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Introduction: Until extended half-life (EHL) factor IX (FIX) concentrates became available in Japan in 2010, patients with 
hemophilia B received intravenous FIX replacement therapy with standard half-life (SHL) FIX concentrates.
Purpose: To investigate the amount of factor dispensed and the associated medical expenditures for the treatment of hemophilia B in 
the real-world clinical setting in Japan.
Methods: This retrospective study comprised patients with hemophilia B (N=197) who had filled prescriptions for FIX concentrates 
reported in Japan’s Medical Data Vision database from 2015 to 2019. Patients were included if they had 2 or more prescriptions for the 
same FIX concentrates within the first 6 months of the study period and the interval between prescriptions was at least 2 weeks.
Results: Since 2015, there was a decrease in the proportion of patients using SHL FIX concentrates and a corresponding increase in 
international units of dispensed EHL FIX concentrates. Median annualized dispensed dosages (IU/kg body weight) of EHL FIX 
concentrates were lower than for SHL concentrates for outpatient use only. Annual total health care expenditures per patient and 
annual expenditures for prescribed FIX concentrates increased each year during the study period. Following a switch from an SHL to 
an EHL concentrate, the median amount of prescribed FIX concentrate decreased slightly, although median total health care 
expenditures and FIX concentrate expenditures increased.
Conclusion: In the real-world setting in Japan, medical expenditures and the proportion of patients prescribed EHL FIX concentrates 
for the treatment of hemophilia B have increased.
Keywords: blood coagulation factors, drug labeling, factor IX, health care administrative claims, health care costs

Introduction
Hemophilia B is an inherited clotting disorder caused by missing or defective factor IX (FIX), a serine protease of the 
coagulation cascade intrinsic pathway.1 The World Federation of Hemophilia found that in 2021 there were 1252 patients 
with hemophilia B in Japan, as reported by Japan Foundation for AIDS Prevention.2 The main treatment approach for 
these patients is intravenous FIX replacement therapy.

In Japan, in addition to the plasma-derived and recombinant FIX concentrates with a standard half-life (SHL), several 
extended half-life (EHL) concentrates have become available since 2010.3,4 Eftrenonacog alfa was launched in 
September 2014, followed by albutrepenonacog alfa in November 2016 and nonacog beta pegol in November 2018.5–7 

The SHL concentrate nonacog gamma became available in May 2016. With the development of gene therapy and other 
novel nonfactor products for management of hemophilia B, it is likely that the treatment paradigm will diversify 
further.8,9

FIX concentrate dosing and administration regimens vary widely from patient to patient, are often based on the 
physician’s treatment decision, and are governed by the medication’s label (ie, whether the medicine is to be used 
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prophylactically, on demand, for surgery, or for immune tolerance induction).3,10 Treatment with FIX concentrates is 
individually tailored according to the patient’s degree of bleeding tendency, level of physical activity, and pharmacoki
netics, and therefore varies widely even when used according to the guidelines and label.10 In addition to hospital-based 
treatment, home therapy for hemophilia is permitted in Japan and is performed at the patient’s discretion.

In patients receiving regular prophylaxis, the use of EHL FIX concentrates can facilitate longer dosing intervals (up to 
21 days) versus SHL FIX concentrates (single-dose administration every 3 days or twice per week in Japan).10–14 

However, expenditures for the same dosage (in international units) of an EHL concentrate may exceed the expenditures 
for an SHL concentrate.15 Therefore, it is necessary to understand the actual usage of FIX concentrates in clinical 
practice and their associated expenditures. Given the need for long-term prophylaxis, expenditure is an important 
consideration in hemophilia care, and several studies have analyzed direct health care expenditures for different treatment 
regimens in several countries.3,16–18 Two analyses of the Truven Health MarketScan US pharmacy claims databases 
found that switching to an EHL concentrate was associated with increased median factor expenditures during the 12 
months following the switch.15,19

Currently, no published evidence is available regarding real-world treatment patterns for the use of FIX concentrates 
and hemophilia B treatment expenditures in Japan. The current study analyzed real-world data from a Japanese hospital- 
based administrative database. The main objective was to investigate treatment of hemophilia B, including the amounts 
of FIX concentrate in international units (IU) that were dispensed and the medical expenditures for patients who had 
consistent prescription fills of FIX concentrates and were without factor inhibitors. The prevalence of the two major 
complications of hemophilia, bleeding during hospitalization and joint damage,20 was also analyzed.

Materials and Methods
Ethical Conduct
This study was conducted in accordance with legal and regulatory requirements in Japan, and included anonymized 
claims data, with no personal patient data. Japanese Ethical Guidelines for Medical and Biological Research Involving 
Human Subjects do not apply to studies that use anonymized secondary data; consequently, this study was not reviewed 
by any institutional review board or ethics committee.

Study Design
This was a retrospective study of patients with hemophilia B included in the Medical Data Vision Co., Ltd (MDV) 
database, a hospital-based database containing inpatient and outpatient hospital data and prescription data collected after 
a hospital visit, along with health claims and laboratory data. As of May 2020, the MDV was the largest administrative 
database in Japan, with data from 413 facilities and more than 31 million patients, covering hospitals from all prefectures. 
The study period included data from January 1, 2015, through December 31, 2019. The index date was defined as the 
date of the first prescription fill of the FIX concentrate during the study period, with the disease name recorded as 
hemophilia B. The patients in the study population could have records pertaining to prescriptions for several FIX 
concentrates that met this inclusion criterion in the patient’s medical history. Treatment duration with each FIX 
concentrate was defined as the period from the first prescription fill of the FIX concentrate to the day before a switch 
to a different concentrate, or it was censored at the last prescription of the same concentrate if no switch occurred during 
the study period.

Study Population
Patients who met all of the following criteria were included: (1) evidence of visiting a health care facility in the MDV 
database during the study period; (2) diagnosis of hemophilia B (ICD-10 code D67, excluding hypothrombinemia) during 
the study period, excluding suspected diagnosis; and (3) ≥2 prescriptions of the same FIX concentrate within the first 6 
months of the study period and ≥2 weeks apart from each other during the study period, excluding during hospitalization. 
Exclusion criteria included patients who (1) were diagnosed with a related disease name (“congenital hemophilia with 
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FIX inhibitor”, Japanese claims code 845703) or (2) received bypassing agents (treatment for hemophilia B with 
inhibitors) after the index date.

Variables
Prescriptions for both SHL and EHL FIX concentrates were included in this study. For hemophilia B, SHL FIX 
concentrates have half-lives of approximately 18–40 hours.21 The half-life of EHL FIX concentrates is extended by up 
to five times compared with SHL concentrates.21 The following SHL concentrates were included: nonacog alfa, nonacog 
gamma, and plasma-derived FIX. The following EHL concentrates were included: eftrenonacog alfa, albutrepenonacog 
alfa, and nonacog beta pegol.

Variables included treatment duration, weight, joint damage, bleeding, and hospitalization. Although the treatment 
duration could be censored, the summary of treatment duration was used for supporting interpretation of the annualized 
FIX dosage, described below. Weight was calculated based on the statistical average weight of Japanese individuals in 
the specified age groups.22,23 Joint damage and bleeding during hospitalization were evaluated from inpatient records, 
regardless of whether joint damage or bleeding were the primary cause of hospitalization. A determination of joint 
damage and/or bleeding was based on diagnostic information in physicians recorded clinical assessments.

Outcome Measures
The percentage of patients prescribed each FIX concentrate and the annualized dosage (factor IU/kg body weight) of each FIX 
concentrate were analyzed in an outpatient setting. The prevalence of joint damage and bleeding, expenditures for prescribed 
FIX concentrates, and expenditures for total health care were measured for inpatients and outpatients.

Annualized dosage was based on reported FIX concentrate prescriptions and the statistical average weight of Japanese 
individuals in the specified age groups. Median annual expenditures for prescribed FIX concentrates and median annual 
total health care expenditures were summarized in patients receiving treatment with regular replacement therapy. For the 
calculation of annual expenditures, regular replacement therapy was defined as the use of FIX concentrates that met each 
of the following criteria: total treatment period of the FIX concentrates of ≥1 year; prescription of any FIX concentrate 
≥2 times on different dates during the year, and no interval >6 months between prescriptions. Expenditures per FIX 
concentrate were derived from the Japanese drug price standard.24 Expenditures in USD were calculated using 
a conversion of 109 yen/USD.25

The subpopulation of patients (both inpatients and outpatients) for whom data were available for ≥3 months before 
and ≥3 months after switching from an SHL concentrate to an EHL concentrate (ie, the first occurrence of a switch to an 
EHL concentrate) and those who filled ≥2 prescriptions for an EHL concentrate were included in the analyses for 
switching. The IU/kg of FIX concentrate dispensed in the 4 quarters before the switch, as well as expenditures for 
prescribed FIX concentrates and total health care expenditures after the switch, were recorded.

Data Analysis
Data were summarized and analyzed for the overall study period and by year using descriptive statistics (patient and treatment 
setting characteristics; bleeding during hospitalization). All analyses were conducted for the age subgroups 0–11, 12–19, 20– 
64, and ≥65 years. The prevalence rate of joint damage, estimated with a 95% confidence interval, was calculated as the 
number of patients with joint damage during the study period divided by the total follow-up duration of all patients (per 100 
patient-years). For the switching analysis, summary statistics for annualized FIX concentrate dosage dispensed in the 4 
quarters (3 months, 4–6 months, 7–9 months, and 10–12 months) before and after switching were reported. Incomplete 
quarters were not included. Analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Study Population
A total of 197 patients with hemophilia B (median age, 25 years; range: <1–87 years) with ≥2 prescriptions filled for FIX 
concentrates within the first 6 months of the study period at intervals of >2 weeks and no prescriptions for bypass 
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products were included in the analysis (Figure 1). Patient age and comorbidities at baseline are presented in Table 1. Of 
note, at baseline, 41.6% of the patients had viral hepatitis and 38.6% had chronic viral hepatitis C after sustained 
virologic response by antiviral therapy. The average follow-up duration for each patient was 3.3 years (median [first 
quartile to third quartile], 34.5 [30.2–57.8] months). Patients visited university hospitals (44.7% of patients), local public 
hospitals (33.5%), national hospitals (18.3%), and private hospitals (3.6%), in that order. The majority (71.1%) of the 
hospitals had more than 500 beds.

Percentage of Patients Prescribed Each FIX Concentrate in an Outpatient Setting
The percentage of patients for whom an SHL concentrate (ie, nonacog alfa, nonacog gamma, and plasma-derived FIX) 
was dispensed showed a continual decrease from 2015 onward, whereas the overall percentage of patients for whom an 
EHL concentrate (ie, eftrenonacog alfa, albutrepenonacog alfa, and nonacog beta pegol) was dispensed increased 
(Figure 2). The percentage of patients prescribed the EHL FIX concentrate albutrepenonacog alfa, launched in 2016, 
increased across all age categories over the analysis period (2015–2019) (Figure 2 and Supplementary Figures S1–S4).

Annualized Dosage for Each FIX Concentrate in an Outpatient Setting
Median annualized dosages (factor IU/kg body weight) of dispensed EHL FIX concentrates were lower (medians ranging 
from 1507.4 to 2447.4 IU/kg) than median annualized dosages of SHL FIX concentrates (medians ranging from 2092.9 
to 3181.4 IU/kg) for outpatient use only (Table 2), both overall and according to age group (Supplementary Table S1). 
The treatment duration for each FIX concentrate varied.

Patients with evidence of visiting health care facilities included
in the MDV database from Jan 2015 to Dec 2019

N=26,561,900 

Patients with ≥2 prescription fills of the same FIX concentrate
in first 6 months and ≥2 weeks apart from each

other during study period, excluding prescriptions 
filled during hospitalization

n=199

Patients who did not receive bypass agents 
after the index date

n=198

Patients without diagnosis of congenital hemophilia with
FIX inhibitor before the index date, excluding

unconfirmed diagnosis

n=197

Patients with diagnosis of hemophilia B during study period,
excluding unconfirmed diagnosis during study period

n=518

Figure 1 Study cohort selection. 
Abbreviations: FIX, factor IX; MDV, Medical Data Vision Co., Ltd.
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Prevalence of Joint Damage During the Study Period and Bleeding During Hospitalization
Overall, 58.9% of patients had documented joint damage (Table 3), which was highest (76.3%) for those aged 12 to 19 
years (Supplementary Table S2). The most frequent type of joint damage was hemophilic arthritis, based on physicians’ 
recorded clinical assessment (Table 3). A total of 30 (15.2%) patients experienced a bleeding event while hospitalized (ie, 
hospitalization with bleeding when bleeding was or was not the primary cause of hospitalization) (Table 4).

Table 1 Patient Age and Comorbidities

Characteristics Total
(N=197)

Age (continuous)

Mean (SD) 30.6 (21.4)

Median (range), years 25.0 (<1.0–87.0)

Age category, years, n (%)

0–11 36 (18.2)

12–19 38 (19.3)

20–64 106 (53.8)

65–74 10 (5.1)

≥75 7 (3.6)

Comorbidities, n (%)

HIV 34 (17.3)

Viral hepatitis 82 (41.6)

Chronic viral hepatitis B 21 (10.7)

Chronic viral hepatitis C 76 (38.6)

Fibrosis and cirrhosis of liver 7 (3.6)

Malignant neoplasm of liver and intrahepatic bile ducts 20 (10.2)

Abbreviation: SD, standard deviation.
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Figure 2 Outpatient use of FIX concentrates. 
Abbreviation: FIX, factor IX.
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Table 2 Observed Treatment Duration and Annualized FIX Concentrate Dosage for Outpatients (All Ages)

Parameter SHL FIX Concentrates EHL FIX Concentrates

Nonacog Alfa 
(n=88)

Nonacog 
Gamma (n=1)

Freeze-Dried 
Concentrated 
Human Blood 
Coagulation 
FIX (n=51)

Albutrepenonacog 
Alfa (n=57)

Eftrenonacog 
Alfa (n=86)

Nonacog Beta 
Pegol (n=7)

Annualized FIX 
dosage, median  
(Q1, Q3), IU/kg

3157.7  
(1362.4, 5206.8)

3181.4  
(3181.4, 3181.4)

2092.9  
(1172.9, 4077.0)

2156.7  
(1484.9, 3103.1)

2447.4  
(1905.0, 3401.0)

1507.4  
(1386.5, 2148.0)

Observed treatment 
duration, n (%)

<6 months 22 (21.2) 0 (0.0) 32 (41.6) 23 (32.4) 39 (32.8) 3 (42.9)

6 to <12 months 12 (11.5) 0 (0.0) 11 (14.3) 10 (14.1) 13 (10.9) 4 (57.1)

1 to <2 years 13 (12.5) 0 (0.0) 10 (13.0) 27 (38.0) 21 (17.7) 0 (0.0)

2 to <3 years 28 (26.9) 0 (0.0) 9 (11.7) 11 (15.5) 28 (23.5) 0 (0.0)

≥3 years 29 (27.9) 1 (100.0) 15 (19.5) 0 (0.0) 18 (15.1) 0 (0.0)

Abbreviations: EHL, extended half-life; FIX, factor IX; IU, international units; Q, quarter; SHL, standard half-life.

Table 3 Prevalence of Joint Damage in Diseases with a Frequency ≥1% Among the Study 
Population

Characteristics Total Patients
(N=197)

Patients with joint damage, n (%) 116 (58.9)

Prevalence rate of joint damage per 100 patient-years, rate (95% CI) 18.1 (15.1–21.1)

Types of joint damage, n (%)

Hemophilic arthritis 49 (24.9)

Foot arthralgia 17 (8.6)

Knee osteoarthritis 17 (8.6)

Gonalgia 16 (8.1)

Coxalgia 15 (7.6)

Ankle osteoarthritis 14 (7.1)

Knee joint hematoma 12 (6.1)

Osteoarthritis 11 (5.6)

Arthralgia 10 (5.1)

Joint hematoma 9 (4.6)

Elbow arthralgia 8 (4.1)

Elbow osteoarthritis 7 (3.6)

Gonarthrosis 7 (3.6)

(Continued)
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Expenditures for FIX Concentrate Treatment
Median annual total health care expenditures per patient with regular replacement therapy increased yearly during the 
study period, from ¥10,365,761 ($95,099 USD, conversion of 109 yen/USD)25 in 2015 to ¥28,714,530 ($263,436 USD) 
in 2019. Median annual expenditures for prescribed FIX concentrates per patient also increased, from ¥9,686,448 

Table 4 Bleeding During Hospitalization

Characteristics Bleeding During Hospitalization (n=197)

Patients with bleeding during hospitalization, n (%) 30 (15.2)

Incidence of bleeding during hospitalization per 100 patient-years, rate (95% CI) 1.5 (0.8, 2.1)

Length of hospitalization, days, median (Q1, Q3) 10.0 (5.0, 21.0)

Type of bleeding occurring in ≥1% of patients, n (%)

Intramuscular hematoma 9 (4.6)

Cerebral hemorrhage 3 (1.5)

Coxalgia 3 (1.5)

Arthralgia 2 (1.0)

Upper gastrointestinal hemorrhage 2 (1.0)

Joint hematoma 2 (1.0)

Abbreviations: CI, confidence interval; Q, quarter.

Table 3 (Continued). 

Characteristics Total Patients
(N=197)

Shoulder joint pain 7 (3.6)

Coxarthrosis 6 (3.1)

Hemarthrosis 5 (2.5)

Knee hemarthrosis 5 (2.5)

Ankle arthropathy 4 (2.0)

Arthritis 4 (2.0)

Coxitis 4 (2.0)

Gonitis 4 (2.0)

Podarthritis 4 (2.0)

Shoulder osteoarthritis 4 (2.0)

Elbow hematoma 3 (1.5)

Hand osteoarthritis 3 (1.5)

Arthrosis 2 (1.0)

Omarthritis 2 (1.0)

Polyarthralgia 2 (1.0)

Abbreviation: CI, confidence interval.
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($88,866 USD) to ¥28,484,282 ($261,324 USD) (Table 5). Median annual total health care and median annual prescribed 
FIX concentrate expenditures for each age category trended similarly (Supplementary Table S3). In those aged 20 to 64 
years, total health care expenditures increased from ¥9,057,510 ($83,096 USD) in 2015 to ¥31,898,870 ($292,650 USD) 
in 2019. In the same age group, prescribed FIX concentrate expenditures increased from ¥8,673,434 ($79,573 USD) in 
2015 to ¥30,718,086 ($281,817 USD) in 2019. The expenditures for prescribed FIX concentrates accounted for the 
majority of the annual total health care expenditures. The data indicate a trend for lower annual total health care 
expenditures for patients without versus with joint damage. Health care expenditures were not evaluated in the subgroups 
of patient with or without joint damage because of the small number of patients.

Switch from SHL to EHL FIX Concentrate
The pattern of switching for patients who converted from an SHL to an EHL FIX concentrate is shown in Table 6. 
Overall, 25.9% (n=51/197) of patients switched from an SHL to an EHL concentrate during the study period, with the 
highest proportion of patients switching from nonacog alfa to either albutrepenonacog alfa (n=23/51 [45.1%]) or 
eftrenonacog alfa (n=14/51 [27.5%]). The median amount of prescribed FIX IU decreased slightly (2%) after the switch 
(Figure 3). However, median total health care (Figure 4) and FIX concentrate (Figure 5) expenditures increased shortly 
thereafter.

Discussion
The results of this real-world study show that dispensed factor doses of EHL FIX concentrates are increasing in Japan, 
with an accompanying increase in health care expenditures that is likely to be associated with switching from an SHL to 
an EHL concentrate. The number of hospitals in the MDV system also increased in since 2017 (291 sites in 2015 to 384 
sites in 2019). The increase in median expenditures observed in the current analysis was similar to findings from other 
studies in smaller populations of patients with hemophilia B in the United States.15,19 A US study conducted by Tortella 
et al found a 238% increase in median health care expenditures after patients switched from an SHL to an EHL 

Table 5 Medical Expenditures in Patients Receiving Regular Replacement FIX Therapy by Study Year

Expenditure Type Overall 
(N=168)

2015 (n=86) 2016 (n=90) 2017 
(n=146)

2018 
(n=149)

2019 (n=130)

Annual total health care 

expenditures, median (Q1, Q3), yen

¥20,093,665 

(¥7,954,423, 

¥31,326,935)

¥10,365,761 

(¥5,065,074, 

¥17,043,696)

¥13,308,781 

(¥6,149,975, 

¥26,581,710)

¥18,956,681 

(¥8,341,550, 

¥29,275,142)

¥21,331,168 

(¥8,217,347, 

¥37,118,850)

¥28,714,530 

(¥10,573,040, 

¥41,391,933)

Annual expenditures for FIX 

concentrate treatment, median (Q1, 
Q3), yen

n=168 n=86 n=90 n=146 n=149 n=130

¥18,705,754 

(¥7,655,935, 

¥30,690,493)

¥9,686,448 

(¥4,460,298, 

¥16,829,800)

¥12,804,595 

(¥5,999,560, 

¥24,781,240)

¥16,825,898 

(¥8,053,903, 

¥27,878,895)

¥19,463,520 

(¥6,949,984, 

¥35,905,198)

¥28,484,282 

(¥9,883,072– 

¥41,194,739)

Annual total health care expenditures 

for patients with joint damage, 
median (Q1, Q3), yen

n=104 n=61 n=61 n=91 n=96 n=85

¥22,059,315 

(¥9,547,612, 

¥35,802,181)

¥9,766,301 

(¥4,676,570, 

¥18,752,942)

¥16,434,886 

(¥6,528,554, 

¥28,223,020)

¥20,659,786 

(¥9,733,540, 

¥31,669,251)

¥22,198,381 

(¥9,563,011, 

¥40,879,831)

¥31,096,276 

(¥12,932,652, 

¥43,423,400)

Total health care expenditure for 

patients without joint damage, 
median (Q1, Q3), yen

n=64 n=25 n=29 n=55 n=53 n=45

¥14,910,763 

(¥5,985,481, 

¥27,275,686)

¥10,853,772 

(¥6,788,352, 

¥12,603,928)

¥11,645,120 

(¥5,992,417, 

¥22,446,319)

¥12,939,182 

(¥5,024,129, 

¥26,002,797)

¥19,051,056 

(¥6,384,160, 

¥30,691,728)

¥25,579,335 

(¥9,879,532, 

¥36,820,198)

Number of MDV-contracted 
sites

286 338 375 408 433

Abbreviations: FIX, factor IX; Q, quarter.
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concentrate.19 Although the increase in drug expenditures is likely reflective of the increased uptake in EHL concentrates, 
it may be counterbalanced by improved treatment outcomes, such as quality of life,16 the assessment of which was 
beyond the scope of this study.

The current study highlighted a trend that indicates health care expenditures are higher for patients with joint damage 
compared with those with no joint damage. However, given the small number of patients hospitalized due to bleeding 
events, the hospital-related contribution to annual health care expenditures may be minimal. Further studies are necessary 
to fully elucidate this finding.

The retrospective design of the current analysis precludes more in-depth analysis of potential expenditure savings for 
various stakeholders, such as reduction in hospitalizations and the consequent decrease in associated hospital-related 
expenditures. In addition, this study was not designed to account for potential indirect expenditures incurred for bleeding 
events not requiring hospitalization that were treated in the community setting. Home therapy is allowed in Japan and is 
performed at the patient’s discretion, even in the case of bleeding. Nevertheless, these data highlight the majority of 
medical expenditures for patients with hemophilia involve drug acquisition. In Japan, publicly funded financial support is 
available for patients with hemophilia, limiting out-of-pocket expenditures for patients. Although hemophilia B is 
generally associated with high expenditures in Japan,26 as has been observed in other settings, such as the United 
States,27 prophylaxis is considered the optimal care for treatment of hemophilia. As such, prophylaxis is the standard 
treatment approach to prevent bleeding events and preserve joint function.

Table 6 Switching from an SHL to an EHL FIX Concentrate

Switch Pattern, n (%) Total (N=51) Aged 0–5 
y (n=3)

Aged 6–11 
y (n=5)

Aged 12–19 
y (n=16)

Aged 20–64 
y (n=23)

Aged ≥65 
y \(n=4)

Freeze-dried concentrated human blood 

coagulation FIX to albutrepenonacog alfa

3 (5.9) 0 (0) 0 (0) 1 (6.3) 2 (8.7) 0 (0)

Freeze-dried concentrated human blood 

coagulation FIX to eftrenonacog alfa

10 (19.6) 0 (0) 0 (0) 2 (12.5) 7 (30.4) 1 (25.0)

Nonacog alfa to albutrepenonacog alfa 23 (45.1) 3 (100) 3 (60.0) 9 (56.3) 7 (30.4) 1 (25.0)

Nonacog alfa to eftrenonacog alfa 14 (27.5) 0 (0) 2 (40.0) 4 (25.0) 6 (26.1) 2 (50.0)

Nonacog alfa to nonacog beta pegol 1 (2.0) 0 (0) 0 (0) 0 (0) 1 (4.4) 0 (0)

Abbreviations: FIX, factor IX; EHL, extended half-life; SHL, standard half-life.
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Figure 3 Median factor IUs dispensed before and after switching from an SHL to an EHL FIX concentrate. 
Abbreviations: EHL, extended half-life; FIX, factor IX; IU, international units; SHL, standard half-life.
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In the current study, switching from an SHL to an EHL FIX concentrate was associated with a 2% decrease in the 
median number of FIX IU during the first 3 months after switching to an EHL concentrate, suggesting that more EHL 
FIX IU were dispensed than expected in the first 3 months after switching. Despite the minimal change in FIX IU 
dispensed in the first 3 months after switching, expenditures dramatically increased for health care (249% increase) and 
FIX concentrate (256% increase) during this period. In comparisons from 1 year before switching to 1 year after 
switching, a slight decrease in the median number of FIX IU occurred, although the median for health care and FIX 
concentrate expenditures still increased more than 2-fold. The drug price for eftrenonacog alfa, the first EHL concentrate 
in Japan, was 5% greater than the cost incurred if SHL concentrates were the standard routine prophylaxis regimen, and 
other EHL concentrates were priced accordingly. As a result, the drug price per IU of eftrenonacog alfa is approximately 
double the price of nonacog alfa.

When routine prophylaxis is implemented according to the package insert of each FIX concentrate and Japanese 
Society for Thrombosis and Hemostasis guidelines,14 the switch would be expected to reduce the dispensed FIX IU 
volume by approximately 50%, and the drug expenditure for EHL concentrates would be almost the same as that for SHL 
concentrates. However, the results of the current study show that the dispensed EHL FIX IU volume was approximately 
70% to 80% that of the SHL FIX concentrate, with a corresponding approximate 2-fold increase in expenditures, in 

3,236,500
4,285,400 4,240,520

2,866,045

10,204,075

6,908,932

8,802,586
8,053,903

0

5,000,000

10,000,000

15,000,000

M
ed

ia
n

 F
IX

 E
xp

en
d

it
u

re
s 

(¥
)

10–12
(n=35)

7–9
(n=41)

4–6
(n=41)

1–3
(n=40)

1–3
(n=51)

4–6
(n=44)

7–9
(n=38)

10–12
(n=37)

Months Pre-switch Months Post-switch

SwitchSHL FIX concentrate EHL FIX concentrate

Figure 5 Median expenditures for prescribed FIX concentrates before and after patients switched from an SHL to an EHL concentrate. 
Abbreviations: EHL, extended half-life; SHL, standard half-life.
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the year after switching. Given that drug pricing takes into account the extended half-life of EHL FIX concentrates, 
higher treatment expenditures associated with switching from SHL FIX concentrates suggest higher and/or more frequent 
dosing than originally assumed, whereas SHL FIX concentrate prescribing trends remain relatively constant. Given that 
home therapy is allowed in Japan, it is possible that more EHL FIX concentrate prescriptions are dispensed than are 
actually administered, with the intention of stocking them at home after the switch, leading to an increase in medical 
costs. However, it is unlikely that this would have a significant impact on medical expenditures after switching.

The significant increase in expenditures reported in this study highlights the difference between actual prescribing trends in 
clinical practice and use of the standard treatment regimen as recommended in guidelines and package inserts. Although the 
clinical outcomes of switching have not been studied, the increased expenditure for treatment suggests that the intensity of 
treatment for each patient has increased or that previously undertreated patients are adequately treated after the switch. The 
standard regimen of regular prophylaxis treatment is stated in package inserts for EHL concentrates,5–7 not SHL concentrates. 
This difference may have improved prophylaxis treatment in patients with hemophilia B as treatment goals continue to 
advance. It is also possible that adherence to prophylaxis may have improved after switching.28 These issues warrant further 
study. Understanding the impact on quality of life for patients who switch from an SHL to an EHL FIX concentrate may 
further enable quantification of the clinical benefits of switching.16

The diagnostic information in MDV pertained only to patients who required in-hospital tests or treatment. 
Consequently, the presence of comorbidities such as chronic hepatitis as well as the prevalence of joint damage may 
not reflect a real-world clinical setting. Chronic viral hepatitis C was present in a relatively large percentage (38.6%) of 
the study population; it is likely that many of these patients had sustained virologic response by antiviral therapy. 
However, the trends in patient demographics and baseline characteristics in this study followed those of the Nationwide 
Survey of Blood Coagulation Disorders 2020,29 which reflects the overall picture of patients with hemophilia in Japan.

As stated, patients in the MDV database include only those receiving in-hospital treatment, which employs a per-diem 
payment system of diagnostic procedure combination. Characteristics such as the severity of comorbidities and/or joint 
damage may differ between patients managed within a hospital versus a clinic setting, thereby affecting treatment 
patterns and expenditures. In this study, weight was calculated based on the statistical average weight of Japanese 
individuals in the specified age groups, which could have led to an over- or under-estimate of annualized dosage of FIX 
concentrates. An additional limitation is potential underestimation of treatment-related and broader medical expenditures, 
as this analysis covers only expenditures for medications dispensed in the hospital setting, although patients do not 
typically receive prescriptions for FIX concentrates from multiple hospitals/clinics in the same time period. Each patient 
in the MDV database is assigned a unique identifier in a hospital; however, if a patient moves to another hospital also 
covered by the database, the patient would be recorded as two different patients. The evolution of treatment goals must 
be considered when interpreting differences in the estimated expenditures between SHL and EHL concentrates. However, 
information about the treatment goal is not included in the MDV database. Finally, patients with congenital hemophilia 
who had FIX inhibitors were excluded from this study; therefore, pre-switch and post-switch inhibitor rates were not 
evaluated. However, given the rarity of inhibitor in hemophilia B, a low incidence of FIX inhibitor would be expected.

Conclusions
This retrospective study found increased factor IU of EHL FIX concentrates dispensed for the treatment of Japanese 
patients with hemophilia B, along with an increase in associated medical expenditures for patients who switched from an 
SHL to an EHL FIX concentrate. The quality of prophylaxis treatment improved after EHL concentrates became 
available as treatment goals for hemophilia B continued to advance. Overall, these results provide insight into the 
treatment and expenditures of patients with hemophilia B in Japan and highlight the disease burden in patients requiring 
hospital care.
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