EA
 +

 C
U

A
​

M
od

er
at

e 
an

d 
se

ve
re

PR
O

 rF
IX

Fc
O

D
 rF

IX
Ita

ly
, N

H
S

LY
s, 

Q
A

LY
s, 

bl
ee

ds
, j

oi
nt

 
su

rg
er

ie
s

6 
m

on
th

s, 
lif

et
im

e
N

o 
bl

ee
ds

, a
ny

 
bl

ee
ds

, d
ea

d

M
ic

ro
sim

ul
at

io
n

B
ol

ou
s e

t a
l. 

(2
02

1)
 [4

7]
N

on
-in

du
str

y
C

EA
 +

 C
U

A
​

Se
ve

re
A

AV
-F

IX
-P

ad
ua

 
ge

ne
 th

er
ap

y
PR

O
 a

nd
 O

D
 F

IX
U

SA
, t

hi
rd

-p
ar

ty
 

pa
ye

r
Q

A
LY

s, 
nu

m
be

r 
of

 b
le

ed
s, 

jo
in

t 
su

rg
er

ie
s, 

lif
e 

ex
pe

ct
an

cy
, 

Q
oL

1 
w

ee
k,

 li
fe

tim
e

A
liv

e,
 a

liv
e 

w
ith

 
jo

in
t d

am
ag

e,
 

de
ad

M
ei

er
 e

t a
l. 

(2
02

4)
 [4

8]
N

on
-in

du
str

y
C

EA
 +

 C
U

A
​

M
od

er
at

e 
an

d 
se

ve
re

Et
ra

na
de

z
PR

O
 E

H
L 

FI
X

G
er

m
an

y,
 h

ea
lth

-
ca

re
 p

ay
er

LY
s, 

Q
A

LY
s

3 
m

on
th

s, 
lif

et
im

e
N

ot
 st

at
ed



Model-Based Economic Evaluations for Inherited Bleeding Disorders

Ta
bl

e 
3  

D
et

ai
ls

 o
f i

nc
lu

de
d 

stu
di

es
 fo

r h
ae

m
op

hi
lia

 A
 w

ith
 in

hi
bi

to
rs

A
ut

ho
r

Fu
nd

in
g 

so
ur

ce
EE

 ty
pe

Se
ve

rit
y

In
te

rv
en

tio
n

C
om

pa
ra

to
r

C
ou

nt
ry

, p
er

sp
ec

-
tiv

e
C

lin
ic

al
 o

ut
co

m
es

C
yc

le
 le

ng
th

, t
im

e 
ho

riz
on

H
ea

lth
 st

at
es

/d
is

-
ea

se
 p

at
hw

ay
s

D
ec

isi
on

 tr
ee

Jim
en

ez
-Y

us
te

 
et

 a
l. 

(2
01

3)
 

[6
7]

In
du

str
y

C
EA

Se
ve

re
O

D
 rF

V
II

a
O

D
 p

d-
aP

C
C

Sp
ai

n,
 N

H
S

Tr
ea

te
d 

jo
in

t 
bl

ee
ds

N
A

, 7
 d

ay
s

B
le

ed
 st

op
s, 

bl
ee

d 
co

nt
in

ue
s

G
ol

es
ta

ni
 e

t a
l. 

(2
01

6)
 [6

8]
In

du
str

y
C

EA
N

ot
 st

at
ed

O
D

 b
io

ge
ne

ric
 

rF
V

II
a

O
D

 a
PC

C
Ir

an
, h

ea
lth

ca
re

 
sy

ste
m

Sc
or

in
g 

sy
ste

m
 

ba
se

d 
on

 p
ai

n 
an

d 
m

ov
em

en
t 

lim
ita

tio
n

N
A

, n
ot

 st
at

ed
N

ot
 st

at
ed

Ea
rn

sh
aw

 e
t a

l. 
(2

01
5)

 [5
2]

In
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

IT
I F

V
II

I
PR

O
 a

PC
C

O
D

 rF
V

II
a

U
SA

, t
hi

rd
-p

ar
ty

 
pa

ye
r

B
le

ed
in

g 
ev

en
ts

, 
LY

s, 
Q

A
LY

s
N

A
, l

ife
tim

e
B

et
he

sd
a 

un
it 

<
10

, 
B

et
he

sd
a 

un
it 

≥
10

K
en

et
 e

t a
l. 

(2
01

7)
 [6

9]
In

du
str

y
C

EA
N

ot
 st

at
ed

IT
I P

RO
 B

PA
 

(a
PC

C
 o

r 
rF

V
II

a)
 h

ig
h 

do
se

IT
I P

RO
 B

PA
 

(a
PC

C
 o

r 
rF

V
II

a)
 lo

w
 

do
se

U
SA

, t
hi

rd
-p

ar
ty

 
pa

ye
r

Ex
pe

ct
ed

 b
le

ed
s

N
A

, n
ot

 st
at

ed
Lo

w
 d

os
e 

(3
×/

w
ee

k)
, h

ig
h 

do
se

 
(d

ai
ly

), 
O

D

C
am

el
o 

et
 a

l. 
(2

02
3)

 [7
0]

N
on

-in
du

str
y

C
EA

Se
ve

re
PR

O
 e

m
ic

iz
um

ab
PR

O
 B

PA
 (a

PC
C

 
or

 rF
V

II
a)

B
ra

zi
l, 

M
in

ist
ry

 
of

 H
ea

lth
Tr

ea
te

d 
bl

ee
di

ng
 

ev
en

ts
N

A
, 1

.8
 a

nd
 3

.1
 

ye
ar

s
IT

I s
uc

ce
ss

, I
TI

 
fa

ilu
re

M
ar

ko
v

B
er

ge
r e

t a
l. 

(2
01

3)
 [7

1]
In

du
str

y
C

EA
Se

ve
re

IT
I F

V
II

I
hi

gh
 d

os
e

IT
I F

V
II

I
lo

w
 d

os
e

IT
I F

V
II

I r
is

k 
as

se
ss

m
en

t

O
D

 B
PA

 
(p

d-
aP

C
C

 o
r 

rF
V

II
a)

G
er

m
an

y,
 

st
at

ut
or

y 
he

al
th

 
in

su
ra

nc
e

To
ta

l b
le

ed
s, 

m
in

or
 b

le
ed

s, 
jo

in
t b

le
ed

s, 
se

ve
re

 b
le

ed
s, 

ho
sp

ita
l d

ay
s

N
ot

 st
at

ed
, 1

8 
ye

ar
s

Pr
e-

IT
I, 

IT
I, 

IT
I 

su
cc

es
s, 

lo
w

 
in

hi
bi

to
rs

 ti
tre

, 
IT

I f
ai

lu
re

IC
ER

 (2
01

8)
 [4

0]
N

on
-in

du
str

y
C

EA
 +

 C
U

A
​

N
ot

 st
at

ed
PR

O
 e

m
ic

iz
um

ab
PR

O
 B

PA
 (a

PC
C

 
or

 rF
V

II
a)

O
D

 B
PA

 (a
PC

C
 

or
 rF

V
II

a)

U
SA

, h
ea

lth
 sy

s-
te

m
 p

ay
er

 a
nd

 
so

ci
et

al

B
le

ed
 e

ve
nt

s, 
LY

s, 
Q

A
LY

s
1 

w
ee

k,
 li

fe
tim

e
N

o 
bl

ee
d,

 u
nt

re
at

ed
 

bl
ee

d,
 tr

ea
te

d 
bl

ee
d 

no
t i

nt
o 

TJ
, 

tre
at

ed
 T

J b
le

ed
, 

de
ad

C
or

te
si

 e
t a

l. 
(2

01
9)

[3
6]

In
du

str
y

C
U

A
​

M
ild

, m
od

er
at

e,
 

se
ve

re
PR

O
 e

m
ic

iz
um

ab
PR

O
 a

PC
C

PR
O

 rF
V

II
a

Ita
ly

, N
H

S
Q

A
LY

s
1 

ye
ar

, l
ife

tim
e

H
A

 w
ith

 in
hi

bi
to

rs
, 

de
ad

Po
la

ck
 e

t a
l. 

(2
02

0)
[3

8]
N

ot
 st

at
ed

C
EA

 +
 C

U
A

​
N

ot
 st

at
ed

PR
O

 e
m

ic
iz

um
ab

PR
O

 B
PA

Fr
an

ce
, c

ol
le

ct
iv

e 
pe

rs
pe

ct
iv

e
LY

s, 
Q

A
LY

s, 
tre

at
ed

 b
le

ed
s

1 
ye

ar
, 5

 y
ea

rs
H

A
 w

ith
 in

hi
bi

to
rs

, 
de

ad
Le

e 
et

 a
l. 

(2
02

0)
 

[3
5]

In
du

str
y

C
EA

 +
 C

U
A

​
M

ild
, m

od
er

at
e,

 
se

ve
re

PR
O

 e
m

ic
iz

um
ab

O
D

 B
PA

 (r
FV

II
a 

or
 a

PC
C

)
So

ut
h 

K
or

ea
, 

so
ci

et
al

Pr
ev

en
te

d 
bl

ee
di

ng
, L

Y
s, 

Q
A

LY
s

N
ot

 st
at

ed
, l

ife
-

tim
e

A
liv

e 
w

ith
 b

le
ed

s, 
de

ad

Sa
iy

ar
sa

ra
i e

t a
l. 

(2
02

1)
 [4

1]
In

du
str

y
C

U
A

​
N

ot
 st

at
ed

PR
O

 e
m

ic
iz

um
ab

O
D

 rF
V

II
a

Ir
an

, s
oc

ie
ta

l a
nd

 
pa

ye
r

Q
A

LY
s

1 
ye

ar
, l

ife
tim

e
PR

O
 e

m
ic

iz
um

ab
, 

O
D

 rF
V

II
a,

 d
ea

d
B

itr
an

 e
t a

l. 
(2

02
2)

 [7
2]

In
du

str
y

C
U

A
​

Se
ve

re
PR

O
 e

m
ic

iz
um

ab
PR

O
 a

PC
C

Pe
ru

, p
ay

er
Q

A
LY

s
1 

w
ee

k,
 1

6 
an

d 
52

 
ye

ar
s

N
o 

bl
ee

di
ng

, m
ild

 
bl

ee
di

ng
, s

ev
er

e 
bl

ee
di

ng
, d

ea
d



	 D. M. Prameyllawati et al.

Ta
bl

e 
3  

(c
on

tin
ue

d)

A
ut

ho
r

Fu
nd

in
g 

so
ur

ce
EE

 ty
pe

Se
ve

rit
y

In
te

rv
en

tio
n

C
om

pa
ra

to
r

C
ou

nt
ry

, p
er

sp
ec

-
tiv

e
C

lin
ic

al
 o

ut
co

m
es

C
yc

le
 le

ng
th

, t
im

e 
ho

riz
on

H
ea

lth
 st

at
es

/d
is

-
ea

se
 p

at
hw

ay
s

M
ar

ko
v 

de
ci

sio
n 

tr
ee

K
ris

hn
am

oo
rth

y 
et

 a
l. 

(2
02

4)
 

[7
3]

N
on

-in
du

str
y

C
EA

 +
 C

U
A

​
Se

ve
re

PR
O

 e
m

ic
iz

um
ab

O
D

 B
PA

 (r
FV

II
a 

an
d 

aP
C

C
)

In
di

a,
 h

ea
lth

ca
re

 
sy

ste
m

B
le

ed
in

g 
ev

en
ts

 
av

er
te

d,
 Q

A
LY

s
1 

ye
ar

, 1
0 

ye
ar

s
N

o 
bl

ee
di

ng
, m

ild
 

bl
ee

di
ng

, s
ev

er
e 

bl
ee

di
ng

, d
ea

d
M

ar
ko

v 
de

ci
sio

n 
pr

oc
es

s
C

ol
ow

ic
k 

et
 a

l. 
(2

00
0)

 [7
4]

N
on

-in
du

str
y

C
EA

Se
ve

re
IT

I F
V

II
I

O
D

 a
PC

C
 o

r p
d-

FV
II

I
U

SA
, s

oc
ie

ta
l

Li
fe

 e
xp

ec
ta

nc
y

1 
ye

ar
, l

ife
tim

e
Sh

or
t-t

er
m

 m
or

bi
d-

ity
 o

nl
y,

 sh
or

t-
te

rm
 m

or
bi

di
ty

 
su

pe
rim

po
se

d 
on

irr
ev

er
si

bl
e 

ar
th

ro
pa

th
y,

 d
ea

d
K

ni
gh

t e
t a

l. 
(2

00
3)

 [7
5]

N
on

-in
du

str
y

C
U

A
​

Se
ve

re
IT

I r
FV

II
I B

on
n 

pr
ot

oc
ol

IT
I r

FV
II

I M
al

m
o 

pr
ot

oc
ol

IT
I r

FV
II

I D
ut

ch
 

pr
ot

oc
ol

O
D

 B
PA

 st
ra

te
gy

 
1

O
D

 B
PA

 st
ra

te
gy

 
2

O
D

 B
PA

 st
ra

te
gy

 
3

U
K

, s
oc

ie
ta

l
Q

A
LY

s
3 

m
on

th
s, 

lif
et

im
e

In
di

vi
du

al
s w

ith
 

ha
em

op
hi

lia
 

w
ith

ou
t i

nh
ib

i-
to

rs
, i

nd
iv

id
ua

ls
 

w
ith

 h
ae

m
op

hi
lia

 
w

ith
 in

hi
bi

to
rs

 
lo

w
 re

sp
on

de
rs

, 
in

di
vi

du
al

s w
ith

 
ha

em
op

hi
lia

 w
ith

 
in

hi
bi

to
rs

 h
ig

h 
re

sp
on

de
rs

St
ud

ie
s a

re
 g

ro
up

ed
 b

y 
m

od
el

 ty
pe

. W
ith

in
 e

ac
h 

gr
ou

p,
 st

ud
ie

s a
re

 o
rd

er
ed

 c
hr

on
ol

og
ic

al
ly

 a
cc

or
di

ng
 to

 th
e 

ty
pe

 o
f i

nt
er

ve
nt

io
n 

ev
al

ua
te

d
aP

C
C

 a
ct

iv
at

ed
 p

ro
th

ro
m

bi
n 

co
m

pl
ex

 c
on

ce
nt

ra
te

, B
PA

 b
yp

as
si

ng
 a

ge
nt

, C
EA

 c
os

t-e
ffe

ct
iv

en
es

s a
na

ly
si

s, 
C

U
A​ 

co
st-

ut
ili

ty
 a

na
ly

si
s, 

EE
 e

co
no

m
ic

 e
va

lu
at

io
n,

 F
VI

II
 fa

ct
or

 V
II

I, 
H

A 
ha

em
op

hi
lia

 
A

, I
C

ER
 in

cr
em

en
ta

l c
os

t-e
ffe

ct
iv

en
es

s 
ra

tio
, I

TI
 im

m
un

e 
to

le
ra

nc
e 

in
du

ct
io

n,
 L

Y 
lif

e-
ye

ar
, N

A 
no

t a
pp

lic
ab

le
, N

H
S 

na
tio

na
l h

ea
lth

 s
er

vi
ce

, O
D

 o
n-

de
m

an
d,

 p
d-

aP
C

C
 p

la
sm

a-
de

riv
ed

 a
PC

C
, 

PR
O

 p
ro

ph
yl

ax
is

, Q
AL

Y 
qu

al
ity

-a
dj

us
te

d 
lif

e-
ye

ar
, r

FV
II

I r
ec

om
bi

na
nt

 F
V

II
I, 

rF
VI

Ia
 re

co
m

bi
na

nt
 a

ct
iv

at
ed

 fa
ct

or
 V

II
, T

J 
ta

rg
et

 jo
in

t



Model-Based Economic Evaluations for Inherited Bleeding Disorders

Other interventions assessed for haemophilia without 
inhibitors included gene therapies for haemophilia A and 
B (n = 6, 19%) and emicizumab for haemophilia A (n = 4, 
13%). For gene therapies targeting haemophilia A, the com-
parators were prophylaxis factor (F) VIII and prophylaxis 
emicizumab [19, 20, 45, 46]. For gene therapies targeting 
haemophilia B, the comparators included prophylaxis and 
on-demand FIX [47, 48]. The comparators for emicizumab 
were prophylaxis and on-demand FVIII [42, 49–51].

For haemophilia A with inhibitors, assessed interven-
tions included prophylaxis emicizumab (n = 8, 50%), 
immune tolerance induction with FVIII (n = 5, 33%) and 
on-demand bypassing agents (BPAs) (n = 2, 13%). Com-
parators for these interventions were on-demand BPAs [40, 
52]. One study included a mixed population of individuals 
with haemophilia A and B with inhibitors and compared the 
on-demand use of two different BPAs [33].

3.2 � Modelling Approaches

3.2.1 � Model Type and Rationale

Cohort-based models were predominantly used in the EEs, 
with the most adopted models being Markov models (n = 
27, 57%) and decision trees (n = 9, 19%). Additionally, five 
studies (11%) combined decision tree and Markov structures. 
Of these, three used a Markov decision tree [43, 61, 73], 
while two applied a Markov decision process [74, 75]. Only 
a few studies used individual-level models (n = 5, 11%), 
such as microsimulation [20, 47, 48, 62] and discrete-event 
simulation (DES) [63]. Additionally, only 11 studies (23%) 
provided a justification for their choice of model. Justifica-
tions were provided for seven Markov models, three micro-
simulations and one DES model. Regardless of the model 
type, the common rationale for model selection was indica-
tion or treatment-specific advantages offered by the chosen 
structure, such as using Markov models to account for recur-
rent bleeds in individuals with haemophilia [73].

Over time, clear patterns emerged in model selection. 
Before 2000, only two studies used cohort-based models—
one Markov decision process and one unspecified [64, 74]. 
Between 2001 and 2010, studies tripled, primarily using 
decision trees, Markov models and Markov decision trees. 
From 2011, study numbers grew significantly with increased 
use of individual-level models, especially microsimulation. 
Since 2021, individual-level modelling expanded further, 
including a 2022 study using DES model [63]. Despite this, 
Markov models remained the most common approach from 
2011 to 2024, applied in 26 studies. Regarding the relation-
ship between model type and funding source, no significant 
differences were observed between industry- and non-indus-
try-funded studies. Nearly all model types appeared across 
both funding categories. Notably, the only DES model Ta
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identified was an industry-funded study [63], whereas the 
only two studies using Markov decision process were funded 
by non-industry sources [74, 75].

3.2.2 � Time Horizon and Cycle Length

The majority of studies (n = 43, 91%) reported the time 
horizon of the models. Irrespective of model type, a lifetime 
horizon was often used (n = 27, 63%). No consistent pattern 
was observed in the choice of time horizon across differ-
ent interventions, conditions and model types. For exam-
ple, among the Markov models, 20 studies (74%) adopted a 
lifetime horizon, with other horizons that ranged from five 
[38] to 52 years [72].

For the decision trees, one study used a lifetime horizon 
[52], while others used horizons of 1 year or 20 years [32, 
50, 53]. For models with combined structures, both Markov 
decision processes used a lifetime horizon, while the Markov 
decision trees used horizons of 5 years, 10 years or lifetime 
[43, 61, 73–75]. Individual-level models used either 1-year 
[62, 63] or lifetime horizons [20, 47, 48].

Cycle length was reported in most models (n = 34, 92%). 
One year (n = 18, 53%) was the most frequently chosen 
cycle length. There was no consistent pattern observed in the 
use of cycle length across different interventions and condi-
tions. For evaluating the cost effectiveness of gene thera-
pies for haemophilia A and B, included models used cycle 
lengths that ranged from 1 week [19, 20, 47] to 6 months 
[46]. For evaluating emicizumab for haemophilia A, cycle 
lengths were 1 week [40, 72], 1 month [49] or 1 year [36, 
38, 41, 42, 51]. For evaluating factor concentrates for hae-
mophilia A and B, cycle lengths varied from 1 week [39, 
62] to 1 year [37, 43].

3.2.3 � Health States

Most models (n = 35, 92%) used health states to represent 
the progression of disease. Variations were observed in the 
quantity of health states used. The number of states ranged 
from 2 to 80, in which the standard choices were three (n 
= 11, 31%) or four states (n = 9, 26%) [37]. The two-state 
models were mainly Markov models that applied simplistic 
structures using only alive and dead states [35, 36, 38, 51, 
58, 60]. Meanwhile, the 80-state model comprised 79 states 
representing Pettersson scores (PSs) from 0 to 78, along with 
one state representing death [37]. For decision trees, most 
models featured two nodes for the initial decision [33, 52, 
53, 67, 69, 70], whereas one used three nodes [50], and two 
lacked an explanation of the decision pathways [32, 68].

Various types of bleeding events were selected as health 
states in the models, such as bleed, joint bleed and treated 
bleed. Of these, joint bleeds were most often used (n = 14, 
40%). Notably, the definition of bleeds provided by the 

authors varied. For example, joint bleed could refer to any 
joint or specifically to a target joint [54, 59, 61, 62]. Another 
commonly used health state was related to joint issues (n = 
10, 29%). This included joint disease or damage, PS (i.e. a 
scoring system to assess the severity of joint damage) and 
joint surgery [31, 38, 49, 64]. Only three models combined 
bleeding and joint states in their structure, while others uses 
various health state combinations [34, 45, 57]. The most 
common combination included no bleeding, bleeding and 
dead states, with some studies further divided bleeding 
states as non-joint and joint, or as mild and severe bleeding 
[20, 39, 72, 73]. The selection of health states varied across 
treatments and conditions, with no specific pattern observed.

3.2.4 � Clinical Outcomes

The majority of studies (n = 34, 72%) reported QALYs 
gained as the clinical outcome of EEs. Additionally, bleed-
ing events were also reported, either in conjunction with 
QALYs (n = 19, 40%) or separately (n = 9, 19%). Among 
these bleeding outcomes, joint bleeds were reported in 12 
studies (43%). The remaining studies mainly reported total 
bleeds, encompassing joint and non-joint bleeds [20, 34, 40, 
48]. Some studies also included bleeding as the annualised 
bleeding rate [20, 58, 59] and the annualised joint bleed-
ing rate [62, 63]. Other clinical outcomes included were the 
scoring system based on pain and movement limitation [68], 
hospitalisation duration [60, 71], factor infusion [20, 46], PS 
[19, 20, 60], time to bleed resolution [33], time to inhibitor 
development [50], life expectancy [47, 74] and life-years 
gained [35].

QALYs and bleeding events were the only outcomes con-
sistently included across all model types. Different model 
types tended to select and measure different outcomes. For 
instance, joint surgery was assessed exclusively in Markov 
and individual-level models [47, 60, 66]. Short-duration out-
comes, such as time to bleed resolution and time to inhibitor 
development, were predominantly evaluated using decision 
tree models [33, 50]. In general, Markov and individual-
level models used a broader range of outcomes compared 
with other model types, including measures such as fac-
tor infusions, annualised bleeding rate and PS [19, 20, 46, 
58–60]. No pattern was observed indicating that specific out-
comes were consistently selected for particular treatments 
or conditions.

Among the studies that reported outcomes in terms of 
QALYs, only six (13%) employed a primary data collec-
tion to assess health-related quality of life (Tables 4–7 of 
the ESM). The remaining 41 studies (87%) derived utility 
values from secondary sources, predominantly the previ-
ously published literature. Of the studies that collected 
primary health-related quality-of-life data, three used the 
EQ-5D instrument [53, 55, 56], one used the SF-6D [32] and 
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two did not specify the measurement instrument used [42, 
51]. Among those relying on secondary data, most studies 
assigned utility values to define health states. However, nine 
studies applied utility estimates directly to treatment strate-
gies rather than to discrete health states.

The most frequently cited source for utility values related 
to bleeding versus non-bleeding health states was Neufeld 
et al. [76], referenced in nine studies. Other sources varied 
depending on the health state of interest. For target joint-
related health states, utility values were commonly obtained 
from O’Hara et al. [77] and Mazza et al. [78]. For arthropa-
thy or health states linked to the PS, Fischer et al. [79] was 
the primary source in six studies. Surgical health states were 
most often informed by Ballal et al. [80], although some 
studies utilised values from Laupacis et al. [81] or Miners 
et al. [31].

In studies where utility values were assigned to treatment 
regimes, a variation in data sources was observed. Four stud-
ies cited Noone et al. [82] for utility estimates related to 
prophylactic and on-demand FVIII therapy. Ara and Brazier 
[83] was also frequently referenced and appeared in three 
studies. For emicizumab prophylaxis, utility values were 
commonly derived from the HAVEN 1 clinical trial [84], as 
reported in three studies. Two studies used utility values for 
severe and mild/moderate haemophilia from Miners et al. 
[85] and applied these estimates to on-demand and prophy-
laxis treatment strategies, respectively.

3.2.5 � Models Used Across Populations and Treatments

This study also compared models used across populations 
and treatments. For individuals with haemophilia A without 
inhibitors, a diverse array of model types was used, includ-
ing Markov, decision tree, Markov decision tree, microsim-
ulation and DES. In comparison, a more limited range of 
model types was used for other haemophilia populations. 
For haemophilia A with inhibitors, the selected models 
included decision tree, Markov, Markov decision tree and 
Markov decision process. In the evaluation of treatments 
for haemophilia B, only Markov and microsimulation mod-
els were used. No study exclusively focused on individu-
als with haemophilia B with inhibitors. One study included 
both haemophilia A and B with inhibitors in a decision tree 
model. Studies involving mixed populations of individuals 
with haemophilia A and B used either Markov models or 
decision trees.

With regard to assessed treatments, several trends were 
observed in the types of models used. Of the four studies 
evaluating gene therapies for haemophilia A, three used 
Markov model [19, 45, 46] and one used microsimulation 
[20]. In contrast, both studies assessing gene therapies for 
haemophilia B used microsimulation exclusively [47, 48]. 

No significant differences were observed in the models 
used to evaluate emicizumab in haemophilia A populations 
with or without inhibitors. Most studies in both populations 
used Markov models, with one study from each population 
used a decision tree [50, 70]. Irrespective of the comparator 
approaches (prophylaxis or on-demand), prophylaxis factor 
concentrates were mainly assessed using Markov models 
(n = 14, 66%). No patterns were found in the model types 
used for the individualised dosing strategy and ITI with fac-
tor concentrates, as different model types were applied. For 
studies in which both intervention and comparator used on-
demand BPAs, they only used decision trees [33, 67, 68].

4 � Discussion

This review identified common modelling practices in EEs 
of treatments for severe haemophilia A and B. Markov 
models were the most commonly used and were applied 
to different types of haemophilia and treatments. Common 
model features included a lifetime time horizon, a 1-year 
cycle length and the use of bleeding events — especially 
joint bleeds — as key health states. Additionally, bleed-
ing events and QALYs were commonly selected as clinical 
outcomes. Among studies reporting QALYs as outcomes, 
the majority derived utility values from secondary sources, 
primarily the previously published literature. Of the 47 mod-
els reviewed, all focused on haemophilia, with one study 
including a mixed cohort of individuals with severe haemo-
philia A, haemophilia B and VWD. In this study, treatment 
effects between severe haemophilia A and severe VWD were 
assumed equivalent, consequently, the authors applied the 
same inputs of transition probabilities, utilities and resource 
use for both conditions in the model [31]. Therefore, no 
studies were found that specifically evaluated treatments 
for iBDs other than haemophilia. Although Markov models 
were commonly used to evaluate a range of treatments, deci-
sion trees and microsimulation tended to be used for specific 
treatment strategies. No consistent pattern was identified 
between the type of model used and the source of funding.

Previous reviews of EEs for haemophilia treatments 
have consistently reported variability in the modelling 
approaches used to assess cost effectiveness [21, 86]. They 
further indicate that these variations create challenges in 
comparing interventions across studies. Our current review 
builds upon these studies by specifically focusing on mod-
elling approaches and examining how these choices have 
evolved over time. For example, compared with the review 
by Cortesi et al. [36], our study included more recent publi-
cations, including those evaluating newer haemophilia treat-
ments such as emicizumab and gene therapies. Despite the 
introduction of these novel therapies, our findings confirm 
that the Markov model remains the most commonly used 
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model. Its dominance has persisted over time, particularly 
from 2001 onward when most studies used Markov models. 
While the use of individual-level models such as microsimu-
lation and DES has increased in recent years, these remain 
less common than Markov models. The current review also 
explored whether authors justified their choice of model 
type; however, only 11 studies provided an explicit ration-
ale for model selection. Nearly all individual-level models 
included a justification for model choice, whereas none of 
the decision trees did. While the absence of justification does 
not imply inappropriate model selection, the reasons for this 
omission remain unclear. This lack of reporting limits the 
ability to assess whether model selection was guided by 
methodological appropriateness, practical considerations 
or a trade-off between the two. Therefore, providing a clear 
justification is essential to ensure transparency in model 
selection.

The selection of appropriate modelling approaches has 
been discussed by several authors, including Barton et al. 
who propose a straightforward framework for model selec-
tion [18, 87, 88]. Following this framework, the Markov 
model is deemed sufficient for evaluating haemophilia treat-
ments owing to its ability to account for recurrent bleeding 
events over an individual’s lifetime. Therefore, the frequent 
use of Markov models among identified studies may indi-
cate an implicit consensus among researchers regarding their 
suitability for this indication. Given the identified common-
alities among Markov models regarding time horizon, cycle 
length and health states, there may be potential to apply 
these common approaches to evaluate haemophilia treat-
ments in general.

However, the complexity of Markov models included in 
this review varied. While most models feature three or four 
health states, some authors used as few as two or as many 
as 80 states [35–38, 51, 58, 60]. In their appraisal of a two-
state Markov model for emicizumab, the Canadian Agency 
for Drugs and Technologies in Health stated that this model 
structure inadequately represents the disease pathway and 
treatment effects [51]. Conversely, one could question what 
the added value was of a model comprising 80 health states 
[37]. As indicated by Briggs et al., an insufficient number 
of health states may result in an overly simplistic model, 
whereas an excessive number may have no additional value 
[89].

The selection of health states in the model is an equally 
important factor to consider. Bleeding events were fre-
quently chosen as health states in the included studies. 
Given the prevalence of bleeding events in the progression 
of haemophilia, it therefore seems appropriate to use them 
as health states of the model [90]. However, individuals 
with haemophilia can also develop long-term complications, 
including arthropathy that may require surgery [91]. Only a 
few models in this review included these complications as 

health states in the model [31, 46, 65]. It is important to note 
that the bleeding tendency and the development of arthropa-
thy can differ depending on the severity of haemophilia. Van 
den Berg et al. found large heterogeneity in bleeding patterns 
and arthropathy among individuals with severe haemophilia, 
which suggests that such clinical phenotypes can vary even 
within the same severity level [92]. Given that the tendency 
to bleed and develop arthropathy may be influenced by indi-
vidual specific characteristics, individual-level modelling 
may be more appropriate in this context.

However, the types of assessed treatments and the com-
bination of the intervention and comparator arms may affect 
the model choice [87]. For example, models evaluating on-
demand BPAs represented the mechanism to resolve bleed-
ing, which lasts for 1–5 days [33, 67, 68]. Here, a decision 
tree may be adequate because of the short time horizon [88]. 
Another example is a model designed to account for indi-
vidual variations in dosage and treatment frequency. In this 
scenario, individual-level modelling may be more appropri-
ate as this variability can influence both the benefits and 
costs of treatment [93]. For instance, Gu et al. emphasise 
that a DES model could incorporate individualised dose 
adjustments as part of a pharmacokinetic-guided approach 
for prophylactic FVIII therapy [63]. Similarly, Cook et al. 
assert that microsimulation allows for the variation of spe-
cific parameters for gene therapy [20]. In their discussion, 
ten Ham et al. also criticised their use of a Markov model 
for evaluating gene therapy and recommended adopting an 
individual-level simulation instead [19].

Although individual-level models may be more suitable 
in the presence of heterogeneity, the availability of data will 
inevitably influence the structuring of model [94]. Trade-offs 
must be made between model simplicity, data availability 
and their potential impact on result validity [95]. However, 
Barton et al. challenge the assumption that complex mod-
els necessarily require more data than simpler models and 
emphasise the importance of a sensitivity analysis when data 
are limited [18]. In this context, simplicity refers to the size 
of the model rather than the specific modelling technique 
used. They underline that sensitivity analyses should exam-
ine all scenarios that align with existing data in order to 
identify key uncertainties and guide further data collection 
[18]. The ISPOR-SMDM Joint Modeling Good Research 
Practices Task Force also recommends conducting sensitiv-
ity analyses when data are limited and ensuring the initial 
problem discussion covers all aspects of the disease and its 
outcomes [95].

Variations in the modelling approaches used among 
the included studies may complicate the comparative 
assessment of haemophilia treatments [21, 96]. Therefore, 
adopting common modelling approaches may enhance 
the comparability of treatment evaluations both within 
and across countries. This review shows that commonly 
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cited approaches were frequently used across a range of 
comparisons, including prophylaxis versus on-demand 
therapies, extended half-life versus standard half-life 
therapies, different prophylaxis therapies and even vari-
ous dosing strategies. However, the frequent use of com-
mon approaches identified in this review should not be 
interpreted as an indicator of better model quality or that 
these models represent the best choice for all research 
contexts. As outlined by Briggs et al., model structure 
should be determined, among other factors, by the nature 
of the disease, the stability of event risks over time and the 
anticipated duration of intervention effectiveness [89]. The 
use of common modelling approaches identified in this 
review should be considered together with this recommen-
dation. Another important consideration is that the com-
mon modelling approaches identified were predominantly 
applied to severe haemophilia. Individuals with milder 
forms of haemophilia may only require on-demand treat-
ments, similar to the treatments for many other iBDs [97]. 
Further research is warranted to assess the applicability 
of common approaches and to explore potential modifica-
tions that could better accommodate evaluations for mild 
haemophilia and the broader iBD population.

4.1 � Study Limitations

This review has several limitations, three of which stem from 
decisions made during the study design. First, the inclusion 
criterion requiring availability of the full text may have 
led to the exclusion of studies reported solely as abstracts. 
Among these abstract-only studies, a few evaluated the cost 
effectiveness of VWD, and their omission may have influ-
enced our findings. Second, this review only included arti-
cles written in English language. However, it is anticipated 
that most articles are in English because haemophilia is a 
widely recognised disease on an international scale. Third, 
excluding the grey literature from our search may have 
resulted in overlooking unpublished or non-peer-reviewed 
studies, thereby potentially introducing publication bias. 
Beyond these procedural limitations, the generalisability of 
the review findings warrants consideration. Despite efforts 
to include all types of iBDs, the studies identified predomi-
nantly focused on treatments for severe haemophilia A and 
B. Consequently, the findings of this review may only be 
generalisable to severe haemophilia and caution is required 
in generalisation to the broader field of iBDs.

4.2 � Recommendations for Future Studies

The common modelling approaches identified in this review 
provide a solid foundation for future researchers aiming to 
evaluate treatments for severe haemophilia. Future studies 

should consider adopting these common approaches, par-
ticularly when evaluating prophylaxis factor concentrates 
and emicizumab as they are most frequently applied to 
these treatments. Using common approaches can increase 
outcome comparisons across different countries and over 
time. In addition, future studies using common approaches 
should consider making their models open source. Such 
efforts could enhance efficiency, reproducibility and trans-
parency, thereby facilitating adaptation by other researchers. 
However, it is important to recognise that the widespread 
use of a common approach does not equate to it being the 
optimal choice. Ultimately, the selection of a modelling 
approach should be guided by the specific study objectives, 
the complexity of the clinical decision, and the availability 
and quality of relevant data, rather than by convention alone.

For evaluating on-demand treatments such as BPAs, this 
review indicates that decision trees were exclusively used in 
the included studies. Thus, decision trees are recommended 
when the focus is mainly on evaluating the benefits and costs 
of resolving short-term bleeding episodes. A simple decision 
tree is generally suitable when the time frame is short and 
individual mortality does not vary across strategies [18]. 
In the case of gene therapies, this review reveals an equal 
number of studies using either Markov or microsimulation 
models. Although Markov model remains a feasible option, 
future studies should consider the underlying characteris-
tics of a population. When population heterogeneity is pre-
sent, individual-level models may be more appropriate [89]. 
Adapting previously published decision trees for BPAs and 
individual-level models for gene therapies may enhance the 
comparability of outcomes. Future research can utilise the 
review’s findings to select the most appropriate model for 
their specific decision-making needs.

As the identified EEs were primarily for severe haemo-
philia, the common approaches found may not be generalis-
able to milder forms of haemophilia or other iBDs. However, 
with advanced clinical development of new treatments for 
VWD and Glanzmann thrombasthenia [98], EEs for these 
conditions will likely become available in the near future. 
Health technology assessment bodies are expected to man-
date such evaluations for decision-making purposes because 
of the substantial costs involved. Furthermore, given the 
anticipated arrival of numerous new treatments for haemo-
philia, the range of available treatment options will expand, 
and EEs are needed to guide decision making. Therefore, a 
periodic systematic reassessment of modelling approaches 
in both published studies and the grey literature is recom-
mended to continue advancing toward a standardised evalu-
ation for haemophilia. This practice could potentially be 
extended to encompass all iBDs in the future as more EEs 
become available.
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