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A B S T R A C T 

Background: Acute lymphoblastic leukemia (ALL) has a high prevalence 
at an early age and in children, and with regard to the life expectancy 
index, this disease causes the loss of many years of life in these 
patients. Two well-known European protocols called the United 
Kingdom (UK-ALL) and Berlin-Frankfurt-Munster (BFM-ALL) protocols 
are used to treat the disease in most countries of the world and in 
Iran, so the objective of this study is the modeling of the treatment 
process using both protocols to estimate more cost-effectiveness 
method. 

Methods: A decision tree model was applied to depict the real treatment 
process to calculate costs per quality-adjusted life-year (QALY). Total costs 
were included in the model. 

Results: The cost-effectiveness ratio of UK-ALL is lower than BFM-ALL 
(1145.52 USD /3.87 QALY for UK-ALL and 1942.35   USD /3.02 QALY for BFM-
ALL). Therefore, the UK-ALL is dominant and BFM-ALL is dominated. 

Conclusion: The modeling results showed a double difference between the 
two studied options, so to better cancer management, policymakers, and 
oncologists should advocate the economic evaluation methods and 
modeling to select a real option in the treatment of patients to save 
resources like UK-ALL. 
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Introduction 
Acute lymphoblastic leukemia (ALL) has a high 
prevalence at an early age and in children. With 
regard to the life expectancy index, this disease 
causes the loss of many years of life in these 
patients [1, 2]. Hence, in many countries, due to 
its high cost and complex and prolonged 
treatment process, important work has been 
done to treat this disease, so it was converted 
from an incurable to a chronic disease like other 
diseases [3-5]. The childhood treatment of ALL 
usually involves chemotherapy for 2 to 3 years, 
and generally, therapies have at least three 
phases [1, 3, 6]; in this regard the cost issue is 
an essential factor in the application of these 
therapeutic protocols and significantly long 
economic reports and studies have been carried 
out on easts of these disease, which suggests a 
huge difference in term of cost between 
treatments protocols of all indifferent countries 
and expenses rang in different countries are 
different with specific protocols and varies from 
$6000 in China to over $16000 in America and 
Europe [7-9]. Also, the success of therapy in 
various studies has been evaluated in terms of 
various clinical indicators. European well-known 
protocols called the United Kingdom (UK-ALL) 
and Berlin-Frankfurt-Munster (BFM-ALL) 
protocols have been repeatedly examined in 
long-term clinical trial studies, and their 
effectiveness has been confirmed in different 
countries [6, 10-17]. Considering that the main 
goal of this study is something beyond the 
clinical outcomes of the clinical trials of these 
protocols, its details will be omitted, and the 
reader can refer to the references for more 
information about the protocols. Therefore, also 
in Iran, these two protocols are used to treat the 
disease [4, 18-21]; these protocols generally 
consist of three phases to treatment: 1) Induction 
of remission, 2) Consolidation/Intensification and 
Reinduction and 3) Maintenance [4, 6, 14]. There 
has never been research of this kind for proper 
policy-making related to modeling the treatment 
process and the effectiveness and cost of these 
two protocols. Therefore, it seemed necessary to 
model the treatment process of this disease in 
regard to costs and effectiveness in two 
protocols [22-24]. 

On the other hand, decision tree analysis is the 
application of an analytical method of modeling 
for systematically comparing different decision 
options. The decision tree graphically shows 
selections and facilitates the calculation of 

values needed to compare these choices. It 
supports selecting the most cost-effective 
selection [23, 25]. A decision tree is a tool that 
has been used for years in many fields. This 
method of analysis assists in making decisions 
when the decision is not simple, and there is 
uncertainty about some of the information. So, 
we used this method to compare these two 
protocols [22]. So, the objective of this study is 
to model the treatment process using the 
protocols of BFM-ALL and UK-ALL-to estimate a 
more cost-effective method with the aim of 
optimal allocation of resources and better policy 
in the field of expensive and complex cancer 
treatment.  

Methods and Patients 
This research is a retrospective study for cost-
effectiveness modeling. Data were extracted 
based on hospital information for two protocols, 
UK-ALL and BFM-ALL, which are performed for 
children treatment with ALL in the important 
medical centers in Tehran, the capital of Iran. By 
initially reviewing the number of people in the 
research environment and evaluating the criteria 
for entry and exit of individuals to study to 
achieve acceptable results, all patients who had 
proper conditions to enter the study were 
selected as samples. The perspective of this 
study has been society; therefore, all costs are 
recognized, identified, measured, and valued 
from this perspective. Three data from a 
community perspective are required to perform 
modeling methods. 

Transition probability  

First, data that involves clinical events, these 
probabilities are used in different branches of the 
decision tree. All death, relapse, and recovery 
rates were determined and calculated in each 
phase by collecting accurate data in accordance 
with the treatment process and the options 
ahead (decision tree). Calculated probabilities 
are mentioned.  

Quality adjusted life years 
Second, data from the effectiveness of treatment 
in the form of QALY (quality-adjusted life years) 
were calculated. So, QALY in all phases of 
treatment protocols are estimated based on 
quality-of-life models, which are measured by 
relating the EQ5D questionnaire. Finally, 
according to the scores of Iran [26-29], the utility 
states and QALY were calculated at the end of 
each phase of treatment [4].  
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COSTS 
Third, in relation to cost data, the total direct cost 
of patients (clinical and non-clinical), which 
includes parent-child costs, is estimated based 
on all inputs used to treat patients and their 
prices. Comprehensive medical information was 
available at the selected hospitals, and the 
accounting records in the hospitals were 
collected by referring to patients' files.  

Hence, a therapeutic process that takes about 4-
5 years to complete recovery is called five years. 
All the above information was adjusted to the 
year 2022 according to the discount rate and the 
official inflation rate of Iran. To analyze the 
information at the final stage, the Treeage 11 
software was used. 

Model assumptions 
 According to clinical evidence, specialist 

opinion, and resource review, patients who 
recover five years after starting treatment 
are considered perfectly improved people 
(Remission). 

 Considering the decrease in relapsed 
patients during treatment and the 
insignificant number of them at the end of the 
treatment or their complete recovery were 
eliminated from the model to improve the 
results.  

 The quality of all hospital care and care at 
home is considered to be the same for all 
patients. Moreover, excess household 
expenses and care were excluded from the 
study. 

Treatment process  
Figure 1 shows that patients are initially in the 
initial phase (Induction). After the end of this 
phase, they will enter the next phase 
(Consolidation). If the treatment process is 
performed successfully, they will come to the 
next stage (Maintenance) and recovery 
(Remission). However, during treatment, there is 
a possibility of relapse and death in each phase. 

Results 
As Table 1 shows, patients under treatment with 
the BFM-ALL protocol have higher average ages 
and lengths of hospitalization than those in the 
UK-ALL protocol group. 

And in both treatment groups, there were more 
male children than female patients. 

The results of Table 2 show that the direct cost 
of treatment of hospitalized patients with the 
BFM-ALL method is more than the UK-ALL, and 

accordingly, the BFM-ALL cost components are 
also more than the UK cost components based 
on dollars. 

The comparisons of the percentage share of 
each cost component of the total costs of each 
protocol show that hospitalization (bed) costs in 
the UK-ALL protocol accounted for a larger 
share of the total costs, although the dollar 
amount is less than that of the BFM-ALL method. 
(Table 1 shows the dollars and their shares.) 

According to the results in Table 3, after the end 
of each phase, patients are confronted with a 
possible death, recurrence, or success in 
entering the next phase. In each stage, the 
probability of success is very high, and only a 
small number of patients encounter failure, but in 
the final phase, mortality and recurrence rates 
are higher than in the previous phases. 

Also, Table 3 shows the cost and QALY of each 
phase of the protocols separately. As seen for 
UKALL, the total cost is lower than BFMALL, and 
the QALY is higher. 

Figure 3 indicates that the QALY score 
increased during the treatment process in both 
protocols. At the end of the treatment, the QALY 
score of the UK -ALL protocol was higher than 
that of the BFM-ALL. 

Table 4 is the dashboard of all the indicators 
influencing the treatment process, such as costs 
and quality of life in the different phases of these 
two protocols. These data can be used in the 
decision tree modeling of the treatment process. 

Figure 4. shows the results of the decision tree 
analysis. Finally, the cost-effectiveness ratio of 
UKALL is lower than that of BFMALL, which 
means less money per QALY is paid for UKALL 
than BFMALL. (1145.52/3.87=296 UKALL and 
1942.35/3.02=643.2). This indicates a double 
difference in this ratio between these two 
methods. 

As shown in Figure 5, the UK-ALL is completely 
dominant, and BFM-ALL is dominant. 

Based on the high effects of two variables, BFM 
maintenance cost (BFMMC) and UK 
maintenance QALY (UKMQ), on the cost-
effectiveness ratio, sensitivity analysis was 
done. Figure 6 shows up to twice the variables 
must be changed to change the results. The 
calculations indicate that the rate of complete 
recovery five years after the start of treatment in 
UK-ALL is greater than in BFM-ALL. So, the 
BFM-ALL protocols have a higher overall cost 
and a lower impact than UK-ALL; in other words, 

https://creativecommons.org/licenses/by-nc/4.0/
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the UK-ALL is dominant, and BFM-ALL is 
dominated. The sensitivity analysis shows that 
the results can be sensitive in the absence of a 
50% QALY BFM protocol and don’t show any 
sensitivity in less than this value.  

Discussion 
This study is the first study available to 
comprehensively examine and compare the cost 
and consequences in terms of quality of life and 
years of life among children with all UK-ALL 
BFM-ALL; therefore, the final analysis showed 
that achievement of 5 years’ treatment in UK-
ALL is greater than BFM-ALL [30]. Given their 
somewhat equally similar outcomes, they have a 
great influence on the dominance of this method. 
Various studies have made acute childhood 
lymphoblastic leukemia (ALL) one of the most 
treatable human cancers [31, 32], and this study 
approves these results. But in this regard, Rae, 
who examined the utility cost of all children with 
two BFM and DFCL protocols in Canada and 
several European countries in terms of quality of 
life and calculating QALY for five years, showed 
that the average direct cost of treatment for 
patients the BFM method is $88480 also in the 
BFM protocols the QALY score of 5 years the 
average QALY between 0.7 to 0.8 was obtained 
[32, 33]. The QALY of this study is similar to 
other protocols, but it varied in costs relatively 
[34, 35]. Similar studies among other worlds 
countries showed that in European countries 
and the USA, the cost is much higher than the 
cost of similar protocols in other Asian and 
American countries [36]. However, based on the 
demographic characteristics in Table 1, the 
average age of the children is about nine years. 
The incidence and prevalence of the disease in 
hoys is always more than of girls which is similar 
in other studies [23]. The average length of 
hospitalization is an important factor influencing 
the cost of treatment, as this study indicates a 
significant difference in the cost difference 
between the two protocols. The results of this 
study confirm that, as a general principle, the 
cost of treatment in developing countries differs 
from developed countries [4, 23, 32]. Maybe the 
most important reason refers to the health and 
economic conditions of these countries. In this 
study, the costs of hospital services, including 
catering, food, and cleaning, are the least 
significant factors affecting total costs. In 
general, research performed in similar studies 
among other countries showed that in developed 
countries, the costs are much higher than the 

cost of similar protocols in other developing 
countries. But the remarkable point is the 
dramatic treatment of this disease, which has 
changed from an incurable disease to a treatable 
disease in most protocols [9, 10, 24, 32, 34, 37]. 
Therefore, the debatable issue is choosing the 
best option among the existing protocols with the 
best cost-effectiveness, so economic evaluation 
methods [34], especially the decision tree, can 
help to choose the best option for treatment. 

Conclusion 
Because the BFM-ALL protocol has a higher 
overall cost and a lower impact than the UK-ALL 
protocol, the UK-ALL is dominant, and the BFM-
ALL is dominant. Considering the significant 
difference between the cost of these two 
protocols and even assuming that their 
consequences are constant and insignificant, we 
could say that the UK-ALL is the better protocol 
to use, but an ultimate decision is made by the 
final decision maker and doctors who make a 
specific decision based on contingency 
conditions. So, policymakers and oncologists 
should advocate the economic evaluation 
methods in the treatment of patients to save 
resources besides treating patients like UK-ALL. 

Limitations of the study 
The most important issue in economic 
evaluation studies is adjusting of money with 
consideration of time and high inflation rate in 
developing countries. 
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Tables 

 
Table 1: Demographic variables of the groups under study 

Variables BFM-ALL UK-ALL 

number of patients(N) 255 165 

age 10.1 9.3 

sex 
MALE (%) 0.61 0.65 

FEMALE (%) 0.39 0.35 

length of stay(Day) 129 91 

 
 
 

Table 2: Cost components of hospitalized patients treated with BFM-ALL and UK-ALL protocols 

Cost components 
COST-BFM 

(USD) 
% 

COST-UK 
(USD) 

% 

Bed 679.47 0.33 480.52 0.41 

Medicine 617.7 0.3 316.44 0.27 

Lab & diagnostic tests 308.85 0.15 105.48 0.09 

visit 267.67 0.13 140.64 0.12 

Medical supplies 185.31 0.09 128.92 0.11 

Total 2059 1 1172 1 

 

Table 3: The transition probabilities between the phases of UK -ALL and BFM-ALL 

Phase 
(UK-ALL) 

Success probability 
To next phase )%( 

Death& relapse  )%  sum 

Induction -start of treatment  Consolidation 
UK 97.9 2.1 1 

BFM 92.9 7.1 1 

Consolidation-end of 1 month  Maintenance 
UK 97.3 2.7 1 

BFM 95.4 4.6 1 

Maintenance-end of 2.5 years  Remission 
UK 94 6 1 

BFM 94.5 5.5 1 

 

Table 4 The cost and QALY of each phase of UK -ALL and BFM-ALL protocols 

Phase  Induction Consolidation Maintenance Total  

QALY- BFM 
 

0.05 0.12 3.23 3.40 

Cost (USD) 733.00 776.24 549.75  2059 

Percent 0.356 0.377 0.267 1 

QALY- UK 
 

0.04 0.02 4 4.06 

Cost (USD) 460.60 275.42 435.98 1172 

Percent 0.393 0.235 0.372 1 

https://creativecommons.org/licenses/by-nc/4.0/
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Figure 1. Schematic view of three phases of treatment process 
 

 

Figure 2. Schematic comparison of cost components of BFM-ALL and UK-ALL protocols 
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Figure 3. The QALY score at the end of different treatment phases of UK -ALL and BFM-ALL protocols 

 

 

Figure 4. Decision tree modeling of pediatric ALL treatment protocols 
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Figure 5. Cost effectiveness analysis of UK-ALL and BFM-ALL 

 

 

 

Figure 6. Sensitivity analysis BFM maintenance cost and UK maintenance QALY 
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