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Background: The in vivo recovery of recombinant factor IX (rFIX) is reported to be lower
than that of plasma-derived products, with potential clinical implications for dosing. In clinical
practice, a conversion (augmentation) factor is suggested to calculate the necessary doses of rFIX.
The aim of this study was to assess the range of values for the conversion factor in usual clinical
practice in Italy.

Materials and methods: The study was questionnaire-based and proposed to all Italian
Haemophilia centres treating patients with haemophilia B. Age, weight, dosage used in the last
effective infusion, treatment regimen (prophylaxis versus on-demand), human immunodeficiency
virus (HIV) and hepatitis C virus (HCV) status, and years of previous therapy with rFIX were
recorded for patients with severe haemophilia B treated with rFIX. Mean, standard deviation,
median and range were calculated for demographic and treatment data for the overall population
and for subgroups. The conversion factor for the theoretical dosage of 40 IU/Kg was calculated.

Results: Among 207 patients with severe haemophilia B being followed in 24 centres, 138
(66.7%) were being treated with rFIX. The sample of 207 patients represents 83.1% of the
population of Italian patients with severe haemophilia B. The age range of the studied patients
was 0-72 years (mean, 24 years) and the weight range was 3-108 kg (mean, 60 kg). Nineteen
patients (14.4%) were positive for HIV and 51 (42.9%) were positive for HCV. The mean dosage
of rFIX was 44 IU/Kg, with no significant difference between those receiving the product as
prophylaxis or on-demand. A reduction in dosage was observed with increasing age
(0.23 IU/kg/year). The mean value for the conversion factor was 1.10 +0.36 (median 1.00, range 0.51-
2.08), when estimated for the whole population. No effect of HIV and HCV status was found on the dose
prescribed. No evident correlation was found with the underlying genetic mutation.

Discussion: We found that dosing of rFIX in clinical practice is very close to that of plasma-
derived FIX concentrates. As a consequence, dosing in the non-surgical setting should be started
using the same criteria as those for plasma-derived FIX and treatment effectiveness verified on

a clinical basis rather than relying on in vivo recovery assessments.
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Introduction

Haemophilia B is an X-linked bleeding disorder
caused by factor IX (FIX) deficiency. Its incidence is
approximately 1 in 25,000 males!'. The pathology is
distinguished into three levels of severity, based on
the levels of activity of the circulating FIX: severe
(FIX:C below 1%), moderate (FIX:C from 1 to below
5%) and mild haemophilia (FIX:C from 5 to the lower
end of normal range). In the calendar year 2007, the
Italian National Database included 638 cases of
haemophilia B (about 17% of all haemophiliacs), 249
(39%) of whom had severe disease, 153 (24%) a
moderate form, and 236 (37%) mild disease>.

The treatment of bleeding episodes in patients with
haemophilia B is based on replacement of the deficient
factor. A large range of plasma-derived FIX
concentrates is now available. High-purity
concentrates have a lower thrombogenic risk?, and all
products now undergo viral attenuation methods
during manufacture, which leads to greater safety in
terms of viral transmission®. These plasma-derived
products are not, however, completely free of the risk
of transmission of non-enveloped viruses, such as
hepatitis A virus and parvovirus, or blood-borne prions
associated with spongiform encephalopathy®’. The
cloning of the human F9 gene in 19823 enabled the
manufacture of recombinant (r) FIX'%-'2: the first
product became commercially available in the late
1990s, following clinical studies that had proven its
safety and efficacy!*!4.

Based on pharmacokinetic parameters, the
comparison between plasma-derived and rFIX
demonstrated similar half-lives and mean residence
times, but showed a difference in in vivo recovery
(post-infusional levels of FIX related to the
administered dose), resulting in the need for higher
doses of rFIX in order to obtain an equal concentration
of circulating plasma factor!>!”. Furthermore, a wide
inter-individual emerged from
pharmacokinetic studies, with in vivo recovery being
lower in patients under 15 years old!#!¢,

The nationwide-adopted guidelines of the Italian
Association of Haemophilia Centres!® make the
following suggestions about FIX treatment of bleeding
episodes in patients with haemophilia B: mild or
moderate haemarthrosis or haematoma should be

variability

treated using 20 to 40 IU/kg of body weight; severe
haemarthrosis or haematoma, external bleeding

resulting in acute anaemia, or trauma of moderate severity
should be treated using 40 to 60 IU/kg; head trauma, brain
haemorrhage, or pre-surgical haemostasis requires a dose
of 50 to 100 IU/kg. These recommendations are issued
assuming that each unit per kilogram of body weight of
infused FIX will raise the plasma levels by approximately
1%. Given that in vivo recovery of rFIX is approximately
0.8 in adults and 0.7 in children under 15 years old, the
‘World Federation of Hemophilia guidelines recommend
using one of the following formulae to dose rFIX":
- dose to be administered (IU/kg) = expected plasma
level IU/mL)/0.8 or expected plasma level IU/mL)

x 1.25 (adults);

- dose to be administered (IU/kg) = expected plasma
level {U/mL)/0.7 or expected plasma level (IU/mL)

x 1.43 (children).

The only available population-wide assessment of
the extent of adoption of this recommendation is the
Canadian study by Poon et al.'¢, which assessed dosing
of rFIX when most of the Canadian patients were
switched from plasma-derived FIX to rFIX. The
authors assessed in vivo plasma recovery of FIX, and
calculated its mean population value and difference
from the recovery of plasma-derived FIX.

The aim of our study was to assess the range of
values for the conversion factor in usual clinical
practice in Italy.

Materials and methods

The study was questionnaire-based and proposed
to all Italian Haemophilia Centres reporting records
about patients with haemophilia B to the Italian
Database of Haemophilia. A presentation letter was
prepared, explaining the aim of the study and the
unresolved issues about the choice of dosage for
treating patients with severe haemophilia B with rFIX.
Participation in the study was voluntary and no funds
were available to cover any related expense.

Data collection

A mock table for data collection was prepared. The
information requested was: the name of the centre,
the total number of patients with severe haemophilia
B treated with rFIX and a progressive number given
to each patient by the centre, the main data (age or
date of birth, body weight in kg, last effective dose
administered in total IU) and additional optional data
(treatment regimen - prophylaxis versus on demand, years
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of previous therapy with rFIX, positivity or negativity
for HIV and HCV and genetic characterisation - mutated
exon, specific mutation). As an alternative, we asked for
consent to access and use the data (HI'V, HCV, genetics)
in the National Database, through the patients’
identification code. The above information was requested
for all patients with severe haemophilia B treated
withrFIX.

The presentation letter and the table for data
collection were e-mailed to the Heads of each
Haemophilia Centre. The filled in records received
from the centres were pooled in a single database.

Data analysis
Descriptive analysis

Birth dates were converted into ages and doses
administered were calculated as I[U/kg of body weight;
age at the beginning of treatment was calculated from
years of previous therapy. The following data were
also described: number of patients for whom years of
previous treatment with rFIX were known; number
of patients who started being treated with rFIX before
6 years of age.

The distribution of dose administered (as IU/kg) was
preliminarily investigated by box-plot analysis to search
for outliers.

Mean, standard deviation, median and range of age,
body weight, dose administered (total ITU
and IU/kg) and years of previous treatment were
calculated. Demographic and treatment data were
calculated for the overall population and for the
following subgroups: population < 15 years old,
population >15 years old, patients treated on demand,
patients on prophylaxis, HIV-positive and -negative
patients, HCV-positive and -negative patients,
and co-infected patients.

Statistical analysis

The conversion factor was calculated referring to
the theoretical dosage of 40 IU/kg, which is the dose
suggested by guidelines for the prophylaxis regimen
and is the mean dosage indicated for the treatment of
mild to severe bleeding episodes!.

The formula used to calculate the conversion factor
is the following: 1 + [(administered dose —theoretical
dose)/theoretical dose].

All doses were expressed as IU/kg.

Mean, standard deviation, median and range of the

62

conversion factor for the dosage of 40 IU/kg were
calculated for the overall population and for the following
subgroups: population <15 years old, population >15
years old, patients treated on demand, patients on
prophylaxis, HIV-positive and -negative patients,
HCV-positive and -negative patients, and co-infected
patients.

Linear regression analysis was used to test the effect
of age and weight on dose administered (IU/kg).
Univariable and multivariable analysis of variance was
used to asses the effect on dose administered (IU/kg) of
treatment regimen (prophylaxis/on demand), HIV or HCV
status. A sensitivity analysis was performed, dividing the
overall population in two groups: patients who had
received a dose 240 IU/kg and patients who had received
adose <40 IU/kg. Mean, standard deviation, median and
range of conversion factor were calculated for the first
group related to a dosage of 40 [U/kg and for the second
group related to a dosage of 20 IU/kg.

The role of the underlying genetic mutations was
investigated by searching for clusters of specific
mutations in the lowest and the highest dose tiers of
the population of patients.

All the calculations were performed with Stata
version 9.1 (Statacorp, College Station TX, USA).

Results
Database composition and coverage

The National Haemophilia Database contains data on
293 patients affected by severe haemophilia B. Forty-four
of these patients are registered in more than one centre,
which makes a total population of 249 univocal patients.
The patients are distributed in 35 out of 47 Italian
Haemophilia Centres.

‘We received filled in questionnaires from 29 of the 35
centres.

Five centres were not treating patients with severe
haemophilia B with rFIX. The other 24 centres sent
information about 144 patients, 139 of whom univocal. One
of these patients was treated with a protocol of immune-
tolerance induction and was not included in the total count.
The data included in the study was, therefore, derived from
138 patients.

As assessed by the National Database?, the total
population with severe haemophilia B treated in the 29
centres that adhered to the study comprises 233 patients,
207 of whom are univocal cases.

The database of the study, therefore, contained data



on 83.1% of the patients affected by severe haemophilia
B in Italy (207/249) and the patients treated with rFIX
account for 66.7% of all patients with severe haemophilia
B treated in these centres (138/207) and 55.4% of the
whole population of patients with severe haemophilia B
in Italy (138/249) (Figure 1).

Data analysis

As afirst step, the box-plot for administered dose (IU/
kg) in the overall population (Figure 2) showed three outliers
(95.241U/kg, 107.141U/kg, 111.11 IU/kg): these three
patients were excluded from the subsequent analysis, so
that the analysed population consisted of 135 patients.

Survey flow chart
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Figure 1 - Survey flow chart.
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Figure 2 - Box-plot of dose (IU/kg).
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Demographic and treatment data are shown in Tables
I and II. Years of previous treatment were known for 82
patients (60.7%): 25 of these (18.5% of the overall study
population) started being treated with rFIX before the
age of 6 years old. Furthermore, four other patients

Table I - Demographic data.

(without specified years of treatment) were less than 6
years old at study enrolment, so that the whole population
treated before 6 years of age amounted to 29 patients
(21.5 % of the overall population) treated for 103 patient-
years (4+2 each one).

Age Weight Years of treatment

Number of Mean Median Mean Median Mean Median

patients® (SD) (range) (SD) (range) (SD) (range)
Overall population 135 [82] 239 (15.2) 22.0 (0-72) 59.9 (22.3)  65.0 (3.2-108) 6.0 (2.6) 7 (0-11)
Population =15 years 47 [30] 8.9 (4.4) 9 (0-15) 36.9 (18.1) 39.0 (3.2-78) 58 @3.1) 6.5 (0-11)
Population >15 years 88 [52] 32 (12.6) 29 (16-72) 72.1 (12.6) 71.5 (46-108) 6.1 (12.9) 7 (1-10)
Prophylaxis 57 [39] 19.1 (12.6) 15.0 (3-56) 54.8 (21.3) 59.0 (15-92) 5.8 (2.6) 6 (1-11)
On-demand 74 [43] 27.9 (16.1) 28.0 (0-72) 64.6 (22.3)  69.5 (3.2-108) 6.1 (2.5) 7 (0-10)
HIV+ 19 [11] 32.6 (13.0) 33 (12-51) 68.7 (15.5) 72 (40-95) 6.4 (1.9) 7 (4-9)
HIV- 110 [65] 22.9 (15.5) 21.0 (0-72) 58.6 (23.0) 62.0 (3-108) 6.2 (2.6) 7 (1-11)
HCV+ 51 [28] 35.2 (13.3) 33 (9-71) 72 (12.6) 72 (40-104) 6.1 (2.0 6.5 (1-10)
HCV- 65 [35] 14.6 (8.5) 14.0 (0-37) 51.0 (24.1) 53.0 (3-108) 59@3.1) 7 (1-11)
Co-infected 17 [9] 30.6 (12.2) 33 (12-51) 68.8 (16) 72.0 (40-95) 6.2 (2.0) 7 (4-9)
*Numbers in square brackets indicate patients with years of treatment data available.
Table II - Treatment data.

Dose administered (IU) Dose administered (IU/kg)
Number of patients Mean (SD) Median (range) Mean (SD) Median (range)

Overall population 135 2,566.7 (1,272.3) 2,000 (250-7,000) 44.0 (14.6) 40 (20.0-83.3)
Population =15 years 47 1,702.1 (1,168.7) 1,250 (250-6,000) 47.6 (16.9) 44.4 (20.4-83.3)
Population >15 years 88 3,028.4 (1,073.1) 3,000 (1,500-7,000) 42.1 (12.9) 40.0 (20.2-72.7)
Prophylaxis 57 2,368.4 (1,216.6) 2,000 (500-6,000) 44.5 (14.9) 40 (20.0-80.0)
On-demand 74 2,729.7 (1,318.8) 3,000 (250-7,000) 43.3 (14.7) 40 (20.3-83.3)
HIV+ 19 2,737.8 (991.2) 2,500 (1,000-5,000) 39.9 (11.3) 40 (20.4-63.6)
HIV- 110 2,540.9 (1,330.9) 2,000 (250-7,000) 44.5 (15.1) 40 (20.3-83.3)
HCV+ 51 3,019.6 (932.5) 3,000 (1,000-6,000) 422 (11.9) 40 (20.4-83.3)
HCV- 65 2,407.7 (1,515.2) 2,000 (250-7,000) 47.8 (16.1) 47.1 (20.3-80.0)
Co-infected 17 2,823.5 (1,014.6) 3,000 (1,000-5,000) 41.1 (11.3) 40 (20.4-63.6)
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The linear regression with dose (IU/kg) as the
dependent variable and patient's age as the independent
variable is shown in Figure 3. The regression was
statistically significant (p = 0.006, R*=0.057).

The estimated slope coefficient was .23 (95% C.1.
-0.39 ~0.07), indicating areduction of 11IU/kg every
4.3 years of age.

The linear regression with dose/kg as the dependent
variable and the patient's weight as the independent
variable is shown in Figure 4. The regression was
statistically significant (p=0.013, R>=0.045).

The estimated slope coefficient was -0.14
(95% C.1.-0.25 ~-0.03), indicating a reduction of
1 IU/kg every 7 kg of body weight.
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Figure 3 - Effect of patients' age.
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Figure 4 - Effect of patients' weight.

65



Atunivariable ANOVA analysis only HCV resulted
significantly associated with difference in administered
dose (IU/kg). When adjusting for age and weight at
multivariable ANOVA, HCV lost its significance.

Conversion factor

The mean conversion factor for the theoretical
dosage of 40 IU/kg was 1.10 (standard deviation 0.36,
median 1, range 0.51-2.08) in the overall population.
Table III shows the conversion factors for the population
<15 years old, the population >15 years old, patients
receiving on demand treatment, patients on prophylaxis,
the HIV-positive and -negative populations, the HCV-
positive and -negative populations, and those patients
who were co-infected with HIV and HCV.

Sensitivity analysis

Seventy-six (56.3%) patients had received a dose
>401U/kg, whereas 59 (43.7%) patients had received a
dose <40 IU/kg. Table IV shows the conversion factor
for both groups and details about calculations. The
mean conversion factor for the dosage of 40 IU/kg for
the former group was 1.35 +0.29 (range, 1.00-2.08; 95%
CI, 0.78-1.92); the mean conversion factor for the dosage
of 20 IU/kg for the latter group was 1.56 + 0.24 (range,
1.01-1.97;95% CI, 1.08-2.03). Consideration of the genetic
mutations responsible for the FIX deficiency did not
provide meaningful information for this study: no
correlation was found between the entity of the dose
(IU/kg) administered to treat the bleeding episode and
the patient's genetic mutation.

Table I1I - Conversion factor for a theoretical dosage of 40 IU/kg.

Conversion factor for a theoretical dosage of 40 IU/kg

Number of patients Mean (SD) Median (range)
Overall population 135 1.10 (0.36) 1.00 (0.51-2.08)
Population =15 years 47 1.19 (0.42) 1.11 (0.51-2.08)
Population >15 years 88 1.05 (0.32) 1.00 (0.51-1.82)
Prophylaxis 57 1.11 (0.37) 1.00 (0.51-2.00)
On-demand 74 1.08 (0.37) 1.00 (0.51-2.08)
HIV+ 19 1.00 (0.28) 1.00 (0.51-1.59)
HIV- 110 1.11 (0.37) 1.00 (0.51-2.08)
HCV+ 51 1.05 (0.29) 1.00 (0.51-2.08)
HCV- 65 1.19 (0.40) 1.18 (0.51-2.00)
Co-infected 17 1.02 (0.28) 1.00 (0.51-1.59)

Table IV - Sensitivity analysis.

Dose IU/Kg

>40
(Conversion factor for a
theoretical dosage of 40 IU/kg)

<40
(Conversion factor for a
theoretical dosage of 20 IU/kg)

Patients (%)
Mean dose+SD
Mean conversion factor (95% CI)

Median of conversion factor (range)

76 (56.3%)
53.9+11.6
1.35 (0.78-1.92)

1.31 (1.00-2.08)

59 (43.7%)
31.2+4.9
1.56 (1.08-2.03)

1.54 (1.01-1.97)
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Discussion and conclusions

We analysed data from 135 patients with severe
haemophilia B treated with rFIX, 57 of whom were on
prophylaxis. The mean administered dose was 44 + 15 TU/
kg (median 40 IU/kg; range, 20-83 IU/kg). The mean
conversion factor used in clinical practice to dose rFIX
was 1.10+0.36.

The strength of our results is that they are based
on a representative sample of the Italian population
of patients with haemophilia B and on clinical data
collected trying to minimise bias; as a trade-off, its
major limit lies in the uncertainty deriving from the
lack of some additional information about the severity
of bleeding and the targeted FIX plasma levels. In
fact, in our survey, we declared that we were interested
in knowing the last effective administered dose,
meaning a dose that had healed the patient's
symptoms. We did not ask about the severity of the
treated bleeding episode, as this information would
have been difficult to standardise, nor did we ask about
the target plasma level of FIX that it was intended to
reach. In fact, this was a retrospective survey based
on data recorded on a clinical practice base. We did
not expect that data about severity of bleeding
episodes and targeted FIX plasma level had been
routinely recorded on standard clinical records in a
homogeneous way for the entire population. We,
therefore, assumed that asking the participant
physicians to detail the target level they had wanted
to achieve would have lead them to post-hoc
recalculation aiming to stick to the commonly agreed
conversion factor and guidelines. Furthermore, we
assumed that the choice of the dosage to be
administered is more commonly based on a
comprehensive evaluation of a patient's treatment
history than on a formal calculation, and that asking
for the theoretical sought effect would have biased
the survey. We considered that getting the information
needed to stratify the prescribed dosages directly from
the participating physicians would have produced an
advantage inferior to the risk of any bias introduced.

On the other hand, it was not plausible to consider
that all patients who were prescribed doses lower than
40 IU/kg had been treated targeting the post-infusion
FIX as 40 IU/mL. The empirical way we chose to get
a better approximation of the real clinical use of a
conversion factor for prescribing rFIX was by assuming
that a dosage of 20 IU/kg would have been prescribed to

every patient who actually received a dose <40 IU/kg. We
then recalculated the mean conversion factors for the two
resulting populations (patients who were administered a
dosage 240 1U/kg). The results showed a mean dose of 54
IU/kg for patients who had been administered 240 IU/kg
(76 patients, 56.3%) and 31 IU/kg for patients who had
been administered <40 IU/kg (59 patients, 43.7%). The
conversion factors were 1.35+0.29 and 1.56+0.24,
respectively. On the other hand, it should be noted that
this was a very conservative choice; in fact, it is unlikely
that 43.7% of the bleeding episodes were so mild to require
the prescription of a dose as low as 20 IU/kg of FIX. More
likely the careful observation of the clinical and therapeutic
history of some patients made their physicians safely
prescribe a low, but still effective, dose when treating
moderately severe bleeding events.

We can safely conclude that the mean values of
conversion factor used in clinical practice are
distributed between 1.10 and 1.56 and that the mean
dosage prescribed to the whole population is
approximately 44 IU/kg, which is very close to the
40 IU/kg suggested by national and international
guidelines for FIX replacement therapy, both for
prophylaxis and on demand treatment of bleeding
episodes of moderate severity.

Two secondary results of our study deserve to be
mentioned: first, the subgroup analysis did not show
a correlation between HIV status, HCV status or
genetic mutations and the dose needed to treat the
bleeding episodes effectively; second, we registered
the treatment of 29 patients under 6 years old, which
confirms the wide extent of the off-label use of rFIX
in small children. In fact, the use of rFIX is not licensed
for children under 6 years of age, even if, in a
prospective clinical study, Monahan et al.?° described
the safety and efficacy of rFIX for prophylaxis in
patients in this age range.

Our data are at variance with others emphasising
the lower recovery obtained with rFIX as compared
with plasma-derived FIX!*!8, These data are usually
cited to anticipate an increase in FIX usage when the
recombinant factor is preferred. The results we found
in the Italian population do not support this concept,
since the increase is not above 10%. This fits very
well with our estimated mean for the conversion factor
(1.1). Our clinical results are in agreement with a
recovery evaluation by Martorell ez al.?! in which the mean
recovery value was 0.98+0.19 IU/dL per IU/kg
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(32 determinations from 23 patients with haemophilia B).

As a consequence, the role of the laboratory can be
reassessed: optimising the dosage of rFIX to achieve the
same recovery as that after the use of plasma-derived FIX
may not be necessary in order to obtain an effective
clinical result; on the contrary, considering the wide
variability observed in clinical practice, evaluation of the
single patient's pharmacokinetic parameters could be
useful for optimising the regimen and the interval of
administrations for patients with incomplete or insufficient
responses.

In conclusion, in a large and representative population
of treated patients with haemophilia B, we found that dosing
of rFIX in clinical practice is very close to that of plasma-
derived FIX concentrates. As a consequence, our advice
is to start dosing in the non-surgical setting using the same
criteria as for plasma-derived FIX and to verify treatment
effectiveness on a clinical basis rather than relying on in
vivo recovery assessments. As far as regards the long-
term effectiveness of replacement therapy in preventing
joint arthropathy in patients with haemophilia B, long-term
follow-up data are needed to define both clinically and
pharmacokinetically driven protocols. In the meanwhile,
we showed that when clinical efficacy is considered, rather
than laboratory data, rFIX behaves very similarly to plasma-
derived FIX.
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