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Background: Despite clearly improved clinical outcomes for prophylaxis compared to 

on-demand therapy, on average only 56% of patients diagnosed with severe hemophilia receive 

prophylactic factor replacement therapy in the US. Prophylaxis rates generally drop as patients 

transition from childhood to adulthood, partly due to patients becoming less adherent when 

they reach adulthood. Assessment of patient preferences is important because these are likely to 

translate into increased treatment satisfaction and adherence. In this study, we assessed prefer-

ences and willingness to pay (WTP) for on-demand, prophylaxis, and longer acting prophylaxis 

therapies in a sample of US hemophilia patients.

Methods: Adult US hemophilia patients and caregivers (N=79) completed a discrete-choice 

survey that presented a series of trade-off questions, each including a pair of hypothetical 

treatment profiles. Using a mixed logit model for analysis, we compared the relative importance 

of five treatment characteristics: 1) out-of-pocket treatment costs (paid by patients), 2) factor 

dose adjustment, 3) treatment side effects, 4) availability of premixed factor, and 5) treatment 

effectiveness and dosing frequency. Based on these attribute estimates, we calculated 

patients’ WTP.

Results: Out-of-pocket treatment costs (P,0.001), side effects (P,0.001), and treatment 

effectiveness and dosing frequency (P,0.001) were found to be statistically significant in the 

model. Patients were willing to pay US $410 (95% confidence interval: $164–$656) out of 

pocket per month for thrice-weekly prophylaxis therapy compared to on-demand therapy and 

$360 (95% confidence interval: $145–$575) for a switch from thrice-weekly to once-weekly 

prophylaxis therapy.

Conclusion: Improvements in treatment effectiveness and dosing frequency, treatment side 

effects, and out-of-pocket costs per month were the greatest determinants of hemophilia treatment 

choice and WTP. The positive preferences and WTP for longer acting prophylactic therapies 

suggest that the uptake is likely to increase adherence, improving treatment outcomes. These 

preferences should also inform the Food and Drug Administration’s assessment of new longer 

acting hemophilia therapies.
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Introduction
In the US, ~20,000 people are estimated to have hemophilia according to the Center for 

Disease Control and Prevention.1 Hemophilia is an X-linked congenital bleeding disor-

der caused by a mutation in the genes coding for clotting factors VIII (hemophilia A) 

or IX (hemophilia B). Without properly functioning factors VIII and IX, patients are 

vulnerable to serious bleeding episodes and associated degenerative joint disease as 

well as other potential morbidities.2 There are two approaches for the treatment of 

hemophilia: 1) on-demand therapy provided on an as-needed basis when bleeding 

occurs and 2) prophylactic (preventative) factor replacement therapy (given three to 
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four times per week for hemophilia A or typically two times 

per week for hemophilia B) to prevent anticipated bleeding 

episodes and joint damage.3 Prophylactic factor replacement 

therapy not only reduces the number of annual bleeds but also 

reduces the likelihood of permanent and disabling joint dam-

age. For example, in a landmark 2007 study of hemophilia A, 

93% of patients receiving prophylactic therapy showed no 

signs of joint damage compared to only 55% of those using 

on-demand therapy.4

Despite clearly improved clinical outcomes for pro-

phylaxis compared to on-demand therapy, only 56% of 

patients diagnosed with severe hemophilia receive prophy-

lactic therapy in the US, as reported by the Universal Data 

Collection (UDC) system of the Center for Disease Control 

and Prevention that has health data on .80% of the patients 

treated at Hemophilia Treatment Centers (HTCs) in the US.5 

Rates of prophylaxis also vary widely with age. A signifi-

cant proportion of patients choose to reduce or discontinue 

prophylaxis during their transition from childhood to ado-

lescence and adulthood.6–9 Approximately one-third of the 

adults who receive prophylaxis as children choose to switch 

to on-demand treatment.9 A recent survey on practice patterns 

in the US for hemophilia A and hemophilia B (71 of the 126 

US hemophilia treatment centers participated in the survey) 

reported that only 33% of the adults with hemophilia over 

the age of 25 years were on continuous prophylactic factor 

replacement therapy. The same survey reported that patients’ 

adherence to treatment is lowest in the 18–24 years age group 

(64% adherence) followed by 25–44 years age group (65% 

adherence).10 This is partly because patients become more 

independent and less adherent as they reach adulthood6,11 and 

partly due to a reduction in the perceived benefits associated 

with prophylaxis in adulthood.6,12 The most frequent patient-

reported barriers to adherence to prophylactic therapy are the 

reduction of symptoms, forgetfulness, lack of time, and incon-

venience associated with frequent injections.6,11,13 In addition, 

financial constraint can be a significant barrier to prophylactic 

therapy; the cost of factor concentrate inhibits the widespread 

use and uptake of prophylactic therapy.6,11,13 In one retro-

spective study, clotting factor consumption accounted for 

an average of 72% of total hemophilia treatment costs.14 In 

terms of treatment strategy, the volume of factor concentrate 

required for prophylactic therapy is typically two to three 

times greater than that required for on-demand therapy4,15 

and therefore entails much higher costs for Medicaid and 

third-party payers. In a randomized controlled trial compar-

ing the clinical outcomes of on-demand versus prophylactic 

factor replacement treatment, Manco-Johnson et al4 noted 

that given an average cost of US $1 per unit of recombinant 

factor VIII, the cost of prophylactic therapy could reach as 

high as $300,000 per year for a 50 kg child.

In 2012, the US Food and Drug Administration (FDA) 

was congressionally mandated to incorporate patient perspec-

tive in the regulatory processes through the patient-focused 

drug development initiative. Hemophilia was one of 20 

diseases selected by the FDA for this drug development 

program that attempts to incorporate patient preferences.16 

Health care providers, third-party payers, and policy mak-

ers should also consider patient preferences because studies 

from other disease areas suggest that treatment preferences 

are likely to translate directly into increased treatment sat-

isfaction and adherence. In turn, this will lead to greater 

treatment effectiveness and ultimately a reduced patient and 

societal burden of disease.17–21 Patient preferences for differ-

ent treatment options depend not only on clinical efficacy but 

also on other treatment characteristics such as the frequency 

and convenience of drug administration and the likelihood, 

severity, and importance of side effects.

The UDC system also reports that 39% of the hemophilia 

patients have some sort of government-funded insurance, 

while 51% of the patients have commercial insurance.5 

Although most of the cost related to factor concentrates is 

reimbursed via insurance in the US for these hemophilia 

patients, a “willingness-to-pay” (WTP) study provides an 

opportunity to quantify the value of these treatment charac-

teristics simultaneously and in the familiar units of money. 

Here, we conducted a discrete-choice experiment (DCE) to 

evaluate patient preferences and WTP for relevant treatment 

characteristics associated with on-demand, prophylactic, and 

longer acting prophylactic hemophilia therapies.

Methods
Discrete-choice experiment
DCEs have been used to assess preferences for a variety of 

health interventions such as outcomes of life-saving tech-

nology with liver transplant applications, osteoporosis and 

osteoarthritis drug treatment, chronic hepatitis B treatment 

outcomes, non-small-cell lung cancer treatment outcomes, 

screening tests for Down syndrome, asthma-related treatment 

risks, and irritable bowel syndrome treatment outcomes.22–29 

The theoretical background and rationale supporting DCEs 

have been discussed in detail by Johnson et al in a report 

that summarizes good research practices for constructing 

DCEs.30 In a DCE, respondents must choose their most pre-

ferred treatment alternative from a set of treatment profiles, 

assuming that these are the only treatment options available.  
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DCEs therefore allow one to compare the relative importance 

of various treatment attributes. This study was approved by 

the Children’s Hospital Los Angeles Institutional Review 

Board, and informed consent of the participants was waived 

due to the anonymous nature of the survey.

Identification of treatment characteristics
A comprehensive literature review was conducted to identify 

important treatment characteristics (also known as attributes) 

in hemophilia treatment. With the help of the hematologist 

coauthor, the five most relevant treatment characteristics and 

their possible variations (ranges; Table 1) were used to create 

hypothetical treatment profiles. We included: 1) treatment 

effectiveness and frequency of dosing, 2) treatment side 

effects such as rashes and reactions at the infusion site or 

catheter–port infections, 3) a need for dose adjustments, 

4) availability of premixed factor solution for infusion, and 

5) out-of-pocket treatment costs. Choices designed included 

a variety of levels designed to reflect the entire relevant 

range of each attribute (Table 1). These selected treatment 

characteristics were shown to five hemophilia patients who 

confirmed that they were of interest and so this list was final-

ized for the rest of the study.

Design of experiment
The five treatment characteristics with all included levels 

produced 128 possible hypothetical treatment profiles. Since 

it was not possible to evaluate each of the 128 treatment 

profiles within the study, a fractional factorial design was 

used.31 The orthoplan procedure of SPSS statistical software, 

Version 22 (IBM Corporation, Armonk, NY, USA) was used 

to generate a main-effects design that reduced the number of 

required treatment profiles to 25. These 25 treatment profiles 

were randomized and paired to form choice tasks. For the 

DCE survey, each respondent answered demographic ques-

tions followed by ten treatment-choice questions. An example 

choice question is illustrated in Figure 1.

survey respondents and setting
For the pilot study, the survey was administered in the wait-

ing room of the Children’s Hospital Los Angeles. A total 

of five patients ($18 years old) or the parents/caregivers of 

patients (,18 years old) participated in the pilot survey. As 

is standard for this type of research, parents and caregivers 

of patients younger than 18 years acted as proxy respondents 

for the patients.

As the number of hemophilia patients is very small and thus 

potential respondents may have been hard to reach, we elected to 

conduct the survey during a major national convention for patients 

held by the National Hemophilia Foundation in Anaheim, CA, 

in 2013. As such, the surveys were self-administered on iPads 

provided to hemophilia patients ($18 years old) or the parents/

caregivers of patients (,18 years old). In all, 79 patients and 

caregivers completed the survey. This sample size was deemed 

sufficient to estimate the main effects in our statistical model by 

Louviere’s sample size estimation method.31

Table 1 Treatment characteristics (attributes) and ranges (levels) used to create hypothetical treatment profiles

Attributes Levels

Treatment effectiveness and frequency  
of dosing

1)  Factor given as needed only when bleeding occurs. no decrease in number of bleeds per year 
(eg, a person bleeds 44 times per year; there is no decrease in bleeding episodes)

2)  Factor given three times per week. leads to ,3% of current bleeds per year  
(eg, a person bleeding 44 times per year; after treatment bleeds once per year)

3)  Factor given two times per week. leads to ,3% of current bleeds per year  
(eg, a person bleeding 44 times per year; after treatment bleeds one time per year)

4)  Factor given one time per week. leads to ,3% of current bleeds per year  
(eg, a person bleeding 44 times per year; after treatment bleeds one time per year)

5)  Factor given one time in 2 weeks. leads to ,3% of bleeds episodes per year  
(eg, a person bleeding 44 times per year; after treatment bleeds one time per year)

Dose adjustment 1) Dose adjustment required
2) Dose adjustment not required

Treatment side effects 1) no treatment-related side effects
2) A very small chance of having side effects (eg, infusion-site reactions)

Type of dosage 1) Premixed factor solution for infusion; no need to mix factor
2) need to mix factor to prepare solution for infusion

Out-of-pocket treatment costs 1) none
2) $100 per month
3) $500 per month
4) $1,000 per month

Note: currency is in UsD. 
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Figure 1 An example of treatment-choice scenario given to respondents.
Note: currency is in UsD.

Data analysis
Descriptive statistics were performed on demographic 

responses. All analyses were performed using Stata, Version 

13.0 (StataCorp LP, College Station, TX, USA, 1997). To 

investigate preferences for hemophilia therapies, a theoreti-

cal framework based on a mixed logit model was adopted. 

Mixed logit models allow attribute coefficients to vary across 

respondents, accounting for preference heterogeneity and 

improving the realism of model assumptions. Mixed logit 

models also adjust the standard errors of utility estimates 

to account for repeated choices by the same individual. Our 

mixed logit model for estimation was (Equation 1):

 U = (V + ε) = (b
1 
+ b

2
 + … + b

8
) + ε� (1)

where U is the utility derived from choosing a given treatment, 

V is the observed utility that can be calculated as the sum 

of parameters b
1
 through b

8
, estimates of the strength of 

preference for each attribute (on-demand therapy, twice per 

week prophylaxis, once per week prophylaxis, once biweekly 

prophylaxis, dose adjustment not required, treatment side 

effects, need to mix factor, and out-of-pocket costs), and 

ε represents an unobservable error term. The attribute levels 

of thrice-weekly prophylaxis, dose adjustment required, no 

treatment-related complications, and availability of premixed 

factor solution were treated as default reference levels for 

analyses. For example, in Equation 1, b
1
 gives the change 

in utility for on-demand therapy rather than thrice-weekly 

prophylactic therapy.

All attribute variables were considered random factors 

except for out-of-pocket costs, which were considered fixed 

in our model. P-values ,0.05 (two-tailed tests) and non-

overlapping 95% confidence intervals (CIs) were considered 

statistically significant differences for parameter estimates. 

Mixed logit models employ simulation-based estimation 

techniques with the number of Halton draws indicating the 

number of unique times that the mixed logit simulation 

was run. In our case, the mixed logit simulation was run 

500 times to generate a robust output. It is important to run 

these simulations enough times so that the model converges 

and model estimates stabilize (ie, simulation-induced vari-

ance is minimized).
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WTP for any given attribute was calculated in a straight-

forward manner based on the ratio of parameter estimate of the 

considered attribute to the negative of the parameter estimate 

of cost attribute using the rationale derived from Lancaster’s 

theory of demand.32

Results
Table 2 presents the demographic details of the 79 patients 

and parents or caregivers of patients who completed the 

survey. The mean age of the respondents was 40 years 

(range: 18–69). More than half of the respondents were non-

Hispanic white, married, working full time or part time, and 

had completed at least 2 years of college.

Patient preferences
As shown in Table 3, patients and caregivers considered 

treatment effectiveness and dosing frequency, out-of-pocket 

treatment costs, and side effects to be important while mak-

ing treatment-related decisions. The parameter estimates 

for these characteristics were found to be statistically 

significant in the mixed logit estimation models (P,0.05). 

However, a comparison of preferences for prophylaxis 

dosing frequencies revealed that improvement in dosing 

frequency from three to two times per week was not found 

to be statistically significant in the model. By convention, 

the coefficients of the levels for each of the attributes 

are interpreted as deviations from the reference level (as 

described previously).

We also analyzed the data to see if a difference in annual 

household income affects patient preferences. Because the 

sample size was small, we subset the respondents into only two 

categories: those with annual household income ,$50,000 

and those with annual household income $$50,000. 

We found that “treatment-related side effects” were not 

statistically significant in the subset of patients with annual 

household income ,$50,000. Also, for this category, the 

patients only considered improvement in therapy from on-

demand to once-weekly prophylaxis and to once biweekly 

prophylaxis to be statistically significant. For the subgroup of 

patients with annual household income $$50,000, the results 

were similar to the main analysis.

Willingness to pay
WTP was calculated only for those attributes found to be sig-

nificant. For our patient survey, WTP was $410 out of pocket 

per month (95% CI: $164–$656) for thrice-weekly prophy-

laxis therapy compared to on-demand therapy (Figure 2). 

WTP was $185 out of pocket per month (95% CI: −$10 

Table 2 survey respondent demographics

Characteristics Number of 
patients (n=79)

Percent (n=79)

Age (mean) 40 years 
(min: 18 years, 
max: 69 years)

race
Asian 5 6
African American 10 13
hispanic 15 19
non-hispanic white 49 62

Marital status
single 18 23
Married 51 65
Widowed 1 1
Divorced 3 4
separated 1 1
living together 5 6

education
Did not complete high school 3 4
completed high school 29 37
2-year college degree 13 16
4-year college degree 23 29
Advanced graduate degree 11 14

employment
Working full time 32 41
Working part time 21 27
not working (not retired) 18 23
retired 7 9
Other 1 1

Annual household income
,$25,000 11 14
$25,000–$49,999 16 20
$50,000–$74,999 15 19
$75,000–$99,999 7 9
$100,000+ 15 19
chose not to disclose 15 19

respondent sample
Patients 21 27
caregivers 58 73

current therapy – patients only
On demand 5 24
Prophylaxis 16 76
Other 0 0
none 0 0

Bleeding episodes per month – patients only
Three or more episodes per 
month (severe)

8 38

One or two episodes per  
month (moderate)

5 24

experience episodes every  
few months (mild)

8 38

inhibitor presence – patients only
Yes 2 9.5
no 19 90.5

Note: currency is in UsD. 
Abbreviations: min, minimum; max, maximum.

to $300) for a switch from thrice-weekly to twice-weekly 

prophylaxis dosing, $360 (95% CI: $145–$575) for a switch 

from thrice-weekly to once-weekly prophylaxis dosing, and 

$471 (95% CI: $263–$680) for a switch from thrice-weekly 

to biweekly prophylaxis dosing. WTP was $347 out of pocket 
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Table 3 Patient preferences for hemophilia therapies – mixed logit model analysis

Attribute Level B parameter estimate  
(95% CI)

P-value

Treatment effectiveness  
and dosing frequency

On demand −1.252 (−1.969, −0.535) 0.001
Twice-weekly prophylaxis 0.380 (−0.025, 0.785) 0.066
Once-weekly prophylaxis 0.741 (0.299, 1.183) 0.001
Biweekly prophylaxis 0.970 (0.543, 1.396) 0.001
ref: three times per week  
prophylaxis

Dose adjustment no dose adjustment required 0.066 (−0.213, 0.345) 0.642
ref: dose adjustment required

Treatment side effects small chance of catheter–port-related infections  
and/or injection site-related skin rashes

−0.716 (−1.032, −0.398) 0.001

ref: no complications
Form of dosage need to mix factor −0.179 (−0.501, 0.143) 0.277

ref: premixed ready-to-use factor solution  
for infusion

Out-of-pocket costs per month −0.002 (−0.002, −0.001) 0.001

Notes: Beta parameter estimate – it indicates the increase or decrease in utility for the chosen treatment after choosing a particular treatment characteristic level with 
respect to the reference category. For example, choosing on-demand therapy compared to three times weekly prophylaxis therapy decreases the utility associated with the 
chosen treatment by 1.252.
Abbreviations: CI, confidence interval; Ref, reference category.

Figure 2 Willingness to pay (WTP) for significant treatment characteristics.
Notes: The figure indicates the upper and lower confidence limits (CI) and mean WTP. For example, the mean incremental WTP for thrice-weekly prophylaxis versus on-
demand therapy is $410 out of pocket per month. The ci for this mean WTP is $164–$656. currency is in UsD.
Abbreviation: CI, confidence interval.

per month (95% CI: $193–$502) for a hemophilia therapy 

with no treatment side effects.

Discussion
Hemophilia patients, physicians, and health care providers 

are faced with increasingly complex decisions regarding 

when and what treatments to initiate and continue as options 

expand and new, longer acting hemophilia therapies are 

introduced. The FDA’s patient-focused drug development 

initiative for hemophilia aims to incorporate patient and 

caregiver perspectives into the regulatory processes via 

direct testimonials.16 Further incorporation of direct empirical 
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evidence of patient and caregiver treatment preferences based 

on quantitative preference elicitation methods will allow the 

FDA to introduce formal evidence-based decision making 

into the regulatory process.

This study was based on a straightforward and well-

accepted discrete-choice preference methodology and 

provides useful information on how hemophilia patients 

view and value different aspects of hemophilia therapies. 

To our knowledge, it is the first systematic quantification 

of WTP (out-of-pocket costs) for improvements to various 

aspects of hemophilia therapy from the patients’ perspec-

tive. Our valuation study determined that improvements to 

treatment effectiveness and dosing frequency, treatment side 

effects, and out-of-pocket costs were the primary concerns 

regarding treatment preferences and WTP. Patients indi-

cated strong preferences and WTP more for prophylactic 

therapy than on-demand therapy. This is not surprising 

since prophylactic therapy is associated with better clini-

cal outcomes.4 In monetary terms, this preference corre-

sponded to a mean WTP of $410 more out of pocket per 

month for the patients (Figure 2). Patients also preferred 

longer acting prophylactic therapies and were willing to 

pay more for weekly and biweekly prophylactic regimens 

compared to thrice-weekly treatments. It is interesting to 

note that although improvement in prophylaxis dosing 

frequency from thrice-weekly to twice-weekly was not 

statistically significant (Table 3), it was still trending toward 

significance in our survey.

One limitation of this study pertains to the fact that 

data were collected from patients and caregivers attend-

ing a national conference requiring travel and related 

expenses, meaning that patients of lower socioeconomic 

status were less likely to participate. This could have led 

to some bias, particularly in the WTP results. Second, 

although the study used rigorous discrete-choice meth-

odology, data were obtained only from 79 patients (and 

caregivers). It was also not possible to take into account 

the effect of baseline characteristics such as effect of race, 

income, and other demographics in the mixed logit model 

analysis because of the low sample size. However, as 

hemophilia is a relatively rare disease, the type and size of 

the sample used in this study are reasonable and typical. 

Lastly, this study reflects only patient preferences. Future 

research should focus on a comparison of preferences in 

the general population and among health care providers. 

Research should also focus on understanding the preferences 

for newer treatment options such as gene therapy for 

hemophilia patients.

Conclusion
In conclusion, improvements in treatment effectiveness and 

dosing frequency, treatment side effects, and out-of-pocket 

costs per month (paid by patients) were the greatest determi-

nants of hemophilia treatment choice and WTP. The positive 

preferences and WTP for longer acting prophylactic therapies 

observed in this study may translate into increased treatment 

satisfaction and adherence, improving treatment outcomes.
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