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Background: The standard of care for patients with hemophilia A is prophylaxis with factor VIII
(FVIID) therapies. Extended half-life (EHL) FVIII products offer a reduced infusion burden
compared with standard FVIII treatments. However, comparative evidence between EHLs is
lacking.

Obijective: To develop a pharmacodynamic—pharmacokinetic decision model to predict com-
parative bleed outcomes of adolescents and adults with hemophilia A receiving treatment with
various EHL FVIII therapies, capturing differences in cumulative bleeding episodes, break-
through bleed resolution and resource costs, as well as quality-adjusted life years (QALYSs).
Methods: The patient population from the pathfinder 2 Phase III clinical trial was used to
understand the link between FVIII levels and annual bleeding rates (ABRs).
Pharmacokinetic/pharmacodynamic modeling was subsequently applied to estimate FVIII
levels for four EHL FVIII treatments (turoctocog alfa pegol [Esperoct™], rurioctocog alfa
pegol [Adynovi®], efmoroctocog alfa [Elocta®], and damoctocog alfa pegol [Jivi®]) to
predict comparative ABRs. FVIII consumption costs (due to prophylactic treatment and
breakthrough bleed resolution) and resource costs, as well as QALYs, were subsequently
estimated from a UK NHS perspective over a 70-year time horizon.

Results: Turoctocog alfa pegol prophylaxis resulted in 8-19% fewer cumulative bleeding
episodes versus comparators in the base case scenario. Assuming parity in annual prophy-
laxis costs, turoctocog alfa pegol prophylaxis reduced the cost of product and resource use to
resolve a breakthrough bleed by 9-25% versus comparators. Prophylaxis with turoctocog
alfa pegol was also associated with the most QALYs, representing a discounted QALY gain
of 0.35-1.05 compared with the other treatments.

Conclusion: Using a pharmacodynamic—pharmacokinetic decision model, turoctocog alfa
pegol prophylaxis was associated with fewer cumulative bleeds, as well as lower product and
resource costs related to resolving a breakthrough bleed and most QALY's versus comparators.
Keywords: hemophilia A, prophylaxis, factor VIII, FVIII, cost-effectiveness model,
turoctocog alfa pegol, Esperoct®

Introduction
Congenital hemophilia A is an inherited bleeding disorder resulting from a deficiency
of coagulation factor VIII (FVIII) caused by mutations of the '8 gene. In most cases, it
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is an inherited X-linked recessive trait, although in some
cases it can arise from a spontancous mutation.'
Hemophilia is characterized by repeated bleeding, especially
into vulnerable or “target” joints, which can lead to perma-
nent joint damage. The prevalence of hemophilia A is com-
monly reported as one in 5000 males;> however, studies
show considerable variation among countries.’

Hemophilia A may be classified depending on FVIII
activity in the blood.” Patients with severe hemophilia
(defined as <0.01 TU mL ' [<1%] baseline clotting factor)
suffer from frequent spontaneous bleeding episodes (ie,
without obvious cause), often into joints and muscles.
Those with moderate hemophilia (0.01 to 0.05 TU mL™"
[1% to 5%] clotting factor) generally experience bleeding
episodes after injuries, and only very rarely have sponta-
neous joint bleeds. People with mild hemophilia (defined
as >0.05 to 0.50 ITU mL ™" [>5% to <50%] clotting factor)
typically only experience bleeds following serious injury,
surgery or trauma.*’

The standard of care for patients with hemophilia A is
replacement therapy with FVIII products, which may be
plasma-derived or recombinant.® Recent technological
developments have led to the commercial availability of
extended half-life (EHL) factor concentrates with
improved pharmacokinetic (PK) profiles less-

frequent dosing, which may reduce annual bleeding rates

and

(ABRs) while reducing infusion burden.”® FVIII replace-
ment therapies can be used on-demand (administered in
response to a bleeding episode) or as prophylaxis (admi-
nistered at regular intervals to prevent bleeding).
Prophylaxis has improved the quality of life and life
expectancy of patients with severe hemophilia,” and is
recommended by groups including the World Federation
of Hemophilia (WFH), the United Kingdom Hemophilia
Centre Doctors’ Organisation (UKHCDO) and National
Hemophilia Foundation Medical and Scientific Advisory
Council (NHF MASAC).®*!'* In the UK, it is estimated
that 78% of adult patients with hemophilia receive
prophylaxis.'!

Many studies in hemophilia, as well as those in other
fields of coagulation research, require analysis of bleeding
frequencies.'” Due to a lack of head-to-head trials in
hemophilia, indirect comparisons are required to generate
comparative efficacy evidence of the various available
treatment options relative to each other.'*> However, ran-
domized trial designs that can facilitate traditional indirect
treatment comparisons are not frequently used in rare

diseases such as hemophilia.'"* The European Medicines

Agency (EMA) has stated that appropriate PK data (incre-
mental recovery, half-life, area under the curve, and clear-
ance) are the most important surrogate endpoints for
efficacy of a new FVIII product.'

Several studies in hemophilia A have shown factor
levels to be correlated with the frequency of patient
bleeds.>'*!” Building on this relationship, some studies
have used factor levels to predict bleeding rates for FVIII
treatments. Miners et al developed a decision model that
used FVIII PK parameters and knowledge of the link
between time spent below 1% FVIII trough levels and
bleeding frequency, to predict bleeding frequency for stan-
dard half-life FVIII treatments.'®

A recent study by van Keep et al'® reported
a pharmacodynamic (PD)-PK modeling approach to com-
pare clinical outcomes of an EHL coagulation factor IX
(FIX) product to a standard-acting FIX product. To predict
the long-term outcomes of patients, the van Keep study
used a Markov model structure and tracked a simulated
cohort of patients over time. The authors used multivariate
regression modeling to estimate the statistical link between
FIX activity and bleeding frequencies. Patient levels of
FIX activity were not measured continuously in the pivotal
trial but were estimated from patients’ dosing diary
records using published PK parameters observed from
single doses in the trial. The profiles of predicted FIX
activity were then superimposed on the bleeding episode
records, establishing a correlation between annualized
bleed rates and FIX activity levels. Negative binomial
regression models were fitted to assess the number of
total, spontaneous, and traumatic bleeding episodes within
specific FIX activity level categories, adjusted for age and
whether patients had target joints.

We used patient data from the pathfinder 2 phase III
clinical trial for the EHL FVIII turoctocog alfa pegol
(Esperoct®)20’21 to understand the link between FVIII
levels and ABRs in patients with severe hemophilia
A. The regression analysis and model structure used in
the van Keep study could not be exactly replicated as
target joint data was not collected in the pathfinder 2
trial. Thus, a new regression analysis was proposed to
inform an alternate model structure. With this knowledge,
we utilized a decision model to estimate FVIII levels and
long-term bleeding outcomes of adolescents and adults
with severe hemophilia A receiving treatment with the
four EHL FVIII therapies currently licensed by the
EMA - turoctocog alfa pegol, rurioctocog alfa pegol
(Adynovi®™), efmoroctocog alfa (Elocta®™), and damoctocog
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alfa pegol (Jivi®). We captured differences in cumulative
bleeding episodes, breakthrough bleed resolution and
resource costs, and quality-adjusted life-years (QALYSs),
from a UK NHS perspective. QALY's are a measure of the
state of health of a person or group in which the benefits,
in terms of length of life, are adjusted to reflect the quality
of life. One QALY is equal to 1 year of life in perfect
health. It is often measured in terms of the person’s ability
to carry out the activities of daily life without pain or
mental disturbance.”” To the best of our knowledge, this
is the first health economic analysis in hemophilia A to use
PK data from a clinical study population to predict com-
parative ABRs across EHL FVIII products, and the first
published health economics analysis for turoctocog alfa

pegol.

Methods

A PD-PK decision model was developed to predict the
long-term outcomes of adults and adolescents with severe
hemophilia A receiving prophylaxis with EHL FVIII pro-
ducts. The primary outcome of the model was the number
of bleeds over the model time horizon. The following three
levels of modeling were undertaken:

e PD modeling to estimate the exposure—response rela-
tionship between FVIII levels and ABRs

¢ PK modeling (using clearance, dose, mean residence
time, incremental recovery, time since dose, dosing
interval and volume of distribution at steady state
[Vss]) to predict FVIII levels for all treatments

e Decision modeling to estimate the impact of PD and
PK modeling on cumulative number of bleeding epi-
sodes, total costs and QALY

PD Modeling to Estimate Annualized
Bleeding Rate for Each FVIII Activity
Category

Factor VIII activity levels were categorized into five clini-
cally meaningful groups (0-1%, >1-5%, >5-20%, >20—
50%, and >50%), based on those utilized by Groth et al*’
The mild
hemophilia activity category used by the National

and the National Hemophilia Foundation.*

Hemophilia Foundation (6-49%) was split into two sub-
categories (>5-20% and >20-50%) to provide greater
depth of analysis. ABRs of treatment-requiring bleeding
episodes were estimated for the FVIII activity categories

using a negative binomial regression model and data from
all patients in the pathfinder 2 clinical trial>* Pathfinder 2
Phase 1II,
randomized trial evaluating the safety, PK and clinical

was a multinational, open-label, non-
efficacy of turoctocog alfa pegol when used for prophy-
laxis and treatment of bleeds in PTPs aged >12 years with
severe hemophilia A.>' Turoctocog alfa pegol, damocto-
cog alfa pegol, and rurioctocog alfa pegol are not licensed
for use in patients aged less than 12 years; therefore, the
analysis is on a simulated cohort who start treatment at age
12. Patient-level efficacy data were taken from the main
phase and first extension phase of this trial. Additionally,
using the ABRs for each of the FVIII categories and the
PK profiles for turoctocog alfa pegol and comparators, the
relative bleeding rates of patients were calculated based
upon the amount of time spent in each category.

Poisson and negative binomial distribution models are
often used in the analysis of count data such as bleeding
episodes.>'? However, when the duration of observation is
relatively short compared with the frequency of events,
count data become right-skewed with a large proportion of
zero values, which violates the Poisson distribution
assumption that the mean and variance of the data are
approximately equal.'” To account for over-dispersed
data in this analysis, negative binomial regression was
therefore employed, similar to the methodology utilized
by van Keep."”

In the negative binomial regression models, the
response variable was the number of total, spontaneous,
and traumatic bleeding episodes for each patient. FVIII
activity (categorized as 0-1%, >1-5%, >5-20%, >20—
50%, and >50%) was included as covariate in the model.
As the number of bleeding episodes in each FVIII activity
category is highly dependent on the number of days spent
in each category, a regression model with the number of
days as exposure or offset was constructed. To adjust for
clustering, subject ID was specified as the cluster identifier
variable.

FVIII activity was not directly measured frequently dur-
ing the pathfinder 2 trial. FVIII activity levels were therefore
estimated on an hourly basis for each patient using dosing
data reported in their patient diaries and Equation 1, where
CL is clearance (mL/h/kg), D is the dose (IU/kg), K is the
elimination rate, t is the time since dose (h), and V is the
volume of distribution (mL/kg). It was assumed that turoc-
tocog alfa pegol distribution and elimination follow single
compartmental PK. When the time of bleed and time of
injection were the same, it was assumed that the bleeding
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episode occurred immediately before the infusion. To pre-
vent FVIII activity falling below a patient’s own endogenous
FVII level, minimum FVIII activity levels were capped at

elimination of all modelled treatments follow single compart-
mental PKs and that steady state conditions had been
achieved, and therefore, no additional accumulation occurred.

individual patient baseline levels. Equation 2
Equation 1 Ja——
T C(t) = D x IR x ————— , where Vss
D\* CL — e
FVII activity level : C(t) = <V) , where k = > _ MRT x CL and IR — VL
58

For the subgroup of patients who were part of the single-
dose PK assessments in pathfinder 2, individual PK
parameter estimates (CL and V) from Visit 2 in the PK
profiling calculations were used. For patients who were
not part of the PK sub-trials, CL and V were estimated
using individual patient weight data and population PK
model outputs from the pathfinder 1 Phase I trial.>> Further
details are provided in the supporting information (refer to
Equations S1 and S2, and Table S3).

ABRs from negative binomial regression for each
FVIII activity group are reported in Table S1 (supporting

information). With respect to all bleeds, estimated ABRs
ranged from 13.21 (95% confidence interval [CI]: 8.78,
19.86) for FVIII activity levels <1% to 1.19 (95% CI:
0.88, 1.61) for FVIII activity levels >50% in pathfinder
2. As the estimated FVIII activity level decreased, the
ABR increased.

PK Modeling to Predict Steady State FVIII
Profiles for EHL Products

Time spent within each FVIII activity level category for each
treatment was estimated on an hourly basis using the PK
parameters in Table 1 and Equation 2, where MRT is the
mean residence time (h), IR is the incremental recovery ([TU/
mL]/[IU/kg]), T is the dosing interval (h), and Vgg is the
volume of distribution at steady state (mL/kg). A follow-up
of 28 days was applied to align with the cycle length used in
the decision model. It was assumed that the distribution and

Dose (IU/kg) and dose frequency for each treatment were
sourced from EMA summaries of product characteristics
(SmPCs) using the midpoint of the dosing ranges.** >’ Our
decision to use the midpoint of the dosing range reported
in the SmPCs was guided by discussion with payers, and
takes into account the fact that the mean consumption of
product in clinical trials is not uniformly reported for all of
the comparators. When dose frequency was expressed in
terms of doses per week, it was assumed that all doses
were administered at regular intervals.

The amount of time over 28 days with factor VIII
activity levels below 1%, 5%, 20%, and 50%, and above
50% for all treatments is reported in Table S4 (supporting

information).

The clinical trials for each of the studied treatments
had similar inclusion/exclusion criteria and we are not
aware of any specific factors that might disproportionately
influence the overall PK parameters for a particular com-
parator. Thus, in the absence of a head-to-head comparison
or crossover trial, we feel this approach is reasonable.

Decision Modeling

Decision modeling was used to predict the long-term out-
comes of patients with severe hemophilia A, receiving pro-
phylaxis with EHL FVIII products over a 70-year time
horizon. The primary outcome of the model was the number
of bleeds over the model time horizon. The health states used
in the model were stratified by factor activity levels (Figure 1).

Table | Prophylaxis Dosing and PK Parameters Used for Modeling

Comparator Dose Dose Frequency Units/kg per | Clearance Vss Source (Clearance
(IU/kg) (Hours) Cycle (mL/h/kg) (mL/kg) | and Vss)f

Turoctocog alfa pegol 50 9 350 1.41 37.41 SmPC?¢

Rurioctocog alfa pegol 45 84 360 2.29 4431 SmPC?’

Efmoroctocog alfa 50 96 350 221 54.05 SmpC?®

Damoctocog alfa pegol 35 84 280 1.50 37.60 SmPC?

Notes: fValues for clearance and Vss were based on a weighted average of PK values for patients aged 12—17 and 218 years as reported in the SmPC.
Abbreviations: U, international units; SmPC, summary of product characteristics; Vss, volume of distribution at steady state.

42 submit your manuscript

Dove

ClinicoEconomics and Outcomes Research 2021:13



https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
https://www.dovepress.com/get_supplementary_file.php?f=280574.docx
http://www.dovepress.com
http://www.dovepress.com

Benson et al

Hemophilia A

N\
° 0

_______________________________

Figure | Health states in the model.

These were defined according to the National Hemophilia
Foundation guidelines, which categorize the severity of hemo-
philia into severe (<1% FVIII activity), moderate (1% to 5%
FVIII activity), mild (>5% to 49% FVIII activity), and normal
(>50% FVIII activity).* Patients could enter the “Death”
health state at any time. All-cause mortality was based on
data from UK national life tables for males;30 a disease-
specific mortality ratio was not applied to the population
receiving prophylaxis as it was assumed that the life expec-
tancy for these patients was equivalent to that of the general
population.*!

Patients entered the model at age 12. Although in
clinical practice many patients start FVIII prophylaxis ear-
lier than age 12, this is the age at which patients are
eligible for treatment with turoctocog alfa pegol, damoc-
tocog alfa pegol, and rurioctocog alfa pegol in the
UK.2%?72% Therefore, age 12 is the earliest age from
which these drugs can be used and is an appropriate
starting age of patients in the model.

Given the small number of adolescent patients in the
Pathfinder 2 trial, adults and adolescents were not distin-
guished in the analysis. Each model cycle lasted 28 days;
this time period was chosen as it was a multiple of the
dosing frequencies (every 4 days and twice weekly dosing)
for all four products studied in the model, enabling com-
parability. During each 28-day cycle, patients’ factor activ-
ity levels varied based on the PK profile estimations for
each comparator. A patient’s FVIII activity levels increase
upon receiving a new dose of an EHL FVIII drug. After
this initial increase, FVIII activity levels gradually decline
through each FVIII health state. The proportion of time
spent in each FVIII health state was then used to inform
the number of bleeding events, breakthrough bleed resolu-
tion and resource costs, and QALYSs. Bleeds (and therefore
costs and QALYs) were discounted at 3.5%, in line with

the UK National Institute for Health and Care Excellence
(NICE) methods guide.*

Only previously treated patients (PTPs) were consid-
ered in the model due to the lack of safety and efficacy
data with turoctocog alfa pegol in previously untreated
patients (PUPs). The presence of FVIII inhibitors was
excluded from this analysis, in part due to the very low

rate of inhibitor development reported in PTPs.**-*

Bleeding Episodes

To estimate the annual bleed rates for each treatment,
a weighted average of the time spent in each FVIII state
and the ABRs for each FVIII state was taken. Cycle
bleeding rates (all, traumatic and spontaneous bleeds)
were calculated as the annual bleed rate divided by the
number of cycles per year. It was assumed that the mod-
elled relationship between FVIII and ABR with turoctocog
alfa pegol in pathfinder 2 was consistent for the included
FVIII comparators.

Data on patient activity levels and progression of target
joints were not captured in the pathfinder 2 clinical trial. It
was therefore not possible to stratify based on activity
levels or link joint bleeding episodes to target joints and
any long-term consequences thereof. In the pathfinder 2
clinical trials, the proportion of bleeding episodes located
in the joint was 66%. It was assumed that this proportion
of joint bleeds also applied for each treatment and there-
fore, was applied to the predicted number of total bleeds
over the modelled time horizon to estimate number of joint
bleeds in the modelled time horizon; however, long-term
consequences on joint health and its impact on costs and
utilities were not modelled.

Bleeding severity was used in the model to inform the dose
of FVIII required to treat breakthrough bleeds. The pathfinder
2 clinical trial reported the proportion of bleed severity as
minor/moderate (1407 of 1422 bleeds; 99%) or major (15 of
1422 bleeds; 1%) but did not differentiate between minor and
moderate bleeds. Mild and moderate bleeds are defined as
bleeding episodes that are uncomplicated joint bleeds, muscu-
lar bleeds without compartment syndrome, mucosal- or sub-
cutaneous bleeds. Major bleeds include all intracranial,
retroperitoneal, iliopsoas and neck bleeds. Muscle bleeds
with compartment syndrome and bleeds associated with
a significant decrease in the hemoglobin level (>3g/dl) are
also included. Traumatic bleeds at other locations than
described above could also be considered major bleeds. To
estimate the number of minor, moderate and major bleeds, the
predicted number of “all bleeds” was divided based on the
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minor/moderate and major split from Pathfinder 2 and the
minor/moderate split from the SPINART study,> which inves-
tigated the benefits of routine prophylaxis compared with on-
demand treatment in a cohort of adults with severe hemophilia
A. In the prophylaxis group, 44% of the bleeds in the prophy-
laxis group were minor and 36% were moderate. This ratio
was applied to the number of bleeds reported in the pathfinder
2 clinical trial, giving the proportion of minor and moderate
bleeds as 54.4% and 44.5%, respectively. This derived split
between minor, moderate and major bleeds was then applied
equally for all comparators.

The model was used to predict the number of break-
through bleeds using the PK profiles and negative binomial
regression results. It was assumed that breakthrough bleeds
were either controlled in 1-2 injections of FVIII (mean of
1.5 doses) or were classified as uncontrolled and required
further treatment with the same dose of FVIII. The propor-
tion of bleeds which were not controlled in 1.5 injections
was the inverse of the proportion of bleeds controlled in 1.5
injections as reported in the SmPC for each product. Re-
treatment of breakthrough bleeds with another 1.5 injections
of FVIII was assumed to be 100% effective. Dosing for
breakthrough bleeds is presented in Table 2.

Real-world evidence on the proportion of patients
receiving each of the three licensed dosing schedules for
damoctocog alfa pegol (twice weekly, every 5 days, every
7 days) was not available. Clinical trial information was
therefore used to determine the proportion of patients on
each dosing schedule. Damoctocog alfa pegol has 3 dosing
schedules tested in the PROTECT-VIII trials: 3040 IU/kg
twice a week, 45-60 IU/kg every 5 days, and 60 [U/kg
once weekly. This was modelled as three separate dosing
arms using the mid-point of these dosing ranges, with
patients allocated to damoctocog alfa pegol receiving

Table 2 Dosing for Breakthrough Bleeds

either the twice weekly dose, the every 5-day dose or the
every 7-day dose. The efficacy of all doses was assumed to
be the same, as the clinical trial design ensured patients
moved to a more frequent dosing regimen if they experi-
enced more bleeds.>****” The efficacy used for all three
dosing regimens was the PK modelled efficacy of the
twice weekly dosing. The twice weekly dose was used as
the base case for the PK modeling, since that is the regi-
men tested in both frequent bleeders (patients with >2
bleeds in the run-in period) and infrequent bleeders
(patients with <1 bleed in the run-in period) in the
PROTECT VIII trial, whereas the every 5 days and
every 7 days regimens were only tested in infrequent
bleeders. A proportion of patients receiving the every 5
days and every 7 days regimens was used in the cost
component of the base case modeling, i.e., the prophylaxis
cost was based on a combination of patients receiving
twice weekly, every 5 days and every 7 days dosing. The
model assumed that the proportion of adult patients receiv-
ing the every 5-day and every 7-day dose was 23.1% and
14.5%, respectively. These proportions were calculated
according to Equations S3 and S4 (see supporting infor-
mation). As the damoctocog alfa pegol trial design did not
allow for patients to choose whether to be re-randomized
to the less frequent dosing regimen,’’ the proportion of
patients who would have chosen to be re-randomized if
given the choice was assumed to be the same as for
turoctocog alfa pegol (55/120).%® To calculate the propor-
tion of adult patients receiving each dose, this percentage
was multiplied by the proportion of patients who were
eligible for re-randomization in PROTECT VIII (97/
114),>” multiplied by the proportion of patients eligible
for receiving each dosing regimen and who ended the
trial on this dosing regimen.>’ The remaining proportion

Comparator Minor Moderate Major % of Bleeds Controlled | Source
K | K in 1-2 Infusions
Unit/kg Doses Unit/kg Doses Unit/kg Doses
per Dose | per per Dose | per per Dose | per
Bleed Bleed Bleed

Turoctocog alfa pegol 15.0 1.5 22.5 1.5 40.0 1.5 94.4% SmPC?¢
Rurioctocog alfa pegol | 15.0 1.5 22.5 1.5 40.0 1.5 95.9% SmPC?’
Efmoroctocog alfa 15.0 1.5 22.5 1.5 40.0 1.5 97.8% SmPC?®
Damoctocog alfa 15.0 1.5 225 1.5 40.0 1.5 90.6% SmpC?
pegol

Abbreviation: SmPC, summary of product characteristics.
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of patients receiving the twice weekly dose was therefore
assumed to be 62.4%. It is noted that the recommended
dosing schedule for damoctocog alfa pegol is 45-60 [U/kg
every 5 days, to be adjusted to 60 IU/kg every 7 days or
30-40 IU/kg twice weekly” and as such, the proportion
receiving the twice weekly dose is likely to be lower in
clinical practice than in this analysis.

Economic Evaluation

Costs and utilities were calculated based on the number of
bleeds experienced in each cycle, and time spent in each
health state throughout the cycle, aggregated over the
model time horizon. Cost outcomes included total and
disaggregated costs, total FVIII prophylaxis costs, break-
through bleed resolution costs, and resource use costs
(consultations, specialists [excluding diet and nutrition
blood tests,
hospitalizations).

support], other tests and bleed-related

The cost of FVIII prophylactic treatment per cycle was
calculated using the number of units used per cycle. FVIII
treatment costs used in the economic model were based on
the SmPC range mid-point, which was also used for the
recent commissioning process. Pricing assumptions were
required due to the operation of a tender system in the UK,
and lack of publicly available prices for all comparator
treatments. As UK costs per unit were not available for
rurioctocog alfa pegol, efmoroctocog alfa, and damocto-
cog alfa pegol, these were calculated by assuming parity in
annual prophylaxis treatment costs to turoctocog alfa
pegol, which has a UK list price of £0.85 per unit (Table
3). Our analysis assumed equivalence in annual prophy-
laxis costs rather than IU price, as any analysis assuming
the same IU price would not account for differences in
recommended prophylaxis dosing. Health Survey for
England (HSE) statistics were used to populate the mean
weight in kilograms for patients in the model (Table S2;

supporting information) and therefore, calculate the total
39,40

FVIII consumption per patient.

Table 3 FVIIl Treatment Costs Used in the Economic Model

Breakthrough bleed costs are informed by the treatment
cost associated with the FVIII product used to resolve the
bleed and result in an increased resource use along with
a reduction in utility on the day of the bleed. Dosing for
breakthrough bleeds was assumed to be the same for each
treatment, with the proportion of bleeds controlled in 1-2
injections sourced from the respective SmPC.

Resource use costs were applied per cycle for all
patients with severe hemophilia as a background cost,
and also per severe bleeding event (Table S7; supporting

information). Estimates for these costs were informed by
interviews with three UK clinical experts, and included
costs due to hematologist consultation, hospital days, phy-
siotherapist visits, X-ray, MRI, ultrasonography and coa-
gulation tests. Based on these estimates, patients with
severe hemophilia incurred a total medical resource use
cost of £64.95 per 28-day cycle (ie, applied equally for all
FVIII therapies). Additional resource use costs of £566.47
were also applied for each severe bleed event. In this
analysis, no additional resource use costs were applied to
minor/moderate bleeds.

Population utility values in the model were calculated
as a function of age-specific general population utility
values, health state disutility and the disutility associated
with bleeding episodes. Utility values for the ‘“Normal”
(FVIII >50%) health state were calculated from age-
adjusted and sex-adjusted UK general population data,
using regression coefficients.*' UK-specific utility and dis-
utility values for hemophilia were derived from
a published utility valuation study in hemophilia.** The
utility/disutility values and general population utility
regression model coefficients used in the economic
model are reported in the supporting information (refer
to Table S6 and Figure S1).

Bleeding related disutilities were applied to sponta-

neous and traumatic bleeds. For each spontaneous or trau-
matic bleed a patient experienced, the model applied
a short-term reduction in utility for one day, as it was

Comparator Cost/Unit Units/kg per Cycle Prophylaxis Cost/kg per Cycle
Turoctocog alfa pegol® £0.85 350 £297.50
Rurioctocog alfa pegoIT £0.83% 360 £297.50
Efmoroctocog alfal £0.85% 350 £297.50
Damoctocog alfa pegol £1.07F 280 £297.50

Notes: tCurrently marketed in the UK as of 01 July 2020. $Costs were calculated by assuming parity in annual prophylaxis treatment costs to turoctocog alfa pegol.
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assumed that bleeds would be treated and resolved in this
time. Values informing these disutilities are presented in
Table S5 (supporting information).

Given that each treatment has an explicit dosing range
within the respective EMA SmPCs, a scenario analysis
was conducted considering the lowest and highest recom-
mended doses.

Incremental cost-effectiveness ratio (ICER) values
have not been reported in our analyses because prophy-
laxis costs per FVIII therapy are assumed to be equivalent
to turoctocog alfa pegol (per cycle), since factor prophy-
laxis costs are usually the primary cost driver in

3

hemophilia,”® and therefore it is anticipated that there is

limited value in presenting resulting ICER values.

Results
Number of Bleeds

Discounted, cumulative bleeding episodes per patient over
the 70-year time horizon are summarized in Table 4.
Turoctocog alfa pegol prophylaxis resulted in the fewest
traumatic, spontaneous, and joint bleeds of the four EHL
FVII treatments modelled. Prophylaxis with this EHL
FVIII treatment was associated with a reduction in total
traumatic and spontaneous bleeds of between 8% and 19%
compared with rurioctocog alfa pegol, efmoroctocog alfa and

damoctocog alfa pegol, and a reduction in spontaneous

bleeds of between 6% and 11%. It should be noted that the
number of traumatic and spontaneous bleeds may not sum to
“all bleeds” as these items were derived from separate
regressions.

Costs

Modelled discounted costs are summarized in Table 5. In
all cases, the cost of FVIII prophylaxis accounted for the
largest share (97%) of total costs, and resource use the
smallest share (0.67-0.68%). Breakthrough bleed resolu-
tion costs accounted for 1.9-2.7% of total costs. Costs due
to FVIII prophylaxis were the same for each treatment, as
the cost/unit values for rurioctocog alfa pegol, efmorocto-
cog alfa and damoctocog alfa pegol were calculated by
assumed price matching to turoctocog alfa pegol on an
annual prophylaxis cost basis. Prophylaxis with turoctocog
alfa pegol resulted in the lowest breakthrough bleed reso-
lution costs and lowest resource use costs of all the EHL
FVIII treatments modelled. Combined breakthrough bleed
resolution and resource use costs were 9-25% lower for
turoctocog alfa pegol versus comparators.

Total QALYs

Modelled discounted QALY are presented in Table 5. In the
base case scenario, prophylaxis with turoctocog alfa pegol
was associated with the most QALYs of the comparators

Table 4 Modelled Bleeding Episodes per Patient Over a 70-Year Time Horizon (Discounted)

Comparator All Bleeds Traumatic Spontaneous Joint Minor Moderate Major
Turoctocog alfa pegol 75.09 44.67 3041 48.07 40.86 33.43 0.80
Rurioctocog alfa pegol 93.24 59.49 34.03 59.69 50.74 41.51 0.99
Efmoroctocog alfa 90.97 57.32 33.8 58.23 49.50 40.5 0.96
Damoctocog alfa pegol 81.52 49.19 3241 52.19 44.37 36.29 0.86
Table 5 Modelled Costs and QALYs per Patient Over a 70-Year Time Horizon, by Category (Discounted)
Comparator Fvil Breakthrough Bleed Resolution (FVIII Resource Total Total
Prophylaxis Costs Only) Use Costs QALYs

Turoctocog alfa pegol £7,795,958 £151,216 £54,342 £8,001,516 | 20.97
Rurioctocog alfa pegol £7,795,958 £177,637 £54,448 £8,028,043 | 19.92
Efmoroctocog alfa £7,795,958 £171,991 £54,434 £8,022,383 | 20.07
Damoctocog alfa pegol £7,795,958 £221,277 £54,379 £8,071,614 | 20.62

Note: Totals may not sum exactly due to rounding.
Abbreviations: FVIII, factor VIII; QALYs, quality-adjusted life years.
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studied, representing a discounted QALY gain of 0.35-1.05
compared with the other treatments. Rurioctocog alfa pegol
prophylaxis resulted in the least QALYs.

Dosing Scenario Analysis

A scenario analysis was undertaken to model bleeds, costs
and QALY using low and high dosing regimens stated in the
EMA SmPCs for each product (Table 6). Only one dosing
regimen was stated in the SmPC for turoctocog alfa pegol;
the dosing parameters, and therefore modelled outcomes,
were the same for this treatment as those presented in the
base case. Unlike the base case for damoctocog alfa pegol, it
was assumed that varying the dose impacts the efficacy.

In the low-dose scenario, turoctocog alfa pegol prophy-
laxis resulted in the fewest cumulative bleeding episodes
(representing a reduction in bleeds of between 13% and
50% vs comparators) and highest QALY's (an incremental
gain of between 0.65 and 2.56) of the modelled treatments.
Treatment with turoctocog alfa pegol was also associated

with the highest total costs in this scenario, having the
largest prophylaxis costs of the comparators.

In the high-dose scenario, prophylaxis with efmoroctocog
alfa resulted in the fewest cumulative bleeds of the studied
treatments (12% fewer bleeding episodes than with turoctocog
alfa pegol). Despite utilizing the higher dosing parameters
stated in the SmPC for rurioctocog alfa pegol, prophylaxis
with turoctocog alfa pegol still resulted in 7% fewer cumula-
tive bleeds and an incremental QALY gain of 0.32 compared
with rurioctocog alfa pegol, and 11% fewer cumulative bleeds
and an incremental QALY gain of 0.55 compared with damoc-
tocog alfa pegol. Turoctocog alfa pegol prophylaxis was also
associated with the lowest total costs in this dosing scenario.

Discussion

The model presented here used clinical data from the
pathfinder 2 phase III trial to predict FVIII levels and
comparative bleed outcomes for four EHL FVIII treat-
ments. Breakthrough bleed resolution and resource costs,

Table 6 Low and High Dosing Scenarios: Summary of Discounted Bleeds, Costs and QALYs per Patient, Over a 70-Year Time

Horizon
Turoctocog Rurioctocog Alfa Pegol | Efmoroctocog Alfa Damoctocog Alfa Pegol
Alfa Pegol
Low Dose | High Dose | Low Dose High Dose | Low Dose | High Dose
Dose (IU/kg) 50 40 50 25 65 30 60
Dose frequency (h) 96 (every 4 96 (every 4 | 72 (every 3 120 (every 5 | 72 (every 3 | 84 (2 days/ | 120 (every 5
days) days) days) days) days) week) days)
Bleeding episodes (discounted)
All bleeds 75.09 117.77 80.68 150.95 66.09 86.69 84.10
Traumatic 44.67 78.59 49.33 103.43 37.88 53.13 52.90
Spontaneous 30.41 41.33 3143 51.99 28.11 33.70 31.37
Joint 48.07 75.39 51.64 96.63 42.30 55.49 53.84
Minor 40.86 64.09 43.90 82.15 35.96 47.17 45.77
Moderate 3343 5243 35.92 67.20 29.42 38.59 37.44
Major 0.80 1.25 0.86 1.60 0.70 0.92 0.89
Costs (discounted)
FVIII prophylaxis £7,795,958 £6,063,523 | £10,105871 | £3,118,383 £13,512,993 | £7,095,003 | £8,777,295
Breakthrough bleed resolution £151,216 £224,362 £153,695 £285,405 £124,946 £235,285 £228,279
(FVIII costs only)
Resource use £54,342 £54,591 £54,374 £54,591 £54,289 £54,409 £54,394
Total costs £8,001,516 £6,342,476 | £10,313,940 | £3,458,572 £13,692,229 | £7,384,698 | £9,059,968
QALYs (discounted)
Total QALYs 20.97 19.30 20.65 18.41 21.39 20.32 20.42
Note: Totals may not sum exactly due to rounding.
Abbreviations: FVIII, factor VIII; IU, international units; QALYs, quality-adjusted life years.
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as well as QALYs, were subsequently estimated from
a UK NHS perspective over a 70-year time horizon. To
the best of our knowledge, this is the first health econom-
ics analysis in hemophilia A to use PK data from a clinical
study population to predict comparative ABRs across EHL
FVIII products, and the first published health economics
analysis for turoctocog alfa pegol.

In the base-case scenario, prophylactic use of turocto-
cog alfa pegol in adult and adolescent patients with severe
hemophilia A was found to be both more efficacious and
cost-saving versus other EHL FVIII treatments. Dose and
dose frequency are major drivers of bleeding frequency,
costs and QALYs, as indicated by the scenario analysis,
underlying the potential uncertainty in reported results
based on any local variation in dose and dose frequency.

It is important to note that although the mainstay of
FVIII prophylaxis in hemophilia A has aimed to maintain
FVIII levels above a target threshold, factor activity alone
is not the only component of effective treatment but also
joint status, individual bleed patterns, lifestyle and physi-
cal activity. As reported through the pathfinder clinical
trial program, effective prophylaxis with turoctocog alfa
pegol was achieved with simplicity of dosing. Real-world
evidence is needed for all four comparator treatments to
confirm the results from the analysis.

The model presented here is associated with a number
of important limitations. Although factor activity is
a strong determinant of bleed risk, bleeding may be influ-
enced by patient baseline joint health and physical activity
levels. Data on target joints were not captured in the
Pathfinder 2 trial, and thus the long-term consequences
of joint bleeds were not captured in the model. Studies
from Spain** and Sweden®® show that early long-term
high-dose prophylaxis preserves normal joint health and
therefore we assumed that long-term consequences of joint
bleeds may not occur in our modelled cohort of patients.
Moreover, joint damage is progressive, and differences
between treatments would not be observed over a clinical
trial timeframe. Most patients enrolled in Pathfinder 2 will
have received secondary prophylaxis, and will have
experienced an element of joint damage before the first
joint bleed. The long-term impact of joint bleeds should be
considered as an aspect of future work.

It was also assumed that the modelled relationship
between ABR and FVIII levels based on Pathfinder 2
trial data was consistent for all FVIII comparators, given
that all comparator trials considered a severe hemophilia
A patient cohort, with similar inclusion and exclusion

criteria. We anticipate that further research into the rela-
tionship between FVIII activity and bleeding frequency
across the FVIII comparators within this analysis will
serve to enhance the validity of the model. In addition, it
was assumed that the published PK parameters for each
comparator used in this analysis are directly comparable as
the inclusion/exclusion criteria for the trials from which
the PK data came from are similar. We are not aware of
any outliers or specific factors that might disproportio-
nately influence the overall PK parameters for
a particular comparator. In the absence of a head-to-head
comparison or crossover trial, we believe that our
approach is appropriate. The model also used utilities
obtained using health state vignettes which were valued
by the general population using a time trade-off method.
The validity of the obtained utilities is therefore very
dependent upon the health state vignettes that were used
to elicit the values. Furthermore, greater standardization of
trial designs would support more consistent reporting of
outcomes such as joint bleeds, allowing for accurate mod-
eling comparisons of long-term joint bleed impact between
comparators.

Pricing assumptions were required for the cost analysis
due to the lack of availability of publicly available prices
for all comparators in the UK. Consequently, treatment
costs were calculated for comparators by assuming parity
in annual prophylaxis treatment costs to turoctocog alfa
pegol, and may not be reflective of realized tender prices.
For this reason, ICER outcomes are not reported.
Furthermore, perioperative care resulting from joint sur-
gery due to long-term joint damage was not modelled in
our analysis, and therefore the true costs to the healthcare
system for treatments may be underestimated. It should
also be noted that the model covers severe patients only, as
clinical trial data for the studied treatments are only avail-
able for this population. Patients with mild or moderate
hemophilia A may also require prophylaxis treatment, but
these patients have not been considered within this
analysis.

Cost-effectiveness is one key factor among several
considered by decision-makers in national reimbursement
processes, including those of the UK. Taking into account
the pricing and other assumptions summarized above, our
model highlights the potential for cost savings with tur-
octocog alfa pegol compared to comparators. These cost
savings could, for example, be reinvested in the manage-
ment of hemophilia A or applied elsewhere in the health-
care system.
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If accurate prophylaxis pricing data were available
across all FVIII comparators within the UK, the approach
reported within this analysis may be extended to perform
a full cost-effectiveness analysis to produce ICER results
and potentially guide reimbursement decisions. We antici-
pate that a similar modeling approach may be used to
predict comparative bleed outcomes in other bleeding dis-
orders, including hemophilia B, where there is a similar
lack of comparative evidence.

Conclusions

A PD-PK decision model was developed to predict com-
parative bleed outcomes of adolescents and adults with
hemophilia A receiving treatment with various EHL
FVIII therapies. In the base case scenario, prophylaxis
with turoctocog alfa pegol resulted in the fewest cumula-
tive bleeds, lowest breakthrough bleed resolution and
resource costs, and most QALYs of the EHL FVIII treat-
ments modelled.
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