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Abstract

Nowadays, bypassing agents such as recombinant activated factor VII (rFVIIa) and 
activated prothrombin complex concentrates (aPCC) are used to treat bleeding episodes in 
the Hemophilia patients with inhibitors. AryoSeven® is an Iranian biogeneric rFVIIa with 
homogeneity of efficacy and the nature to NovoSeven in a comparative trial. The current 
clinical trial aimed to evaluate the cost-effectiveness of FEIBA and AryoSeven® by Decision 
Analytic Model according to the Iranian healthcare system. An open label, multi-center, cross-
over clinical trial was designed. Patients were categorized into 3 groups based on their prior 
tendency to one or none of the products. To determine the premium therapeutic strategy, the 
Incremental cost-effectiveness ratio (ICER) was calculated. Protocol F led to more treatment 
success in group F than the other groups (P= 0.03). Also, there was a significant statistical 
difference between the mean of effectiveness scores in the groups using protocol F (P = 0.01). 
The effectiveness of protocol F and A were 89% and 72%, respectively. ICER cost US$ 5,146 
to manage an episode of bleeding to get one more unit of effectiveness using FEIBA VS. 
AryoSeven. Although the results showed that AryoSeven was more cost-effective compared to 
FEIBA, the two strategies were undominated. In other words, both medicines can be applied 
in the first line of the treatment if the cost of FEIBA was reduced. The present clinical trial was 
registered at IRCT website, under ID No.2013020612380N1.
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Introduction

Hemophilia is an X-linked disorder and rare 
chromosomal disease that leads to excessive 
bleeding in men. Reduction of clotting factor 
VIII concentration causes Hemophilia A (1). 
The existence of the inhibitor causes severe 
complications in patients with Hemophilia A 
(2). To treat  patients with Hemophilia resistant 
against factor VIII, recombinant activated 
factor Vll (rFVIIa) or activated prothrombin 
complex concentrates (aPCC) are usually used 
as bypassing agents (3). AryoSeven® is a 
biogeneric of rFVIIa marketed in Iran which has 
recently shown a comparable efficacy with that 
of NovoSeven (4) and is the available rFVIIa 
product used to manage bleeding in Hemophilia 
patients with inhibitors in Iran (AryoSevenTM 
package insert. (On the other hand, FEIBA® is 
the sole available aPCC in Iran. Administration 
of  bypassing agents  in patients with high titre 
inhibitors for bleeding episodes  is very costly 
(5). Therefore, economic analysis of available 
bypassing agents could provide useful data to 
select eligible alternative therapeutic strategies to 
treat patients with Haemophilia (6, 7). Although 
most of the studies show that bypassing agents 
are effective, none of them is permanently 
effective (8). The current study aimed to evaluate 
the cost-effectiveness of bypassing agents to 
treat patients with Haemophilia and high titre 
inhibitors through decision analytic model, 
according to the Iranian health care system.

Experimental

Methods
Considering the nature of the disease and 

small size of the study population, an open-
label, non-randomized, cross-over and multi-
center study was designed and performed in five 
Hemophilia centers in Iran. The Hemophilia A 
patients with high titer inhibitors (≥ 5 Bethesda 
Units) were selected for the study.Each patient 
was treated and evaluated for two separate 
bleeding events: one with AryoSeven based 
protocol (protocol A) and the other one with 
FEIBA based protocol (protocol F). As part of 
the study to detect and evaluate the influence of 
tendency of the patients toward different types 

of bypassing agents, patients were categorized 
into three groups: group A (patients tending to 
use AryoSeven), group F (patients tending to 
use FEIBA), and group O (patients indifferent 
to receive either product). Both protocols A and 
F were evaluated in all of the patients. Given 
that the current study was done based on the 
study by FENOC (2); hence, the subjects were 
selected in accordance with the inclusion criteria 
for the patients in his study. Patients with other 
clotting problems, advanced liver problems for 
short life expectancy, those who received blood 
products within five days prior to the test, and 
the patients with joint bleeding in the joint under 
study within seven days prior to their admission 
for the treatment were excluded. 

Study procedures
All subjects signed the informed consent letter 

prior to enrolling the study. After categorization 
the patients were evaluated according to two 
bleeding events. According to the scoring scale 
of the patients in the study by Kavakli et al. (9), 
the therapeutic protocol was employed in the 
first two hours after the onset of the pain and the 
subjects` clinical symptoms and the responses 
were recorded after 1, 3, 6, 9, 12, 18, and 24 h of 
the product infusion. Protocols A and F (below 
section) were respectively employed in all groups 
after a bleeding event. Case Report Form (CRF) 
was completed by the specialists to compare 
efficacy of the procedures in each bleeding 
event. Study duration was from enrolment to 
completion of both bleeding events. 

Therapeutic protocols
According to the injection protocol of the 

two products, in protocol A (treatment with 
AryoSeven), all subjects received 90-120 μg/
kg body weight on arrival (time 0); 100 μg/kg 
was considered as the mean dosage (2). Based 
on the subjective responses a specific therapeutic 
decision was made every three hours. In case of 
two failures with 90 μg/kg, a dose of 270 μg/
kg was used. If no improvement was observed 
three hours after the next 270 μg/kg dosage, it 
was considered as treatment failure for non-
responders. In protocol F (treatment with 
FEIBA), all subjects received 50-75 U/kg body 
weight on arrival (time 0). Next dosage (75-100 
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U/kg) was injected after nine hours only if no 
relieving sign was observed. When there was no 
response, it was considered treatment failure.

Effectiveness of Therapy in Patients
A scoring system was used to determine the 

effectiveness of the applied therapies (Table 1). 
Similar scoring systems had been employed in 
other studies for clinical assessment of efficacy 
(9). Two outcomes of pain and the extent of 
the movement limitation were evaluated in all 
subjects. If pain and/or movement limitation 
improved significantly, the score “++” was 
recorded. But if they were worse or even not 
better, the score was recorded as “-“, except for 
hours 1 and 3 of assessment when score”+” was 
recorded if no changes were observed in the 
symptoms of the subject. Total + scores after 
24 h were accounted as efficacy score of the 
treatment.

Therapy Success and Therapy Failure
Scores ≥ 16 + out of 28 were considered 

as therapy success. Scores less than 16 + and/
or clinical necessity to switch or add another 
bypassing agent was considered as therapy 
failure.

Determination of Treatment Cost
To collect data concerning cost, a table 

was developed based on the previous studies 
conducted in Iran or other countries. All direct 
medical and non-medical costs were collected. 
Hence, direct non-medical costs such as 
transportation cost were included. Therefor 
indirect and intangible costs were ignored 
(Table 2).

Ethical Considerations
The Ethical Committee of Shahid Beheshti 

University of Medical Sciences approved the 
current study, based on Helsinki declaration. 
The present clinical trial was registered in IRCT 
website, under ID No.2013020612380N1.

Decision Analytic Model
To provide an optimized strategy to 

treat Hemophilia patients with inhibitors, a 
decision analytic model was designed. The two 
mentioned strategies used FEIBA vs. AryoSeven 
on the first line of treatment. Data regarding 
the effectiveness of therapeutic protocols and 
also the related costs were transferred to the 
decision tree model. The Tree Age Pro 2011™ 
software was used in the study for modelling 
(10). To calculate the cost of medicines, basic 
prices extracted from the Iranian Food and Drug 
Organization (FDO) were used, since it is an 
official drug pricing reference in Iran. One-way 
and two-way sensitivity analyses were used to 
assess the robustness of the results. A frequency 
domain for sensitivity analysis was 25% increase/
decrease of the baseline results. According to the 
Central Bank of Iran the official exchange rate 
was US$1 = 25,430 Rls.2014) ), used to convert 
costs to the USD. 

Results

16 Out of 36 subjects were excluded due 
to refusing to stay in the protocol and lack of 
cooperation and protocol deviation during the 
treatment. Hence, clinical and cost data on 
20 patients with 40 bleeding episodes were 
extracted. All patients were male with the mean 

Table 1. Evaluation of the Patients` Clinical Condition.

Outcome
Time Points

Pain Limitation in Range  of Motion (ROM)

Worse No difference Better Worse No difference Better

1 - + ++ - + ++

3 - + ++ - + ++

6 - - ++ - - ++

9 - - ++ - - ++

12 - - ++ - - ++

18 - - ++ - - ++

24 - - ++ - - ++
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age of 17.2 years. Effectiveness scores are shown 
in Table 3, based on the type of the received 
protocol in each time point of assessment.

Statistical Relationship between the Variables
To statistically analyze the therapy success 

correlation, the mean of dosage, number 
of patients with treatment success and also 
effectiveness scores were used based on the 
applied therapeutic protocol. To assess the 
normality of data the Kolmogorov-Smirnov and 
Shapiro-Wilk tests were used. Based on normal 
and non-normal data, appropriate statistical 
tests were employed. Statistical parametric 
and non-parametric tests were used when the 
distributions were normal and non-normal, 
respectively. To determine the relationship 
between treatment success of protocol A in the 
groups, Chi-square and the Fisher Exact tests 
were used. The obtained results showed no 
statistically significant differences between the 
groups receiving protocol A (P = 0.53), however 
group F had statistically significant success with 
protocol F, compared to the other groups (P = 
0.03). Besides, the number of successes with 
each protocol was statistically equal in all of 

the groups (Table 4). Although mean dosage of 
product in protocol A seems to be more in group 
F and O compared with group A, there were 
no statistically significant differences between 
protocols A and F in the treatment groups 
(P-Value in protocols A and F were 0.18 and 
0.19 respectively) (Table 4). Due to abnormality 
of data, the statistical relationship between the 
effectiveness scores of protocol A was evaluated 
by non-parametric Kruskal-Wallis test (P = 
0.31). Mean effectiveness score with protocol 
F was observed in group F (P =0.01 ) but there 
was no difference between the effectiveness of 
the protocols in groups A and O (Table 5). No 
statistically significant difference was observed 
between the effectiveness scores of the subjects 
receiving protocols A and F (Table 5).Several 
tests showed no statistically significant difference 
between the carry-over effect on the variables. 

Cost-Effectiveness Analysis
Results of the cost-effectiveness analysis 

showed that administration of 90 µg kg-1 
AryoSeven as the first line treatment with the 
cost of US $ 2,912 and 72% therapy success in 
one bleeding episode was more cost-effective 

Table 2. Components of Direct Medical Costs and Direct Non-Medical Costs.

Direct Medical Costs

Type Components

Drug Costs Bypassing agents drug costs, other drug costs

Out-Patients Costs Imaging costs , CT scan costs, blood test costs, bone scan 
costs,…

In-Patients Costs Hospitalization costs

Direct Non-Medical Costs

Nursing Costs Nursing  home care Costs

Adaptation Costs Costs of compatibility of facilities at home and workplace

Traveling Costs Traveling cost for receiving of care

Table 3. Effectiveness Scores of Patients with Haemophilia A for FEIBA and AryoSeven.
Patients
Timely points

Mean *
(%) effectiveness rates with AryoSeven

Mean* 
(%) effectiveness rates with FEIBA

1 2 (50%) 2.12 (53%)

3 2.2 (55%) 2.64 (66%)

6 1.6 (40%) 2.4 (60%)

9 2.4 (60%) 2.12 (53%)

12 3.08 (77%) 3.6 (90%)

18 3.4 (85%) 3.8 (95%)

24 3.6 (90%) 3.8 (95%)
*Full score points are 4 for both pain and ROM assessment in each time point.
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compared to administration of 50-75 µg kg-1 
FEIBA as the first line of treatment with the cost 
of US$ 3,785 and 89% therapy success (Table 6 
and Figure 1). The incremental cost-effectiveness 
ratio analysis (ICER) was US$ 5,146 to manage 
an episode of bleeding to get one more unit of 
effectiveness using FEIBA vs. AryoSeven as the 
first line of treatment. Although the results of the 
study confirmed cost effectiveness of AryoSeven 
compared to FEIBA, it should be mentioned 
that according to Table 6 these strategies are 
undominated.

Sensitivity Analysis
To evaluate the results of sensitivity, one-

way and two-way sensitivity analyses were 
employed. Results showed that the level of ICER 
was sensitive to AryoSeven cost changes in 
different hours, with more sensitivity at the early 
hours of treatment. Also, a one-way sensitivity 
analysis indicated the sensitivity of ICER to the 
changes in FEIBA cost, which was in maximum 
and minimum in the first and ninth hours of 
treatment, respectively (Figure 2).

Two-way sensitivity analysis was also 

Table 4. Treatment Success and Mean Dosage of Products with Each Protocol in the Treatment Groups

 Statistical
Analysis
P-Value

Treatment Groups
 Description
of Parameter Group OGroup FGroup A

FailureSuccessFailureSuccessFailure*Success

0.53222716
 The number
 of patients in
protocol A

0.18444529274

The mean 
dosage of 
Aryoseven 
used at every 
event
 (μg/kg BW)

0.03--4--934
The number 
of patients in 
protocol F

0.191217994

The mean 
dosage of 
FEIBA used at 
every event
(μg/kg BW)

0.420.470.55

Statistical 
Analysis on 
number of 
success in 
each group           
(P value)
*Patients with therapy failure were assessed up to 24 h and the necessary actions have been taken for them based on the treatment protocols.

Table 5.  Effectiveness Score of Protocols in Different Groups of Patients.
Mean of effectiveness Score

AllGroup OGroup FGroup ATreatment protocol

18161721Protocol A

20202515Protocol F

0.430.680.010.12P-Value
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performed to evaluate the sensitivity to the 
changes of variables such as medicine cost and 
effectiveness (Figure 3).The results showed that 
with increase of the effectiveness or decrease of 
FEIBA cost within the first hour of treatment, 
FEIBA can be the   cost-effective strategy, but 
in the area with the increase of FEIBA cost, 
AryoSeven was more cost-effective.

Discussion

The current study was the first 
pharmacoeconomics study to compare the cost-
effectiveness of bypassing agents in Hemophilia 
A patients with inhibitors through clinical trial 
and decision analytic model in Iran. It was 
previously reported that bypassing agents are 
effective to control bleeding episodes in patients 
with haemophilia and inhibitors (11-14). In 

recent years several biogeneric medicines 
received marketing authorization from Iran 
national regulatory authority (15). However, it 
is important to find out their cost effectiveness 
compared to the other brands in the market. 
The current study aimed to evaluate the cost-
effectiveness of AryoSeven®-a Biogeneric 
rFVIIa in Iran market- compared with that of 
FEIBA® through clinical trial and decision 
analysis model. Cost of medicines, applied 
dosage, and also therapy success in the first line 
of the treatment were among the most important 
elements in the economic analysis, similar to 
other studies (16). In the study by Odeyemi et 
al. on bypassing agents modelling, in addition to 
medicine costs, hospitalization and transportation 
costs were also considered; considering the short 
time to control bleeding with rFVIIa compared to 
aPCC and less cost, it was generally less costly 

Table 6. Cost-Effectiveness Rankings between the two Strategies.

ICER Incremental
EffectivenessEffectiveness Incremental

CostcoststrategyRank all

------72%--US$2912

 AryoSeven
 for all patients
 with 90-120

µg kg-1

1

Undominated

US$514617%89%US$873US$3785
 FEIBA for all
 patients with
50-75 U kg-1

2

 

10 

 

 

 

Figure 1. Cost-effectiveness Analysis between AryoSeven and FEIBA. 
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(17). The study had some limitations including 
inability to be performed blindly. However other 
studies such as the one by FENOC (2) were also 
performed as an open label study. It should be 
noted that the impact of patients` prior tendency 
to the type of products on the final effect of 
drugs, helped us to partially overcome the lack 
of blinding. Accordingly the results showed 
that prior tendency had no influence when the 
patients were treated with AryoSeven® but 
it did with FEIBA®, which may be due to 
their different attitudes towards original and 

generic products of rFVIIa. As mentioned in the 
previous sections and according to the review 
by Golestani et al. (18) although both drugs 
were effective none of them was permanently 
effective to treat joint bleeds. According to the 
results of the current study, the effectiveness of 
AryoSeven® and FEIBA® were 72% and 89%, 
respectively. However AryoSeven® was a more 
cost effective medicine compared to FEIBA® 
to manage bleeding in patients, although both 
strategies were undominated. The results of 
the current study were in line with those of the 
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Figure 2. One-way sensitivity analysis between cost of FEIBA (CFhemodrugt1NI) and ICER at      
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Figure 3. Two-way sensitivity analysis of cost and effectiveness of FEIBA (P_Ft1) at 1 h time point. 
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studies in which rFVIIa was introduced as the 
most cost-effective option comparing medicinal 
costs regarding bleeding episodes in patients 
with Haemophilia A with bypassing agents in 
the first line of the treatment (19, 20). Although 
the results of the remodelling showed that if the 
price of FEIBA reduced by 25% it will be a more 
cost-effective strategy. To determine the average 
cost per bleeding, Stephens et al. (1) expressed 
that rFVIIa with US$ 28,076 had the lowest cost 
in the third line treatment compared to aPCC in 
the first line of treatment due to unnecessary use 
of rFVIIa in the second and third line treatments. 
However, there are other studies which showed 
cost-effectiveness of FEIBA® (3, 6). Different 
results may be due to different local cost of 
products, different dosage, and protocol of 
treatments and difference in assessment methods.

Conclusion

Although the obtained results showed 
the cost-effectiveness of AryoSeven®, both 
strategies were undominated. On the other 
hand FEIBA was more effective. Hence, both 
medicines can be applied in the first line of the 
treatment if the cost of FEIBA was reduced. 
Results of the current study can be considered 
for healthcare policy makers to select the best 
therapeutic strategies to be applied in the first 
line of treatment of patients with Haemophilia A 
and inhibitors. It is important to emphasize that 
based on the results of the current study, due to 
higher efficacy of FEIBA, policy makers could 
decide to reduce FEIBA price to the extent that 
both medicines would be equally considered 
cost-effective. In this case both therapies would 
be available to manage bleeding in patients.
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