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Abstract

Background: Multiple Sclerosis (MS) is a chronic and inflammatory disease that can affect the patients’ quality of life and impose
many costs on them. Several types of medicine are used to change the course of the disease, treat disease - related attacks, and treat
the symptoms of multiple sclerosis.
Objectives: The aim of this study was to determine and compare the cost-effectiveness and cost - utility of CinnoVex versus ReciGen
as the first line treatment in patients with relapsing-remitting multiple sclerosis in Iran, Fars province, in 2016.
Methods: This study was a cost - effectiveness and cost - utility study, in which a Markov model was used. A sample of 178 patients
with MS was randomly selected. The costs were summed up from the societal perspective, and the study outcomes were QALY and
the mean of relapse was avoided. To collect the required data, the cost data collection form, Kurtzke Expanded Disability Status Scale,
and EQ - 5D questionnaire were used. To analyze the data collected, the TreeAge Pro 2011 and Excel 2010 software were used as well.
Results: The results showed that the mean cost for ReciGen and CinnoVex patients were 349.84 and 289.92 USD, respectively. In
addition, the QALY means were 0.291 and 0.297 and the means of relapse avoided were 0.309 and 0.239 for ReciGen and CinnoVex
patients, respectively. The one - way sensitivity analysis showed that the results of the model were sensitive to effectiveness and
utility of both medicines, but had little sensitivity to other parameters.
Conclusions: According to the results, ReciGen was more cost - effective in terms of relapse avoided and CinnoVex was more cost -
effective in terms of QALY. Therefore, ReciGen and CinnoVex can be the preferred options for physicians and for health policymakers
and managers, respectively.
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1. Background

Multiple Sclerosis (MS) is a disease that cripples the
brain and the spinal cord (central nervous system) (1), and
those with MS have many disabling symptoms, including
weakness in movement, changes in mood, pain and sen-
sory problems, visual disturbances, and defecation disor-
ders that have a significant effect on the quality of life of
the patients and their families (2). The global prevalence of
this disease in 2008 was estimated to be 30 per 100000 peo-
ple by the World Health Organization (WHO) and the Mul-
tiple Sclerosis International Federation (MSIF) in 122 coun-
tries (3). Studies conducted in Iran and the Middle East in
recent years have shown that MS outbreaks in these areas

are increasing, therefore, the incidence rate of the disease
in these areas increased from 0.86 per 100000 in 1989 to
2.93 in 2008 (4). In Iran, the incidence rate of MS was lower
in the early 1990s, and only 5 people per 1000 were infected
by the disease. However, the gradual growth of MS during
recent years has caused the incidence rate of over 100 MS
patients per 100000 people in some areas, such as Isfahan
and Tehran. In addition, the figures are high in regions like
Shiraz and some northern cities of the country. Although
accurate statistics are not available for MS patients in Iran,
estimates by the MS Society of Tehran indicated that there
were about 60000 MS patients in Iran in 2013 (5-7). The
prevalence of MS was estimated to be 72.1 per 100000 peo-
ple in the Fars province in 2013 (8).
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Furthermore, the results of some studies on the qual-
ity of life of MS patients showed that the physical perfor-
mance of the patients with mild MS reduced by 30% while
that of the patients with moderate and severe MS reduced
by 40% and 50%, respectively.

Moreover, the social role functioning of the patients
with mild and moderate MS reduced by 20% and that of
the patients with severe MS reduced by 30% as well. In all
MS patients, the mental functioning also decreased regard-
less of the severity of the disease (9). On the other hand,
MS imposes a lot of costs on the community and individ-
uals. According to a study by the US National Institute of
Neurological Disorders and Stroke (NINDS) in 1993, the to-
tal cost of the disease was over $2.5 million a year (10). A
study conducted in Europe within 1996 to 2014 also indi-
cated that the mean annual costs of each MS patient was
$24666 to $5167 (11). In addition, the results of various stud-
ies conducted in Iran showed that the total annual cost of
patients with multiple sclerosis was $9.36 million in 2014
(12). Currently, several types of medicine are prescribed for
MS patients, which are mainly used to change the course
of the disease or to treat the disease attacks and symptoms
.The US Food and Drug Administration (FDA) has approved
some medicine for the disease. These types of medicine
are used to reduce the development of the disease in many
people involved in different types of MS such as relapsing
remitting multiple sclerosis (RRMS), secondary progres-
sive multiple sclerosis (SPMS), and progressive relapsing
multiple sclerosis (PRMS).

These types of medicine include injectable medicine
(Interferon beta - 1awiththe brand of Avonex for intra-
muscular injection, Interferon beta - 1awith the brand of
Rebif for subcutaneous injection, and Glatiramer Acetate)
as well as oral and infusion types (slow intravenous injec-
tion) (13). As the third largest supplier of MS medication,
Iran has offered its manufactured medicine to the market
with the names of CinnoVex (since the second half of 2005)
and ReciGen (since 2009). CinnoVex is the brand of Inter-
feron beta - 1a with intramuscular injection, and ReciGen is
the brand of Interferon beta - 1a with subcutaneous injec-
tion (14-16).

In general, considering the above - mentioned issues
regarding the incidence of multiple sclerosis and the high
costs of the disease for both the patients and the commu-
nity, on one hand, and as CinnoVex and ReciGenare pro-
duced in Iran and the researchers could not find a com-
parative study on the cost - effectiveness and cost - utility
of CinnoVex and ReciGenin Iran. On the other hand, this
study was conducted to determine and compare the cost -
effectiveness and cost - utility of ReciGen versus CinnoVex,
as the first line treatment for patients with RRMS in 2016
in Iran, Fars province, so that the results would help deter-

mine the more cost - effective medicine for the treatment
of MS patients and also help the health managers, policy
- makers, and specialists to prescribe better medicine and
also make proper use of the limited available resources.

2. Methods

This cross - sectional study was a full economic evalu-
ation (a cost - effectiveness and cost - utility study) carried
out in 2016 on patients with multiple sclerosis, who were
living in Iran, Fars province, and were taking CinnoVex and
ReciGen for the treatment of their disease.

According to the statistics by the Department of Spe-
cial Diseases of Shiraz University of Medical Sciences and
MS Society of Fars province, and based on the results of the
pilot study and assuming α = 0.05, δ = 1.2, and d = 0.25 in
each group of patients, the sample size for this study was
determined as 89 patients who were selected through sim-
ple random sampling method. The inclusion criteria were
the use of ReciGen or CinnoVex that was prescribed by neu-
rologists for patients with definite diagnosis or relapsing
-remitting multiple sclerosis for at least one year and the
willingness to participate in the study.

This study was approved by the Medical Ethics Commit-
tee of Iran, Shiraz University of Medical Sciences. In addi-
tion, all the patients participating in the study completed
the informed consent form. They were free to participate
in the study and in case of unwillingness to continue their
participation in the project, they could withdraw from the
study. Moreover, they were assured that their information
would remain confidential. It should be noted that, finally,
all the studied patients completed the study.

2.1. Description of the Model

A Markov model was used in this study to evaluate the
cost-effectiveness and cost - utility of ReciGen versus Cin-
noVex and to describe the progression of the disease. Based
on the previous studies, one - month Markov cycles as well
as a lifetime horizon were used in this study (17, 18). To show
the clinical course of RRMS (for example, disease progres-
sion and relapse), Kurtzke Expanded Disability Status Scale
(EDSS) was applied (19). According to this scale, patients are
classified based on their EDSS scores. Different health sta-
tuses based on the EDSS score are as follows: EDSS 0 - 2.5
(no limitation or slight limitation in mobility), EDSS 3 - 5.5
(moderate mobility limitation), EDSS 6 - 7.5 (walking with
auxiliary equipment or using wheelchairs), EDSS 8 - 9.5 (be-
ing limited to bed), death (natural causes or EDSS 10), EDSS
0 - 2.5: relapse (relapse or a change in disability), and EDSS 3
- 5.5: relapse (relapse or a change in disability) (20). Figure
1 shows the schematic diagram of the Markov model. As
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can be seen, MS patients can move to a higher EDSS or stay
in the same health state based on transition probabilities.
They can also be transited to the relapse state (in which
they are treated as outpatients or inpatients depending on
their disease severity) in EDSS 0 - 2.5 or EDSS 3 - 5.5, and re-
main there for a single cycle. Patients can remain for more
than one cycle (one month) in any disease state (one EDSS
level). Patients remain in the RRMS state as long as they are
not transferred to a level higher than EDSS 3 - 5.5, and when
they are transited to the EDSS 6 - 7.5 level or higher, they
are considered as SPMS and their remedial medicines are
stopped (17).

Figure 1. Schematic Diagram of the Markov Model for MS (21)

The outcomes used in the model included the mean of
relapse avoided as effectiveness and the value of QALY as
utility. The cost data and outcomes (utility and effective-
ness) of the model were discounted on the basis of the dis-
count rates of 7.2% (22) and 3% (23), respectively. In addi-
tion, TreeAge Pro 2011 and Excel 2010 software were used to
analyze the collected data.

2.2. Transition Probabilities

All transition probabilities are reported in Table 1 ac-
cording to the previous published studies based on the
type of medicines and the disability status

2.3. Cost Data

The societal perspective was used in the present study
to extract the costs. The related costs from the societal per-
spective included direct medical costs, direct non - medical
costs, and indirect costs. The direct medical costs of each
medicine were retrospectively determined and collected
from January 1, 2016 to January 1, 2017 by using a researcher
- made checklist and referring to the specialists’ offices and
the MS Society of Fars province. The direct non - medical
costs included the costs of transportation, meals, and ac-
commodation in other cities and the food used by the pa-
tients and their families, as well as the costs of taking care
of the patients at home, which were determined by asking
the patients under study. To calculate the indirect costs, the
human capital approach was used (29-32).

Furthermore, for the purpose of international compar-
ison, the costs were converted to the US dollar, using the
exchange rate of each US dollar equaling to 29500 Rials in
2016 (33).

2.4. Health Outcomes

To measure the effectiveness, the mean of relapse
avoided was used. In order to obtain the mean of relapse
avoided, the patients were first asked by the researcher
about the number of relapses at the time of using each
medicine, and the relapse rate for each patient was calcu-
lated using the following formula:

Relapse rate (RR) = Number of relapses / Number of
years of medicine use

Then, the relapse rates of all the patients who used each
medicine were summed up and the result was divided into
the number of patients who used the same medicine to ob-
tain a mean relapse rate for each medicine (17, 34). Next,
according to the previous study, the mean relapse rate be-
fore using each medicine was considered as 1.002 (35) and
the mean relapse rate in the patients who participated in
this study was deduced from it to obtain the mean rate of
relapse avoided.

The utility values were calculated using the EQ - 5D
questionnaire, and the health outcomes were evaluated
based on the quality adjusted life years (QALYs) (36).

2.5. Determining the Incremental Cost - Effectiveness and Cost -
Utility Ratio (ICER)

After obtaining the costs as well as utility and effective-
ness, the incremental cost - effectiveness and cost - utility
ratios were calculated using Equation 1:
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Table 1. Transition Probabilities

Parameters ReciGen CinnoVex

Probability Sources Probability Sources

Monthly probability of disease progression to next level

EDSS 0.0 - 2.5 0.0080417 (24, 25) 0.009125 (24, 26)

EDSS 3.0 - 5.5 0.0047917 (24, 25) 0.004583 (24, 26)

Monthly probability of progression to death

EDSS 0.0 - 2.5 0.001684 (27) 0.001684 (27)

EDSS 3.0 - 5.5 0.002348 (27) 0.002348 (27)

EDSS 6.0 - 7.5 0.003121 (27) 0.003121 (27)

Monthly relapses

For All EDSSs 0.0755 (28) 0.0275 (21)

ICER

=
Costs of Recigen− Costs of Cinnovex

Outcomes of Recigen−Outcomes of Cinnovex
(1)

2.6. Sensitivity Analysis

Finally, to determine the effects of the parameters’ un-
certainty on the results, a one - way sensitivity analysis was
performed. To this end, some of the key parameters of the
study, such as cost, utility, and effectiveness were changed
by 20% for each medicine strategy, based on which Tornado
diagrams were drawn.

3. Results

According to the results of this study, most patients
were female (82.1%), housewives (58.99%), with academic
degrees (41.01%), and all the patients had the basic insur-
ance coverage. Furthermore, the mean ages of the patients
using CinnoVex and ReciGen were 35.1 ± 8.89 and 34.77 ±
7.97, respectively.

Tables 2 and 3 show the means of costs, utility, and re-
lapse avoided in the patients with multiple sclerosis who
used CinnoVex and ReciGen.

According to Table 2, the highest mean of direct med-
ical costs and direct non - medical costs for the patients
using ReciGen were 569.46 ± 53.65 and 324.67 ± 30.48
dollars, respectively. In addition, the cost of purchasing
the main medicine was the highest direct medical cost in
both ReciGen and CinnoVex patients ($366.1 for ReciGen
and $186.44 for CinnoVex).

In addition, the cost of transportation and the income
lost due to outpatient visits were respectively the high-
est direct non-medical costs and indirect costs in both
medicine patients ($195.93 and $93.7 in ReciGen and $171.63
and $90.82 in CinnoVex).

According to Table 3, the highest utility scores obtained
from the EQ5D questionnaire for MS patients belonged to
those who used CinnoVex and with EDSS 0 - 2.5 (0.71±0.18).
Moreover, the highest mean of the relapse avoided was ob-
served in patients using ReciGen and with EDSS 0 - 2.5 (0.732
± 0.302).

According to Figure 2 - A and Table 4, the results of
the cost-utility analysis using the Markov model showed
that the mean cost was $349.84 in the ReciGen arm and the
mean QALY was 0.291, however, in the CinnoVex arm, the
mean cost and the mean QALY were, respectively, $289.92
and 0.297. Moreover, according to Figure 2 - B and Table
4, the results of the cost - effectiveness analysis using the
Markov model showed that the mean cost and the mean
relapse avoided were, respectively, $349.84 and 0.309 in the
ReciGen arm, however, the mean cost in the CinnoVex arm
was $289.92 and the mean relapse avoided was 0.239, as
well.

Thus, the cost - effectiveness ratio calculated was $856,
which meant that $856 had to be spent for each extra unit
of effectiveness (the mean of relapse avoided) caused by Re-
ciGen.

In order to make a decision, the value of incremen-
tal cost - effectiveness ratio (ICER) needed to be compared
to the threshold. To calculate the threshold, the WHO
methodology was used; that is to say, if the ICER value was
below one - fold of GDP per capita, the medicine would be
highly cost - effective and if it was lower than three times
as much as the GDP per capita, the medicine used would
be cost - effective (37). The GDP per capita in 2016, accord-
ing to the Central Bank of Iran, was $5758 (38). In addition,
given that the ICER was estimated at $856, which is lower
than one - fold of GDP per capita, the treatment with Reci-
Gen was highly cost - effective compared to the treatment
with CinnoVex.
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Table 2. The Means of Costs in RRMS Patients Using ReciGen and CinnoVex

Costs CinnoVex ReciGen

USD Percentage USD Percentage

Direct medical costs

Physicians’ visits 54.94 13.60 53.91 9.47

Main medicines 186.44 46.16 366.10 64.29

Supplementary medicines 16.91 4.19 13.71 2.41

Laboratory tests 31.38 7.77 29.86 5.24

Mris 102.99 25.50 95.22 16.72

Physiotherapy & other services costs 11.27 2.79 10.66 1.87

Hospitalization & surgeries 0.00 0.00 0.00 0.00

Total 403.94 47.71 569.46 53.65

Direct non - medical costs

Transportation 171.63 61.59 195.93 60.35

Accommodation 42.81 15.36 51.04 15.72

Meals 64.22 23.04 76.56 23.58

Purchasing auxiliary tools 0.00 0.00 1.14 0.35

Total 278.66 32.91 324.67 30.48

Indirect costs

Income lost due to outpatient visits 90.82 55.33 93.70 56.02

Income lost due to hospitalization 0.00 0.00 0.00 0.00

Patient’s family costs 73.32 44.67 73.55 43.98

Total 164.14 19.38 167.25 15.86

Total costs 846.74 100.00 1061.38 100.00

Table 3. The Means of Utility and Relapse Avoided in RRMS Patients Using ReciGen and CinnoVex

Parameters CinnoVex ReciGen

Mean SD Mean SD

Utility

EDSS 0.0 - 2.5 0.71 0.18 0.69 0.19

EDSS 3.0 - 5.5 0.41 0.23 0.44 0.24

Relapse avoided

EDSS 0.0 - 2.5 0.572 0.262 0.732 0.302

EDSS 3.0 - 5.5 0.232 0.192 0.502 0.222

Table 4. Results of Cost - effectiveness and Cost - utility Analyses of ReciGen and CinnoVex Used by the Studied RRMS Patients

Strategy Cost Util Eff incrCost incrUtil incrEff ICER (Cost - utility) ICER (Cost - effectiveness)

ReciGen 349.84 0.291 0.309 0 0 0 No need to calculate ICER 856

CinnoVex 289.92 0.297 0.239 -59.92 0.006 -0.07 ICER (cost-utility) ICER (cost-effectiveness)

Abbreviations: Eff, effectiveness; incrCost, incremental costs; incrEff, incremental effectiveness; incrUtil, incremental utility; Util, utility.

3.1. Sensitivity Analysis Results
Given that any economic evaluation study is associated

with uncertainty, the effects of uncertainty were examined

in this study using the one - way sensitivity analysis. In this
analysis, the value of each variable increased by 20%, and
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Figure 2. Cost - effectiveness and Cost - utility Analyses of ReciGen and CinnoVex Used by the Studied RRMS Patients

the Tornado diagrams were drawn (39).
According to the Tornado diagram in Figure 3 - A, the

results showed that ICER had the highest sensitivity to the
utility of the patients taking ReciGen, however, it had the
lowest sensitivity to the utility of the patients taking Cin-
noVex. Also, in Figure 3 - B, ICRE had the highest sensitivity
to the effectiveness in the patients taking CinnoVex, how-
ever, it had the lowest sensitivity to the effectiveness in the
patients taking ReciGen.

4. Discussion

The medicines currently used for MS disease are pre-
scribed to control the symptoms during attacks and avoid
the relapses of the disease attacks (40). Presently, two Ira-
nian medications, namely ReciGen and CinnoVex, which
are of Interferon beta - 1a kind, are used for this purpose (as
the first line medicines) (14, 15). The aim of this study was
to determine and compare the cost - effectiveness and cost
- utility of these two medications (ReciGen and CinnoVex)
in patients with relapsing - remitting multiple sclerosis, in
order to help the policy makers and healthcare providers
select the most cost - effective medicine to reduce the rate
and severity of the disease relapses and to slow down the
progression of disability in patients with MS.

The findings of the present study indicated that the
treatment with ReciGen had the mean costs of $1061.38 per
treatment course (one month), while the mean cost was
$846.74 for the treatment with CinnoVex. Therefore, the
mean cost of a one - month course of treatment for each
patient treated with CinnoVex was lower than that of treat-
ment with ReciGen. One of the main reasons for this dif-
ference seems to be the higher cost of purchasing ReciGen
in comparison with CinnoVex. In this regard, the results
of the present study are consistent with those of the study

conducted by Imani et al., (2012) and Nikseresht et al. (2011)
(14, 41).

The direct medical, direct non - medical, and indi-
rect costs of ReciGen were $569.46 (53.65% of total costs),
$324.67 (30.48% of total costs), and $167.25 (15.86% of total
costs), respectively, while these costs were $403.94 (47.71%
of total costs), $278.66 (32.91% of total costs) and $164.14
(19.38% of total costs) in treatment with CinnoVex. Hence,
the highest costs in treatment with both medications were
direct medical costs, in which the largest costs were related
to the costs of purchasing the main medicine, which were
64.29% and 46.16%, respectively. The results of the present
study are in line with those of the studies conducted by
Imani et al., (2012) and Nikfar et al., (2013) (24, 41).

The results of this study indicated that the highest util-
ity and also the highest mean relapse avoided in treatment
with each medicine were observed in patients with EDSS
0 - 2.5, and as the disability level increased, the quality of
life decreased, however, the relapse rate increased. Perhaps
the reason is that higher EDSSs usually reduce the effect
of medicines and patients shift from the demyelinating
and inflammation phase into the irreversible degenerative
phase. Hence, it is obvious that with increasing the rate of
relapses, the level of quality of life decreases (42).

According to the results of this study, the cost, effec-
tiveness and utility of ReciGen were $349.84, 0.309, and
0.291, respectively, while the cost of CinnoVex was $289.92,
its effectiveness was 0.239 and its utility was 0.297.There-
fore, the ICER value was obtained $856, indicating that $856
would have to be spent for each extra unit of effectiveness
through the use of ReciGen. Regarding the threshold in
Iran, which was $5758 in 2016, ReciGen was highly cost -
effective in terms of effectiveness due to the below - the -
threshold ICER, however, CinnoVex was more cost - effec-
tive in terms of QALY due to its lower cost and higher util-
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Figure 3. Tornado Diagrams of Cost - utility and Cost - effectiveness of ReciGen and CinnoVex Used by the Studied RRMS Patients

ity. The studies conducted by Newton et al., (2011), Nuijten
et al., (2010), and Goldberg et al., (2009), who used the effec-
tiveness index for comparing these two medicines, showed
that subcutaneous Interferon beta - 1 (Rebif) was more cost
- effective than intramuscular Interferon beta - 1a (Avonex)
(43-45). However, the studies conducted by Demkek et al.,
(2014), Nikfar et al., (2013), Imani et al., (2012), and Bell et al.,
(2007), using the utility index (QALY) to compare these two
medicines, indicated that intramuscular Interferon beta -
1a (Avonex) was more cost - effective than subcutaneous In-
terferon beta - 1 (Rebif) (21, 24, 28, 46).

The results of sensitivity analysis showed that in the
cost - effectiveness and cost - utility analyses, the highest
sensitivities were observed to the utility of ReciGen and
the effectiveness of CinnoVex. Thus, due to the fact that
the ICER value became positive in the cost - effectiveness
and cost - utility analyses, it can be said that, for a short
term, CinnoVex was preferable in terms of utility outcome
(QALY), and ReciGen was preferable in terms of effective-
ness outcome (relapse avoided), however, the changes in
the effectiveness, utility, and costs of the dominated op-
tion in the future may change the results of this study, and
it may not be stated with certainty that the above - men-
tioned medications would be the dominant option. How-
ever, it depends on the new ICER value and comparing it
with the threshold.

This study had a few limitations, one of which was that,
considering the limited time available, the patients were
only examined during one course of treatment with two
medicines. Also, in this study, intangible costs were not
taken into account due to the inability to accurately mea-

sure them.
Regarding the generalizability of the results of this

study, it can be said that since ReciGen and CinnoVex are
used in Iran for treating MS patients and their prices are
the same throughout the country, the results of this study
can be generalized to other provinces and the whole coun-
try. However, in order to generalize the results of this
study to other countries, it is necessary to address some
issues, including the epidemiology of the disease and de-
mographic structure, the existence of resources, prices,
valuation of the outcomes by individuals, thresholds, and
the use of various effectiveness indices in different studies,
which may affect the results. Therefore, it is necessary to be
cautious in generalizing the results of the present study to
other countries.

4.1. Conclusion

The results of this study showed that, of the two first -
line medicines studied, CinnoVex was more cost - effective
in terms of QALY and ReciGen was more cost - effective in
terms of relapse avoided. Therefore, as the effectiveness in-
dex is the preferred and more important index for physi-
cians (47), it can be said that ReciGen is the preferred op-
tion. However, given the fact that QALY is the ultimate out-
come, and health policymakers and managers focus on ul-
timate outcomes for decision making (47), CinnoVex can
be known as the preferred option. Therefore, it is recom-
mended to take steps to improve the patients’ condition
by increasing the insurance coverage for these medicines
and reducing the out - of - pocket payments of the patients
taking such medicines.
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