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Summary. Haemophilia and its treatment interfere
with patients’ life, so health-related quality of life
(HRQoL) should be assessed when evaluating
treatments. This study investigated the HRQoL of
patients with haemophilia A treated prophylactically
with a new recombinant factor VIII. Two phase 3
trials investigated turoctocog alfa in patients with
severe haemophilia A: one in children, one in adults
and adolescents. HRQoL was a secondary endpoint
assessed by the HAEMO-QOL age-specific, self-
administered questionnaires. Parent-completed
versions were also included for parents of children
and adolescents. All HAEMO-QOL questionnaires
allow the calculation of domain-specific and total
scores ranging from 0 to 100, lower scores indicating
better HRQoL. Mean change in all scores was
described for 25 children aged 4–7 years, 21 children
aged 8–12 years, 18 adolescents aged 13–18 years and
129 adults, overall, and according to the treatment

regimen received prior to the study (on-demand;
prophylaxis; mixed). Mean changes in HAEMO-QOL
total score were 1.4 for children aged 4–7 years, �2.6
for children aged 8–12 years, �5.8 for adolescents
and �1.6 for adults. In parent-completed versions,
mean changes in total score were �6.0 for children
aged 4–7 years, �4.7 for children aged 8–12 years,
and �10.0 for adolescents. Patients receiving on-
demand treatment before the trial showed greater
improvement in HRQoL scores than patients already
on prophylaxis. HRQoL of patients remained fairly
stable over the course of the trials. However,
improvements were observed for adolescents.
Switching to prophylaxis was identified as a potential
driver of improvement of HRQoL in patients with
haemophilia A.
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Introduction

Haemophilia A is an X-linked recessive hereditary
bleeding disorder resulting from a coagulation factor
VIII (FVIII) deficiency. Haemophilia A is the most
common type of haemophilia with a prevalence rang-
ing from 8 to 20 per 100 000 male patients depending
on the geographical location [1]. Symptoms are mostly
represented by bleeding episodes that can occur spon-
taneously or following an injury, trauma or surgical
procedure. Repeated bleeding episodes can lead to

long-term musculoskeletal complications including
synovitis, degenerative arthropathy and articular
deformities [2]. Bleeding episodes in patients with hae-
mophilia A are primarily treated by replacing the
missing coagulation factor with recombinant or
plasma-derived FVIII concentrate [3]. Treatment of
bleeding as they manifest (on-demand therapy) may
delay the appearance of long-term complications, but
does not prevent them. Therefore, prophylaxis with
regular preventative FVIII infusions unrelated to the
occurrence of bleeding is recommended, particularly
in patients with severe haemophilia, from early child-
hood to at least 18 years of age [4–6]. Several studies
have shown that patients receiving prophylaxis have
significantly fewer bleeding per year compared to
those receiving on-demand treatment [7–9]. After the
introduction of factor replacement therapy, life

Correspondence: Antoine Regnault, Mapi, 27 rue de la Villette,

69003 Lyon, France.

Tel: +33 (0) 47 213 5979; fax: +33 (0) 47 213 5140;
e-mail: aregnault@mapigroup.com

Accepted after revision 21 December 2013

© 2014 The Authors. Haemophilia published by John Wiley & Sons Ltd. 527
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License,
which permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and
no modifications or adaptations are made.

Haemophilia (2014), 20, 527–534 DOI: 10.1111/hae.12371



expectancy and quality of life of haemophilia patients
have greatly improved [10,11]. However, treatment-
related complications including development of inhibi-
tors to FVIII, venous access problems, infusion-related
pain and interference with lifestyle associated with the
time-consuming nature of the treatment affect
patients’ quality of life in different ways and may
affect adherence to treatment [12].
The human, recombinant, B-domain truncated fac-

tor VIII, turoctocog alfa, is a potential new treatment
option for patients with haemophilia A [13]. Two
phase 3, multinational, open-label, non-randomized,
non-comparative trials, guardianTM 1 in 24 adolescents
and 126 adults and guardianTM 3 in 63 children have
shown that turoctocog alfa is a well-tolerated, safe
and effective option for the treatment of bleeding epi-
sodes [14,15]. The observed success rate in the inten-
tion to treat analysis of haemostatic response was
81% and 92%, in the two trials respectively (85%
and 94% when excluding missing data in the per pro-
tocol analysis). None of the patients developed FVIII
inhibitors during the trials. Both trials demonstrated
the efficacy of prophylactic treatment with turoctocog
alfa in decreasing the number of bleeding per patient
per year; the estimated mean annualized bleeding rates
were 5.6, 6.7 and 5.3 bleeding/patient/year in adoles-
cents, adults and children, respectively, which were
lower than rates reported for previously treated
patients on on-demand treatment [8,16].
In view of the increased awareness of the impact of

haemophilia and its treatment on patients’ lives
(social, work or school, physical and psychological
well-being), assessment of health-related quality of life
(HRQoL) was a secondary endpoint assessed in the
turoctocog alfa clinical trials. The specific objective of
this article is to report the results of the assessment of
HRQoL of patients with severe haemophilia in the
guardianTM 1 and 3 trials and additionally to explore
the effect of the switch from on-demand therapy to
prophylaxis.

Materials and methods

Study design and patient population

This study reports outcomes recorded during the phase
3 multinational, open-label, non-controlled trials
guardianTM 1 and 3. Further details on the study design
of guardianTM 1 and 3 are reported elsewhere [14,15].
A total of 150 and 63 patients with severe haemo-

philia A were enrolled in the guardianTM 1 and 3 trials
respectively. As per study protocol, enrolled patients
had a documented history of at least 50 exposure days
(ED) to FVIII products for children (with a median of
200 ED) or at least 150 ED for adolescents and adults
(with a median of 516 ED) and a negative history of
FVIII inhibitors, no increased risk of thromboembolic

events and, if HIV positive, a CD4 + lymphocyte
count above 200 lL�1. During the trials, patients
were exposed to turoctocog alfa for a mean duration
of 85 ED (ranging from 11 to 172) in guardianTM 1
and 60 ED (ranging from 10 to 104) in guardianTM 3;
this corresponds to approximately 6 and 4.5 months
respectively.
HRQoL was a secondary endpoint in these trials. It

was assessed using the Haemophilia-Quality of Life
(HAEMO-QOL) age-specific questionnaires twice,
before starting the treatment when entering the trial
and at the end-of-treatment visit. For children and
adolescents, both the patients and their parents
responded to the questionnaire to capture a compre-
hensive picture of their quality of life.
Both trials were approved by all relevant indepen-

dent ethics committees and institutional review
boards. All patients or their legally authorized repre-
sentatives provided written informed consent before
any trial-related activities. Both trials were conducted
in accordance with the declaration of Helsinki and
Good Clinical Practice and are registered at www.clin-
icaltrials.gov (NCT01138501 and NCT00840086).

The HAEMO-QOL questionnaires

The HAEMO-QOL family of questionnaires comprise
four age-specific patient-reported outcome (PRO)
instruments designed to assess HRQoL in patients
with haemophilia. Two versions of HAEMO-QOL,
one completed by parents and one by children, are
available for each of the following age groups: 4–
7 years (21 items covering 8 dimensions), 8–12 years
(64 items covering 10 dimensions) and 13–16 years
(77 items covering 12 dimensions). All versions are
self-administered except the version for children aged
4–7 that is interviewer-administered. The development
of the HAEMO-QOL was based on literature review
and expert discussions. The age-specific preliminary
questionnaires were tested with children and adoles-
cents and their parents. The resulting questionnaires
were created and further psychometrically validated
with children aged 4–7 years (N = 95), children aged
8–12 years (N = 122) and adolescents aged 13–
16 years (N = 103), and their parents (N = 309). The
HAEM-A-QOL questionnaires demonstrated satisfac-
tory internal consistency and test-retest reliability,
and satisfactory construct validity [17]. The adult
HAEM-A-QOL questionnaire (46 items covering 10
dimensions) was developed afterwards to assess
HRQoL in adults aged 17 years and above [18]. The
development of the HAEM-A-QOL included focus
groups with patients, physicians and nurses, the draft
version of the questionnaire was first compared with
the items of the HAEMO-QoL questionnaire to have
a core instrument available both for children
and adults, before being comprehension tested and
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psychometrically validated [19]. For all questionnaires
in the HAEMO-QOL family, scoring rules have been
defined to specify how dimension scores and a total
score summarizing HRQoL of patients can be calcu-
lated, in particular when some items are missing.
Scores range from 0 to 100; lower scores indicate bet-
ter HRQoL.

Statistical analysis

Descriptive statistics were applied to study the changes
in HAEMO-QOL scores from baseline to end-of-treat-
ment by age group and, within each age group,
according to the type of treatment regimen (prophy-
laxis, on-demand, or mixed) received within the
12 months preceding enrolment.
The percentage of patients with a change in score

between baseline and end-of-treatment greater than a
threshold representing a meaningful change in score
(“HRQoL responders”) was also calculated for each
HAEMO-QOL score in all age groups. Defining a
“responder threshold” for a PRO measure is generally
done using an “anchor-based” approach, i.e. using an
external variable characterizing the meaning of a
given change in HRQoL for a given patient [20].
However, since no external variable that could be
used as a relevant anchor was available, a “distribu-
tion-based” approach was used. The threshold used
to categorize patients as “responders” for each
HAEMO-QOL dimension score was defined by the
standard error of measurement (SEM) of this dimen-
sion score [21,22]. SEM was calculated as the product
of standard deviation of the score for each dimension
at baseline by the square root of one minus the reli-
ability coefficient of the dimension [23]. In this con-
text, reliability coefficients were estimated using
internal consistency reliability coefficients [24]. As a
lay interpretation, the “response threshold” calculated

as proposed can be assimilated to the minimally
detectable difference, while the use of an external
anchor would have configured a clinically minimal
important difference.
Categorical variables are presented as absolute and

relative frequencies, while continuous variables are
presented as mean (standard deviation). For graphical
representation of continuous variables, box-and-whis-
kers plots are used to give a complete image of the
distribution of the variable. All data processing and
analyses were performed using SAS software for Win-
dows version 9.2 (SAS institute, Inc., Cary, NC, USA).

Results

Study population

Some patients had to be excluded from HRQoL analy-
ses because they did not match the age-specific groups
defined by the HAEMO-QOL questionnaires collected
in the trial in which they were included: three patients
in guardianTM 1 were 12 years old and completed the
HAEMO-QOL version for 8–12 years but could not
be included in the analyses because they did not fol-
low the same treatment protocol as the other patients
aged 8–12 years included in guardianTM 3 and were
too few to be analyzed meaningfully; 17 patients in
guardianTM 3 were younger than 4 years old and thus
too young to complete a HRQoL questionnaire. The
remaining 193 patients for whom HAEMO-QOL data
were available and included in this study were distrib-
uted across four age groups: 25 children aged 4–
7 years, 21 children aged 8–12 years, 18 adolescents
aged 13–16 years, and 129 adults aged 17–60 years.
Mean age within each group was 4.8, 9.4, 14.4 and
30.1 years respectively. Two-thirds of children aged
4–12 years, 22% of adolescents and 36% of adults
received full prophylaxis prior to the trial (Table 1).

Table 1. Demographic and clinical characteristics of the study populations at baseline.

4–7 years (n = 25) 8–12 years (n = 21) Adolescents (n = 18) Adults (n = 129)

Age (years)

Mean (SD) 4.8 (0.9) 9.4 (1.4) 14.4 (1.2) 30.1 (11.2)

Region*, n (%)

North America 5 (20.0%) 4 (19.0%) 1 (5.6%) 28 (21.7%)

South America 6 (24.0%) 0 (0.0%) 6 (33.3%) 8 (6.2%)

Asia 11 (44.0% 8 (38.1%) 4 (22.2%) 41 (31.8%)

Europe 3 (12.0%) 9 (42.9%) 7 (38.9%) 52 (40.3%)

BMI, kg/m2

Mean (SD) 15.5 (1.3) 18.6 (3.5) 19.7 (4.0) 24.9 (4.6)

Time since diagnosis of haemophilia A, years

Mean (SD) 4.5 (1.4) 8.8 (1.5) 12.9 (3.1) 28.6 (10.6)

Min–Max 1.0–7.0 6.0–12.0 5.0–17.0 8.0–59.0
Type of management in the 12 months preceding the trial, n (%)

Prophylaxis 17 (68.0%) 14 (66.7%) 4 (22.2%) 46 (35.7%)

On-demand 8 (32.0%) 5 (23.8%) 8 (44.4%) 49 (38.7%)

Mixed regimen 0 2 (9.5%) 6 (33.3%) 33 (25.6%)

Missing 0 0 0 1 (0.8%)

*South America (Brazil); North America (USA); Asia (Israel, Japan, Malaysia, Russian Federation, Taiwan, Turkey); Europe (Croatia, Germany, Italy,

Poland, Serbia, Spain, Switzerland, UK).
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Quality of completion of the HAEMO-QOL
questionnaires

More than two-thirds of the adults, as well as two-
thirds of children and their parents completed the
HAEMO-QOL at baseline and at end-of-treatment
without any missing data (Table 2). In contrast, at
baseline/end-of-treatment the HAEMO-QOL was
completed without any missing data by only 39%/
61% of adolescents and 50%/44% of their parents.
The mean percentage of missing items per patient was
always lower than 10% (0.3–6.9%) for all versions,
except for adolescents (12.9–19.8%) (Table 2).

Description of HAEMO-QOL scores at baseline

Mean baseline HAEMO-QOL total scores were 30.0
for children aged 4–7 years, 26.1 for children aged 8–
12 years, 31.4 for adolescents and 33.4 for adults
(Table 3). In parent-completed versions, mean baseline
HEAMO-QOL total scores were 31.0 for children
aged 4–7 years, 29.3 for children aged 8–12 years,
35.6 for adolescents.

Change in scores from baseline to end-of-treatment

Mean changes (standard deviation) in HAEMO-QOL
total score from baseline to end-of-treatment were 1.4
(13.4) for children aged 4–7 years, �2.6 (10.7) for
children aged 8–12 years, �5.8 (10.0) for adolescents
and �1.6 (8.9) for adults (Fig. 1). In parent-completed
versions, mean changes in HAEMO-QOL total score
from baseline to end-of-treatment were �6.0 (13.3)
for children aged 4–7 years, �4.7 (13.7) for children
aged 8–12 years, and �10.0 (7.1) for adolescents
(Fig. 1).
Mean changes in all HAEMO-QOL scores, response

threshold and percentage of responders are presented
in Table 3. In dimensions constituting HRQoL, chil-
dren aged 4–7 years reported improvement (negative
mean change in score) from baseline to end-of-treat-
ment in Physical health, Sport and Treatment and
worsening in other dimensions, with the greatest
worsening for Friend. Their parents reported improve-

ment in all HAEMO-QOL dimensions, except Sport.
Children aged 8–12 years reported improvement from
baseline to end-of-treatment in seven dimensions and
their parents in eight dimensions; the most improved
was Physical health for both. Adolescents reported
improvement from baseline to end-of-treatment in all
dimensions except Future and Perceived support,
while their parents reported improvement for their
children in all dimensions. Adults reported few
changes in all HAEMO-QOL scores. In summary,
improvements were mainly seen on physical aspects
while the few scores showing worsening were related
to psychosocial aspects.
A notable improvement in HAEMO-QOL total

score (i.e. improvement greater than the response
threshold) was more frequently observed in adoles-
cents and children aged 8–12 years; 42.9% of children
aged 8–12 years and 35.3% of adolescents were clas-
sified as “HRQoL responders,” as opposed to 24.4%
of adults and only 16.7% of children aged 4–7 years.

Change in scores from baseline to end-of-treatment
according to the previous treatment regimen

As shown in Fig. 2, greater improvement in HAEMO-
QOL total score (i.e. greater negative mean change)
were consistently shown in patients receiving on-
demand therapy within the 12 months preceding the
trial than patients who had been receiving prophy-
laxis. Patients who had been receiving mixed on-
demand and prophylactic therapy prior to the trial
also showed generally greater improvement than
patients who had been on prophylaxis; only the par-
ent-completed version for adolescents showed a larger
improvement in patients already on prophylaxis.

Discussion

The objective of this study was to investigate the
HRQoL of 193 patients with severe haemophilia
A aged 4–60 years treated with turoctocog alfa, a
new recombinant factor VIII, and additionally to
explore the effect of the switch from on-demand ther-
apy to prophylaxis. HRQoL, assessed using the

Table 2. Missing assessments at baseline and end-of-treatment for all HAEMO-QOL versions.

4–7 years 8–12 years Adolescents
Adults

Children Parents Children Parents Children Parents

At baseline

Number of missing HAEMO-QOL items

Mean (SD) 0.7 (1.6) 1.4 (3.8) 0.2 (0.5) 0.1 (0.5) 9.9 (24.5) 15.3 (28.7) 1.1 (5.3)

HAEMO-QOL questionnaire with no missing item

n (%) 17 (68.0%) 19 (76.0%) 18 (85.7%) 18 (85.7%) 7 (38.9%) 9 (50.0%) 100 (77.5%)

At end-of-treatment

Number of missing HAEMO-QOL items

Mean (SD) 0.3 (0.9) 0.8 (1.3) 1.0 (3.7) 1.1 (3.5) 13.9 (29.1) 14.7 (28.9) 1.5 (7.1)

HAEMO-QOL questionnaire with no missing item

n (%) 18 (75.0%) 16 (66.7%) 18 (85.7%) 16 (76.2%) 11 (61.1%) 8 (44.4%) 107 (84.3%)

Haemophilia (2014), 20, 527--534 © 2014 The Authors. Haemophilia published by John Wiley & Sons Ltd.
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HAEMO-QOL set of questionnaires, was a secondary
endpoint of two phase 3 multinational clinical trials,
guardianTM 1 and 3 [14,15]. Regardless of the type of
regimen they had received before being recruited, all
patients received bleeding preventative replacement
therapy throughout the trials. This study showed that
HRQoL during the trials was fairly stable for patients
already treated with prophylaxis, while patients
switching from on-demand therapy to prophylaxis
seemed to benefit most in terms of HRQoL. This rein-
forces the importance of prophylactic treatment of
haemophilia [25] and suggests that switching from on-
demand to prophylactic treatment is potentially a dri-

ver for improvement of HRQoL in patients with hae-
mophilia [8,26].
We chose to analyze the HAEMO-QOL data using

two complementary approaches: the description of the
mean change in score over the trials and the descrip-
tion of “HRQoL” responders, i.e. patients who experi-
enced a meaningful improvement in HRQoL. The
former approach gives an overall trend of the change
in HRQoL scores at the group level while the latter
provides an estimate of individual changes. The change
in score over the trial was considered as absolute
rather than relative values (i.e. percentage of change
from baseline) controlling for the variability in baseline

Table 3. Baseline scores, mean changes and percentage of responders for HAEMO-QOL dimension and total scores for all versions.

Children-completed versions Parents/adults-completed versions

Baseline mean

score (SD)

Mean

change (SD)

Responder

threshold Responders (%)

Baseline mean

score (SD)

Mean

change (SD)

Responder

threshold Responders (%)

4–7 years

Physical health 27.8 (20.7) �9.9 (31.9) �13.3 29.2 27.9 (19.6) �6.8 (25.8) �12.1 41.7

Feeling 17.5 (23.9) 10.8 (28.8) �10.1 16.7 18.4 (21.0) �2.7 (25.9) �10.0 37.5

View 14.3 (16.9) 5.6 (20.2) �15.6 12.5 15.8 (19.3) �8.9 (20.2) �12.2 25.0

Family 47.0 (27.1) 4.9 (27.5) �13.1 16.7 47.8 (29.4) �5.4 (22.1) �9.5 29.2

Friend 25.0 (33.6) 21.1 (30.3) –* – 41.7 (28.2) �6.6 (26.1) –* –
Others 17.0 (21.0) 1.3 (34.8) �16.0 29.2 16.3 (19.0) �5.6 (19.6) �11.7 37.5

Sport 37.7 (25.4) �6.3 (26.4) �19.4 12.5 40.4 (21.6) 0.5 (25.1) �18.4 12.5

Treatment 40.5 (34.9) �4.2 (47.9) �20.3 33.3 29.5 (22.3) �0.6 (27.3) �19.6 16.7

Total score 30.0 (13.6) 1.4 (13.4) �7.1 16.7 31.0 (14.4) �6.0 (13.3) �5.8 37.5

8–12 years

Physical health 27.0 (17.8) �11.3 (19.3) �8.1 57.1 28.8 (15.3) �17.7 (14.2) �8.1 61.9

Feeling 16.7 (14.7) �5.4 (15.3) �7.2 38.1 25.6 (17.8) �4.0 (23.7) �7.0 38.1

View 21.7 (12.5) �1.4 (21.8) �8.5 33.3 24.5 (14.5) �0.9 (20.6) �10.1 19.0

Family 33.1 (15.1) 5.3 (16.6) �12.5 9.5 33.4 (17.0) 1.1 (13.7) �9.3 28.6

Friend 38.4 (27.0) 0.6 (33.4) �12.7 23.8 39.1 (23.7) 4.4 (29.4) �10.7 23.8

Perceived support 44.6 (23.7) �1.2 (25.6) �10.9 33.3 46.1 (17.5) �1.0 (22.2) �10.6 28.6

Others 18.7 (16.6) �3.0 (17.7) �9.0 28.6 21.5 (17.7) �1.4 (19.0) �7.0 28.6

Sport 34.3 (15.7) �4.2 (14.4) �12.3 33.3 40.9 (15.6) �10.0 (16.8) �13.3 23.8

Dealing 22.8 (17.4) 0.7 (19.3) �7.6 23.8 24.2 (15.4) �4.4 (17.0) �7.3 38.1

Treatment 18.4 (17.3) �3.2 (12.9) �11.7 28.6 20.3 (11.4) �7.0 (14.9) �8.1 38.1

Total score 26.1 (8.9) �2.6 (10.7) �3.8 42.9 29.3 (8.5) �4.7 (13.7) �2.5 52.4

Adolescents

Physical health 33.7 (23.2) �15.0 (18.4) �8.6 35.3 35.4 (27.2) �11.8 (19.1) �8.3 35.3

Feeling 21.7 (16.5) �7.3 (12.3) �9.8 23.5 34.5 (15.6) �11.6 (19.1) �7.7 29.4

View 31.8 (19.6) �7.5 (18.4) �16.0 23.5 30.5 (16.4) �7.6 (19.0) �14.0 29.4

Family 35.2 (20.6) �4.4 (17.9) �10.0 29.4 39.6 (14.7) �3.1 (13.8) �8.9 23.5

Friend 51.7 (26.9) �1.0 (29.1) �14.4 23.5 50.0 (27.1) �10.9 (26.7) �11.5 29.4

Perceived support 43.3 (18.2) 7.3 (26.4) �12.4 17.6 46.4 (18.8) �8.3 (19.1) �11.6 29.4

Others 20.8 (20.2) �5.9 (19.3) �9.8 23.5 28.6 (21.7) �16.0 (20.4) �7.7 47.1

Sport 44.2 (17.8) �14.1 (17.3) �20.3 17.6 50.7 (16.0) �20.2 (13.3) �20.2 29.4

Dealing 24.8 (15.9) �5.5 (18.6) �8.4 29.4 25.4 (14.1) �4.0 (7.5) �8.7 11.8

Treatment 24.6 (15.2) �8.1 (9.9) �12.1 23.5 26.2 (13.2) �13.1 (13.6) �11.7 29.4

Future 30.0 (10.1) 9.4 (25.8) �8.9 11.8 31.3 (20.1) �1.0 (23.5) �26.3 11.8

Relationship 9.6 (14.6) �5.0 (19.7) �9.4 23.5 13.6 (30.3) �5.6 (11.0) �7.5 11.8

Total score 31.4 (9.6) �5.8 (10.0) �4.8 35.3 35.6 (10.3) �10.0 (7.1) �5.0 52.9

Adults

Physical health – – – – 41.6 (24.5) �4.9 (20.6) �8.9 39.5

Feeling – – – – 26.9 (24.0) �1.8 (17.6) �10.1 31.1

View – – – – 37.4 (21.1) �0.8 (16.7) �20.3 11.8

Family planning – – – – 17.9 (26.7) 3.0 (16.8) �11.9 10.1

Work – – – – 26.8 (26.1) �3.8 (18.0) �16.5 17.6

Sport – – – – 54.5 (22.3) �1.0 (18.7) �16.4 11.8

Dealing – – – – 19.7 (18.9) �1.7 (20.7) �10.0 20.2

Treatment – – – – 32.7 (16.9) �0.8 (15.2) �9.7 18.5

Future – – – – 39.2 (24.4) �1.9 (15.4) �16.0 16.0

Partnership – – – – 18.2 (28.8) �0.7 (18.5) �10.0 15.1

Total score – – – – 33.4 (16.0) �1.6 (8.9) �6.3 24.4

*Single-item dimension not enabling the calculation of the internal consistency coefficient, thus threshold could not be computed.
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scores. The use of absolute change was enforced by the
features of HAEMO-QOL scales. This can be illus-
trated as follows: the direction of the HAEMO-QOL
scales (higher score for poorer HRQoL) is arbitrary
and might as well have been reversed so that a higher
score would correspond to a better HRQoL (which is
the case for most other HRQoL instruments). In that
case, a given change in a patient’s HRQoL will corre-
spond to the same absolute change but not the same
relative change (a 10-point change from 20 and from
80 does not correspond to the same percentage).
Hence, analyses of absolute change were preferred
over analyses of relative change.
This study offers a set of results that could underpin

hypotheses for future research related to the benefit of
haemophilia treatment in terms of HRQOL. First,
some domains of HRQoL may be more prone to
improvement than others: improvements were shown
in physical aspects of children’s and adolescents’
HRQoL (but not of adults’) over the course of the
trial, while psychosocial aspects were at best
unchanged. The frequent differences observed between
child and parent ratings, regardless of the age of the
child, are another interesting finding. For example, the
worsening of adolescents’ view of future and perceived
support from others was not reflected in their parents’
scores. Likewise, for the younger patients’ (aged
4–7 years): their perceived worsening of relationships
to friends and family and in emotional aspects was

not reported by their parents. These discordant results
between parents’ and children’s reports could reflect
the difference in values placed on certain aspects of
HRQoL by children and adolescents compared to
their parents. However, it may also pose the question
of the reliability of reports of children, in particular
for young children (below 8 years). In summary, our
results could be useful to inform decisions on HRQoL
domains of specific interest for future studies in
haemophilia or to emphasize the need to carefully
determine the respondent to HRQoL questionnaires
(self-report vs. proxy-report).
The analysis of the limitations of of HRQoL analysis

in the guardianTM 1 and 3 trials also gave rise to identi-
fication of some potential challenges for future studies
investigating the impact of haemophilia treatment on
HRQoL. These limitations are largely dependent on
the constraints of running clinical trials in rare
diseases. First, both trials were non-comparative open-
label trials. It is particularly challenging to demon-
strate an effect on HRQoL with this kind of design
because HRQoL-specific constraints are seen in addi-
tion to limitations caused by the absence of randomi-
zation and blinding: (i) when patients are aware that
they are taking a new product, it may, consciously or
not, impact their perceptions and responses to HRQoL
questionnaires; (ii) the interpretation of change in
HRQoL scores is particularly complicated in the
absence of a comparator arm because HRQoL scores

Fig. 1. Mean change in HAEMO-QOL total

score for each version from baseline to end-of-

treatment. A negative change in HAEMO-QOL

total score indicates improved HRQoL. Box

plots present the following: interquartile range

(Q1-Q3); +: mean; �: median; bottom and top

bars: observed minimum and maximum observed

values; ○: outliers (i.e. values that are outside the
distance of 1.5 times the interquartile range from

Q1 or Q3).

Fig. 2. Mean change in HAEMO-QOL total

score for each version from baseline to end-of-

treatment, according to the type of regimen

patients received within the 12 months preced-

ing the trial. A negative change in HAEMO-QOL

total score indicates improved HRQoL. (OD: on-

demand/M: mixed regimen/P: prophylaxis). Box

plots present the following: interquartile range

(Q1–Q3); +: mean; �: median; bottom and top

bars: observed minimum and maximum observed

values; ○: outliers (i.e. values that are outside the
distance of 1.5 times the interquartile range from

Q1 or Q3).
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generally cannot be interpreted directly in a meaning-
ful manner. Specifically, cumulative distribution func-
tions are often recommended to support the
interpretation of PRO results [27]; the absence of a
comparator arm makes the use of this method less
appealing since the interpretation of these functions is
uneasy in this setting. Moreover, due to haemophilia
being a rare disease, trials are of limited size. In addi-
tion, trial samples have to be split into subgroups for
HRQoL assessment to be adapted to patient age.
Therefore, HRQoL results can only be obtained for
even smaller samples. This is not only an issue for the
interpretation of the HRQoL findings, obtained on
small samples, but it also makes some statistical tech-
niques that are generally used with these outcomes
more difficult to apply: for instance, anchor-based
approach to the definition of responder, which is gen-
erally preferred over distribution-based approach [27],
is difficult to apply in this context since it would
require running analyses on subgroups of patients
within each age category and therefore would mean
performing statistical analyses on an handful of
patients only. Finally, the duration of follow-up of the
guardianTM trials was relatively short (about
6 months). Unfortunately the impact of a new treat-
ment in terms of HRQoL may not be fully captured in
this timeframe so HRQoL should be considered with
longer follow-up (e.g. in long-term extension of trials).
In conclusion, the experience of the guardianTM 1 and
3 trials could be useful for considerations on how to
measure HRQoL in future haemophilia trials as they
show the methodological challenges to overcome.
In this challenging context, it is also important to

keep in mind that a key factor in assessing HRQoL is
the choice of the measurement instrument. It is extre-
mely important to use a very specific instrument,
acceptable to the subjects (limiting the amount of
missing data) and focused on very precise concepts,
thus producing reliable and accurate results. These
two aspects (limitation of missing data and reliability
of the assessment) are critical in the case of small sam-
ples. In this context, the HAEMO-QOL question-
naires were good candidates for assessment of
HRQoL in haemophilia clinical trials as they are spe-
cifically designed with and for patients with haemo-
philia. They were well-accepted in both guardianTM 1
and 3 as shown by the good quality of completion for
all age groups and for both children and parent-com-
pleted versions supporting its use in future studies on
HRQoL in patients with haemophilia.

Finally, we have identified some topics that may be
of interest for future studies on HRQoL in patients
with haemophilia. Exploring the link between HRQoL
and frequency of treatment administration may be
worthwhile, especially as it has been reported that
patients would prefer a coagulation factor with a
longer half-life to reduce the number of injections per
week [28]. Future studies could also investigate
whether the time elapsed from the patient’s last bleed-
ing episode and questionnaire answering has an
impact on the reported perception of HRQoL.
In conclusion, this study shows that patients

switched to turoctocog alfa did not have changes in
HRQoL as expected in a chronic disease with replace-
ment therapy. The results support that treatment with
turoctocog alfa did not improve nor worsen HRQoL
of patients who had been on prophylaxis regimens
prior to enrolment, in line with the clinically reliable
performance of turoctocog alfa [14,15]. Furthermore,
the results support that the switch to prophylactic
treatment is a potential key driver for improvement of
HRQoL in patients with haemophilia who have earlier
been treated on-demand.
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