
1902 haematologica | 2021; 106(7)

Received: November 27, 2019.

Accepted: April 22, 2020.

Pre-published: April 23, 2020.

©2021 Ferrata Storti Foundation
Material published in Haematologica is covered by copyright.
All rights are reserved to the Ferrata Storti Foundation. Use of
published material is allowed under the following terms and
conditions: 
https://creativecommons.org/licenses/by-nc/4.0/legalcode. 
Copies of published material are allowed for personal or inter-
nal use. Sharing published material for non-commercial pur-
poses is subject to the following conditions: 
https://creativecommons.org/licenses/by-nc/4.0/legalcode,
sect. 3. Reproducing and sharing published material for com-
mercial purposes is not allowed without permission in writing
from the publisher.

Correspondence: 
ANDREAS TIEDE
tiede.andreas@mh-hannover.de

Haematologica 2021
Volume 106(7):1902-1909

ARTICLE Hemostasis

https://doi.org/10.3324/haematol.2019.241554

Ferrata Storti Foundation

During factor VIII prophylaxis for severe hemophilia A, bleeding risk
increases with time when factor VIII activity is below 1%.
However, maintaining trough activity above 1% does not protect all

patients from bleeding. The relationship between factor VIII activity during
prophylaxis and bleeding risk has not been thoroughly studied. We investi-
gated factor VIII activity and annualized bleeding rate for spontaneous
bleeds during prophylaxis. A population pharmacokinetic model derived
from three clinical trials was combined with dosing data and information on
bleeding from patients’ diaries. Each patient’s time on prophylaxis was
divided into five categories of predicted activity (0-1%, >1-5%, >5-15%,
>15-50%, and >50%). Exposure time, mean factor VIII activity, and number
of bleeds (from the patients’ diaries) were calculated for each activity cate-
gory, and annualized bleeding rates estimated using negative binomial
regression and a parametric model. Relationships between these bleeding
rates and factor VIII activity were evaluated by trial phase (pivotal vs. exten-
sion) and age (adults/adolescents [≥12 years] vs. children [0-<12 years]). In
total (n=187 patients; 815 patient-years’ exposure), factor VIII activity was
predicted to be >1% for 85.64% of the time. The annualized bleeding rate
decreased as factor VIII activity increased in each trial phase and age group.
However, for a given activity level, bleeding rate differed substantially by
trial phase and age. This suggests that bleeding risk can change over time
and is influenced by factors independent of factor VIII pharmacokinetics and
trough levels. When making decisions regarding target trough levels and the
prophylactic regimen, the patients’ age, joint disease activity, and other
bleeding risk determinants should be taken into consideration. Clinical trial
registration numbers: NCT00840086; NCT01138501; NCT00984126
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ABSTRACT

Introduction

Hemophilia is classified according to factor VIII (FVIII) plasma activity as
“severe” (<1% of normal activity), “moderate” (1-5%), or “mild” (>5%-<40%).1,2

Severe hemophilia is characterized by spontaneous, recurrent bleeds into joints
and muscles which can lead to chronic arthropathy, muscular atrophy, and defor-
mities. Converting the clinical phenotype of hemophilia from severe to moderate
has been the rationale for prophylaxis.3 In patients with severe hemophilia A, pro-
phylaxis with replacement FVIII can prevent bleeds and structural joint damage
when initiated at a young age,4 and can decrease bleeding frequency, slow joint dis-
ease progression, and improve quality of life - even when initiated in adults with
established joint damage.5



In severe hemophilia A, the annualized bleeding rate
(ABR) during prophylaxis was shown to correlate with
time spent with FVIII activity (FVIII:C) below 1%, as pre-
dicted from the patient’s individual FVIII pharmacokinet-
ics (PK).6 However, actual time below 1% or any other tar-
geted trough level also depends on the prescribed prophy-
laxis regimen and the patient’s adherence to it. The risk of
spontaneous bleeds during periods with FVIII:C ≥1% in
subjects on prophylaxis is unknown, although an epidemi-
ological study in individuals with mild/moderate hemo-
philia suggested that maintaining FVIII:C above 1% will
not protect all patients from bleeding.7,8 Evaluation of the
association between FVIII:C and bleeding pattern is
important and can support evidence-based tailoring of
prophylaxis independently of the factor concentrate used.
We have used data from the guardian clinical trial pro-

gram to examine bleeding risks according to FVIII:C with
a recombinant FVIII (rFVIII) molecule during prophylaxis
in patients with severe hemophilia A. The product, turoc-
tocog alfa (NovoEight®, Novo Nordisk Health Care AG,
Zürich, Switzerland), is a B-domain-truncated rFVIII. Data
from three studies were combined: a pivotal trial in adults
and adolescents (guardian 1; NCT00840086),9 a pivotal
trial in children (guardian 3; NCT01138501),10 and an
extension trial (guardian 2, which was an extension trial of
guardian 1 and 3; NCT00984126).11 Estimated mean (95%
confidence interval) spontaneous ABR in these studies
were 4.32 (3.34-5.59) (pivotal trial in adults and adoles-
cents), 1.69 (0.94-3.03) (pivotal trial in children), and 1.34
(1.07-1.68) (extension trial).9-11
The PK characteristics of turoctocog alfa, which have

been extensively studied using standard PK assessments
(based on plasma FVIII:C) and a population PK model,
have been shown to be consistent over time, reproducible
between lots and similar to those of other commercially
available FVIII products.12 
Defining the relationship between FVIII:C and bleeding

pattern is important not only because bleeding frequency
is an important outcome, but also to guide robust, individ-
ualized prophylactic treatment schedules. Given the
importance of spontaneous bleeding in hemophilia, we
assessed the relationship between FVIII:C and ABR, as a
measure of bleeding frequency for spontaneous bleeds,
including spontaneous joint bleeds, which were recorded
in dosing diaries by patients with severe hemophilia A
who received prophylaxis with turoctocog alfa in the
guardian clinical trials.

Methods

Trial design and patients’ eligibility
The pivotal trials (guardian 1 and 3) were multinational, phase

III trials assessing prophylaxis with turoctocog alfa in
adults/adolescents (≥12 years) and pediatric patients (0-11
years), respectively. All patients had severe hemophilia A (FVIII
≤1%) without inhibitors and had already been exposed to FVIII
for ≥150 days (adults/adolescents) or ≥50 days (children).9,10

Patients completing the pivotal trials or phase I PK trials could
continue into the open-label extension trial (guardian 2).13

Patients received turoctocog alfa as prophylaxis (20-50 IU/kg
every second day or 20-60 IU/kg three times weekly, depending
on age), as well as for treatment of bleeds. All three trials are
now complete. Patients in the trials reported their dosing and
bleeding data in diaries. Baseline joint disease at pivotal study

entry was not assessed; joint disease in the current analysis was
therefore inferred based on treatment history. 

Pharmacokinetic assessment in the pivotal studies
Consistent with the International Society of Thrombosis and

Haemostasis FVIII product guidelines,14 the pivotal trials includ-
ed a single-dose PK assessment in a subset of patients after the
first dose and in adults/adolescents after 3-6 months’ treatment;
this involved nine (adults/adolescents) or six (children) sampling
time points up to 48 h after injection of the product.9,10,12 In addi-
tion, samples were taken from all patients before and after dos-
ing at the routine visits. All plasma samples were analyzed at a
central laboratory using a one-stage clot assay.12,15 and post-dose
FVIII:C values were entered into the PK model.

Population pharmacokinetic modeling
Population PK modeling was conducted with the nonlinear,

mixed-effects modeling software NONMEM (v.7.1.2, ICON
Development Solutions, Ellicott City, MD, USA). Variability
between patients was quantified within the population PK
model12 by including between-patient variability on PK parame-
ters using a log-normal distribution with no correlation.
Allometric scaling based on body weight was applied to clear-
ance (CL) and volume of distribution (Vd) parameters, and age
was estimated as a linear covariate on CL. A combined propor-
tional and additive residual error model was used.

Exposure-response analysis: estimating the association
between factor VIII activity and annualized bleeding
rate 
The exposure-response analysis of the association between

predicted FVIII:C and spontaneous bleeds, including joint
bleeds, was conducted with the statistical software R3.2.3
(Comprehensive R Archive Network [CRAN] project, University
of Münster, Germany). 
The population PK model estimates were applied to diary-

recorded dosing from all patients receiving prophylaxis with tur-
octocog alfa in the pivotal and extension trials who had appropri-
ate records, regardless of whether patients reported a sponta-
neous bleed or not, to produce a predicted FVIII:C time course for
each patient over the entire span of prophylaxis for that patient.
These predicted profiles had peaks following each recorded dose
and subsequent gradual decline, taking into account the contribu-
tions from the last three doses at any time point (Figure 1). Each
patient’s time on prophylaxis was divided into five clinically
meaningful categories of predicted FVIII:C: 0-1%, >1-5%, 
>5-15%, >15-50%, and >50%. 
Subsequently, the diary-reported bleeding (spontaneous,

including joint bleeds) data were compared to the predicted
FVIII:C–time-profiles to estimate the FVIII:C–bleeding pattern
relationships. Patients were excluded from the analysis if they
switched from prophylaxis to on-demand treatment during the
extension trial, received only on-demand treatment throughout
the extension trial, had missing diary returns, or failed to docu-
ment time of bleeding for >50% of recorded bleeds. 
For the purposes of this analysis, we have described bleeds as

those bleeds that patients reported in their diary returns. This is
to acknowledge that the bleeds were subjectively evaluated by
the patient. 
For each patient, exposure time to turoctocog alfa, mean

FVIII:C, and number of spontaneous bleeds (including joint
bleeds) requiring treatment (based on the patient’s diary entries
and excluding re-bleeds within 48 h) were calculated for each
predicted FVIII:C category. To assess the association between
FVIII:C and ABR, bleeding data were used to estimate ABR for
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each of the five predicted FVIII:C categories for each patient,
using negative binomial regression and predictions of a paramet-
ric model. Relationships between ABR and mean FVIII:C were
evaluated for the overall dataset (pivotal and extension trials),
and by trial phase (pivotal vs. extension) and patients’ age
(adults/adolescents [≥12 years] vs. children [0-11 years]). The
proportion of time in which patients were predicted to achieve
a FVIII:C level was calculated by taking the patient-years of
exposure (PYE) for a FVIII:C category range, dividing it by the
overall PYE, and multiplying it by 100%. 
The risk of bleeding episodes and FVIII:C levels was also ana-

lyzed using survival analysis. For each patient and trial phase,
the time on a given factor level to the first bleed was calculated.
The time to first bleed is presented in Kaplan-Meier plots dis-
playing the proportion of patients without a bleed at a given
time. For each trial phase, the difference between the FVIII:C
levels was tested using a log-rank test for statistical significance. 

Results

Patients and exposure to turoctocog alfa
The demographics of the PK subgroups in the pivotal trials

(n=50) and of the patients participating in these trials and from
whom post-dose FVIII:C measurements were used in the analysis
are shown in Table 1. The analysis population, which was limited
to patients receiving prophylaxis, comprised 232 patients across
the pivotal and extension trials. One patient was excluded from
the analysis as over 50% of bleeds recorded by this patient lacked
a time recording, leaving 231 patients (63 children, 168 adults).
Total PYE for adults/adolescents and children in the pivotal trials
were 77 and 23, respectively, and 498 and 217, respectively, in the
extension trial.

Population pharmacokinetic modeling
The total pool of PK data in the population PK model comprised

the PK profiles from the PK subgroups in the pivotal trials supple-
mented with post-dose measurements from routine clinical visits
for patients participating in these trials (n=231). The PK of turoc-
tocog alfa was found to align well with a one-compartmental
model (i.e., the elimination of turoctocog alfa after a single intra-
venous bolus dose was approximately log-linear) as described by
the equation: 

where D is dosage, t is the time since dose, V is the volume of
distribution, CL is clearance, k is the elimination rate constant, and
e is the base of the natural logarithm (~2.72). One-compartmental
behavior is indicative of the compound being distributed mainly
within the bloodstream itself. The population PK parameter esti-
mates are shown in Table 2.12 Therefore, the one-compartmental
model was selected as the basis for the population PK analysis,
using turoctocog alfa data derived from the one-stage clot assay
for all patients.12

The volume of distribution for an individual of weight W, V(W),
was calculated according to the equation below, where Wref repre-
sents the body weight of the reference individual (70 kg): 

Clearance for an individual with a weight W and age A (CL(W,
A)), was calculated according to the formula below, where Aref rep-
resents the age of the reference individual age (20 years): 

Predicted factor VIII activity - bleeding relationship
Overall, there were 1,237 spontaneous bleeds (324 during the

pivotal phase and 913 during the extension phase), of which
1,063 occurred in adults/adolescents and 174 in children (Table
3). The vast majority (n=1,055; 85.29%) of spontaneous bleeds
were joint bleeds; more adults/adolescents than children suf-
fered joint bleeds. The proportion of time at FVIII:C levels >1%
and the PYE that were used to calculate this parameter across
patient populations and trial phases are shown in Table 3. It was
predicted that overall FVIII:C levels ≥1% were achieved for
85.64% of the time. 
Mean spontaneous bleeds, including joint bleeds, decreased as

FVIII:C increased (Tables 4 and 5), indicating an exposure–bleeding
relationship. This relationship was evident in both the pivotal and
extension trial phases for both types of bleed. However, for each
FVIII:C activity category, lower ABR were observed in the exten-
sion phase than in the pivotal phase. A FVIII:C–bleeding relation-
ship was also apparent for the two age groups of adults/adoles-
cents and children, although children had a lower ABR than
adults/adolescents within each FVIII:C activity category (Table 5). 
At low FVIII:C, ABR were lower during the extension phase

than in the pivotal phase for both adults/adolescents and chil-
dren (Figure 2). The difference in ABR between adults/adoles-
cents and children was particularly evident for the pivotal phase;
during the extension phase, the ABR for each age group was
similar for spontaneous bleeds, with slightly lower ABR in chil-
dren compared with adults/adolescents. Similar relationships
between FVIII:C and ABR were evident for joint bleeds (Online
Supplementary Figure S1).
Using Kaplan-Meier plots, analyzed over a fixed period of

time (60 days), the time to first spontaneous bleeding was longer
during times at higher FVIII:C levels (Figure 3). A similar pattern
was apparent with joint bleeds (Online Supplementary Figure S2).
Hence, patients were more protected during times at higher
FVIII:C levels, particularly during the extension phase. In gener-
al, patients remained bleed-free for longer at any level of FVIII:C
in the extension phase, particularly at the lower FVIII:C levels.
Log-rank calculations showed a significant difference between
each FVIII:C category in the proportion of patients without a
bleed during the pivotal phase (P<0.0001) and the extension
phase (P<0.0001).
.
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Table 1. Demographics of patients included in the exposure–response
analysis.
                                Adults/adolescents                     Children
Parameters                     PK                All*                PK                All*
                                  subgroup                           subgroup              

Number of patients           22                     168                     28                      63
Age on entering               24.00                28.98                 5.96                  6.08
program, years;               (7.88)             (12.15)             (2.76)              (2.91)
mean (SD)                             
Body weight,                      71.84                 73.5                 24.43                 24.6
kg; mean (SD)                (12.44)            (18.13)            (10.50)            (10.03)
*Adults/adolescents and children from the pivotal trials or patients who completed
the phase I pharmacokinetic trials could enter the extension trial. Patients were
excluded from the exposure–response analysis if they switched from prophylaxis to
on-demand treatment during the extension trial, received only on-demand treatment
throughout the extension trial, had missing diary returns, or failed to document time
of bleeding for >50% of recorded bleeds. PK: pharmacokinetic; SD: standard deviation.



Discussion

We used a population PK model and diary-recorded dos-
ing data to estimate FVIII levels in patients with severe
hemophilia A undergoing prophylaxis with turoctocog
alfa and assessed the relationship between FVIII:C and
ABR using diary-recorded data on bleeds. This approach
confirmed an association between higher FVIII activity
levels and reduced risk of spontaneous bleeding, apparent
across all ages and trial phases. Bleeding rates were lower
in the extension phase than in the pivotal phase at the
same FVIII:C levels, consistent with previous spontaneous
ABR data from these studies.13 The FVIII exposure–bleed-
ing relationship was also apparent for both adults/adoles-
cents and children. This effect, however, disappeared dur-
ing the extension phase; after a period of 6 months of pro-
phylaxis during the pivotal studies, the bleeding risk in
adult patients approached that of the pediatric population.
This suggests that patients’ characteristics at baseline
accounted for the difference in bleeding risk between the
age groups. The use of a large number of data on out-
comes and their potential modifiers, combined from
patients in different age groups and trial phases, is a
strength of our study. It is reasonable to assume that the
observed relationship between FVIII:C and ABR, as well
as the role of modifying factors, is largely independent of
the factor concentrate used in the source studies. The
main conclusions conveyed by our work are therefore for
prophylaxis with any factor concentrate in severe hemo-
philia A. 
Although our analysis showed that ABR decreased with

higher FVIII:C, it was not possible to identify a single
FVIII:C level that would prevent bleeding in all patients.
For example, an ABR of <2 was achieved when FVIII:C
was >15% in the pivotal phase but had already been
achieved when FVIII was >1% in the extension phase. We
would speculate that, over time, the patients’ clinical con-
dition (including joint disease activity) improved and the
bleeding risk decreased. In addition, the effect of previous
on-demand treatment on ABR would have diminished
over time and may have contributed to the lower bleeding

rates in the extension phase. Over a third of adult/adoles-
cent patients received only on-demand treatment prior to
entering the pivotal trial,9 potentially affecting joint disease
and bleeding risk at study entry, even at higher FVIII:C
levels. In children (who commonly start prophylactic reg-
imens early on), an ABR <2 was achieved at any FVIII:C
level ≥1%, consistent with the notion that pristine joints
have a lower risk of bleeding during prophylaxis. The
lower bleeding rates in adults in the extension phase com-
pared with the pivotal phase could therefore indicate a
“calming-down” effect of prophylaxis on joint disease
activity.
These results support the notion that treatment out-

comes (and study endpoints) such as ABR would not only
be influenced by FVIII exposure, but also by patient-relat-
ed factors such as age, activity level, or joint status.
Different hemophilia products, including extended half-
life factor concentrates, can transform FVIII exposure, but
direct comparison of outcomes across studies may be con-
founded by such patient-related factors. Similar con-
founders may have to be considered when comparing
results of non-factor replacement therapy or even gene
therapy to results achieved with FVIII replacement.
Our findings on the FVIII exposure-response relation-

ship support and build on data from other modeling analy-
ses using negative binomial distribution in patients with
hemophilia A. Collins et al.6 established the importance of
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Figure 1. Patients’ time spent in dif-
ferent FVIII:C activity ranges predict-
ed from dosing diaries. The first week
of prophylaxis is illustrated for two
representative patients on turoctocog
alfa dosed three times weekly.
Predicted profiles of FVIII:C activity
were calculated from the reported
patients’ diary information on doses
and timing of doses. Both patients
exhibited a dosing interval pattern of
2-2-3 days in their first week,
although the last two doses were
delayed and higher for patient 2 than
for patient 1. Triangles represent the
area under the curve (AUC) of FVIII:C
contributing to the mean FVIII:C value
for each range. The horizontal span of
each triangle defines the time spent
in the relevant FVIII:C range. Both the
AUC and time spans were calculated
across dosing intervals and patient
years. Actual trough FVIII:C was meas-
ured inconsistently and locally, and
was not generally used to guide treat-
ment decisions. 

Table 2. Population pharmacokinetic parameters.
Parameter                                                                Population parameter 
                                                                                       estimate (CV)

CL70 kg, 20 y (mL/h)
a                                                                              302 (0.32)

V70 kg (L)
b                                                                                            3.46 (0.22)

Allometric scaling exponent for body weight                                0.95
on clearance (eCL)                                                                                   
Allometric scaling exponent for body weight on V (eV)               0.86
Age effect on CL (1/year)                                                                   -0.01
aReference value for a 70-kg, 20-year-old patient. bReference value for a 70-kg patient.
CL: clearance; CV: inter-individual variability; V: volume of distribution.



FVIII trough levels and protection from bleeding in
patients with severe hemophilia A. Valentino et al.16 linked
higher peak FVIII levels, higher area under the curve and
time with FVIII >20 IU/dL (>20%) with increased protec-
tion against joint and non-joint bleeding. den Uijl et al.7

suggested that joint bleeds decreased to approximately
zero at FVIII levels >12% in patients with mild to severe
hemophilia A. As such, it would be expected that FVIII
trough levels of 15% would prevent most bleeds, consid-
ering that patients with a FVIII trough of 15% are likely to

A. Tiede et al.
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Table 3. Time spent at each FVIII:C range and bleeding characteristics after  turoctocog alfa prophylaxis.
Parameters                                                                                            Pivotal                                           Extension                          Overall
                                                                                  Adults/adolescents      Children      Adults/adolescents      Children                      

PYE                                                                                                             77                              23                             498                            217                            815
Total numbers of spontaneous bleeds                                             287                             37                             776                            137                           1237
Total numbers of spontaneous joint bleeds                                   251                             24                             684                             96                            1055
Proportion of time (%) in each FVIII activity range
    0-1%                                                                                                      15.58                         21.74                         12.85                         16.60                         14.36
    >1-5%                                                                                                   27.27                         26.09                         26.10                         26.73                         26.38
    >5-15%                                                                                                 25.97                         21.74                         25.50                         20.73                         24.17
    >15-50%                                                                                               28.57                         21.74                         29.32                         23.04                         27.48
    >50%                                                                                                     3.90                           8.70                           6.22                          12.90                          7.85
FVIII: factor VIII; FVIII:C: factor VIII activity; PYE: patient-years of exposure.

Table 4. FVIII:C ranges and annualized bleeding rate of spontaneous bleeds and spontaneous joint bleeds.
FVIII activity range                                   Patient                   Total number       Total number              Overall mean                      Overall mean
                                                               years of                of spontaneous    of spontaneous         spontaneous ABR                  spontaneous
                                                               exposure                      bleeds              joint bleeds           (negative binomial                   joint ABR
                                                                                                                                                          estimate, 95% CI)              (negative binomial 
                                                                                                                                                                                                    estimate, 95% CI)

0-1%                                                                       116.6                                   303                            241                                    4.16                                            3.44
                                                                                                                                                                                                   (3.23-5.40)                               (2.56-4.66)
>1-5%                                                                    214.5                                   396                            335                                    2.65                                            2.28
                                                                                                                                                                                                   (2.12-3.34)                               (1.77-2.96)
>5-15%                                                                  197.1                                   371                            337                                    2.14                                            1.99
                                                                                                                                                                                                   (1.69-2.74)                               (1.53-2.60)
>15-50%                                                                223.7                                   154                            133                                    0.76                                            0.67
                                                                                                                                                                                                   (0.58-0.99)                               (0.50-0.90)
>50%                                                                      63.6                                     13                               9                                      0.21                                            0.15
                                                                                                                                                                                                   (0.11-0.36)                               (0.07-0.31)
ABR: annualized bleeding rate; 95% CI: 95% confidence interval; FVIII: factor VIII; FVIII:C: FVIII activity. 

Table 5. FVIII:C ranges and annualized bleeding rate of spontaneous bleeds by subgroup.
FVIII activity range                                   Mean spontaneous ABR                                                           Mean spontaneous joint ABR
                                                       (negative binomial estimate, 95% CI)                                           (negative binomial estimate, 95% CI)         
                                                                    Analyses population                                                                     Analyses population
                                                   By trial phase                         By age group                                 By trial phase                       By age group
                                             Pivotal          Extension            Adults/         Children                     Pivotal           Extension      Adults/             Children
                                                                                         adolescents                                                                               adolescents                    

0-1%                                                7.16                    2.15                        4.86                    2.68                                 5.94                      1.75                 4.17                        1.83
                                                  (5.15-10.02)       (1.58-2.97)           (3.64-6.52)       (1.61-4.60)                    (4.01-8.94)         (1.23-2.56)    (3.02-5.83)            (0.95-3.73)
>1-5%                                             4.15                    1.69                        3.29                    0.95                                 3.55                      1.44                 2.88                        0.67
                                                   (3.02-5.76)        (1.30-2.23)           (2.61-4.17)       (0.49-1.90)                    (2.46-5.22)         (1.07-1.98)    (2.22-3.78)            (0.32-1.49)
>5-15%                                           2.95                    1.64                        2.64                    0.71                                 2.76                      1.49                 2.48                        0.58
                                                   (2.06-4.25)        (1.23-2.23)           (2.04-3.44)       (0.40-1.27)                    (1.87-4.10)         (1.09-2.08)    (1.89-3.28)            (0.27-1.29)
>15-50%                                         0.99                    0.66                        0.92                    0.32                                 0.92                      0.56                 0.82                        0.23
                                                   (0.60-1.61)        (0.49-0.89)           (0.69-1.22)       (0.16-0.64)                    (0.55-1.52)         (0.40-0.79)    (0.60-1.13)            (0.10-0.55)
>50%                                              0.47                    0.19                        0.35                    0.03                                 0.23                      0.14                 0.26                        0.00
                                                   (0.08-1.44)        (0.09-0.34)           (0.19-0.59)       (0.00-0.15)                    (0.01-1.02)         (0.06-0.31)    (0.12-0.50)            (0.00-0.00)
ABR: annualized bleeding rate; 95% CI: 95% confidence interval; FVIII: factor VIII; FVIII:C: FVIII activity.



have a higher FVIII:C for the majority of time between
doses. When we describe FVIII:C at 15% in our analysis,
this reflects a momentary FVIII:C value between peaks
and troughs, rather than a trough value (Figure 1). As such,
bleeding risk will not be the same in a patient at a momen-
tary FVIII:C level of 15%, if the trough in this patient is
much lower, compared with a patient with a trough level
of 15%, who would have much higher FVIII:C for most of
the time.
In addition to reporting negative binomial distribution

estimates of ABR, we used Kaplan-Meier analysis and log-
rank statistics to assess the bleeding risk at different FVIII
levels. This analysis provides a slightly different perspec-
tive on the data by depicting the proportion of bleed-free
patients over a given period of observation, confirming
the impact of FVIII levels on the risk of bleeding. It should
be noted, however, that there was no plateau reached dur-
ing the analysis period of 2 months in our study, and it can
be expected that the proportion of bleed-free patients
would decrease further over time. The proportion of
bleed-free patients depicted in Figure 3 should not, there-
fore, be compared directly to proportions of bleed-free
patients reported from other studies over different periods
of time.
Our analysis also has some potential sources of error

such as: the misinterpretation of symptoms of pain as a

bleed; delayed recognition of bleeds resulting in a shift of
the start of a bleed to some time after the next injection;
and inaccuracy of injection records. Assuming these
potential errors decreased during the guardian trials, this
may provide some explanation for the decline in ABR over
time. On the other hand, we cannot exclude underreport-
ing of bleeds by patients during the extension phase, par-
ticularly when visits changed from every 2 months during
the pivotal phase, to every 6 months during the extension
phase.
PK data from patients treated with FVIII products can be

described using one- or two-compartmental PK models.17
Two-compartmental models may not be identifiable from
PK data with less intensive sampling, such as data from
children.17 Furthermore, one-compartmental models are
less sensitive than two-compartmental models to the han-
dling of observations below “limits of quantification”.
This is because a smaller number of parameters are to be
estimated from the given pool of data. While there is no
well-established consensus regarding handling in popula-
tion PK modeling,18 these choices can have profound
effects for FVIII PK modeling.19
Overall, our data suggest that trough level targets need

to be adapted according to a patient’s age and previous
treatment and should be revised regularly over time. We
hypothesize that higher levels may be required in patients
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Figure 2. Estimates of annualized bleeding rates for spontaneous bleeds for five FVIII:C categories in the two trial phases and age groups. (A-D) Negative binomial
estimates of annualized bleeding rate (ABR) for five FVIII:C categories (0-1%, >1-5%, >5-20%, >20-50%, and >50%) for spontaneous bleeds during the pivotal (A)
and extension (B) phases for adults/adolescents, and during the pivotal (C) and extension (D) phases for children. FVIII:C: factor VIII activity. 

   A                                                                                         B

   C                                                                                         D



with active joint disease (particularly target joints and syn-
ovitis), and the intensity of prophylaxis may be reduced in
those without active joint disease who have not bled for
some time. Further prospective studies are needed to eval-
uate this approach.
Bleeds are currently used as the main endpoint for stud-

ies in hemophilia, both for newly developed factor concen-
trates, as well as for non-factor replacement products.
Characteristic features of novel factor concentrates include,
but are not limited to, longer half-life and improved preser-
vation of post-translational modification. It could be
tempting to compare ABR across studies of these products,
but it should be kept in mind that ABR is a multifactorial
outcome. Our analysis illustrates that ABR changes over
time and depends on patients’ characteristics.
In conclusion, in patients of all ages with severe hemo-

philia A who were treated with turoctocog alfa, ABR for
spontaneous bleeds, including joint bleeds, decreased as
FVIII:C increased, indicating an exposure-response rela-
tionship. The data presented in the current study suggest
that patient-related factors and treatment history influ-
ence the FVIII:C level needed to protect patients from
bleeding. ABR reported in clinical trials not only reflect
efficacy of the FVIII product, but also the characteristics of
the population under study.7,20 The choice of prophylactic
regimens to target certain trough levels should take into
account the patient’s age, joint disease activity, and other
determinants of bleeding risk. 
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Figure 3. Kaplan-Meier estimates of the proportion of patients without a spontaneous bleed according to predicted FVIII:C during the pivotal and extension trial
phases. FVIII:C: FVIII factor VIII activity. 
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