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Abstract
In recent decades, hemophilia A treat-

ment has been focused on body weight,
without taking pharmacokinetic parameters
into account. Previous research has shown
that the individual pharmacokinetic
response is more effective in predicting the
required dose of clotting factor. We want to
evaluate the impact on reducing the fre-
quency of bleeding in patients treated with
recombinant factor VIII, based on a person-
alized comprehensive management pro-
gram. Our aim was to compare the results of
a standard comprehensive treatment pro-
gram (stage I) vs. a personalized pharma-
cokinetic - based treatment program (stage
II) in a cohort of 60 patients with severe
hemophilia without inhibitors. The median
age was 15.5 years (3-68). The annual
bleeding rate (ABR) was 1.03 (62 episodes)
in the first stage and 0.58 (35 episodes) in
the second one, (p=0.004). By type of
bleeding, the impact of the intervention dif-
fers significantly in spontaneous bleeding
(p=0.007) and a 73% reduction in the first
stage. There were no significant differences
in traumatic bleeding. The use of pharma-
cokinetics (PK) for personalized dosing of
patients with severe hemophilia A, signifi-
cantly reduces ABR and spontaneous bleed-
ing, improving the patient’s quality of life
and costs for the health system.

Introduction
Severe hemophilia A (FVIII: <1%),

exhibits a phenotype of spontaneous bleed-
ing (bleeding for no known reason) and is
characterized by recurrent bleeding that
affect joints and muscles at an early age,
causing severe and progressive muscu-
loskeletal damage, with loss of mobility,

pain and inflammation.1-5 10% to 15% of
these patients express a milder disease phe-
notype, with a significantly lower frequency
of spontaneous bleeding.2,6

Thus, it is a priority to reduce the fre-
quency of bleeding, since they can cause
arthropathy, disability, and a decrease in
quality of life.7-10 Until recently, the scheme
for prophylaxis has been focused on weight
and desired increase in FVIII.7 This dose
calculation does not take into account indi-
vidual pharmacokinetic parameters,7 which
can lead to overdosing or underdosing.9,11

The personalized comprehensive man-
agement program consists of a patient-spe-
cific prophylaxis regimen based on compre-
hensive care and pharmacokinetics (PK) of
FVIII.5,11-14 The pharmacokinetic response
is more effective in predicting the required
levels of clotting factor,1,12,14,15 given the
high rate of variability determined by age,
weight, and bleeding pattern, among
others.13-16 Comprehensive care consists of
a multidisciplinary team that promotes
physical and psychosocial health, in order
to improve quality of life.5,17,18 Our aim was
to compare the results of a standard com-
prehensive treatment program (stage I) vs a
personalized pharmacokinetic-based treat-
ment program (stage II) in a cohort of 60
patients with severe hemophilia.

Materials and Methods
We carried out a descriptive, longitudi-

nal study of a single cohort of 60 patients in
a health care institution in Bogotà,
Colombia, between 2017 and 2019. The
information was collected through medical
records. Patients were eligible for the study
if they fulfilled the inclusion criteria: diag-
nosis of severe hemophilia A (FVIII: <1%)
without inhibitors, treatment with recombi-
nant factor VIII for at least 24 months, with
PK (chromogenic) measures at 3, 24, 48
hours after administration (the same brand
of drug was kept for at least 12 months), the
data of PK were calculated from the
WAPPS-Hemo computer application,19
availability of complete medical records to
analyze demographics and clinical evolu-
tion (bleeding) of patients during the study
time and so study sample size was met.

The variables collected included: state,
age, weight (kg), treatment posology (dose
expressed in IU - International Units/kg)
and frequency of administration, periodici-
ty, pharmacokinetics at 3, 24 and 48 hours,
total number of bleeding episodes/patient/
year, number of episodes of spontaneous
bleeding/patient/year, number of traumatic
bleeding episodes/patient/ year and site of
bleeding episodes. We carried out a descrip-

tive analysis of the sociodemographic and
clinical variables. The qualitative ones were
described from absolute frequencies and
percentages, and the quantitative ones,
through summary measures. Bivariate anal-
ysis was performed using the McNemar
non-parametric test in order to establish sig-
nificant differences between bleeding
events for the two stages evaluated first
stage: 12 months before pharmacokinetics
and second stage: 12 months post pharma-
cokinetics. Statistical significance was
defined with a p value less than 0.05. For
the analysis of these data, we use the statis-
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tical software SPSS version 26, license of
Integral Solutions Research. The selected
patients were all those who met the inclu-
sion criteria

Given that the medical records are used,
the following biases were considered: infor-
mation that was controlled by corroborating
the data found in the medical record against
the reports delivered to the CAC (national
database for high-cost diseases). Selection
bias where the reference population was
properly established with the inclusion cri-
teria, ensuring that the data of the variables
are valid and there was a sufficient sample
since all the records of the period of interest
were analyzed.

The study is classified without risk,
according to resolution 8430 of 1993, since
retrospective data were used and no inten-
tional modification was generated. The data
was delivered anonymously by the IPS
Integral Solutions SD to Integral Solutions
Research, and at all times the confidentiali-
ty of patient data was guaranteed and com-
pliance with good clinical practice stan-
dards was ensured.

Results
A total of 60 male patients, diagnosed

with severe hemophilia A (FVIII: <1%),
aged between 3 and 68 years, with a median
of 15.5 years were included. All of the
patients received recombinant factor (Table
1). 61.7% of the participants correspond to
patients subsidized by the government (vul-
nerable population).

Eighty percent of the population was
distributed nationally in seven cities.
Seventy-five percent of the patients had a
weight greater than 60 kg for both stages.
The most frequent joint bleeding occurred
in the knee, with more than 30% for both
stages, followed by the ankle (24.4% and
20.9%) and the elbow (11.1% and 9.3%,)
respectively (Table 1).

The 50% of patients required 27.5 IU in
the first stage vs 25.6 IU in the second, the
most frequent administration was 3 times /

week (73.3%) vs (71.7%) respectively. The
half-life of FVIII was 7.5 hours. At 3 hours,
the median FVIII was 34.0 IU, at 12 hours
6.5 IU and 1.7 IU at 48 hours. Some quan-
titative variables did not have a normal dis-
tribution (age and FVIII at 3, 24, 48 hours),
which is to be expected (Table 2).

Twenty-nine patients had bleeding

events in the first stage and 25 in the second
one (p=0.321). For the first stage, 31
patients (51.7%) had no bleeding episodes
and the remaining 29 patients (48.3%) had
between 1-5 bleeding episodes. In the sec-
ond stage, 35 patients (58.3%) had no
bleeding episodes, while 25 patients
(41.7%) had between 1 and 3 bleeding
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Table 1. Description of the population (qualitative variables).

Variable                         Category                                      N                                     %

State                                         Bogotà                                                       12                                               20
                                                  Cartagena                                                  9                                                15
                                                  Tolima                                                        7                                               11,7
                                                  Bucaramanga                                            6                                                10
                                                  Pasto                                                          5                                                8.3
                                                  Tunja                                                           5                                                8.3
                                                  Cali                                                              4                                                6,7
                                                  Neiva                                                          3                                                 5
                                                  Armenia                                                     2                                                3,3
                                                  Manizales                                                  2                                                3,3
                                                  Florencia                                                   2                                                3,3
                                                  Popayàn                                                     2                                                3,3
                                                  Pereira                                                       1                                                1,7
Affiliation                                 Subsidized                                               37                                              61,7
                                                  Contributory                                            23                                              38,3
Products                                  Advate                                                       22                                              36,7
                                                  Xyntha                                                       18                                               30
                                                  Nuwiq                                                        12                                               20
                                                  Kogenate                                                   8                                               13,3
                         First period             Second period
                                                  N                            %                              N                     %

Bleeding site 

Knee                                                        14                                31,10%                                  14                      32,50%
Ankle                                                        11                                24,40%                                   9                       20,90%
Elbow                                                       5                                 11,10%                                   4                        9,30%
Shoulder                                                  3                                  6,70%                                    3                        7,00%
Arms                                                         2                                  4,40%                                    3                        7,00%
Wrist                                                         2                                  4,40%                                    2                        4,70%
Foot                                                           1                                  2,20%                                    2                        4,70%
Leg thigh                                                  3                                  6,70%                                    5                       11,60%
Other                                                        4                                  8,90%                                    1                        2,30%
Periodicity

Once a week                                          1                                     1,7                                       1                          1,7
Two times per week                              9                                     15                                        8                         13,3
Three times per week                         44                                   73,3                                     43                        71,7
Fout times per week                             6                                     10                                        8                         13,3

Table 2. Description of the population (quantitative variables).

Variables                      First  period                                                 PK                                                      Second  period
                           Age         Weight       Prescribed               FVIII             FVIII            FVIII          FVIII                Age       Weight     Prescribed
                        (Years)       (Kg)            Units UI              Half life        3 hours      24 hours   48 hours        (Years)     (Kg)       Units  UI

Q1                              10,2                30,0                       23,5                              6,0                      21,8                    4,5                   0,8                       11,2              35,2                  21,8
Median                      15,5                49,0                       27,5                              7,0                      34,0                    6,5                   1,7                       17,0              53,0                  25,6
Q3                              27,0                61,7                       30,4                             10,0                     44,1                   12,4                  3,6                       28,0              64,7                  29,9
Media                        19,6                47,9                       26,9                              7,5                      35,8                    8,7                   0,2                       20,6              51,7                  25,7
Min                               3                   14,8                       15,3                              2,0                       8,4                     0,5                  14,2                         4                17,0                  12,5
Max                              67                 104,0                     44,2                             15,0                     89,9                   35,0                  2,7                         68              100,0                 43,3
p*                               0,00                0,29                      0,37                             0,48                     0,00                   0,00                 0,00                      0,00              0,38                  0,23
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episodes (Figure 1). The total ABR (annual
bleeding rate) was 1.03 (62 events) in the
first stage and 0.58 (35 events) in the sec-
ond one, with a reduction in the ABR after
the use of PK (p=0.004).

Traumatic bleeding was the most fre-
quent among patients who had hemorrhages
episodes (Table 3).

Regarding the type of events, during the
first stage, traumatic bleeding occurred in
23 patients (38.3%) and spontaneous bleed-
ing in 15 patients (25.0%). In the second
stage, a decrease in spontaneous bleeding
was observed in four patients (6.7%) (Table
4). With a reduction in spontaneous bleed-
ing of 73.3% and an increase of 4.1% for
traumatic bleeding (Figure 2). 

In the bivariate analysis, it was
observed that 19 patients had bleeding dur-
ing the two years, 10 had bleeding events in
the first stage but not in the second, 6 did
not have bleeding in the first stage, but had
them in the second, and 25 who did not
bleed in the first stage did not in the second
one. There was a decrease of four patients
between the first and the second stage.
However, no statistical significance was
found (p=0.454) (Table 5). When analyzing
by type of bleeding, the impact of the inter-
vention (use of pharmacokinetics) differs
significantly in the reduction of sponta-
neous bleeding (p=0.007) (Table 5).

Traumatic bleeding did not show statis-
tically significant differences after the use
of PK within a personalized comprehensive
management program (p=1.00) (Table 5).

Discussion
In this study, the most affected joints

were knees, ankles and elbows, the same
finding reported by Chris Barnes et al.,1
Srivastava A et al.,5, Bjorkman S et al.20 and
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Figure 1. a. Comparative bleeding: Standard comprehensive treatment program vs personalized pharmacokinetic-based treatment pro-
gram. b. Comparative bleeding events: Standard comprehensive treatment program vs personalized pharmacokinetic-based treatment
program.

Table 4. Events by type of bleeding: standard comprehensive treatment program vs per-
sonalized pharmacokinetic-based treatment program.

Bleeding in the Bleeding in the                                  n             P value
first period   second period                                     
                                                Yes                             No                              

Positive                                                  19                                        10                                      60                    0,454
Negative                                                 6                                         25                                      60                    0,454

Table 5a. Bivariate analysis of general bleeding: standard comprehensive treatment pro-
gram vs personalized pharmacokinetic-based treatment program.

Firts Stage Second Stage
     Traumatic  Spontaneous Traumatic   Spontaneous
      Bleeding Bleeding     Bleeding Bleeding
                        n                   %              n                 %                  n                 %              n                %

Positive             23                   38,3             15                  25,0                  24                 40,0               4                   6,7
Negative           37                   61,7             45                  75,0                  36                 60,0              56                 93,3
                             
Table 5b. Bivariate analysis of traumatic bleeding and spontaneous: standard comprehen-
sive treatment program vs personalized pharmacokinetic-based treatment program.

Traumatic Traumatic bleeding                                     n                     P value
bleeding in the           in the second period     
first period
                                   Yes                                  No                                                           

Positive                                 14                                               9                                        60                             1,000
Negative                                10                                              27                                                                             
Spontaneous Spontaneous bleeding                                     n                     P value
bleeding in the         in the second period
first period                    
                                   Yes                                  No                                                           

Positive                                  2                                               13                                       60                             0,007
Negative                                 2                                               43                                                                             
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Table 3. Types of bleeding: standard comprehensive treatment program (first stage) vs
personalized pharmacokinetic-based treatment program (second stage).

Type of bleeding           First Stage        Second Stage
                                                         n                     %                           n                       %

No bleeding                                                   31                         51,7                                35                           58,3
Traumatic bleeding                                      14                         23,3                                21                           35,0
Spontaneous and Traumatic                       9                          15,0                                 3                              5,0
Spontaneous bleeding                                 6                          10,0                                 1                              1,7
Total                                                                60                         100                                60                            100



Coppola A et al.21 A decrease in the ABR
was observed after incorporating PK in the
dose calculation (p=0.004), likewise a sig-
nificant reduction was observed in sponta-
neous bleeding (p=0.007). These results are
in agreement with the findings of Sun et
al.22 in terms of the effectiveness and viabil-
ity of such intervention. It is important to
highlight that after the incorporation of
pharmacokinetics within a personalized
comprehensive management program, there
was an increase in the proportion of patients
who did not present any type of bleeding,
going from 51.7% to 58.3%. The imple-
mentation of a personalized comprehensive
management program, based on PK,
reduces bleeding and improves the quality
of life, which is consistent with the results
of a retrospective observational study, car-
ried out by Pasca et al.23 in which evaluated
the replacement of standard therapy with a
personalized approach based on ABR, PK
and lifestyle in a group of children with
severe hemophilia A. At the end of the
study, the authors demonstrated that the use
of PK improved treatment adherence and
quality of life, reduced bleeding events and
generated direct and indirect cost savings in
prophylaxis with PK. Similar data was
obtained by Lissitchkov T et al.24

Regarding the formulated units, a dose
decrease of 7% was observed in the second
study stage, after the implementation of PK,
(p=0.35), making it necessary to carry out
future cost-effectiveness studies to evaluate
this result. As demonstrated in other studies
where individual PK are seen as a cost-
effectiveness.25

Conclusions
The use of PK reduced the ABR, with a

p value of 0.004 and significantly decreased
the number of spontaneous bleeds
(p=0.007), which suggests an improvement
in the effectiveness of treatment and quality
of life of patients, with cost savings for the
health system. Although there was no sig-
nificant difference in the dose, a factor VIII
dose decrease of 7% was observed in the
second stage, after the use of the personal-
ized comprehensive management program
based on PK. There was no significant dif-
ference in traumatic bleeding, which can be
explained by the importance of self-care in
the prevention of these events, being neces-
sary to promote healthy lifestyle habits
regarding the management of the disease.

Limitations
Probably one of the factors that inter-

vened in the reduction of bleeding was the
education that was made to the patients and
their caregivers, by the interdisciplinary
group that occurred after taking the PK,
which could not be measured.
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