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Abstract
Introduction: Haemophilia B (HB) is less well studied than haemophilia A (HA); despite 
similarities between the two inherited bleeding disorders, important differences re-
main that require further research.
Aim: B-Natural is a multi-centre, prospective, observational study of HB, designed 
to increase understanding of clinical manifestations, treatment, quality-of-life (QoL), 
inhibitor development, immune tolerance induction (ITI) outcome, renal function and 
create a biorepository for future investigations.
Methods: Participants include sibling pairs/groups without a current/history of in-
hibitors and singletons or siblings with a current/history of inhibitors followed for 
six months. Demographics, medical, social history and treatment were recorded. A 
physical examination including joint range of motion (ROM) was performed; QoL was 
assessed. Samples were collected for F9 gene mutation, HLA typing, non-inhibitory 
antibodies and renal function testing.
Results: Twenty-four centres enrolled 224 individuals from 107 families including 29 with 
current/history of inhibitors. Of these, 68, 30.4%, had severe (<1% FIX level of normal); 
114, 50.9%, moderate (1%-5%); and 42, 18.8%, mild (>5-<40%) disease. At enrolment, 
53.1% had 50 + exposure days to exogenous FIX. Comparison of joint scores showed 
significant (P < .05) differences between those with severe (with/without inhibitors), and 
those with moderate/mild disease. The majority with severe disease, 80.0% with current/
history of inhibitors and 64.3% of those without, were treated with prophylaxis.
Conclusion: B-Natural provides data supporting an increased understanding of HB 
and its impact throughout life. The need for optimal disease control to normalize 
physical and psychosocial outcomes is underscored, and further analyses will contrib-
ute to an increased understanding of critical issues in HB.

K E Y W O R D S
factor IX deficiency, FIX inhibitors, haemophilia B, joint range-of-motion, quality-of-life, 
treatment

1  |  INTRODUC TION

Haemophilia B (HB), factor IX (FIX) deficiency, is the second most 
common type of haemophilia, occurring in about one in 25 000 male 
births. This disease is less well studied than haemophilia A (HA). 
While there are several similarities between the two, including types 
of bleeding events—primarily haemarthroses—and inhibitor devel-
opment, there are important differences as well. These include the 
frequency of occurrence, variation in the distribution of severities,1-3 
predominance of types of gene mutations, factors associated with 
inhibitor development, ability to achieve tolerance with immune tol-
erance induction (ITI) and risk of ITI-associated sequelae.

While the incidence of inhibitors among those with severe HA 
is approximately 25%-30%, it is closer to 5% in severe HB4-6 and 
up to 10% in one recent study.7 While incidence is lower, inhibi-
tors are associated with increased frequency of anaphylactoid re-
actions 8,9 and, based upon small series, less successful outcome 
of ITI.9

Major bleeding sites in both HA and HB include joints and mus-
cles, haematuria, mucocutaneous bleeding and intracranial haemor-
rhage. There are no consistent data to support a difference in the 
bleeding phenotype of patients with HA and HB.

The Factor IX Treatment Network was formed to investigate the 
treatment, outcomes, and complications of HB and provide an im-
proved understanding of the disease.10 To shed more light on the 
clinical manifestations of HB, the Network initiated the B-Natural 
study, in which two groups of subjects with FIX deficiency are ex-
amined—those with a current or history of inhibitors to FIX, and 
groups of two or more affected siblings, with or without inhibitors. 
Enrolment of siblings permits within-family examination of clinical 
outcomes to document the degree of concordance with minimized 
variation of relevant genetic factors. The primary objective was to 
characterize the study group in terms of medical history, patterns of 
bleeding, care, quality of life (QoL) and complications including the 
development of inhibitory antibodies to FIX, allergy, renal and joint 
disease. The current manuscript addresses the design and methods 

mailto:AShapiro@IHTC.org
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of B-Natural and provides a description of the participants and an 
overview of their treatment, joint status and QoL.

2  |  METHODS

2.1  |  Design and eligibility

B-Natural is a multi-centre, prospective, observational study. 
Subjects were eligible to participate if they had FIX deficiency and 
were part of an affected sibling pair/group; and/or had a current or 
history of inhibitor, defined as > 0.6 Bethesda units (BU). Participants 
were followed for six months with in-person visits at enrolment and 
study termination. Tests to determine eligibility (inhibitor, clotting 
factor level) were performed in the local laboratories. Blood and 
urine samples were collected for central laboratory typing of F9 
gene mutation (if not already determined) and HLA, non-inhibitory 
antibody and renal function testing, and repository storage for fu-
ture haemophilia-related studies.

2.2  |  Clinical and demographic characteristics

Demographics, including date of birth, race/ethnicity, a medical and 
social history, and a haemophilia-related history were obtained. In 
addition to severity of FIX deficiency (mild = >5% - <40%; moder-
ate = 1-5; severe = <1% FIX level of normal), factors related to early 
treatment and product use were recorded. If the participant had a 
history of an inhibitor, information including characteristics of the 
inhibitor was collected. Data were collected to describe the use of 
ITI and overall success. A brief physical examination was performed 
including weight and height, from which body mass index (BMI) was 
calculated (kg/m2).

2.3  |  Joint assessment

Range-of-motion (ROM) for elbows, knees, and ankles was as-
sessed by qualified staff trained in joint measurement. A four-point 
scale was used: 0 = No loss of total full range of motion (FROM); 
1  =  Loss of  <  10% of total FROM;  2  =  Loss of 10-33⅓% of total 
FROM; 3 = Loss of > 33⅓% of total FROM. This method was chosen 
primarily for feasibility and the belief that each centre would be able 
to reliably provide the measurements. A composite score was calcu-
lated by summing the FROM scores for each joint, ranging from 0, no 
loss of FROM in any joint evaluated, to 18, loss of > 33⅓ in all joints.

2.4  |  Health-related quality of life

The EQ-5D instruments11 were used to measure health-related QoL 
at study entry. The EQ-5D-5L Self-given health questionnaire was 
used for participants 16 + years of age, the EQ-5D-5L Proxy version 

was completed by a caregiver for those 4-8 years, and the EQ-5D-Y 
Youth version for those 8-16 years of age.

2.5  |  Statistical methods

All statistical analyses were performed in the R language.12 
Descriptive statistics including means (standard deviations) and 
medians [25th percentile, 75th percentile] were used. Relationships 
between continuous variables were examined with linear regression 
and Pearson correlation coefficients.

The procedures followed were approved by the ethical com-
mittees in each participating centre. B-Natural is registered at 
ClinicalTrials.gov (NCT02502409).

3  |  RESULTS

3.1  |  Clinical and demographic characteristics

Twenty-four centres participated, 16 in North America, seven in 
Europe and one in Asia. From the population under care at par-
ticipating centres, a total of 392 potential subjects were identified. 
Two hundred and twenty-four individuals ranging in age from 1 
to 73 from 107 families were enrolled between January 2016 and 
February 2018:167 (74.6%), median age 12.8, in North America; 38 
(17.0%), median age 18.4, in Europe; and 19 (8.5%), median age 13.7, 
in Asia. Data collection covered the period January 2015 through 
November 2018. The mean centre enrolment rate was 78.8%, the 
median 53.2% [25th, 75th percentiles: 40.0%, 83.6%]. Figure 1 and 
Table 1 show the distribution and characteristics of families and par-
ticipants across severity and inhibitor status. Of the 224 individuals 
enrolled, 68 (30.4%) had severe FIX deficiency, 114 (50.9%) mod-
erate and 42 (18.8%) mild. Twenty-nine had a current or history of 
an inhibitor. Twenty-one families contained members with mixed 
severities: severe and moderate (N = 4 families), and moderate and 
mild (N = 17 families). Three families contained siblings discordant 
for inhibitor status. By the time of the first visit, 53.1% of partici-
pants had 50 + exposure days to FIX replacement therapy, 93.1% of 

those with inhibitors and 47.2% of those without.
All subjects with inhibitors had severe disease. Of the 29, 13 had 

peak titres ≤ 5 Bethesda Units (BU), 13 had peak titres > 5 BU, and 
for three the peak titre was unknown. Twenty-two underwent one or 
more courses of ITI. Eleven of these were deemed successfully tol-
erized by the investigator at the conclusion of B-Natural follow-up.

3.2  |  Haemophilia treatment in the year prior 
to enrolment

Of the 224 subjects enrolled, 196 (87.5%) were able to report the 
treatment burden defined by the estimated number of infusions of 
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replacement products or bypassing agents used in the prior year. 
Forty-nine (25%) reported no infusions. The mean and median num-

bers of infusions by inhibitor status and severity are shown in Table 2.
The majority of subjects with severe FIX deficiency, 80.0% 

among those with a current or history of inhibitors and 64.3% of 

those without, were treated with prophylaxis (Table 3). Excluding 
one centre with a lower level of resourcing, the proportion among 
those without inhibitors increased to 75.0% (data not shown). The 
types of replacement product(s) used are shown in Table 4. Type of 
product(s) varied by region and subjects might have been exposed 
to more than one type of product or received no infusions during 

F I G U R E  1  Distribution of families and individual participants across severity of factor IX deficiency. The number of families in each 
category is shown with the number of individuals in each group in parentheses

TA B L E  1  Characteristics of study participants by severity groupa

Inhibitor No Inhibitor

NN = 29
Severe (<1%)
N = 39

Moderate (1%-5%)
N = 114

Mild (>5%)
N = 42

Age 16.5 [8.08; 31.9] 15.4 [11.0; 32.3] 13.3 [8.58;20.3] 12.1 [7.65; 20.8] 224

23.3 (20.5) 22.6 (16.9) 16.9 (12.5) 17.1 (14.1) 224

Age group: 224

<6 5 (17.2%) 3 (7.69%) 14 (12.3%) 7 (16.7%)

6-17 10 (34.5%) 19 (48.7%) 63 (55.3%) 23 (54.8%)

18-49 11 (37.9%) 13 (33.3%) 34 (29.8%) 11 (26.2%)

50+ 3 (10.3%) 4 (10.3%) 3 (2.63%) 1 (2.38%)

Gender: 224

Female 0 (0.00%) 0 (0.00%) 0 (0.00%) 4 (9.52%)

Male 29 (100%) 39 (100%) 114 (100%) 38 (90.5%)

Ethnicity: 224

Asian 0 (0.00%) 7 (17.9%) 13 (11.4%) 0 (0.00%)

Black 5 (17.2%) 8 (20.5%) 2 (1.75%) 0 (0.00%)

Hispanic 1 (3.45%) 0 (0.00%) 2 (1.75%) 2 (4.76%)

White 22 (75.9%) 24 (61.5%) 96 (84.2%) 40 (95.2%)

Other 1 (3.45%) 0 (0.00%) 1 (0.88%) 0 (0.00%)

BMI (kg/m2) 21.9 [17.8;25.6] 19.9 [16.6;27.9] 20.0 [16.0;23.6] 20.4 [16.5;25.4] 223

23.7 (7.85) 22.4 (7.60) 20.8 (5.97) 21.4 (6.18) 223

aContinuous variable statistics are displayed as: median [25th percentile, 75th percentile] and mean (standard deviation) in two separate rows. 
Categorical variable statistics are displayed as frequency counts (per cents). 
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the period. In the North American centres, recombinant standard 
half-life products were used by 63.2% of subjects, recombinant ex-
tended half-life products by 9.7%, plasma-derived monoclonal puri-
fied products by 2.6%, non-monoclonal purified products by 0.6% 
and bypassing agents by 2.6%. In European centres, the percentages 
were 36.7%, 20.0%, 10.0%, 20.0% and 3.3%, respectively. The dif-
ference in type of product used (plasma derived vs. recombinant) 
between North America and Europe is largely explained by partici-
pant age. Use of recombinant products was significantly related to 
younger age in both geographic areas and subjects enrolled in North 
America were significantly younger than those in Europe. In the 
Asian centre, plasma/prothrombin complex concentrates and whole 
blood were used exclusively.

3.3  |  Joint assessment

Table 5 presents the distribution of FROM of each joint and a com-
posite score. In Figure 2, a comparison of the linear regression slopes 

of FROM composite score over age shows significant (P < .05) differ-
ences between the groups with severe deficiency (with or without 
inhibitor) and those with moderate or mild disease.

3.4  |  Quality-of-life

Figure 3 combines data from the three versions of the EQ-5D instru-
ment to show the proportions of individuals reporting problems in 
each of the dimensions by severity group. Fifteen participants were 
too young (<4 years of age) to have been assessed.

3.5  |  Early treatment

Participants with severe haemophilia (with or without inhibitors) 
were more likely to begin treatment within the first year of life, 
whereas onset of treatment for those with moderate or mild disease 
most commonly occurred between one and five years of age. Across 

TA B L E  2  Estimated number of infusions of replacement products or bypassing agents in the year prior to enrolmenta

Inhibitor No Inhibitor

NN = 25
Severe (<1%)
N = 28

Moderate (1%-5%)
N = 104

Mild (>5%)
N = 39

No. infusions 180 [115;200] 51.0 [19.5;104] 3.00 [0.00;11.0] 1.00 [0.00;3.00] 196

184 (145) 57.0 (45.3) 12.3 (24.8) 4.54 (9.58) 196

aContinuous variable statistics are displayed as: median [25th percentile, 75th percentile] and mean (standard deviation) in two separate rows. 

Inhibitor No inhibitor N

N = 25
Severe (<1%) 
N = 28

Moderate (1%-
5%) N = 104

Mild (>5%) 
N = 39 196

Treatment:

On-demand 5 (20.0%) 10 (35.7%) 95 (91.3%) 39 (100.0%)

Prophylaxis 20 (80.0%) 18 (64.3%) 9 (8.7%) 0 (0.0%)

aCategorical variable statistics are displayed as frequency counts (per cents).

TA B L E  3  Treatment in the year prior 
to enrolment among subjects with non-
missing number of infusionsa

TA B L E  4  Type of treatment in year prior to enrolmenta

Inhibitor No inhibitor N

N = 25
Severe (<1%) 
N = 28

Moderate (1%-5%) 
N = 104

Mild (>5%) 
N = 39 196

1. Plasma/prothrombin complex concentrates/whole blood 0 (0.00%) 4 (14.3%) 7 (6.73%) 0 (0.00%)

2. Plasma derived: non-monoclonal antibody purified 2 (8.00%) 3 (10.7%) 2 (1.92%) 0 (0.00%)

3. Plasma derived: monoclonal antibody purified 5 (20.0%) 1 (3.57%) 1 (0.96%) 0 (0.00%)

4. Recombinant: standard half-life molecule 14 (56.0%) 13 (46.4%) 63 (60.6%) 19 (48.7%)

5. Recombinant: extended half-life molecule 1 (4.00%) 10 (35.7%) 8 (7.69%) 2 (5.13%)

6. Otherb  5 (20.0%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

aSubjects with non-missing estimated number of infusions in the year prior to enrolment. Categorical variable statistics are displayed as frequency 
counts (per cents). Subjects may have received more than one type of product in the year prior to enrolment or received no infusions during the 
period. 
brFVIIa and FEIBA 
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TA B L E  5  Joint assessment: loss of total free range of motion (FROM)a

Inhibitor No Inhibitor

NN = 29
Severe (<1%) 
N = 39

Moderate (1%-5%) 
N = 114

Mild (>5%) 
N = 42

Left ankle 224

No loss 15 (51.7%) 26 (66.7%) 90 (78.9%) 40 (95.2%)

Loss of < 10% 3 (10.3%) 5 (12.8%) 9 (7.89%) 1 (2.38%)

Loss of 10%-33.3% 2 (6.90%) 2 (5.13%) 13 (11.4%) 0 (0.00%)

Loss of > 33.3 7 (24.1%) 6 (15.4%) 1 (0.88%) 0 (0.00%)

Not assessed 1 (3.45%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

‘Missing’ 1 (3.45%) 0 (0.00%) 1 (0.88%) 1 (2.38%)

Right ankle 224

No loss 13 (44.8%) 26 (66.7%) 87 (76.3%) 40 (95.2%)

Loss of < 10% 1 (3.45%) 2 (5.13%) 11 (9.65%) 1 (2.38%)

Loss of 10%-33.3% 5 (17.2%) 6 (15.4%) 13 (11.4%) 0 (0.00%)

Loss of > 33.3% 7 (24.1%) 5 (12.8%) 1 (0.88%) 0 (0.00%)

Not assessed 2 (6.90%) 0 (0.00%) 1 (0.88%) 0 (0.00%)

‘Missing’ 1 (3.45%) 0 (0.00%) 1 (0.88%) 1 (2.38%)

Left knee 224

No loss 17 (58.6%) 29 (74.4%) 99 (86.8%) 39 (92.9%)

Loss of < 10% 0 (0.00%) 0 (0.00%) 7 (6.14%) 2 (4.76%)

Loss of 10%-33.3% 4 (13.8%) 6 (15.4%) 6 (5.26%) 0 (0.00%)

Loss of > 33.3% 6 (20.7%) 4 (10.3%) 1 (0.88%) 0 (0.00%)

Not assessed 1 (3.45%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

‘Missing’ 1 (3.45%) 0 (0.00%) 1 (0.88%) 1 (2.38%)

Right knee 224

No loss 14 (48.3%) 26 (66.7%) 100 (87.7%) 38 (90.5%)

Loss of < 10% 3 (10.3%) 0 (0.00%) 6 (5.26%) 2 (4.76%)

Loss of 10%-33.3% 2 (6.90%) 6 (15.4%) 6 (5.26%) 0 (0.00%)

Loss of > 33.3% 7 (24.1%) 7 (17.9%) 1 (0.88%) 0 (0.00%)

Not assessed 2 (6.90%) 0 (0.00%) 0 (0.00%) 1 (2.38%)

‘Missing’ 1 (3.45%) 0 (0.00%) 1 (0.88%) 1 (2.38%)

Left elbow 224

No loss 13 (44.8%) 31 (79.5%) 95 (83.3%) 41 (97.6%)

Loss of < 10% 2 (6.90%) 2 (5.13%) 14 (12.3%) 0 (0.00%)

Loss of 10%-33.3% 8 (27.6%) 5 (12.8%) 4 (3.51%) 0 (0.00%)

Loss of > 33.3% 4 (13.8%) 1 (2.56%) 0 (0.00%) 0 (0.00%)

Not assessed 1 (3.45%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

‘Missing’ 1 (3.45%) 0 (0.00%) 1 (0.88%) 1 (2.38%)

Right elbow 224

No loss 16 (55.2%) 31 (79.5%) 96 (84.2%) 40 (95.2%)

Loss of < 10% 3 (10.3%) 2 (5.13%) 14 (12.3%) 0 (0.00%)

Loss of 10%-33.3% 1 (3.45%) 3 (7.69%) 1 (0.88%) 1 (2.38%)

Loss of > 33.3% 7 (24.1%) 3 (7.69%) 1 (0.88%) 0 (0.00%)

Not assessed 1 (3.45%) 0 (0.00%) 1 (0.88%) 0 (0.00%)

‘Missing’ 1 (3.45%) 0 (0.00%) 1 (0.88%) 1 (2.38%)

Range of motion: composite scoreb  3.00 [0.00;12.0] 0.00 [0.00;5.00] 0.00 [0.00;2.00] 0.00 [0.00;0.00] 216

6.35 (7.01) 3.72 (5.37) 1.46 (2.46) 0.20 (0.88) 216

aContinuous variable statistics are displayed as: median [25th percentile, 75th percentile] and mean (standard deviation) in two separate rows. 
Categorical variable statistics are displayed as frequency counts (per cents). 
bComposite scores include subjects with non-missing data for all joints. 
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all severity groups, a bleeding episode was the most common reason 
for the first exposure (72.8%). The presence of illness or infection at 
first exposure was infrequent (5.4%).

Prior to inhibitor development or in the first 50 exposure days, 
greater than 50% of all groups received on-demand treatment—
those with severe disease were somewhat more likely to be treated 
with prophylaxis, alone or in combination with on-demand, 34.5% 
(participants with inhibitors) and 48.7% (without inhibitors). Type of 
product varied by geographic location. In the United States, recom-
binant standard half-life products were used by 85.6% of subjects. 
In Europe, the most commonly used concentrates were plasma-de-
rived non-monoclonal (42.1%) and recombinant standard half-life 
products (39.5%). In Asia, plasma/prothrombin complex concen-
trates and whole blood were used exclusively.

4  |  DISCUSSION

The B-Natural study was designed to obtain an in-depth description 
of contemporary aspects of HB, including contributing factors to 
inhibitor development, ITI use and outcome and associated seque-
lae. The study groups of most investigations related to haemophilia 
natural history and outcomes include a majority of individuals with 
HA, and hence, our understanding of the similarities and differences 
in HB has lagged. Some studies, but not all, indicate a milder bleeding 
phenotype in HB compared to HA with a less severe HB phenotype 
for each level of severity measured by number of reported bleeding 
episodes, limitations in joint ROM, hospitalizations and orthopae-
dic interventions.13-19 Both genetic and molecular mechanisms have 
been implicated as causative factors for this potential difference in 

clinical/phenotypic manifestations, but the findings have not been 
consistent and require further evaluation.16

The B-Natural study included 24 centres representing the 
United States, EU and one in Asia, with 224 individuals from 107 
families and collected medical history, bleeding patterns, QoL and 
complications. B-Natural participants closely mirror the distribution 
of severity reported in HB, but the number/percentage of moder-
ately deficient patients was enriched as the two US centres with 
the highest enrolment have large populations of Old Order Amish 
with HB (data not shown). These individuals have a unifying founder 
mutation (F9 c.1025C  >  T [p.Thr342Met]) that predicts moderate 
factor IX deficiency. The enrichment of these patients provides an 
opportunity to improve the breadth of analysis in this category. 
Further, inclusion of siblings permits a comparison of phenotypic ex-
pression of disease within families, contributing more information. 
Interestingly, 21 families contained members with differing severi-
ties of HB. The reason for this is not clear, but may be due, in part, 
to assay discordance, which has been observed in individuals with 
the same mutation. The F9 c.1025C > T mutation has been reported 
128 times in the European Association for Haemophilia and Allied 
Disorders (EAHAD) Coagulation Factor Databases, www.dbs.eahad.
org, with levels ranging from < 1% to 16%.18,20 This also occurs in 
HA, where, for example, the F8 c.2167G > A (p.Ala723Thr) mutation, 
reported 144 times in the EAHAD variant database, has levels rang-
ing from < 1 to 20%. In addition, there is known variability in assay 
sensitivity across laboratories, when results are performed in sepa-
rate runs, based upon the source of substrate, as well as a variety of 
pre-analytic variables.

Individuals with a current or history of inhibitors, 29 of 224 
participants (12.9%), all with severe FIX deficiency, were purposely 

F I G U R E  2  Joint composite score by haemophilia severity and inhibitor group. A panel for each of the groups of interest shows the 
linear regression line and confidence interval or range of motion composite score by age at baseline. In each panel, the Pearson correlation 
coefficient, an indicator of the strength of the linear association, its 95% confidence interval and p-values are shown
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enriched in this study, allowing evaluation of contributors to this 
complication associated with unique manifestations and outcomes 
compared to HA. The cohort with inhibitors is relatively small; a 
complete description and analysis of this group will be reported 
separately.

The participants in B-Natural spanned a wide age range (me-
dian 13.6 years, range 1-73 years) and included 144 (64.3%) partici-
pants < 18 years of age. Importantly, at the time of enrolment, 53.1% 
of the participants had achieved 50 + exposure days overall, most 
commonly in the severe deficient patients > 6 years of age. Taken 
together, the data collected in B-Natural provide a comprehensive 
overview of HB as they span a wide age range, represent all levels of 
deficiency and racial/ethnic diversity from centres from across the 
United States, EU and parts of Asia.

Factors impacting the number of infusions administered in the 
year prior to enrolment (Table 2) include presence or history of an 
inhibitor and level of severity with a median/mean higher in the se-
vere group followed by the moderate and then mild categories, as 
expected and similar to those for HA. However, the number of infu-
sions is, overall, less compared to that expected in HA with severe 
disease without an inhibitor.21 This may be multifactorial, impacted 
by the per cent of the population treated with prophylaxis (64.3%) 

and the longer half-life of FIX concentrates, both standard and ex-
tended half-life, as compared to HA. Together, these result in a need 
for fewer infusions for bleeding resolution in FIX deficiency com-
pared to FVIII, as well as fewer bleeding events experienced. Prior to 
inhibitor development or in the first 50 exposure days, 34.5% of par-
ticipants with inhibitors and 48.7% of those with severe deficiency, 
but without inhibitors, were treated with prophylaxis. Given pub-
lished guidelines for severe haemophilia, it appears that the standard 
of instituting prophylaxis, either primary (before the age of three and 
before the first or second large joint bleed) or secondary (after two 
or more large joint bleeds but before the onset of chronic arthrop-
athy)22 has not been uniformly applied to children with severe HB.

The comparison of the linear regression slopes of the joint com-
posite score indicates significant (P  <  .5) differences between the 
group with severe deficiency and those with moderate or mild dis-
ease over time. These data support the occurrence of cumulative 
damage due to haemarthroses—clinical or subclinical. The smaller 
per cent treated with prophylaxis in severe disease may result from 
the perception that it may not be required in HB due to the de-
creased number of bleeding episodes experienced,16,18,19 that pro-
phylaxis, when applied, is either provided after damage has occurred 
or is insufficient to adequately suppress all bleeding episodes, or 

F I G U R E  3  Proportion of subjects reporting problems in EQ-5D subscales by haemophilia severity and inhibitor status group
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that local health economies prohibit prophylaxis. It is documented 
that prophylaxis is less utilized in under- or poorly resourced health 
economies yet the vast majority of centres participating in B-Natural 
represent well-supported facilities where prophylaxis is widely avail-
able; prophylaxis in patients with severe deficiency and without in-
hibitors was provided in 64.3% overall, and 75.0% when one centre 
with a lower level of resourcing was excluded.

Soucie, et al, 2004,16 reported the predicted percentage of 
range of motion limitation over time and included subjects with 
FVIII and IX deficiency in the analysis 16; overall, fewer bleeding 
episodes were reported and less ROM limitation was observed in 
persons with HB compared to HA.16 Taken together, the B-Natural 
and other studies demonstrate that arthropathy will occur over 
time in severe HB even in the presence of fewer bleeding episodes 
per year compared to HA. Although more costly, prophylaxis has 
been proven to protect joints and prevent arthropathy in HA23; its 
more uniform application in severe HB is warranted and should be 
considered in all patients.

B-Natural utilized the EQ-5D instruments as a measure of 
health-related QoL.11 Subjects with severe haemophilia, both with 
and without an inhibitor, had poorer outcomes for mobility, self-
care, usual activity and pain/discomfort compared to those with 
moderate or mild disease. Those with inhibitors reported a higher 
level of anxiety/depression than the other groups, emphasizing 
the importance of optimizing the prevention and management of 
this complication.

B-Natural QoL data reveal the significant impact of HB on the 
affected population and underscore the need for optimal disease 
control to normalize physical and psychosocial outcomes.

This study has limitations. The degree to which subjects are rep-
resentative of patients cared for at participating sites is not known, 
although a majority of those identified as eligible were enrolled and, 
for example, we observed an enrichment of subjects with moderate 
HB as a result of centre bias. Classification of severity was performed 
at the local centre, not centralized, which may jeopardize accuracy. 
Further, a substantial portion of data collection was retrospective 
and comparison with aspects of HA is based on literature and not 
on controls matched for age, severity and geographic distribution. 
Given the aims of the B-Natural study, however, these limitations 
will not likely jeopardize future studies in a substantive way.

Ultimately, as haemophilia is costly to treat, if health resource 
funding is utilized and less than desired outcomes achieved, treat-
ment regimens must be re-evaluated. There are clear similarities in 
the expression of both HA and HB including the types of bleeding 
events experienced. Due to the similarities and rarity of these bleed-
ing disorders, they have, however, often been grouped together in 
studies that evaluate impact and outcomes.

As early as 1959, it was suggested by Quick24 that individuals 
with HB may bleed less frequently than those with HA. In the final 
analysis, however, the frequency of bleeding between these two 
forms of haemophilia may be less important than the resultant physi-
cal and psychosocial implications of bleeding. As an understanding of 
the need for a higher residual level of FVIII than originally proposed 

to suppress risk of bleeding in HA has emerged,25 we may need to 
re-evaluate HB in light of not just the frequency of bleeding but the 
sequelae of these events that accumulate over time. B-Natural pro-
vides important data to support an increased understanding of the 
natural history of HB and its impact throughout life.

ACKNOWLEDG EMENTS
The authors thank the participants who volunteered to enrol in 
B-Natural. The investigators and haemophilia treatment centres 
in order of contribution: Margaret V. Ragni, MD, MPH and Amy 
Steele, BSN, RN, University of Pittsburgh and Hemophilia Center 
of Western Pennsylvania, Pittsburgh, PA, US; Amy D. Shapiro, MD 
and Kathleen F. Molitor, BSN, RN-BC, CCRC, Indiana Hemophilia 
and Thrombosis Center, Indianapolis, IN, US; Munira Borhany, MD, 
MBBS, MCPS, FCPS and Madiha Abid, PharmD, National Institute of 
Blood Disease and Bone Marrow Transplantation, Karachi, Pakistan; 
Yasmina Abajas, MD and Marcus Allen Layer, MPH, Hemophilia 
and Thrombosis Center, University of North Carolina, Chapel Hill, 
NC, US; Jan Astermark, MD, PhD, Malin Axelsson, and Marcus 
Ljungkvist, BSc, PhD, Department of Translational Medicine, Lund 
University and Department of Hematology, Oncology and Radiation 
Physics, Skåne University Hospital, Malmö, Sweden; Michael D. 
Tarantino, MD and Sarah Gonzales, BS, MT (ASCP), CCRP, Bleeding 
and Clotting Disorders Institute, Peoria, IL, US; Katharina Holstein, 
MD, University Medical Center Hamburg-Eppendorf, Medical 
Department, Haemophilia Center, Hamburg, Germany; Stacy E. 
Croteau, MD and Emily Coe, Boston Children's Hospital, Boston 
Hemophilia Center, Boston, MA, US; Raina Liesner, MA, MBBChir, 
MD, FRCPath, FRCPCH, Anja Griffioen and Alpha Barrie, MSc, 
Great Ormond Street Hospital for Children, NHS Trust supported by 
NIHR, GOSH, BRC, London, UK; Cristina Tarango, MD and Amanda 
Pfeiffer, MA, Cancer and Blood Diseases Institute, Cincinnati 
Children's Hospital Medical Center, Department of Pediatrics, 
University of Cincinnati College of Medicine, Cincinnati, OH, US; 
Manuela Carvalho, MD, Congenital Coagulopathies Reference 
Centre, Centro Hospitalar Universitário São João, Porto, Portugal; 
Catherine McGuinn, MD and Ilene Goldburg, RN, Weill Cornell 
Medical College, New York, NY, US; Eva Funding, MD, Department 
of Hematology, University Hospital Rigshospitalet, Copenhagen, 
Denmark, Institute of Clinical Medicine, University of Copenhagen, 
Copenhagen, Denmark; Christine L. Kempton, MD, MSc and 
Stephanie Whitten, CCRP, Emory University School of Medicine, 
Emory University, Atlanta, GA, US; Christoph Bidlingmaier, MD, Dr 
v. Hauner's Childrens University Hospital, Hemophilia Center, LMU 
Hospital, Munich, Germany; Alice Cohen, MD and Ellen White, RN, 
MSN, Newark Beth Israel Medical Center, Newark, NJ, US; Johannes 
Oldenburg, MD, PhD, Kerstin Liphardt, PhD, and Thilo Albert, PhD, 
University Clinic Bonn, Bonn, Germany; Susan Kearney, MD and 
Ashley Kinsella, BS, Children's Minnesota Center for Bleeding and 
Clotting Disorders, Minneapolis, MN, US; Christine Knoll, MD, 
Erica Olson, RN, BA and Courtney Moyer, CCRP, Phoenix Children's 
Hospital, Phoenix, AZ, US; Philip Kuriakose, MD and Laura Gusba, 
NP, Henry Ford Hospital, Detroit, MI, US; Suchitra Acharya, MD 



58  |    SHAPIRO et al.

and Joseph Stanco, RN, Northwell Hemostasis and Thrombosis 
Center, New Hyde Park, New York, NY, US; Ulrike M. Reiss, MD and 
Megan Wilson, MSW, CCRP, St. Jude Children's Research Hospital, 
Memphis, TN, US; Roshni Kulkarni, MD and Kathleen Anderson, RN, 
Michigan State University, East Lansing, MI, US; Michelle Witkop, 
DNP, FNP-BC and Stephanie Roessler, Northern Regional Bleeding 
Disorders Center, Munson Medical Center, Traverse City, MI, US.

B-Natural is funded through an investigator-initiated academic col-
laboration with Biogen/Bioverativ/Sanofi, Paris, France and Swedish 
Orphan Biovitrum (Sobi), Stockholm, Sweden.

DISCLOSURE S
ADS: Dr Shapiro reports the following: however, she does not retain 
any personal honoraria. All is paid to the Indiana Hemophilia and 
Thrombosis Center, Inc. Dr Shapiro does not have personal finan-
cial interest in any healthcare-related companies. Clinical research 
support: Agios, BioMarin, Bioverativ, Daiichi Sankyo, Genentech 
(Roche), Glover Blood Therapeutics, Kedrion Biopharma, Novartis, 
Novo Nordisk, OPKO, Octapharma, Pfizer, Liminal Biosciences,  
Sangamo, Takeda. Speaker's Bureau: Genentech (Roche), Novo 
Nordisk. Advisory Board: Bioverativ, Genentech, Novo Nordisk, 
Sangamo, and Sigilon Therapeutics. MVR: has been a consultant to 
Alnylam, BioMarin, Bioverativ MOGAM, and Spark Therapeutics, 
and has research funding from Alnylam, Bayer, BioMarin, Bioverativ, 
Sangamo and Spark Therapeutics. MB has no competing interests 
to declare. YLA has no competing interests to declare. MDT is a 
past advisor for Novo Nordisk and a grant reviewer for Pfizer. KH 
received honoraria for Advisory Boards and/or speaker fees from 
Biotest, CSL Behring, Novo Nordisk, Pfizer, Shire/Takeda, Sobi and 
unrestricted grants from CSL Behring and Pfizer. SEC: has received 
honoraria or consulting fees from Bayer, CSL Behring, Genentech, 
and Pfizer and has received institutional research support from 
Novo Nordisk and Spark Therapeutics. RL has no competing inter-
ests to declare. CT has received honoraria for Advisory Boards for 
Takeda/Shire and Sanofi, and sits on a study Steering Committee for 
Bayer. MC: has received support for attending scientific meetings 
and honoraria (speaker fees/consultant for Advisory Boards) from 
Bayer, Baxalta (Shire), CSL Behring, Novo Nordisk, Octapharma, 
Pfizer, Sobi, Siemens, and Stago. CM has acted as a paid consult-
ant for BioMarin, Bayer, Octapharma and Genentech/Roche. She 
is a site PI study investigator for Pfizer, Spark Therapeutics, Sanofi 
and Genentech/Roche. EF has received honoraria from Roche and 
Shire, and chaired a symposium for Roche. EF was invited to ISTH 
2015 by Novo Nordisk, EAHAD 2016 by Octapharma, ASH 2016 by 
Shire, EAHAD 2017 by Pfizer, and to an AOP orphan pharmaceuti-
cals meeting in 2019. CLK has received honoraria for participation 
on Advisory Boards for Spark Therapeutics, Pfizer and Genentech 
and has received research funding from Novo Nordisk. CB has 
acted as a paid speaker and consultant and has received fund-
ing for research from Bayer, Biotest, CSL Behring, Novo Nordisk, 
Octapharma, Pfizer, Roche, Shire/Takeda and Sobi. AC has no com-
peting interests to declare. JO: reports grants and personal fees 
from Bayer, personal fees from Biogen, grants and personal fees 

from Biotest, personal fees from Chugai, grants and personal fees 
from CSL Behring, personal fees from Grifols, grants and personal 
fees from Novo Nordisk, grants and personal fees from Octapharma, 
personal fees from Pfizer, personal fees from Roche, personal fees 
from Sobi, grants and personal fees from Takeda, outside the sub-
mitted work. Personal fees were received for travel support, par-
ticipation in Advisory Boards and participation in symposia as Chair 
or Speaker. SK has no competing interests to declare. CK is a paid 
member of the Novo Nordisk Advisory Board. PK has no competing 
interests to declare. SA: received research funding for investiga-
tor-initiated study from Bayer. UMR has no competing interests to 
declare. RK has served on Advisory Boards for Sanofi/Bioverativ, 
BPL, Genentech, Bayer, Pfizer, Takeda, Catalyst Bioscience and 
Novo Nordisk and has received clinical trials support from Sanofi/
Bioverativ, Bayer, BioMarin, Takeda, Novo Nordisk, and Freeline. 
Speakers Bureau, stocks, shares: none. MW has no competing in-
terests to declare. SL: a full-time employee of Sobi. SD: research 
funding from Baxalta/Shire, CSL Behring, Biogen/Bioverativ and 
Sobi. PL has received research funding from Takeda, Biogen/
Bioverativ and Sobi. EB has acted as paid consultant to Bayer, CSL 
Behring, Octapharma, Sobi, Takeda, and has received funding for 
research carried out in this work from Sobi and Bioverativ. JA has 
received research grants from Sobi, CSL Behring, Takeda/Shire and 
Bayer. Speakers fee and consultant for Octapharma, Novo Nordisk, 
Pfizer, Bayer, Sobi, CSL Behring, Takeda/Shire, BioMarin, Uniqure 
and Spark Therapeutics.

AUTHOR CONTRIBUTIONS
JA, EB and ADS conceptualized and designed the study, acquired, 
analysed and interpreted the data, drafted and finalized the manu-
script. MVR, MB, YLA, MDT, KH, SC, RL, CT, MC, CM, EF, CLK, CB, 
AC, JO, SK, CK, PK, SA, UMR, RK and MW acquired the data, re-
viewed and participated in the critical review and final approval of 
the version to be submitted. SL designed the study and participated 
in critical review and final approval. SD and PL analysed and inter-
preted the data, drafted and finalized the manuscript.

ORCID
Amy D. Shapiro   https://orcid.org/0000-0003-2821-7159 
Margaret V. Ragni   https://orcid.org/0000-0002-7830-5379 
Munira Borhany   https://orcid.org/0000-0001-7867-1275 
Michael D. Tarantino   https://orcid.org/0000-0002-0069-8176 
Stacy E. Croteau   https://orcid.org/0000-0001-6112-6166 
Riana Liesner   https://orcid.org/0000-0001-5659-554X 
Cristina Tarango   https://orcid.org/0000-0002-0283-9972 
Catherine McGuinn   https://orcid.org/0000-0002-3421-0925 
Christine L. Kempton   https://orcid.org/0000-0002-2391-2016 
Johannes Oldenburg   https://orcid.org/0000-0003-3038-2145 
Ulrike M. Reiss   https://orcid.org/0000-0002-2258-3687 
Roshni Kulkarni   https://orcid.org/0000-0001-9372-3184 
Michelle Witkop   https://orcid.org/0000-0003-0758-286X 
Erik Berntorp   https://orcid.org/0000-0002-1337-7195 
Jan Astermark   https://orcid.org/0000-0001-8500-2483 

https://orcid.org/0000-0003-2821-7159
https://orcid.org/0000-0003-2821-7159
https://orcid.org/0000-0002-7830-5379
https://orcid.org/0000-0002-7830-5379
https://orcid.org/0000-0001-7867-1275
https://orcid.org/0000-0001-7867-1275
https://orcid.org/0000-0002-0069-8176
https://orcid.org/0000-0002-0069-8176
https://orcid.org/0000-0001-6112-6166
https://orcid.org/0000-0001-6112-6166
https://orcid.org/0000-0001-5659-554X
https://orcid.org/0000-0001-5659-554X
https://orcid.org/0000-0002-0283-9972
https://orcid.org/0000-0002-0283-9972
https://orcid.org/0000-0002-3421-0925
https://orcid.org/0000-0002-3421-0925
https://orcid.org/0000-0002-2391-2016
https://orcid.org/0000-0002-2391-2016
https://orcid.org/0000-0003-3038-2145
https://orcid.org/0000-0003-3038-2145
https://orcid.org/0000-0002-2258-3687
https://orcid.org/0000-0002-2258-3687
https://orcid.org/0000-0001-9372-3184
https://orcid.org/0000-0001-9372-3184
https://orcid.org/0000-0003-0758-286X
https://orcid.org/0000-0003-0758-286X
https://orcid.org/0000-0002-1337-7195
https://orcid.org/0000-0002-1337-7195
https://orcid.org/0000-0001-8500-2483
https://orcid.org/0000-0001-8500-2483


    |  59SHAPIRO et al.

R E FE R E N C E S
	 1.	 Soucie JM, Nuss R, Evatt B, et al. Mortality among males 

with hemophilia: relations with source of medical care. The 
Hemophilia Surveillance System Project Investigators. Blood. 
2000;96(2):437-442.

	 2.	 Aledort LM, Hoyer LW, Lusher JM, Reisner HM, White GC II. 
Inhibitors to Coagulation Factors. Vol 386. New York: Springer 
Science & Business Media; 1995.

	 3.	 Katz J. Prevalence of factor IX inhibitors among patients with 
haemophilia B: results of a large-scale North American survey. 
Haemophilia. 1996;2(1):28-31.

	 4.	 Sultan Y. Prevalence of inhibitors in a population of 3435 hemo-
philia patients in France. French Hemophilia Study Group. Thromb 
Haemost. 1992;67(6):600-602.

	 5.	 Ehrenforth S, Kreuz W, Scharrer I, et al. Incidence of development 
of factor VIII and factor IX inhibitors in haemophiliacs. Lancet. 
1992;339(8793):594-598.

	 6.	 Shapiro AD, Ragni MV, Lusher JM, et al. Safety and efficacy of 
monoclonal antibody purified factor IX concentrate in previ-
ously untreated patients with hemophilia B. Thromb Haemost. 
1996;75(1):30-35.

	 7.	 Male C, Andersson NG, Rafowicz A, et al. Inhibitor incidence in an 
unselected cohort of previously untreated patients with severe 
haemophilia B: a PedNet study. Haematologica. 2020. [published 
online ahead of print, 2020 Jan 9]. https://doi.org/10.3324/haema​
tol.2019.239160

	 8.	 Franchini M, Lippi G, Montagnana M, et al. Anaphylaxis in patients 
with congenital bleeding disorders and inhibitors. Blood Coagul 
Fibrinolysis. 2009;20(4):225-229.

	 9.	 Chitlur M, Warrier I, Rajpurkar M, Lusher J. Inhibitors in factor IX 
deficiency a report of the ISTH-SSC international FIX inhibitor reg-
istry (1997–2006). Haemophilia. 2009;15(5):1027-1031.

	10.	 Berntorp E, Shapiro AD, Waters J, Astermark J. The international fac-
tor IX treatment network survey. Haemophilia. 2012;18(3):e60-e62.

	11.	 EuroQol Group. EuroQol--a new facility for the measurement of 
health-related quality of life. Health Policy. 1990;16:199-208.

	12.	 R Development Core Team. R: A Language and Environment for 
Statistical Computing. Vienna Austria: R Foundation for Statistical 
Computing. ISBN. 2008;3(10).

	13.	 Clausen N, Petrini P, Claeyssens-Donadel S, Gouw S, Liesner 
R. PedNet and Research of Determinants of Inhibitor develop-
ment (RODIN) Study Group. Similar bleeding phenotype in young 
children with haemophilia A or B: a cohort study. Haemophilia. 
2014;20(6):747-755.

	14.	 Franchini M, Mannucci PM. Haemophilia B is clinically less se-
vere than haemophilia A: further evidence. Blood Transfus. 
2018;16(2):121-122.

	15.	 Melchiorre D, Linari S, Castaman G. The higher prevalence of mis-
sense mutations in hemophilia B compared to hemophilia A could 
be important in determining a milder clinical phenotype in patients 
with severe hemophilia B. Haematologica. 2016;101(10):e429.

	16.	 Soucie JM, Cianfrini C, Janco RL, et al. Joint range-of-motion lim-
itations among young males with hemophilia: prevalence and risk 
factors. Blood. 2004;103(7):2467-2473.

	17.	 Tagliaferri A, Di Perna C, Riccardi F, Pattacini C, Rivolta GF, 
Franchini M. The natural history of mild haemophilia: a 30-year sin-
gle centre experience. Haemophilia. 2012;18(2):166-174.

	18.	 Castaman G, Matino D. Hemophilia A and B: molecular and clinical 
similarities and differences. Haematologica. 2019;104(9):1702-1709.

	19.	 Mannucci PM, Franchini M. Is haemophilia B less severe than hae-
mophilia A? Haemophilia. 2013;19(4):499-502.

	20.	 Pinotti M, Caruso P, Canella A, et al. Ribosome readthrough ac-
counts for secreted full-length factor IX in hemophilia B patients 
with nonsense mutations. Hum Mutat. 2012;33(9):1373-1376.

	21.	 Berntorp E, Dolan G, Hay C, et al. European retrospective study of 
real-life haemophilia treatment. Haemophilia. 2017;23(1):105-114.

	22.	 Blanchette VS, Key NS, Ljung LR, Manco-Johnson MJ, van den Berg 
HM, Srivastava A. Definitions in hemophilia: communication from 
the SSC of the ISTH. J Thromb Haemost. 2014;12(11):1935-1939.

	23.	 Manco-Johnson MJ, Abshire TC, Shapiro AD, et al. Prophylaxis ver-
sus episodic treatment to prevent joint disease in boys with severe 
hemophilia. N Engl J Med. 2007;357(6):535-544.

	24.	 Quick AJ, Hussey CV. Hemophilia B (PTC deficiency, or Christmas 
disease). AMA Arch Intern Med. 1959;103(5):762-775.

	25.	 den Uijl IE, Fischer K, Van Der Bom JG, Grobbee DE, Rosendaal FR, 
Plug I. Analysis of low frequency bleeding data: the association of 
joint bleeds according to baseline FVIII activity levels. Haemophilia. 
2011;17(1):41-44.

How to cite this article: Shapiro AD, Ragni MV, Borhany M, 
et al. Natural history study of factor IX deficiency with focus 
on treatment and complications (B-Natural). Haemophilia. 
2021;27:49–59. https://doi.org/10.1111/hae.14139

https://doi.org/10.3324/haematol.2019.239160
https://doi.org/10.3324/haematol.2019.239160
https://doi.org/10.1111/hae.14139

	Natural history study of factor IX deficiency with focus on treatment and complications (B-Natural)
	Recommended Citation
	Authors

	/var/tmp/StampPDF/9ElCI_qs7U/tmp.1613405084.pdf.M9mdI

