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Introduction 
 
Among cancers, childhood acute lymphoblastic 
leukemia (ALL) has high prevalence (1) but to-
day, ALL has been changed to curable disease 
due to the medical promotion and its treatment 
rate has been raised in the recent decades to 

more than 90% (2). In this regard, there are high 
costs of cancer in children with ALL in the most 
of the counties (3). The treatment costs of ALL 
therapy has been calculated more than 100000 
USD in developed countries (4, 5) and in devel-
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oping countries, high treatment costs prevent 
many patients with ALL to get right and finished 
treatment ( 6). In this context, patients are faced 
with some problems mostly because of economic 
leaving (7-9). Some factors greatly rise costs but 
the length of stay in hospital is a key factor to 
measure because it is related strongly to long-
term treatment and illness severity (5, 10). In 
economic evaluations, utility scores resulted from 
the preference-based quality of life tools. The 
Health Utilities Index (HUI) is the most com-
monly used among the preference-based 
measures in pediatric oncology (11). HUI is used 
to calculate QALY to perform cost-utility analy-
sis (CUA) (12,13). CUA is a helpful method for 
easier decision making through evaluation of 
both costs and health outcomes (14). Two proto-
cols, UKALL and BFM-ALL, are most common-
ly used to treatment of ALL patients by oncolo-
gists in Iran. 
Berlin-Frankfurt-Munster (BFM) protocols for 
ALL are in use international and were shown 
more than 20 yr ago (15) and ALL-UK (United 
Kingdom) protocol also has led a series of thera-
peutic trials for acute lymphoblastic leukemia 
from some decades (16). Oncologists in Iran ex-
ert BFMALL and UK-ALL protocols in this 
scope. Therefore, caused by lack of needed re-
sources and economic assessments, there is a re-
quirement to assess the effectiveness and re-
sources used in the protocols. 
Thus, both the costs and benefits of the treat-
ments in the two protocols are surveyed. There-
fore, we analyzed the cost of treatment and utility 
of patients treated with two protocols; UKALL 
and BFM-ALL protocols. 
 

Materials and Methods  
 

This study was conducted in 2015 as a retrospec-
tive study of the children with ALL referred to 
pediatric hospitals using based the protocols. 
From Apr 2010 to Jun 2015 about 250 patients, 
who had main criteria like finished treatment, no 

prior relapse, more than 5 yr of age, standard risk 
ALL, in university Bahrami Hospital and Mahak 
Charity Hospital were included in the study. 

Patients were excluded if diagnosed with infant 

ALL or were less than 5 yr of age  ,  mature B 
ALL or high risk ALL, central nervous system 
(CNS) or testicular involvement. Children who 
had bone marrow transplantation (BMT) or re-
lapsed were excluded too.  
This study has been approved by the code of 
“IR.TUMS.REC.1394.1988” by the Ethics 
Committee of the Tehran University of Medical 
Sciences. 
 
Outcomes 
As mentioned the HUI3 is suggested for meas-
urement of utility and QALY of children more 
than 5 yr of age by their parents view or for self-
assessments by patients more than 12 yr of age 
(17). Utility scores were based on the direct inter-
view of generic preference of the HUI3 by vali-
dated and in-house translated questionnaires. The 
best-known utility or preference-based measures 
according to reliability, validity, and feasibility for 
ALL is the HUI3, there are limitations in con-
cepts and scores of utility measurement tools, but 
HUI3 for ALL patients could act better than oth-
er generic tools (18). 
Three treatment phases were defined within each 
of the BFM and UK protocols. Annual QALYs 
were calculated, based on mean utility scores and 
phase durations without discounting because all 
patients were interviewed in the same year; in 
2015 there were different patients over the dif-
ferent phases that were taken the questionnaire, 
then annual QALYs for each phase by consider-
ing the duration were summed to estimate total 
QALYs for a 5-year analysis period.  
 
Costs 
We used a retrospective approach in data gath-
ered at one point in time. The direct medical cost 
was calculated for patients in the current clinical 
practice of disease in 2015. From admission until 
the end of the treatment, every patient was re-
viewed and medical costs of each patient were 
got from their documents. In this period (around 
3-5 yr), we checked 10862 discharge sheets of 
patients treated with the ALL-BFM and ALL-UK 
protocols. Finally, we calculated the average total 
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direct medical cost for each patient for each fin-
ished treatment period. Any costs of bed (hospi-
tal stay), visit and consultation, nursing; laborato-
ry tests, radiology, drugs and blood products, la-

boratory/diagnostic and also visiting specialists, 
nurses, any hospital admissions were recorded 
annually. All related costs were calculated using 
governmental prices and final total costs were 
adjusted to USD. 
Total treatment cost per patient is the sum of 
total inpatient and total outpatient costs. All costs 
were adjusted with average annual inflation rates 
in health care (reported by the Central Bank of 
Iran-CBI) from 2010 to 2015 (19). Then the av-
erage annual exchange rate (US$1. 00=IRR 
34000) reported by the CBI was exerted for con-
version from Iranian currency (Rials: IRR) into 
USD to make an easier international comparison 
(19). 

Statistical analyses were completed using excel 

and SPSS Release 16.0.1 (Chicago, IL, USA). Dif-
ferences in means were assessed using t-tests.  
The Research Ethics Boards of Tehran Universi-
ty of Medical Sciences approved this study. First, 
each patient was assigned a code then they were 
informed by our explanations about the study. 
To confidentiality of patient information, any 
analysis was based on the codes. 
 

Results 
 

The prevalence of ALL in boys is more than girls 
(61% boys-39% girls), in UK-ALL protocol (61% 
male, 39% female, mean age=8.5±3 yr), in ALL-
BFM (55% male, 45% female, mean age=9±3.5 
yr). And more parents had the nonacademic edu-
cation (Non-academic=68%; University educa-
tion=32%) (Table 1). 

 

Table 1: Demographic characteristics of patients and parents by treatment protocols for ALL in Iran 
 

Variable Uk all BFM all 
Number of patients 93 130 
Children age (mean ± sd) 8.5±3 9±3.5 
Gender children (%) Male 61 55 

Female 39 45 
Education level of 
parents (%) 

Non-academic 68 72 
University education 32 28 

Average length of stay (days) (mean±sd) 96± 8 123±11 

 

Table 2: Total costs and HRQL scores and QALYs for BFM and UK-ALL treatment protocols (in 2015 US dollars) 
 

 PHASES BFM UK  
 

P-value 
Utility 
scores 

Duration 
(year) 

QALY Utility 
scores 

Duration 
(year) 

QALY 

HRQL Induction 0.58 0.08 0.05 0.62 0.08 0.05 0.89 
Consolidation 0.73 0.17 0.12 0.88 0.03 0.03 0.07 
Maintenance 0.76 4.75 3.61 0.89 4.89 4.35 0.003 
QALYs  3.78  4.43  

Average total DMC* per course 
treatment 
USD-$ 

15026 8282 0.02 

*Direct Medical Cost 
 

Health effects 
Patients had lowest mean utility score during the 
induction phase (UKALL=0.62; BFM-
ALL=0.58) and highest during the maintenance 
phase (UKALL=0.89; BFM=0.76), for both pro-

tocols. The utility scores for the different phases 
and QALYs were calculated (Table 2). 
Over the 5-yr analytical period, QALYs per pa-
tient for BFM (3.99) and for UKALL (3.96) were 
calculated. 
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Table 3 and Fig. 1 show the trend of utility score 
during whole treatment period that in both pro-
tocols the utility level is growing up. Overall, this 
trend in UK-ALL is upper than BFM-ALL. 
There is a significant difference in the utility 
scores of the maintenance phase (P≤0.003) of the 
treatment protocols; it means utility score in 
UKALL is more than the other. However, the 
difference during other treatment phases was not 
significant, (Induction phase (P≤0.89) and Con-
solidation phase (P≤0.07) so it means utility 
scores in these phases somewhat are similar in 
both protocols and there were no differences in 
the utility scores. 
 
Table 3: The trend of utility score during treatment 

 

Utility scores UK-ALL BFM-ALL 

Induction 0.62 0.58 
Consolidation 0.88 0.73 
Maintenance 0.89 0.76 

 

 
 

Fig. 1: The trend of utility score during the treatment 

 
Treatment costs 
In both protocols, the costs of inpatient beds 
were the most. The average length of hospitaliza-
tion per patient whole during treatment was 123 
d for ALL-BFM protocol and 96 d for UK-ALL 
protocol (Table 1). 
Cost analysis showed that the direct cost per pa-
tient, respected the two protocols BFM-ALL was 
15026 US dollars and UK-ALL was 8282 US dol-
lars. There was a significant difference in mean 
total treatment costs per patient between BFM 

and UKALL (P=0.02) protocols (Table 2). There 
was a big difference between the costs and the 
cost of UK-ALL is lower than BFM-ALL. 
 

Discussion 
 
The utility scores of ALL patients during treat-
ment grew up; this result was supported by a 
study to quantify the health-related quality of life 
of children with ALL when they were assessed by 
HUI3 and mean quality of life improved from 
induction to the post-treatment phase (18). In 
addition, it is supported to assess quality of life 
and QALY of children based on BFM- ALL pro-
tocol with HUI3 questionnaire that during Induc-
tion, Consolidation and Maintenance phases 
mean HRQL scores were increased too. They 
were 0.72; 0.78 and 0.85 respectively; also QAL-
Ys over 5 yr were 3.99 (20). 
Probably its caused by reduced pressure therapy 
after first phase to patients and more familiar 
with the disease and treatment procedures after 
primary confusion and illness severity that at the 
end of induction phase the disease is somewhat 
suppressed and patients are placed on the path of 
recovery. 
The BFM and UKALL protocols are not equiva-
lent in terms of health effects a utility and QALY, 
it may be due to the lack of homogeneity be-
tween protocols to treat as duration and intensity 
and patients treated with the UK-ALL protocol 
are more satisfied because of less hospital stay 
and referred less and also earlier recovery com-
paring with the BFM-ALL protocol. 
There is an important result related to a high dif-
ference in the mean total direct medical cost be-
tween the two protocols, and it is regular that the 
longer length of hospitalization due to more ex-
penditures and inpatient days between BFM and 
UKALL lead to differences in the mean total 
costs of them. Therefore, costs of inpatient beds 
were the most among other costly factors be-
tween both protocols (21). 
The mean direct medical cost of patients treated 
by the UK-ALL protocol was 8282 US dollars. 
This finding was similar to that in Bangladesh 
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which total treatment cost of children with ALL 
under a modified UK Medical Research Council 
XI protocol rose to7672 USD (22). 
Cost analysis showed that the average direct cost 
in BFM-ALL protocol was 15026 US dollars that 
on this way the mean total costs for BFM in 
Charlene Rae ‘study in Canada and several Euro-
pean countries were US$ 88 480 (20, 23). Moreo-
ver, mean costs from a study in Finland were US 
$103 250 (5). Children with non-high risk ALL 
were treated by modified ALLIC BFM2002, the 
median of hospitalization costs was USD 9900 
(10, 21). 
Although this is the first study evaluating related 
costs of treatment and quality of life childhood 
Acute Lymphoblastic Leukemia in Iran, there are 

some limitations. 
Some parents did not allow us to interview with 
them due to their emotional state. In addition, 
some children could not answer the question. In 
addition, there was not an integral database re-
garding of costs in the documents.  
 

Conclusion  
 
The UK-ALL is dominant and BFM protocol is 
dominated by both sides of total costs and utility. 
Mainly, more hospital stay in "BFM ALL" proto-

col is the cause of raised costs in this protocol. 
Therefore, by considering different utility and 
QALY in the methods and low costs in "UK 
ALL" protocol, "UK ALL" protocol is more 
'preferred'. However, as has been said there are 
some challenges for economic evaluation of can-
cer in children, and for ALL. In addition, the 
treatment duration of about 3-5 yr creates many 
difficulties. Therefore, the final decision-making, 
by policymakers and physicians, to select one un-
der considerations all clinical and economic con-
ditions is a big challenge. Moreover, each one can 
make a right decision under their conditions. 
 

Ethical considerations 
 
Ethical issues (Including plagiarism, informed 
consent, misconduct, data fabrication and/or fal-

sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors.  
 

Acknowledgements 
 
The authors would like to acknowledge staffs 
working in the hospitals and for families of chil-
dren involved data collection. This paper resulted 
from a Ph.D. thesis of the first author and was 
supported financially by Faculty of Pharmacy, 
Tehran University of Medical Sciences. 
 

Conflict of interest 
 
The authors declare that there is no conflict of 
interest. 
 

References 
 

1. Scheurer ME, Bondy ML, Gurney JG (2011). Ep-
idemiology of childhood cancer. In: Principles 
and Practice of Pediatric Oncology, 6th ed (eds Pizzo 
P.A. & Poplack D.G.), 2–16. Lippincott, Wil-
liams and Wilkins, Philadelphia, PA, USA. 

2. Hunger SP, Lu X, Devidas M, Camitta BM 
(2012). Improved survival for children and ad-
olescents with acute lymphoblastic leukemia 
between 1990 and 2005: a report from the 
Children’s Oncology Group. J Clin On-
col, 30(14):1663-9. 

3. Pui CH, Evans WE (2006). Treatment of acute 
lymphoblastic leukemia. N Engl J 
Med, 354(2):166-78. 

4.  Pritchard-Jones K, Sullivan R (2013). Children 
with cancer: driving the global agenda. Lancet 
Oncol, 14(3):189-91. 

5. Rahiala J, Riikonen P, Kekalainen L, Perkkio M 
(2000). Cost analysis of the treatment of acute 
childhood lymphoblastic leukemia according 
to Nordicprotocols. Acta Paediatr, 89(4):482-7.  

6. TangY, Xu X, Song H (2008). Long-term out-
come of childhood acute lymphoblastic leu-
kemia treated in China. Pediatr Blood Can-
cer, 51(3):380-6. 

7. Mostert S, Sitaresmi MN, Gundy CM et al (2006). 
Influence of socio-economic status on child-
hood acute lymphobastic leukemia treatment 
in Indonesia. Pediatrics, 118(6):e1600-6. 

http://ijph.tums.ac.ir/


Hayati et al.: Cost-utility of Protocols of BFM-ALL and UK-ALL for Treatment … 

 

Available at:    http://ijph.tums.ac.ir                                                                                                        412 

8. Mostert S, Arora RS, Arreola M, Bagai P et al 
(2011). Abandonment of treatment for child-
hood cancer: a position statement of a SIOP 
PODC Working Group. Lancet Oncol, 
12(8):719-20.  

9. Arora RS, Eden T, Pizer B (2007). The problem 
of treatment abandonment in children from 
developing countries. Pediatr Blood Cancer, 
49(7):941-6. 

10. Liu Y, Chen J, Tang J et al (2009). Cost of child-
hood acute lymphoblastic leukemia care in 
Shanghai, China. Pediatr Blood Cancer, 53(4):557-
62.  

11.  Horsman J, Furlong W, Feeny D, Torrance G 
(2003). The Health Utilities Index (HUI): Con-
cepts, measurement properties and applica-
tions. Health Qual Life Outcomes,1: 54. 

12.  Barr R, Furlong W, Dawson S et al (1993). An as-
sessment of global health status in survivors of 
acute lymphoblastic leukemia in childhood. 
Am J Pediatr Hematol Oncol, 15(3):284-90. 

13. Parsons SK, Cohen JT, Lichte ML (2011). Eco-
nomic issues in pediatric cancer. In: Principles 
and Practice of Pediatric Oncology: 6th ed (eds Pizzo 
P.A. & Poplack D.G.):1428–1440. Lippincott, 
Williams and Wilkins, Philadelphia, PA, USA. 

14.  Taylor R (2001). Using health outcomes data to 
inform decision-making: government agency 
perspective. Pharmacoeconomics, 19 Suppl 2:33-8. 

15.  Schrappe M, Reiter A, Zimmermann M et al 
(2000). Long-term results of four consecutive 
trials in childhood ALL performed by the 
ALL-BFM study group from 1981 to 1995. 
Berlin-Frankfurt-Münster. Leukemia, 14(12): 
2205-22. 

16. Eden OB, Harrison G, Richards S et al (2000). 
Long-term follow-up of the United Kingdom 
Medical Research Council protocols for child-
hood acute lymphoblastic leukaemia, 1980-
1997. Medical Research Council Childhood 
Leukaemia Working Party. Leukemia, 
14(12):2307-20. 

17.  Furlong WJ, Feeny DH, Torrance GW, Barr RD 
(2001). The Health Utilities Index (HUI®) sys-
tem for assessing health-related quality of life in 
clinical studies. Ann Med, 33(5):375-84. 

18.  Furlong W, Rae CS, Feeny DH et al (2012). 
Health-Related Quality of Life Among Chil-
dren With Acute Lymphoblastic Leukemia. Pe-
diatr Blood Cancer, 59(4):717-24. 

19. Central Bank of Iran: 
http://www.cbi.ir/default_en.aspx 

20. Rae C, Furlong W, Jankovic M et al (2014). Eco-
nomic evaluation of treatment for acute lym-
phoblastic leukaemia in childhood. Eur J Cancer 
Care (Engl), 23(6):779-85.  

21.  Hayati H, Kebriaeezadeh A, Ehsani MA, et al 
(2016). Systematic Review of Treatment Costs 
for Pediatrics Acute Lymphoblastic Leukemia 
(Comparing Clinical Expenditures in Devel-
oped and Developing Countries). Int J Pediatr, 
4(12): 4033-41. 

22. Islama A, Akhterb T, Eden C (2015). Cost of 
treatment for children with acute lympho-
blastic leukemia in Bangladesh. J Cancer Policy, 6: 
37–43. 

23. Hayati H, Kebriaeezadeh A, Ehsani MA et al 
(2016). Cost-analysis of Treatment of 
Pediatrics Acute Lymphoblastic Leukemia 
based on ALL-BFM Protocol. Int J Pediatr, 
4(9): 3381-89. 

 
  
 
 

 

http://ijph.tums.ac.ir/

