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Abstract
Background: Health systems have adopted financing to enhance access to care for patients with cancer. The cost of acute lymphoblastic leukemia (ALL) treatment is a blurred image for hospitals and third party payers. The cost of each component of the care
should be analyzed to differentiate justifiable cost and to act on wasteful practices.
Objectives: Therefore, this is a study on the direct and indirect costs of ALL based on the United Kingdom protocol (UKALL), in
pediatric ALL management in Iran.
Methods: A retrospective study design was used to study children with ALL managed with UKALL protocol in specialized pediatric
hospitals from 2010 - 2015. The data was collected from patients’ medical records.
Results: Total direct medical cost per patient was 8282 USD. Most of costs were from inpatient beds (3338 ± 1110 USD) and drug
expenditures (2157 ± 1035 USD). The direct non-medical cost incurred by study participants was 1286.4 USD, the total indirect cost of
productivity loss was 769.9.
Conclusions: The cost of ALL management imposed huge treat on financial capability of peoples caring for children. The treats will
affect the whole society and the health system of the country unless strategies are designed to contain the costs. The policy makers
from the top level of the country to the service providers should be hand and glove to devise a suitable national ALL management
protocol which will avert the observed alarms.

Keywords: Cost-Analysis, Acute Lymphocytic Leukemia, Pediatrics, UKALL

1. Background
Health systems have adopted financing to enhance access to care for patients with cancer. Children with acute
lymphoblastic leukemia (ALL) are among those who have
benefited from financing (1). Innovations in the treatment
of childhood ALL made the care highly demanding. So,
the health system should choose management strategies
and protocols that can be contained with the existing constrained budget through which the patients receive the utmost benefit (2).
Precise cost estimates have untouchable share in policy development. Governmental and non-governmental
organizations devise the allotted budget share based on
cost of the health service (3). Precise cost estimates should
encompass medical and non-medical costs of the illness to
provide a clear image of the condition (4).
However, the cost of ALL treatment is a blurred image
for hospitals and third party payers. The cost of each com-

ponent of the care should be analyzed to differentiate justifiable cost and to act on wasteful practices. Developing
countries can improve health coverage for children with
ALL if unjust expenditures are avoided. The obstacles in
childhood ALL care are not well noted in Iran (5). In Iran,
some incomprehensive works had been done on the medical cost of ALL management, but no study was found on
total cost of childhood ALL (6, 7). Therefore, a study on the
medical and non-medical cost of ALL will have undeniable
contribution on the existing system. The effect will be pronounced if the cost analysis is done on the most commonly
used protocol, i.e. United Kingdom protocol (UKALL), in
childhood ALL management in Iran.
2. Objectives
The medical, non-medical and productivity loss of the
caregivers are the costs conceived during ALL management. Although efforts have been made to contain the
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costs of ALL, the total cost of ALL management from the societal perspective is not studied. The aim of this study was
to analyze the direct and indirect costs of childhood ALL
management based on the UKALL protocol from the societal perspectives in Iran.
3. Methods
A retrospective study design was used to study children
with ALL managed with UKALL protocol in specialized pediatric hospitals from 2010 - 2015. The data was collected
from patients’ medical records.
Patients with relapse or bone marrow transplantation
(BMT) before the completion of the first-line therapy were
excluded. Patients were followed from the diagnosis until
completion of treatment. A total of 895 discharge sheets
of patients, who had completed treatment with the UKALL
protocol, were covered.
3.1. Treatment of Leukemia
It has been more than four decades since United Kingdom Medical Research Council working party devised ALLUK protocol for the treatment of acute lymphoblastic
leukemia. The protocol improved the probability of event
free survival (pEFS) of childhood ALL patients. It is among
the most commonly used cancer treatment protocols in
Iran (8).
3.2. Costs
Cross sectional study design was employed. The total
cost of ALL patients treated by UKALL protocol in the past
five years was collected retrospectively.
3.2.1. Direct Medical Costs
Medical costs for both inpatient and outpatient are included. The costs of bed (hospital stay), diagnostic costs,
laboratory tests, radiology, visit and consultation, supportive care and chemotherapy, medications for complication
management, nursing, operation room, medical aids, services from non-physicians, and finally average direct medical cost for the complete period of treatment per patient
are calculated.
3.2.2. Direct Non-Medical Cost
The cost incurred by caregivers, from seeking care for
the child until the care was completed, is collected by selfestimate questionnaire. The costs include transportation
costs, accommodation costs, expenses paid for sick leave
and cost of care for the dependent families.
The average of the total costs per patient was calculated
separately as follows (9, 10):
The average cost per patient = Number of referrals for
medical services per year × All expenditures of each visit
× Percentage of patients referred from other cities.
2

3.2.3. Indirect Cost
Productivity loss of childhood ALL is mainly the result of caregivers’ absence from work and decreased performance due to preoccupation by the child’s condition.
Therefore, caregivers may have presenteeism which is decreased productivity because of anxiety and preoccupation with the child’s condition leading to less concentration on the job. The second scenario is absenteeism where
caregivers might not go to work investing all their time caring for ALL patient (11, 12).
The productivity loss was calculated based on friction
cost method. The productivity loss of caregivers was assumed to be 80% of ordinary productivity (13). Time lost by
unemployed caregivers was assumed as leisure time lost
and estimated as 40% of average wage (13, 14). The data was
collected by face-to-face or telephone interviews done with
the caregivers after their consent was received (11).
The number of absences from work was recorded and
the average of net daily wage was asked from each parent;
then, the loss of value because of work absence was calculated using the following formula:
Value loss due to absence from work (USD) = Number
of days absent from work × Average of daily wage (USD).
3.3. Statistical Analysis
Adjustment of the cost was made based on health care
inflation report from the Central Bank of Iran (CBI) from
2010 - 2015 (15). The cost was changed from Iran’s national
currency Rial to USD taking the average exchange rate (USD
1.00 = IRR 34000) (15). Statistical analysis was done by Excel
and SPSS release 16.0.1. This study was ethically approved by
the Research Ethics Boards of Tehran University of Medical
Sciences.
4. Results
The mean age of ALL patients participating in study
was 3 ± 8.5 years. ALL was more common among boys (61%).
The average length of hospital stay was 96 ± 15 days. Majority of the parents (68%) had non academic education and
the average monthly income of families was 311 USD. Most
of the families (92%) had one kind of health insurance (Table 1).
The total direct medical cost per patient was 8282 USD
(Table 2). Most of costs were from inpatient beds (3338 ±
1110 USD) and drug expenditures (2157 ± 1035 USD) (Figure
1).
The direct non-medical cost incurred by study participants was 1286.4 USD while transportation contributed the
largest share (514.5 USD) (Table 3).
The total indirect cost due to productivity loss was
769.9. Presenteeism comprised 519.1 USD while the rest 391
USD was contributed by absenteeism (Table 4).
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Table 1. Demographic Characteristics of Patients and Parents by UK Protocol for ALL
in Iran
Variable

BFM ALL

Number of patients

93

Agea

8.5 ± 3

Gender
Male

61 %

Female

39 %

Non-academic

68 %

University education

32 %

Average length of hospital stay (days)a

96 ± 15

Average monthly incomea

311 ± 151

Having health insurance

92 %

Values are expressed as mean ± SD.

Type of Cost

Mean Cost (USD)

Bed
Drugs
Visit & consultation

SD

Percent

3338

1110

40.3

2157.4

1035

26.1

958

452

11.5

Lab tests

496.6

110

6.1

Operation room

450.1

256

5.4

Medical supplies

411.5

128

4.9

Nursing

242

121

3

228.2

152

2.7

Diagnostic services
Total

Mean Cost (USD)

SD

Percent

514.5

156

39.9

Meals

257.3

96

19.9

Accommodation

385.9

185

30

Other

128.6

63

10.2

Total

1286.4

100

Table 4. Indirect Costs of Patients by UKALL Treatment Protocol (in 2015 USD)

Table 2. All Direct Medical Costs of Patients by UKALL Treatment Protocol (in 2015
USD)
Type of Cost

Table 3. Direct Non-Medical Costs of Patients by UKALL Treatment Protocol (in 2015
USD)

Transportation

Educational level of parents

a

Finally Figure 2 shows the percentages of types of costs
by UKALL treatment protocol. The medical cost is higher
than any other costs of therapy (Table 5).

8282

2569

100

Type of Cost

Mean Cost (USD)

SD

Percent

Absenteeism

250.7

130

32.6

Presenteeism

519.1

315

67.4

Total

769.9

100

Table 5. Types of Costs of Patients by UKALL Treatment Protocol (in 2015 USD)
Type of Cost

Mean Cost (USD)

Percent

8282

80.1

1286.4

12.5

DMC
DNMC
IC
Total

769.9

7.4

10338.3

100

Abbreviations: DMC, direct medical costs; DNMC, direct non-medical costs; IC,
indirect costs.
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Figure 1. Diagram showing direct medical costs, direct non-medical costs, and indirect costs as a percentage of total cost of patients treated by BFM-ALL treatment
protocol. The medical cost is higher than any other costs of therapy.
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Figure 2. The percent of direct medical cost components of patients treated by
UKALL protocol. Most of costs were from inpatient beds (3338 ± 1110 USD) and
drug expenditures (2157 ± 1035 USD). DMC, direct medical costs; DNMC, direct nonmedical costs; IC, indirect costs).
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5. Discussion
This study was the first of its kind done on both direct
and indirect costs of childhood ALL management by UKALL
protocol in Iran.
The current study revealed that a cost of 10338.3 USD
was incurred to treat a patient by UKALL protocol. The
prolonged hospital stay (96 days) was the most important
cause of the highly inflated cost. This cost will definitely
pull high economic burden on the country’s health system
as well as social security. However, the cost was relatively
lower than what was seen in the private health sectors in
Iran (1).
More than eighty percent of the total cost was contributed by the direct medical costs. The largest share of direct medical cost resulted from cost of hospital bed (40.3%)
and drug expenditures (26.1%). This might be due to the
prolonged hospital stay and the price of anticancer drugs
in the market. This finding was supported by similar studies. Basic hospital costs were huge contributors of total
cost in a study from Finland (7). A study by Davari et al. revealed the median direct medical cost of ALL management
to be around 4000 USD for the main course of treatment
and about 2600 USD for complementary therapies (1). The
currently identified total medical cost was equivalent to
the outcome of a study done in Bangladesh based on a
modified UK Medical Research Council XI protocol (3). But
the total mean cost of ALL management in Canada and several European countries was very high (88480 USD) according to Rae et al. (16). Another study from Finland also found
higher total mean cost (103250 USD) (7). However, Luo and
co-workers in China reported a median cost of 9900 USD
(17). Generally, the finding of the current study was equivalent to that in developing countries being far lower than
that in developed countries. This difference might be due
to the relatively low drug cost resulted from generic drugs
use and lower service costs.
The calculated direct non-medical cost of ALL management turned to be 1286.6 USD. The large surface area of
Iran and the concentration of cancer centers in larger cities
might impose on patients high transportation, accommodation and meal costs. This could also be evidenced by
the largest share of transportation cost from the total nonmedical costs (39.9%). According to a similar study done by
Ghatak et al. in India, the calculated nonmedical expenditure was found to be 207 USD (18). This huge difference
might be the result of the differences of economic status,
the household saving behavior and the accessibility of sites
of care.
In this study the indirect costs (769.9 USD) had a lowest share of the total costs (7.4%). The presenteeism cost
had greatest share of total indirect costs (67.4%). But the
study by Ghatak et al. revealed that majority of families
(72 %) suffered loss of income and 34% of fathers had lost
4

their job (18). Similarly a pilot study from Canada found
that 64% of mothers and 16% of fathers left their job after ALL was diagnosed in their child (19). Another study
done in France and England on the impact of childhood
cancer on families’ income, generally showed in families
who care for a child with cancer, loss of income because of
a reduction or termination of parental employment (20).
These differences might be from the socio-cultural differences in extended family systems, the employment security systems, the overall political and economic systems of
the countries.
So, costs of ALL treatment in Iran and other developing
countries with those in developed countries shows considerably higher costs in the latter (21).
5.1. Strengths and Limitations
This study is the first study evaluating entirely related costs of treatment of childhood acute lymphoblastic
leukemia in Iran. As there was no comprehensive data regarding direct costs in medical records and no depicting to
it in interviews with families to extract exact information,
this could be reckoned as a limitation to this study.
5.2. Conclusion
The total cost of childhood ALL management is very
high. This imposes huge treat on financial capability of
people caring for children. The treats will affect the whole
society and the social security system of the country unless strategies are designed to contain the costs. The policy makers from the top level of government to the service providers should be hand and glove to devise a suitable national ALL management protocol which will avert
the observed alarms. Finally, since this study was done on
patients referred to the main referral hospitals in Tehran,
policy makers can use the cost estimates of this study for
planning and resource allocation.
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