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Abstract

Background: Hip, vertebral and wrist fractures are the most common consequences of osteoporosis. This study aimed at analyzing
the cost-effectiveness of teriparatide (CinnoPar®), compared with alendronate and risedronate, in the treatment of women aged 60 and
over with postmenopausal osteoporosis in Iran.

Methods: A decision tree model with a 2-year time horizon was used to compare treatment with teriparatide (CinnoPar®) with the
following treatment strategies: two years of treatment with alendronate and two years of treatment with risedronate in women aged 60
years and over or those at risk of osteoporosis. Cost per QALY was calculated for 3 treatment strategies from the model. After base
case analysis, one-way sensitivity analysis was performed on key parameters of the model to assess their impact on the study results
and the cost-effectiveness of different treatment strategies and the model robustness. TreeAge Pro 2011 software was used for model-
ing and data analysis.

Results: Incremental cost-effectiveness ratio (ICER) of alendronate and teriparatide than risedronate (base treatment) were USS$-
2178.03 and US$483,783.67 per QALY, respectively. Therefore, the dominant and cost-effective treatment option was alendronate. In
the one-way sensitivity analysis, the impact of annual 25% increase or decrease in the teriparatide cost on its ICER was remarkable.
Also, reducing the discount rate from 0.03 to 0.0 had the greatest impact on the ICER of the teriparatide.

Conclusion: The treatment strategy of teriparatide is more expensive than risedronate and alendronate and is associated with very
little increase in QALYSs. A significant reduction in teriparatide price and a limit in its use only for high-risk women and for acute and
short-term treatment courses can contribute to its cost-effectiveness.
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Introduction

Osteoporosis is a systemic skeletal disease characterized
by low bone mass and the deterioration of bone tissue and
increases the risk of fractures, especially hip, vertebrae,
and wrist (1, 2). Osteoporosis has become a serious health
problem, especially among the elderly, and it was recog-
nized as a serious public health problem, with about 200
million people being affected worldwide in 2012 (3). A
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total of about 5.5 million people suffered from osteoporo-
sis in Europe in 2012 (4). Different figures have been re-
ported among Iranian women for the prevalence of the
disease (6% to 43%) (5). Osteoporosis-associated frac-
tures impose a high economic and social burd en on the
society, owing to its impact on the mortality and quality of
life (6). For example, in Sweden, hip fracture accounts for

tWhat is “already known” in this topic:

There are no results about the cost-effectiveness of teriparatide
compared with alendronate and risedronate for treatment of
patients with postmenopausal osteoporosis in Iran.

— What this article adds:
The treatment strategy of teriparatide is more expensive than

risedronate and alendronate and is associated with very little
increase in QALY in Iran.
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1.5% of the annual total mortality rate and a reduction of
approximately 1000 years of life (7). In 2005, more than 2
million Americans suffered from osteoporosis-associated
fractures, the economic costs of which have been estimat-
ed to be US$17 billion (8).

In general, osteoporosis, which is defined with a T-
score (bone mass measurement test) of about -2.5 and
lower, affects most postmenopausal women. Age, gender,
low body weight, race, lack of vitamin D, and underlying
medical conditions are among important factors involving
the loss of bone mass (9). Women’s gender and meno-
pause have been reported as osteoporosis risk factors in
Iran (10).

Due to the multifactorial nature of osteoporosis, its pre-
vention, and management is particularly complex. All
medical interventions aim to maintain bone mass, skeleton
structural integrity, and avoid brittle bones from the pre-
vention stage to the treatment stage of the disease (9).
Clinical studies have shown that non-medicine treatments
together with medicine treatments such as vitamin D, cal-
cium, bisphosphonates (such as alendronate and
risedronate) as well as selective estrogen receptor modula-
tors (SERMs) reduce the fracture rate (6, 11). Teriparatide
is also used as a recombinant human hormone or thPTH
(1-34) to increase bone mineral density (BMD) and reduce
the fracture risk (12-14).

Bisphosphonates were used to prevent and treat osteo-
porosis since the introduction of alendronate in 1995(11,
15). Bisphosphonates is considered popular and effective
for the treatment of osteoporosis because of its effective-
ness and long-term effects, however, its cost-effectiveness
has not been approved in contrast with new medicines
such as denosumab (15-17). Teriparatide (recombinant
human hormone) is one of the first anabolic osteoporosis
drugs, which was approved by the Food and Drug Admin-
istration (FDA) in 2002(13).This medicine can be an ap-
propriate treatment for osteoporosis caused by glucocorti-
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coids, and its daily consumption stimulates bone for-
mation and increases the bone mass. Thereby, it decreases
the risk of spine fracture and other bones (14). In a study
on postmenopausal women with glucocorticoid-induced
osteoporosis, treatment with synthetic teriparatide and
estrogen, compared with the estrogen alone, significantly
increased the mineral density of lumbar spine bone (18).
Also, based on a cost-effectiveness study, the drug was a
cost-effective option compared with a non-treatment op-
tion (19).

Considering the fact that osteoporosis is considered a
serious health problem in developing countries and its
impact on the mortality, the quality of life, and the in-
creasing costs of health systems, it is essential to deter-
mine the cost-effectiveness of drugs used to prevent and
treat the disease; thus, policymakers should optimally al-
locate resources and make appropriate decisions in this
regard (4, 6). The current study aimed at analyzing the
cost-effectiveness of risedronate, alendronate, and teripar-
atide (CinnoPar®) in treatment of osteoporosis in Iranian
postmenopausal women aged 60 years and over.

Methods

Teriparatide (with brand name of CinnoPar®) cost-
effectiveness analysis, compared with alendronate and
risedronate, was performed in the form of a decision tree
model and considering 3 different health states (hip, spine,
and wrist fractures) to compare treatment strategies. The
initial model, which was extracted from Liu et al. (13),
was localized for the country's economic conditions, ex-
perts, and clinicians’ opinions, available information as
well as clinical guidelines (Fig. 1). The results of the deci-
sion tree model were obtained in incremental cost-
effectiveness ratios (ICERs) for the 3 treatment strategies
as cost per QALY.

Abbreviations: alendronate (Alen); teriparatide (Terip); risedronate (Risen) vertebral (Vert); fracture (Fx)

Fig. 1. Schematic Structure of the Decision Tree Model (A Modified Version of Liu et al., 2006)
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Analytical Model

The microsimulation was performed for 1000 hypothet-
ical population in the modified model of Liu et al. (13).
TreeAge Pro 2011 (Tree- Age Software Inc. William-
stown, MA, USA) was used for modeling and data analy-
sis. The model key components are as follow: selected
treatment strategies for the osteoporosis treatment, health
events in decision tree arms (no fracture, hip fracture,
wrist fracture, vertebral fracture, death, and survival), and
the probabilities. The time horizon of 2 years was consid-
ered in this study and costs were analyzed from the health
system perspective. Costs and utilities were discounted at
a rate of 3%. To calculate the willingness-to-pay thresh-
old, the World Health Organization's approach was used,
that is, if the ICER ratio was less than 3 times the coun-
try's per capita gross domestic product (GDP), the treat-
ment option would be considered as a cost-effective strat-
egy, whereas one that costs less than once the national
annual GDP per capita was considered highly cost—
effective (20). Taking into account Iran's per capita GDP
of US$4670 in 2014(21), the willingness-to-pay threshold
was considered to be US$14010.

Population

Due to the high prevalence of osteoporosis at the age of
60 years and over in Iran, the studied population was se-
lected from patients aged 60 years and over. Therefore,
postmenopausal women older than 60 years with the T-
score of -2.5 or lower, and with at least a history of spine,
wrist, and hip fracture caused by osteoporotic, were inves-
tigated as the target population in this study. Cost data of
1150 patients of 60 years and older who were admitted to

Table 1. Model Inputs

the hospitals in due to osteoporotic hip, vertebral, and
wrist fractures were used in the model.

Therapeutic Strategies

In this study, the cost-effectiveness analysis of 3 treat-
ment strategies for the osteoporosis treatment was as-
sessed as follows:

« Two years of treatment using teriparatide (CinnoPar®)
at a dose of 20 pg/day subcutaneously

» Two years of treatment using alendronate at a dose of
70 mg/week

» Two years of treatment using risedronate at a dose of 5
mg/day

Transition Probabilities

In this study, the risk of hip, wrist, and spine fractures in
postmenopausal women was obtained for each of the
treatment strategies based on data of the published studies
and by multiplying the relative risk fractures of hip, spine,
and wrist by the fracture rate of the control group (22-24).
Also, the risk of death due to the hip fracture was deter-
mined to be 0.0025 according to U.S. Congress, Office of
Technology Assessment (25) and by taking the average of
the chance for age groups of 60 to 99 years (Table 1).

Costs and Discounting

Costs were studied from the health system perspective.
Thus, the direct medical costs including the cost of medi-
cines and hospitalization were entered into the study. Ac-
cording to the 2-year time horizon in the study, the direct
medical costs related to 3 types of fractures (i.e., hip, ver-
tebral, and wrist fractures) were measured by investigating

Parameters Input value Reference
Per annum drug costs (US$)  Alendronate 9 calculated
risedronate 6.5 calculated
Teriparatide (CinnoPar®) 1,627 calculated
Hospitalization costs , per Hip fracture, first year 1,845 calculated
event Hip fracture, second year 2,452 calculated
(US$) Vertebral fracture, first year 3,404 calculated
Vertebral fracture, second year 3,259 calculated
Wrist fracture, first year 1,034 calculated
Wrist fracture, second year 1,323 calculated
Quality-of-life utilities Utility for patients who experience one Hip fracture, first year 0.797 13
Utility for patients who experience one Hip fracture, second year 0.90 13
Utility for patients who experience one Vertebral fracture, first year 0.82 13
Utility for patients who experience one Vertebral fracture, second year 0.931 13
Utility for patients who experience one Wrist fracture, first year 0.981 13
Utility for patients who experience one Wrist fracture, second year 1 13
Death 0 13
Relative risks for the use of Alone alendronate strategy
drugs Vertebral 0.48 22
Hip 0.61 22
Wrist 0.61 22
Alone risedronate strategy
Vertebral 0.53 20
Hip 0.49 20
Wrist 0.53 20
Alone teriparatide strategy
Vertebral 0.35 21
Hip 0.47 21
Wrist 0.47 21
Discount Rate Costs 0.03 assumed
QALYs 0.03 assumed
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the records of 1150 osteoporotic patients who suffered
from wrist, hip, and vertebral fractures and were hospital-
ized in hospitals across the country. The costs of hospital-
ization were calculated through electronic health records
system (EHRS) of the Ministry of Health during 2014 and
2015 (Table 1). Also, the costs of drugs were calculated
using the drug price list of Food and Drug Administration
and based on the average wholesale price of teriparatide
(CinnoPar®), different brands of alendronate and
risedronate (the price of domestically produced drugs was
considered) as well as by taking into account the patient's
daily dose. One-way sensitivity analysis was performed
for the acceptable range of these costs due to the differ-
ences in the prices of medicines and medical services tar-
iffs, and all costs were converted to 2014 USD. According
to the Central Bank of Iran, the United States dollar was
30350 L.R Rials. According to exchange rate in 2014, the
United States dollar was 30350 I.R Rials.

Health State Utilities

In this study, studies published in this area were used to
extract the different states of health utilities (13). In these
studies, the utilities were calculated using standard gamble
and time trade-off methods. The values of utilities were
different for wrist, hip, and spine fractures for the first and
second years, and the utility for the death state was con-
sidered zero (Table 1).

Sensitivity Analysis
The model robustness and its results were evaluated us-
ing one-way sensitivity analysis. According to health evo-

lution plan and annual change in tariffs for public inpa-
tient services and physician visits as well as based on ex-
perts' opinions, costs were considered as the most im-
portant parameters affecting the analysis results. One-way
sensitivity analysis was performed for the costs of drugs
and fractures of the wrist, hip, and spine, with a rate of
+25% and + 30%, respectively.

Results

Base-Case Analysis

Based on the base case analysis, incremental cost effec-
tiveness ratio (ICER) of alendronate and teriparatide than
risedronate (base treatment) was US$-2178.03 and
US$483783.67 per QALY, respectively. Therefore, alen-
dronate found to be the dominant and cost-effective treat-
ment option.

Also, the results of the incremental cost-effectiveness
ratio of teriparatide and alendronate strategies, compared
to risedronate (base-case= risedronate), revealed that alen-
dronate had a lower cost and more QALY.

Although teriparatide had more QALY compared with
risedronate treatment (base), it was more costly at as well.

Thus, alendronate was the dominant drug compared
with the risedronate, but none of the treatment options was
considered as the dominant option among the treatment
strategies (Table 2). Cost-effectiveness plane of the osteo-
porosis treatment alternatives are demonstrated in Fig. 2.

Sensitivity Analysis
One-way sensitivity analysis was performed on the an-
nual cost of drugs at a rate of +25% (Table 3). Based on

Table 2. Costs, Outcomes, and Incremental Cost-effectiveness Estimates (Base = Risedronate)

Treatment strategies ~ Cost (US$) Effectiveness C/E Incremental cost Incremental ICER Dominance
(QALY) Effectiveness

Risedronate 431 1.00399 429 - - - -

Alendronate 428 1.00537 426 -3 0.001377387 -2178.037109 Dominant

Teriparatide 3564 1.01046 3527 3133 0.006473968 483783.67023 -

Table 3. Results of One-Way Sensitivity & Scenario Analysis (Base = Alendronate)

Parameters Base Case Change (%) Teriparatide, Cost Alendronate, Cost Risedronate, Cost
Value Per QALY Per QALY Per QALY
(US $) (US $) (US'$)
Annual Teriparatide costs $1627 +25% 38,032 428* 431
-25% 2,555 428%* 431
Annual Alendronate costs $9.0 +25% 3,344 430* 431
-25% 3,344 421%* 431
Annual Risedronate costs $6.5 +25% 3,344 428%* 432
-25% 3,344 428 426%*
Hip fracture costs, first year $1845 +30% 3,334 452% 463
-30% 3,285 398 395%
Hip fracture costs, second year $2452 +30% 3,310 426* 430
-30% 3,308 424%* 428
Vertebral fracture costs, first year $3404 +30% 3,356 501 497*
-30% 3,263 350* 361
Vertebral fracture costs, second year $3259 +30% 3,311 427* 431
-30% 3,308 423%* 427
Wrist fracture costs, first year $1034 +30% 3,323 441* 448
-30% 3,296 409* 410
Wrist fracture costs, second year $1323 +30% 3,310 426* 430
-30% 3,309 425%* 428
Discount Rate 3% 0 1,851 430* 441
5% 3,315 434% 438
7% 3,322 442%* 447

* Cells represent the drug has the dominance.
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Cost-Effectiveness Analysis

115000000
110000000
105000000
100000000
95000000
90000000
85000000
80000000
75000000
70000000
65000000
60000000
55000000
50000000
45000000
40000000
35000000
30000000
25000000
20000000
15000000 B 4
10000000

04

A Atendronste
Risendronate
Q- Teriparatide (Cinopar)

Cost, Rials

dominated

1 undominated

1000 1010 1020
Effectiveness, Utility

Fig. 2. Cost-effectiveness Plane

the findings, with a 25% reduction in the annual cost of
risedronate, it changed to a cost-effective option compared
with the 2 other drugs. However, with the increase and
decrease in the annual costs for teriparatide (CinnoPar®)
and alendronate, there was no change in the study results.
The results of sensitivity analysis on the costs of hip,
spine, and wrist fractures at a rate of + 30% in the first and
second year revealed that if the costs of the hip and verte-
bral fractures are reduced by 30% in the first year, the
study results will change and the risedronate will be se-
lected as the cost-effective treatment option. Increases or
decreases in the discount rate did not change the result of
the study (Table 3).

Discussion

This study analyzed the costs-effectiveness of teripar-
atide (CinnoPar®) compared with alendronate and
risedronate in the prevention and treatment of osteoporosis
in Iranian women aged 60 years and over. In this study,
the decision tree model was used for modeling the costs
and effects including vertebral, wrist, and hip fracture
reduction in one-year cycle and time horizon of 2 years.
The cost analysis was considered based on the payer's
perspective. Despite the fact that teriparatide is used as a
new strategy in the prevention and treatment of osteoporo-
sis, the present study found that the it is less cost- effec-
tive, mainly due to its high costs compared with alendro-
nate and risedronate. In fact, although teriparatide has
gained a slight increase in QALY's compared with the 2
other strategies, its total costs are about 8 times more than
alendronate and risedronate. In this study, alendronate
therapy strategy was more cost-effective than other inter-
ventions in treating postmenopausal women at risk of os-
teoporosis. According to the study results, incremental
cost- effectiveness ratio (ICER) of alendronate and teri-
paratide than risedronate (base treatment) was USS$-
2178.037109 and US$483 783.67023 per QALY, respec-
tively. Therefore, the dominant and cost-effective treat-
ment option was alendronate. The results of incremental
cost-effectiveness revealed that if risedronate is consid-
ered as the base option, alendronate will have lower costs
and more QALY, and thus will be the dominant option.

The sensitivity analysis showed that the results of the
model were sensitive to costs and that reduction of the
annual cost of risedronate by 25%, reduction in hip frac-
ture costs in the first year by 30%, and 30% increase in the
cost of spinal fractures in the first year, made risedronate
more cost-effective compared with the other 2 strategies.
In other cases of the sensitivity analysis, the study results
remained unchanged and alendronate continued to be the
cost-effective option. Although treatment interventions
were not compared with the non-treatment option, most
studies showed that osteoporosis interventions were cost-
effective in women over 60 years with low bone density
and previous fracture history, compared with the non-
treatment option (26). For example, the results of the pre-
vious studies show that teriparatide (27, 28), alendronate
(29, 30), and risedronate (31, 32) have been cost- effective
compared with no-treatment option. In addition, previous
systematic review studies showed that oral bisphospho-
nates compared with hormonal drugs such as teriparatide
are more cost- effective in women over 70 years, particu-
larly those with more risk factors (6, 33). For example, the
results of a study conducted by National Institute for
Health and Clinical Excellence, which evaluated the cost
effectiveness of bisphosphonates and teriparatide based on
the 2 models of the manufacturer and the Institute's Eval-
uation Group showed that the incremental cost-
effectiveness ratio of teriparatide in the manufacturer's
model, compared with the comparator (no treatment), was
£35 400 per QALY. The same figures were £577 and
£3135 per QALY for alendronate and risedronate, respec-
tively (34). These results are consistent with findings of
Thomson et al. (2010), which found that risedronate has
led to less fracture rates (reduction in 12 months), more
QALYs and less costs compared with alendronate (35).
However, unlike the results of National Institute of Clini-
cal Excellence study, Murphy et al. (27) indicated that the
use of teriparatide was a cost-effective option as first-line
treatment with incremental cost-effectiveness ratio of €50
000 per QALY, compared with both the non- treatment
option and bisphosphonate. In contrast, study of Tosteson
et al. (36) showed that among no- treatment, risedronate,
and alendronate options, ibandronate and teriparatide
treatment options were dominant.

In general, by taking into account the differences in the
risk of fractures, comparators, countries conditions, the
model structure and patients' adherence to the recom-
mended treatment regimens, it is impossible to present
clear recommendations about the relative cost-
effectiveness of interventions used to prevent and treat
osteoporosis. Typically, there are a few studies that in-
clude all medicine interventions for treatment of osteopo-
rosis. Moreover, due to different methodological ap-
proaches, it is less likely to compare studies or character-
istics of the study population. Furthermore, the generali-
zability of the previous studies on the cost- effectiveness
of osteoporosis drugs are associated with uncertainty, be-
cause many factors such as the fracture risk vary between
countries, and thus affect their cost-effectiveness.

The main strengths of this study was gathering cost in-
formation from a large sample of patients. In this study,
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cost information was obtained based on medical records
of 1150 patients with osteoporosis, wrist, spine, and hip
fractures. In contrast, the most important limitation of the
current study was the fact that the risk of fractures in the
population studied for the 3 strategies was not based on
the local information. Although the most reliable previous
clinical trials on the risk of fracture were used, the lack of
information on drugs’ effectiveness in the country was
one of the limitations of this study. In general, the 2 previ-
ous systematic review studies on the prevalence of osteo-
porosis in the Iranian women showed that the osteoporosis
prevalence in the vertebral and hip was 18.9% and 17%,
respectively (37, 38). The results of these studies indicate
a high prevalence of osteoporosis in older age groups and
in the country's Northern regions, where the osteoporosis
rate has been rapidly increasing in the recent years. Thus,
the osteoporosis prevalence, especially in menopausal
women and in the aging population, combined with this
disease, can impose a huge burden on the society and the
health system. The results of this study can be useful for
the policymakers who aim to make decisions about priori-
tizing medical interventions for current patients or those at
risk of osteoporosis. Moreover, considering the develop-
ment and the arrival of new interventions and treatments
for osteoporosis, it is of utmost importance for the Minis-
try of Health and other insurance organizations to consider
the significance of this issue for the insurance coverage
and repayment of the costs of the interventions.

Conclusion

Over the past 2 decades, economic evaluation studies
based on decision analytic models have become an im-
portant tool to investigate the cost- effectiveness of medi-
cines used in the prevention and treatment of osteoporosis.
This study, which was conducted in the form of a decision
tree model, revealed that teriparatide, a recombinant hu-
man parathyroid hormone, is not a cost-effective option
compared with alendronate and risedronate. The use of
teriparatide treatment strategy was more expensive com-
pared with risedronate and alendronate and was associated
with a slight increase in QALY of patients.

Moreover, a significant reduction in the price of teripar-
atide and restriction in its use only for women at high risk
of fracture and for acute and short-term treatment courses
can contribute to the cost-effectiveness of the medicine.
However, further studies on the local effectiveness of os-
teoporosis treatment strategies can help enhance the quali-
ty of economic evaluation studies in this area.
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