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A B S T R A C T

Objective: A number of hemophilia A patients who receive clotting
factors may develop antibodies (inhibitors) against clotting factors. The
immune tolerance induction (ITI) method has proved to be a very cost-
effective alternative to bypassing agents. Iran’s national health author-
ity is interested in implementing the ITI method for the management
of hemophilia patients with inhibitors. The objective of this study was
to calculate the breakeven point between costs attributed to the ITI
method and the use of bypassing agents for the management of high-
responder hemophilia patients with inhibitors. Methods: This study
assessed costs attributed to the implementation of ITI for the manage-
ment of Iranian hemophilia patients with costs of high-titer and high-
responding inhibitors from the perspective of the national health sys-
tem. The main objective was to find the breakeven point for the ITI
method in comparison with the use of bypassing medicine, recombi-
nant factor VIIa (Novoseven). Results: Based on the sensitivity analysis
performed, the breakeven point mainly depends on costs of factor VIII,
Novoseven, and the success rate of the ITI intervention. According to

this analysis, the breakeven point of ITI and Novoseven methods varies
between 16 and 34 months posttreatment. The optimized point is
about 17 months posttreatment. Conclusions: Iran’s national health
system spends more than 24 million euros for providing bypassing
agents to about 124 hemophilia patients with inhibitors. Because of
limited resources available in Iran’s health sector, this is a huge bur-
den. Results of this study show that the implementation of the ITI
method for the management of Iranian hemophilia patients with in-
hibitors is a cost-saving method and Iran’s health system will recover
all the expenditure related to the implementation of ITI in less than 2
years and will make a considerable saving along with providing stan-
dard care for these patients.
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Introduction

Hemophilia is a rare inherited blood disorder that normally affects
males. About 1 in 10,000 newborns may have this congenital dis-
order. These patients lack sufficient clotting factors VIII, IX, or, in
rare cases, other clotting factors. Efficient management of hemo-
philia patients and their complications require appropriate ad-
ministration of clotting factors. Otherwise, these patients may
face massive internal and external bleeding. However, some of
these patients may develop antibodies against clotting factors
during the course of treatment. This is mainly due to an immune
response against clotting factor concentrates. This will ultimately
produce neutralizing antibodies, which are named “inhibitors.”
Inhibitors could occur in 15% to 35% of patients with severe hemo-
philia A. In addition to immune system response, factors such as
severity of the disease, age, type of mutation, genetics, and previ-
ous exposure to clotting factors may play roles in developing in-
hibitors. Inhibitor titer is measured by Bethesda units (BU). Pa-
tients are categorized to low titer (�5 BU) and high titer (�5 BU).
Although high doses of factor VIII (FVIII) concentrate could mange

patients with low titer of inhibitors, high-titer patients require
other types of medicines named “bypassing” agents. Otherwise,
their bleeding cannot be controlled and will lead to severe compli-
cations or death [1,2].

Patients with inhibitors may face serious bleeding episodes
that of course do not respond to regular clotting factor replace-
ment therapy. Bleeding into muscles and joints may cause perma-
nent joint damage. Currently, there are two main approaches for
managing hemophilia patients with inhibitors. These patients
could be treated by using bypassing agents such as recombinant
FVIIa and activated prothrombin complex concentrate. These
medicines stop the bleeding by providing activated or partially
activated forms of FVII and/or factor X. However, these medicines
are very expensive and for many patients, especially those living
in developing countries, unaffordable. Data reported show that
the use of bypassing agents for the management of these patients
may even increase costs of treatment up to 12 times [3,4].

The second approach for managing hemophilia patients with
inhibitors is immune tolerance induction (ITI). For three decades
ITI has been used with promising efficiency for the management
of hemophilia patients with inhibitors. With recent scientific con-
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sensus, however, ITI became a practical modality for hemophilia
patients with inhibitors [5]. ITI could eliminate FVIII inhibitors and
restore normal clinical response to FVIII in these patients. Recent
published reports indicate the efficiency and cost-effectiveness of
the ITI intervention in patients with inhibitors [4–7]. These reports
clearly explain the benefits of this method, especially in young
children who have recently developed inhibitors against FVIII.

Iran is a country with a population of more than 74 million and
has a very well-defined and comprehensive national program for
the management of hemophilia. According to a global survey by
World Federation of Hemophilia, Iran has the second highest
number of hemophilia cases in the Eastern Mediterranean region.
According to Iran’s Ministry of Health (MOH) statistics, currently
there are about 7300 patients with congenital bleeding disorders
registered in Iran, with 4100 of them having hemophilia A [8]. Two
separate studies have reported that about 3.8% to 4% of Iranian
hemophilia patients may develop high-titer antibodies against
FVIII [9,10]. According to Iran’s MOH, currently there are about 124
registered hemophilia A patients with inhibitors in Iran. Costs of
hamophilia care in Iran are fully covered by the government of
Iran through payment of direct subsidy for the medicines and
costs of other cares used by these patients. The per-capita con-
sumption of FVIII in Iran is reported to be 1.8 IU [11]. Despite the
presence of such a comprehensive national program, however, it
seems that the Iranian society has been faced by some social con-
sequences that have arisen from this program [12].

Despite the low number of hemophilia patients with inhibitors
in Iran, the cost attributed to the management of bleeding epi-
sodes through the administration of bypassing agents is huge. It is
estimated that every year Iran’s national health system spends
more than 24 million euros for the importation of bypassing
agents. However, it seems that because of direct payment of the
government subsidies to the importing pharmaceutical compa-
nies, which results in a very low price of bypassing agents in Iran’s
market and very low surveillance regarding the administration
and use of these medicines in Iran’s market, some parts of these
medicines are either wasted or used in other clinical applications
such as hemostatic agents in nonhemophilia patients.

The per-capita expenditure on health in Iran is about US $700
[12]. Therefore, despite the presence of very few number of hemo-
philia patients with inhibitors, costs of treatment of these patients
with bypassing agents place a huge burden on Iran’s health sector.
It is clear that overall high costs of treating patients with inhibitors
are largely attributed to only very small number of patients who
use large amounts of bypassing agents. Recently, Iran’s MOH de-
cided to establish a trial on the implementation of ITI for the man-
agement of hemophilia patients with inhibitors. Although one of
the objectives of this initiative was to evaluate the clinical efficacy
of ITI in Iranian hemophilia patients with inhibitors, Iran’s MOH
was also interested in estimating the costs of this treatment com-
pared with the costs of current traditional use of bypassing agents.
This study was designed to compare costs attributed to the imple-
mentation of ITI for the management of high-responder Iranian
hemophilia patients with costs of administration of on-demand
therapy using bypassing agents.

Methods

The objective of this study was to calculate costs attributed to the
implementation of ITI for the management of Iranian hemophilia
patients with high-titer and high-responding inhibitors from the
perspective of the national health system. The main objective was
to find the “breakeven” point for the ITI method in comparison
with the use of bypassing agents. Recombinant factor VIIa (Novos-
even) as the most used bypassing medicine for the management of
these patients in Iran was used for the purpose of cost comparison
with the ITI method. To measure the costs of the ITI method in

Iranian hemophilia patients with inhibitors, Iran’s MOH decided
to set up a trial including 10 patients in each arm of the study. Peak
historical titer less than 200 BU and pre-ITI titer less than 10 BU
were considered as the inclusion criteria for including good risk
patients in the ITI arm [5]. Patients should also have an interval of
fewer than 5 years between inhibitor diagnosis and the start of ITI.
National consensus of expert panel was used as treatment proto-
col for both arms of the study. The ITI regimen in this model was
defined as 100 IU/kg/d of FVIII. Bleeding events of the patients
were divided into three categories as follows [5,7]:

1. Mild events, which could be treated with a standard dose of
medicines at home;

2. Moderate events, which could be managed by the administra-
tion of a double dose of medicines; and

3. Severe events, which need hospitalization for their management.

Presumptions for both groups of this study are summarized in
Tables 1 and 2. Complete response was defined as no detectable
level of inhibitors, in vitro recovery of more than 66%, along with
half-life of FVIII of more than 6 hours. Partial response was defined
as decrease in inhibitor to less than 5 BU, without in vitro recovery,
and half-life improvement, and no response was defined as not
able to reduce inhibitor titer to less than 5 BU after completing the
treatment course [13]. Iran’s MOH was interested in finding out
how long it will take to reach a breakeven point following the
implementation of the ITI intervention. Therefore, to simplify the
calculations, except for medicine costs, we assumed identical
costs for utilized resources in both groups. A simple cost compar-
ison method was used to find out the breakeven point for these
two groups. The breakeven point was defined as the intersection
of costs versus time graphs of these two methods. Costs of medi-
cines for second and third years post treatment were discounted
on the basis of a discount rate of 7.5% [14].

Table 1 – Presumptions for the ITI arm.

Success rate of ITI 80%
Dose of FVIII 100 IU/kg/d
Mean time to success 12 mo
Dose of Novoseven to control bleeding

events in the first year
Minor events 270 �g/kg
Intermediate events 540 �g/kg
Major events 5400 �g/kg

No. of bleeding events in the first year
(during ITI implementation)

Minor events 1.5
Intermediate events 1
Major events 0.1

No. of bleeding events in second and
third years (for on-demand
therapy with FVIII in patients
managed with the ITI method in
the first year)

Minor events 27
Intermediate events 3
Major events 0.2

Dose of FVIII to control bleeding events
in second and third years

Minor event 40 IU/Kg/d
Intermediate event 80 IU/Kg/d
Major event 100 IU/Kg/d

Price of FVIII in Iran’s market* 3000 rials/IU
Mean estimated patient’s weight of a

6-y-old child
20 kg (with annual

10% increase)

FVIII, factor VIII; ITI, immune tolerance induction.
* Based on the official exchange rate: 1 US $ �12,260 rials.
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