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ABSTRACT

Objectives: To evaluate two of the various treatment strategies of
bone metastasis— single-fraction radiotherapy and multiple-fraction
radiotherapy. Methods: A multistage Markov decision model was
applied to assess the incremental costs per quality-adjusted life-year
(QALY) gained of single fraction against multiple fractions. The model
had a monthly cycle length over a lifetime horizon with 1000 hypo-
thetical cohort samples. The EuroQol five-dimensional questionnaire
was used to estimate the health-related quality of life in patients. To
cope with parameters of uncertainty, we conducted a probabilistic
sensitivity analysis using a Monte-Carlo simulation technique. Both
cost and utility variables were discounted by 3% in the base model.
Strategies were assessed considering a willingness-to-pay threshold
of US $6578 per QALY gained. Results: The expected mean cost and
quality-adjusted life-years were, respectively, US $447.28 and 5.95

months for patients receiving single-fraction radiotherapy and US
$1269.66 and 7.87 months for those receiving multiple-fraction radio-
therapy. The incremental cost-utility ratio was US $428.38 per QALY.
Considering the Iranian gross domestic product per capita (US $6578)
as the recommended willingness to pay for 1 QALY gained, the
multiple-fraction method was found to be a cost-effective strategy.
Conclusions: Policymakers should advocate the multiple-fraction
method instead of the single-fraction method in the treatment of
patients with painful bone metastases.

Keywords: bone metastasis, cost-utility analysis, Markov modeling,
Monte-Carlo simulation, radiotherapy.

Copyright © 2017, International Society for Pharmacoeconomics and
Outcomes Research (ISPOR). Published by Elsevier Inc.

Introduction

Cancer is one of the leading causes of mortality in the world with
an increasing trend of prevalence. So it is important to increase
the financial resources of the health system for cancer care [1].

Cancers are the third leading cause of death in Iran after
cardiovascular diseases and accidents. Because of the growing
number of patients with cancer across the world, and even in
Iran, today, cancer is a major problem for health systems.
Furthermore, the growing death rate is the reason for more than
12% of deaths. Statistics show that the annual incidence of
cancer in Iran is more than 70,000 [2], and more than 35,242
people die from cancers yearly [3]. With an increase in life
expectancy and in the proportion of the aging population in Iran,
it is expected that the prevalence of cancer will be doubled in the
next two decades [4].

Approximately 60% of patients with cancer will experience
metastasis during their illness [5]. Bone metastasis occurs in 70%
of patients with prostate cancer and 30% of patients with lung,
bladder, and thyroid cancers. This complication involves severe
pain, metastatic spinal cord compression, pathological fractures,
limitation in walking, drowsiness, and a significant decrease in
quality of life [6]. A number of palliative treatments are available
for treating bone metastatic cancer, including local therapy
(external beam radiotherapy), systemic therapy (chemotherapy,
systemic radionuclides, or bisphosphonates), and conservative
treatment with pain medication. Palliative treatment choices
depend on the cancer type and stage, the patient’s age and
health status, and the physician’s discretion [7-9].

Patients with metastatic cancer need to be evaluated imme-
diately for radiotherapy treatment because of the following
reasons:

Conflicts of interest: The authors have indicated that they have no conflicts of interest with regard to the content of this article.
* Address correspondence to: Ali Keshtkaran, Faculty of Management and Medical Information, Shiraz University of Medical Sciences,

Shiraz, Iran.
E-mail: keshtkaa@sums.ac.ir

2212-1099$36.00 — see front matter Copyright © 2017, International Society for Pharmacoeconomics and Outcomes Research (ISPOR).

Published by Elsevier Inc.
http://dx.doi.org/10.1016/j.vhri.2016.10.004

68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94



95

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161

2 VALUE IN HEALTH REGIONAL ISSUES K (2017) nnn-nni

1. The bone pain caused by metastatic cancer is one of the most
common syndromes that require treatment.

2. Patients with bone metastasis have more survival time than
do those with visceral metastasis and so they experience
disease complications for a longer time.

3. These patients have longer trouble and discomfort time than
do patients with liver or lung metastasis and the disease
develops earlier.

4. Bone metastasis complications are common (in one-third of
patients) and will lead to severe disabilities.

5. Many problems are associated with the care of these patients
[10-12].

In the past two decades, clinical evidence suggested that
short-term treatment strategy or single radiation therapy (SRT)
and long-term treatment strategy or multiple radiation therapy
(MRT) have similar efficacy on controlling symptoms in patients
with incurable cancer, especially in those with painful bone
metastases [8,13,14].

In the single-fraction method, the total amount of radiation
received by the patient is less and is given a limited number of
times, but in the multiple-fraction method, the total amount of
radiation received by the patient is high on a low dose in any
fraction schedule used to achieve high local control of symptoms
[15-17].

In the short-term treatment strategy, the number of visits
is increased and the waiting time for radiotherapy is
decreased. Evidence showed that in some clinical status, the
long-term treatment (MRT) can be more effective than the
short-term treatment (SRT) [18]. Patients with advanced cancer
under a good treatment condition have higher life expectancy
and these often occur in long-term palliation treatment
(MRT) with a much higher amount of total dose irradiation
[11,19,20].

Without palliative therapy, about 79% of patients will experi-
ence severe pain [7]. In some studies in Iran, the benefits of the
two methods have been measured and evaluated [18]. According
to the health policy perspective, the budget constraint of these
treatments must be noticed and made more effective, and the
lowest cost must be defined. For this purpose, one of the best
methods is to conduct a cost-effectiveness analysis, which
measures the benefits as well as costs [21].

The aim of this study was to perform an economic analysis
comparing the single-fraction method with the multiple-fraction
method for the first time in an Iranian setting.

Methods

We used a previously published Markov model [22] for evaluating
the cost-utility analysis of multiple fractions compared with
that of a single fraction in the treatment of patients with painful
bone metastases. The model used a monthly cycle length for a
S-year time horizon with 1000 hypothetical cohort samples.
The EuroQol five-dimensional questionnaire (EQ-5D) was used
to measure the quality of life of the patient and a Markov
Monte-Carlo simulation method was used to compare the two
methods.

The monthly transition probability assuming constant rates
was calculated by using the following equation:

Monthly rate=[- In(1 - Probe)/Time].

And the monthly probability of occurrence was calculated by
using the following formula:

Monthly probability = 1—exp(—Monthly rate).

Study Population

Through a pilot study the sample size for our study was
estimated to be 100 patients. All the patients were referred to
the Oncology and Radiotherapy Department of the Namazi
Hospital in Shiraz between 2012 and 2013. Our inclusion criteria
were as follows: 1) the patient had bone metastasis pain; 2) the
patient was undergoing radiotherapy and oncology treatment
continuously; 3) the patient was registered in the data register; 4)
the patient had not undergone radiotherapy before; and 5) the
patient’s pain score was between 7 and 10, which represented
severe pain on the Brief Pain Inventory. All the patients had
signed the informed consent form and none of them was
excluded during the study. The patients were divided into two
groups on the basis of the type of therapy, and then within each
group they were further categorized on the basis of the registry
number. The samples were selected randomly among 247
patients.

Single- and Multiple-Fraction Radiation Therapy Models

The models for both single fraction and multiple fractions were
the same, as shown in Figure 1. The models were designed on the
basis of the diagnostic stages of the disease and potentially
had six states: No pain state 1 (after initial treatment), Pain
medication (using MRT, SRT, or re-treatment), No pain state 2
(after re-treatment), and Death.

Pain

Alive < pretreatSRT <1 Retreat
f # NoPain )
m{)( —— =1 NoPain1
Death
. ——— ] Death
pdieSRT
Pain
Alive pretreatSRT <] Retreat
# ( NoPain
T .
SR—{}C—Q Tﬂ NoPain1
Death
1 i’
pdieSRT <] Death
Pain )
i : PainMeds
Alive o ppainSRT
# NoPain )
Retreat — G NoPain2
( 0 Death
Single Fraction RT W Death
e A
Alive PainMeds
. .
PainMeds ( = S : <] PainMeds
=0
th
. 21 Deatn
pdieSRT
NoPain2 .
Alive ) - <] NoPain2
NoPain2 ’ Pain___ e maioted
— ppainsRT | Ameds
0 Death
————= Death
pdieSRT
Death
0

Fig. 1 — The model for both SRT and MRT. MRT, multiple
radiation therapy; RT, radiotherapy; SRT, single radiation
therapy.
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Death was the absorbing state in both models. If the patients
were alive and experiencing pain, they were re-treated using the
same fractionation method [23]. If there was pain relief, the
patients entered into the No pain state 1. These patients could
either remain without pain or have pain and be re-treated.
Patients undergoing re-treatment could remain without pain
and enter into the No pain state 2, or if they had pain, they
entered into the Pain medication state and stayed there until
death. Patients in the No pain state 2 could remain without pain
or if pain returned, they entered into the Pain medication state. In
the Pain medication state, patients used medications to relieve
pain. Medications included aspirin, acetaminophen or a non-
steroidal anti-inflammatory drug, and opioids (morphine, meth-
adone, hydromorphone, oxycodone, fentanyl, and tramadol).
Other medications may be used at the same time the patient
takes pain medication.

This is to intensify the effectiveness of pain medications,
reduce symptoms, and relieve specific types of pain. These drugs
include antidepressants, corticosteroids, local anesthetics, anti-
convulsants, bisphosphonates, and stimulants. Both cost and
utility parameters were discounted by 3% in the base model.

Transition Probabilities

The overall survival rate obtained from the literature at 3 years
was 5% and 17%, respectively, for male and female patients
receiving single fraction, and 10% and 23%, respectively, for male
and female patients receiving multiple fractions [6-12]. The
probability of pain at 1 year ranged from 47% to 50% for the
SRT group and from 40% to 50% for the MRT group. The
re-treatment rate was 10% to -11% for the MRT group and
22% to —23% for the SRT group [22,24]. Distributions were sampled
for each state transition probability using a second-order Monte-
Carlo simulation technique for survival, re-treatment rates, and
pain relief from the literature. State transition probabilities were
modeled using a beta distribution. Beta distributions are fre-
quently used to represent distributions for transition probabilities
and utilities. Beta distributions are bounded by 0 and 1. Sensi-
tivity analyses were performed on the cost, transition probabil-
ities, and utility values. At the end of the study, to have an
obvious result a cost-effectiveness probability curve based on
willingness to pay (WTP) was also plotted.

Calculating Utility

We used the EQ-5D for measuring the quality of life of the
patients and the Brief Pain Inventory (BPI) form for estimating
patients’ pain. We also designed a checklist to collect the socio-
economic and other characteristics of the patients.

The utility values for our study were extracted from the
EQ-5D. The EQ-5D is a generic, standard, and preference-based
questionnaire that is used to indirectly extract utility values. This
questionnaire consists of five dimensions (mobility, self-care,
usual activities, pain/discomfort, and anxiety/depression), each
of which has three levels of response (no problems, some
problems, and extreme problems). It covers a total of 243 health
states. Scoring is based on a range from —0.59 to 1.00, with O
representing dead, 1 indicating a state of full health, and negative
scores representing health states that are perceived to be worse
than death. The reliability of the EQ-5D was calculated and
confirmed in Iran [25].

The BPI questionnaire was developed for cancer-related pain
and its validity and reliability have been confirmed in Iran [26]. It
measures the characteristics of pain: first, the intensity of pain,
which is called the sensory dimension, and second, the interfer-
ence of pain in the patient’s life, which is called the reactive
dimension. In the BPI, the patient is questioned about the

severity of the pain in the last 24 hours. Its scores are between
0 and 10, with 0 indicating no pain and 10 the most imaginable
pain. A score between 7 and 10 represents severe pain on the BPIL.
The reason of using this questionnaire is to exclude patients with
low pain from the study.

For each patient, the utility was calculated using the EQ-5D.
Two facilitators were trained to implement the two question-
naires. An annual discount rate of 3% was considered for
this study.

Calculating Costs

In the health care system of Iran, the cost of cancer treatment for
patients is very high, but because most patients are covered by
different types of health insurances, and usually the entire cost of
radiotherapy is paid out by insurance, the perspective was
formed on the basis of the costs imposed on health systems
because of radiotherapy services. Therefore, we took a health
care system perspective and thus considered only the interven-
tion costs and the direct medical costs associated with the
disease. We designed a checklist for calculating the costs for
patients.

For all patients the usage of services was calculated by using
the microcosting method and this required a review of the
patients’ hospital records to determine what type of services
were used and the allocation of costs for each service.

The modeled costs were sampled using a range of costs listed
in Table 1. The costs were then converted from Iranian rial to US
dollar using the exchange rate of 24730 rials.

After calculating the costs and utilities, we calculated the
incremental cost-utility ratio. Because of the uncertainty in
economic evaluation, we tested the reliability and validity of
our results. To do so, we conducted sensitivity analyses along
with deterministic and probabilistic sensitivity analyses using
the TreeAge pro-2011 software (TreeAge Software, Inc,
Williamstown, MA).

Results

Of the 100 patients, 41 patients underwent single-fraction pallia-
tive radiotherapy and 59 patients underwent multiple-fraction
palliative radiotherapy.

Of these patients, 46% were women, their age ranging
between 20 and 83 years: 24% were younger than 35 years, 31%
were between 35 and 50 years, and the remaining (45%) were
older than 50 years. Thirteen patients (13%) were illiterate, 34
patients (34%) were in high school, 30 patients (30%) had a
diploma, and 23 patients (23%) were graduates. The sites of
treatment included bone marrow (28 patients), extremities
(19 patients), humerus (9 patients), sacrum (14 patients), ribs
(5 patients), and spine (25 patients). No significant differences
were found between the two groups in terms of sex, age,
and degree of pain before and after treatment (P > 0.1), but
differences were significant for income and education.

Table 1 presents the mean cost of each Markov state in
radiotherapy. We calculated the direct costs of the treatment
for each patient. For evaluating costs, we followed up each
patient during the treatment and checked the services they used.
We then totaled the cost allocated to each service to determine
the total cost.

We calculated the mean costs for a lifetime horizon using the
Markov model as well as life expectancy and life tables. The
mean costs were US $447.28 and US $1269.66 for patients receiv-
ing single fraction and multiple fractions, respectively. The mean
quality-adjusted life-year for patients undergoing single-fraction
treatment was 5.95 months, and for patients undergoing
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Cost-Effectiveness Analysis
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Fig. 2 — The cost-effectiveness of MRT in comparison with
SRT. MRT, multiple radiation therapy; RT, radiotherapy; SRT,
single radiation therapy.

multiple-fraction treatment it was 7.87 months. Therefore, the
incremental cost-effectiveness ratio (ICER) was US $428.38 per 1
quality-adjusted life-year. Figure 2 shows the cost-effectiveness
of multiple fractions in comparison with single fraction. The
results showed that the patients receiving multiple fractions had
more utility and costs.

Sensitivity Analysis

The parameters and the range of values used in the sensitivity
analysis are presented in Table 1. The distribution type is also
presented. Figure 3 shows the results of the one-way sensitivity
analysis. The sensitivity analysis variables were as follows:
quality of life with pain medication for SRT, quality of life with
no pain in SRT, quality of life with pain medication for MRT,
quality of life with no pain in MRT, cost of treatment for MRT,
cost of treatment for SRT, quality of life for SRT, and quality of life
for MRT. The effects of changes in the ICER are shown as
a sensitivity analysis. As shown in the figure, the marginal

Tornado Analysis ICER)

1 B PVRTioDeath
[E | PSRTtoDeath
9 qolNoPainVRT
mm P_Retreatment

MRT

= GoVRT
B CostMRT
I B PpainVRT

qolPainMeds
qolRetreatment

MR painiednt

BlsRetreatmen
- tNRT

B o[SRT

m dolRetreatment
SRT
qolNoPainSRT
P_Retreatment

SRT

B PPainSRT

B CostSRT

- CostRetreatmen
Elpainheds
RT

EV: 50562.99413385233

30000 40000 50000 60000 70000 80000 90000 100000 110000

Fig. 3 — The results of one-way sensitivity analysis. ICER,

incremental cost-effectiveness ratio; MRT, multiple radiation
therapy; RT, radiation therapy; SRT, single radiation
therapy.
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Fig. 4 - The results of Monte-Carlo simulations. RT,
radiotherapy.

outcome is sensitive to the probability of MRT to death, the
probability of SRT to death, the quality of life with no pain for
MRT, the probability of re-treatment, quality of life for MRT, and
cost of MRT. Other variables do not have significant effects on the
ICER. At the end, we performed a probabilistic sensitivity analy-
sis. This analysis is for model-based economic evaluations and is
conducted with distributed parameters. Figure 4 shows the
results of this analysis. Several ICERs were calculated using
Monte-Carlo simulation. A total of 1000 points were calculated
and marked in the figure and the distribution curve was plotted.

Figure 5 shows the results of the ICERs calculated using
Monte-Carlo simulation. It also shows the number of points
marked in each quadrant. We used US $6578 as a threshold
(gross domestic product per capita in 2011 for Iran). With these
assumptions, 94.7% of the points were placed in quadrant I (with
positive cost and positive utility) and 5.3% of the points were
placed in quadrant II (with positive cost and negative utility). This
means that multiple-fraction method is better than the single-
fraction method from the point of view of cost-utility analysis.
The cost-effectiveness acceptability curve in Figure 6 reflects the
better method to use. As shown in the figure, at lower WTP, the
SRT method was better than the MRT method, but at higher WTP,
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Fig. 5 - Monte-Carlo strategy selection. RT, radiotherapy;
WTP, willingness to pay.
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the MRT was a better method. The probability of MRT being a
better method at higher WTP was 94.7%.

Discussion

This study showed that MRT was cost-effective compared with
SRT because of less re-treatment in MRT. Similar to this study,
Konski et al. [22] found that at lower WTP, SRT was a cost-
effective method, but at higher WTP, MRT was better.

We found that the multiple-fraction method is better than the
single-fraction method. The single-fraction method is cheaper
but its utility is lower too. In 2003, van den Hout et al. [27]
compared these two radiotherapy methods by performing a cost-
utility analysis. Their study included 1157 patients and the
quality of life was calculated by using the EQ-5D. The results of
this study showed that no significant differences existed between
the two treatment methods in terms of quality of life and life
expectancy, but the costs of the single-fraction method were
lower than those of the multiple-fraction method. In a systematic
review and meta-analysis, Wu et al. [28] in 2004 compared the
effects of the single-fraction method with those of the multiple-
fraction method. They did not find any differences in these two
methods in terms of decrease in pain. Barton et al. [29] calculated
the actual costs and quality of life in patients with bone meta-
stasis in Australia. Hospital records between 1991 and 1996 were
reviewed in this study. The total costs per total number of
response months were calculated to find the cost-utility ratio.
The per month utility of bone metastasis was found to be A$100
or A$1200 per utility-adjusted life-year. In a study done by Sze
et al. [30], the researchers used a meta-analysis to compare the
single-fraction method with the multiple-fraction method. The
results showed that the single-fraction method was as effective
as the multiple-fraction method in decreasing metastatic bone
pain, but the re-treatment rate was higher for the single-fraction
method.

Considering the perspective of Iranian patients with bone
metastasis and a WTP threshold of US $6578, both studied
methods were found to be cost-effective, but we recommend
using the multiple-fraction method. The incremental cost-utility
ratio for the chosen method was US $428.38, indicating that this
treatment method has high priority in our health system and
thus policymakers should consider and recommend it instead of
the single-fraction method. This policy can contain the waste of
resources and lead to the use of resources in other needed health
fields.

Study Limitations

This study had some limitations. Because the target population
consisted of patients with cancer, these patients were physically
and psychologically not in a good condition to answer question-
naires. The samples had been collected from a public hospital
and hence generalizability of study findings to other areas and
centers should be performed with caution. Considering the fact
that only direct medical costs were considered, our findings may
not be directly comparable with other studies.

Source of financial support: These findings are the result of
work supported by the Department of Radiation and Oncology,
Namazi Hospital, Shiraz University of Medical Sciences,
Shiraz, Iran.
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