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ABSTRACT 
Objectives: The main purpose of this study is comparing the augmented Berlin-Frankfurt-Münster (BFM) and 
BFM 2000 treatment protocols applied to pediatric patients diagnosed with high-risk acute lymphoblastic 
leukemia (ALL) in our clinic in different years in terms of relapse incidence and survival rates. 
Methods: When evaluated all patients considering the Children's Oncology Group (COG) criteria, 53 of our 
patients who were in the medium or high risk group according to the BFM 2000 protocol and were in the high 
risk group received treatment with Augmented BFM protocol and 17 of them received the BFM 2000 protocol. 
Age, gender, bone pathology, physical examination, hepatomegaly, splenomegaly, lymphadenopathy, presence 
of bleeding, hemogram values, immunophenotype, 8th, 14th and 33rd day treatment response, presence of translo-
cation, central nervous system (CNS), extramedullary involvement, risk group, presence of relapse, time to 
relapse, follow-up period and hospital stay until maintenance treatment were examined.  
Results: Event-Free Survival (EFS) and Overall Survival (OS) values of patients were 83.6% and 90.1%, re-
spectively. While EFS was 89.4% and OS was 90.6% in the group receiving the Augmented BFM treatment 
protocol, EFS was calculated as 71.7% and OS was 88.2% in those receiving the BFM-2000 treatment protocol. 
Accordingly, when the EFS values of those who received the Augmented BFM treatment protocol were com-
pared with those who received BFM-2000, statistically significant values were found (P<0.01). 
Conclusions: It was observed that the augmented BFM treatment protocol was more protective against relapses 
and shortened the duration of hospitalization compared to the BFM 2000 treatment protocol.  
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 A cute lymphoblastic leukemia (ALL) is the 

most common pediatric malignancy and ac-
counts for around 30-35% of all types of ma-

lignancies. The incidence of leukemia among all 
cancer cases in Türkiye has been reported to be 31.3%. 

ALL is most commonly diagnosed between the ages 
of 2 and 5 years and is more prevalent in males [1, 2]. 
The life expectancy for ALL, which used to be con-
sidered an incurable disease, has increased dramati-
cally with the discovery of new drugs, the 
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determination of the combinations in which these 
drugs can be used and the development of treatment 
protocols [3]. In the past two decades, expected 5-year 
Overall Survival (OS) rates in children with ALL have 
reached 90% in developed countries [3, 4, 5]. More-
over, relapse rates in particular have been significantly 
reduced. The improvement in outcomes over the last 
few decades can be attributed mainly to changes in the 
use of drug combinations and intensification of treat-
ment for patients diagnosed with more difficult-to-
treat disease [6]. The optimization of standard 
cytotoxic chemotherapy has resulted in significant im-
provements in Event-Free Survival (EFS) and OS out-
comes, particularly in high-risk ALL patients, 
although it has not brought about a notable enhance-
ment in EFS and OS rates in some ALL patients [7]. 
Numerous cancer study groups worldwide have con-
tributed to the development of treatment protocols to 
increase the expected EFS and OS. In particular, the 
Children's Oncology Group (COG), which unites the 
Children's Cancer Group and the Pediatric Oncology 
Group, and the Berlin-Frankfurt-Munster (BFM) 
study group are pioneers in the development of these 
effective treatment protocols [8]. Up to date, various 
prognostic factors have been identified in ALL. Some 
prognostic factors vary according to treatment proto-
cols; however, age, leukocyte count at the time of ini-
tial diagnosis, and response to treatment remain 
unchanged. With the development of diagnostic and 
treatment centers and advancing research, it has been 
realized that both clinical and laboratory findings are 
effective on prognosis, and thus, treatment by risk 
class has been brought to the agenda. Recent studies 
have also focused on defining new prognostic factors 
to intervene in patients with poor prognosis with new 
treatment protocols [9, 10]. The COG and the BFM 
study group treat ALL by stratifying it into risk groups. 
However, they do not use the same risk classification. 
This leads to some variations in the treatment proto-
cols of the two groups. In the present study, all patients 
were divided into two groups: patients in the high-risk 
group according to COG criteria, and patients in the 
intermediate-risk or high-risk group according to the 
BFM study group criteria, but in the high-risk group 
according to COG criteria. The aim is to compare the 
effects of both treatment protocols on EFS and OS and 
the effects of prognostic factors on overall survival 
and event-free survival rates. 

METHODS 
 
Patients who were referred to our clinic with a predi-
agnosis of ALL or who were diagnosed with ALL 
upon examination were evaluated with bone marrow 
aspiration in the Department of Pediatrics, Division of 
Pediatric Hematology-Oncology, İstanbul University 
Istanbul Faculty of Medicine. Accordingly, the data of 
70 patients diagnosed with ALL were retrospectively 
analyzed. The study included 53 patients who were 
classified in the high-risk ALL group according to 
COG criteria and treated with augmented-BFM treat-
ment protocol, and 17 patients who were classified in 
the intermediate-risk or high-risk ALL group accord-
ing to BFM study group criteria and in the high-risk 
ALL group according to COG criteria and treated with 
BFM 2000 treatment protocol. The following charac-
teristics of all patients were analyzed: age and gender 
at presentation, presence of organomegaly on physical 
examination, complete blood count parameters, treat-
ment responses to bone marrow aspiration on day 8, 
day 14, and day 33, FAB classification, immunophe-
notypes, presence of translocations, extramedullary in-
volvement, risk group, presence of relapse, time of 
relapse, and duration of follow-up period and hospital-
ization. The patients receiving the two treatment pro-
tocols were compared according to the data obtained. 
      Bone marrow aspiration samples were evaluated 
under light microscopy. Typing was performed ac-
cording to FAB criteria. Immune phenotyping was 
performed using the flow cytometry method at the 
Molecular Oncology and Hemopathology Research 
Center, İstanbul University Cerrahpaşa Faculty of 
Medicine. CD13, CD14, and CD33 were used as 
myeloid markers for immune phenotyping; CD19, 
CD20, CD22, CD24, and CD10 were used as lym-
phoid markers for the B cell line; CD3, CD5, and CD7 
were used for the T cell line. The presence of CD34 
above 10% and any data above 20% was considered 
positive. The presence of t(9;22), t(4;11), t(1;19), and 
t(12;21), translocations known to have positive and 
negative effects on prognosis, were investigated at the 
Genetic Department of İstanbul University Experi-
mental Medicine Research Institute. The presence of 
mediastinal mass was evaluated by chest radiographs. 
Central nervous system (CNS) involvement was in-
vestigated by cytologic and biochemical evaluation of 
the cerebrospinal fluid sample. The high-risk criteria 
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used according to COG were 1<Age <10 and WBC 
≥50,000/mm3 or Age ≥10 and any WBC value, and 
testicular involvement. According to the BFM study 
group, for the intermediate risk group, criteria include 
a blast count in the peripheral blood of <1000/mm3 on 
day 8, complete remission on day 33, negative t(9;22), 
and bcr/abl, absence of t(4;11) (MLL/AF4 recombi-
nation), and not meeting any high-risk criteria. For the 
high-risk group, criteria include a blast count in the 
peripheral blood of ≥1000/mm3 on day 8, positive 
t(9;22) and/or bcr/abl, positive t(4;11), and MLL/AF4, 
and bone marrow classified as M2/M3 on day 33 (M2: 
blasts 5-25%, M3: blasts >25%).  
 
Statistical Analysis  
      All statistical analyses were performed using 
SPSS 12.0 for Windows software package. Chi-Square 
and Fisher's exact Chi-Square tests were used for com-

parisons between groups. Student-T tests were used 
for response to treatment, relapse, and survival. Over-
all survival and event-free survival between the groups 
receiving the Augmented BFM protocol and BFM 
2000 protocol were analyzed using Kaplan-Meier sur-
vival analysis. Long rank and Breslow tests were used 
to compare the overall survival and event-free survival 
rates of both groups. Factors that may cause relapse 
were analyzed using Cox-Regression analysis. 
 
 
RESULTS 
 
The combined evaluation of patients who received 
treatment according to the two treatment protocols re-
sulted in an EFS of 83.6% and OS of 90.1%. EFS was 
89.4% and OS was 90.6% in patients treated with the 
augmented BFM treatment protocol alone, while EFS 
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Fig. 1. Survival of patients according to event-free survival values.
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was 71.7% and OS was 88.2% in patients treated with 
the BFM 2000 treatment protocol. The EFS values of 
the patients who received the augmented BFM treat-
ment protocol were statistically significantly higher 
when compared to the patients who received the BFM 
2000 treatment protocol (P<0.001). Patients treated ac-
cording to the augmented BFM treatment protocol 
showed a lower rate of relapse. The augmented BFM 
treatment protocol was more protective against re-
lapses than the BFM 2000 treatment protocol (Figs. 1 
and 2). 
      Demographic data of the patients revealed that 47 
(67.1%) of our 70 patients were male and 23 (32.9%) 
were female. The male/female ratio was 2/1. A total 
of 34 (48.6%) patients were 10 years and older, while 
36 (51.4%) of the patients were between 1 and 9.99 
years of age. Due to organ infiltration, 42 (60%) pa-
tients had hepatomegaly smaller than 2 cm and 25 
(35.7%) patients had hepatomegaly larger than 2 cm 
at the time of admission. It was determined that 39 
(55.7%) patients had splenomegaly smaller than 2 cm 
and 27 (38.6%) patients had splenomegaly larger than 

2 cm. In the evaluation of complete blood counts, it 
was found that in 41 cases (58.6%), the hemoglobin 
(Hb) value was below 10 g/dL, while in 25 cases 
(35.7%), it was above 10 g/dL. the leukocyte count 
was less than 10,000/mm3 in 21 cases (30%), between 
10,000 and 50,000/mm3 in 18 cases (25.7%), and 
above 50,000/mm3 in 29 cases (41.4%). The platelet 
count was found to be below 20,000/mm3 in 12 cases 
(17.1%), between 20-100,000/mm3 in 30 cases 
(42.9%) and above 100,000/mm3 in 24 cases (34.3%). 
Bleeding was found in 12 patients with a platelet count 
below 100.000/mm3 on admission. CNS involvement 
was found in 3 (4.3%) patients, mediastinal mass in 6 
(8.6%) patients, and testicular involvement in 1 (1.4%) 
patient. One patient exhibited biphenotypic character-
istics, while 44 patients (62.8%) exhibited B-cell char-
acteristics and 16 patients (22.9%) exhibited T-cell 
characteristics. In the evaluation of the presence of 
translocation in bone marrow aspiration material, 
t(4;11) was determined in 4 (5.7%), t(9;22) in 6 
(8.6%), and t(12;21) in 1 (1.4%) of the patients. When 
patients were compared based on the presence of 

459            The European Research Journal   Volume 10   Issue 5   September 2024

!

!
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translocations, it was observed that relapse occurred 
in only one patient. Regarding the response to the 
treatment, relapse was detected in 5 of 53 patients 
(9.4%) treated according to the augmented BFM treat-
ment protocol and in 5 of 17 patients (29.4%) who re-
ceived the BFM 2000 treatment protocol. It is 5.6 
times more common in patients receiving the BFM 
2000 treatment protocol. (Table 1).  
      In both treatment groups, the mean duration of 
hospitalization during intensive chemotherapy before 
maintenance treatment was 4.4 months for the patients 
treated with the augmented BFM treatment protocol 
and 6.8 months for the patients treated with the BFM 
2000 treatment protocol. The mean duration of hospi-
talization was statistically significantly shorter in those 
who received treatment according to the augmented 
BFM treatment protocol (P<0.001). The mean dura-
tion of hospitalization during the intensive chemother-
apy period was 6.4 months in patients with relapse and 
4.6 months in those without relapse before switching 
to maintenance treatment. 
 
 
DISCUSSION 
 
In the treatment of acute lymphoblastic leukemia, an 
almost complete cure can be achieved through 
chemotherapy, radiotherapy, bone marrow transplan-
tation, targeted therapies and immunotherapy, and the 
establishment and development of leukemia centers. 
In the last 40 years, it has been observed that radio-
therapy, intensified multiple chemotherapy, and the 
application of treatment options based on risk groups 
have significantly increased life expectancy. Five-year 
overall survival in children has increased to almost 
80% [11]. Although hematopoietic stem cell trans-
plants have contributed positively to survival, inten-
sive chemotherapies given to improve overall survival 
in some ALL subtypes have failed to achieve the de-
sired goal of survival. The researchers aim to improve 
treatment protocols in chemotherapy-resistant cases 
by better understanding the pathogenesis [12].  
      Numerous study groups have been established to 
date to achieve success in the treatment of pediatric 
cancers. However, over time, some of them came to 
the fore and incorporated other study groups into their 
group. Today, pioneering studies are carried out by the 
COG and the BFM Study Group, in which many Eu-

ropean countries now participate. These two study 
groups have been developing treatment protocols by 
examining prognostic factors to ensure successful 
leukemia treatment for years. Although prognostic fac-
tors change over time, mainly the patient's age, leuko-
cyte count on admission, and response to treatment 
remain unchanged. Almost all treatment protocols 
consider age and leukocyte count at diagnosis as the 
most common prognostic factors. It is known that a 
higher leukocyte count at the time of diagnosis indi-
cates a poorer prognosis, and the leukocyte count at 
the time of diagnosis has been considered an unchang-
ing prognostic factor for years [2]. The 5-year event-
free survival was 79.4% in those who received 
treatment according to the treatment protocol of the 
BFM group.  In a study conducted by the COG group 
in a large group of patients, the 5-year event-free sur-
vival rate was 81.2% in patients treated with the aug-
mented BFM protocol. Patients are stratified into risk 
groups in all ALL chemotherapy protocols, and remis-
sion induction, consolidation, CNS eradication, and 
maintenance treatment schemes are applied with some 
modifications [12].  
      Of the 70 patients included in the study, 10 re-
lapsed and the EFS was 86.3% in all patients regard-
less of the treatment protocol. Among these cases, 5 
showed relapse while receiving treatment according 
to the augmented BFM protocol, and the other 5 
showed relapse while receiving treatment according 
to the BFM 2000 protocol. The incidence of relapse 
in patients treated with the augmented BFM treatment 
protocol was found to be 9.4%. This was found to be 
consistent with the literature [13]. The incidence of re-
lapse in patients treated according to the BFM 2000 
treatment protocol was 29.4%. The blast count on day 
8 was below 1000 may be considered to be a signifi-
cant factor in the high incidence of relapse. The rate 
of patients who received augmented BFM with a blast 
count of less than 1000 on day 8 was 94.7%, while this 
rate was 84.6% in patients who received the BFM 
2000 treatment protocol.  Relapses were 5.6 times 
more common in patients treated according to the 
BFM 2000 treatment protocol compared to augmented 
BFM treatment.  
      The 5-year event-free survival rate in children di-
agnosed with ALL was around 50%, whereas today, 
with multiple chemotherapy, radiotherapy, and treat-
ment according to the risk group, event-free survival 
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is achieved in 75-80% of patients for a much longer 
time [14]. In the present study, patients treated accord-
ing to the augmented BFM treatment protocol had a 
median event-free survival of 116.7 months. This was 
determined as 56.2 months in patients who received 
treatment according to the BFM 2000 treatment pro-
tocol. However, the follow-up period of the patients 
who received the BFM 2000 treatment protocol was 
still shorter when compared to the other group. It can 
be concluded that the A-BFM treatment protocol is 
statistically significantly more protective against re-
lapses than the BFM 2000 treatment protocol in high-
risk ALL. However, researchers should take into 
account that the number of patients receiving treat-
ment according to the BFM 2000 treatment protocol 
was limited. The literature suggests that the male/fe-
male ratio in ALL is usually in the range of 1.1-1.4/1 
[15]. The prevalence of ALL in male children was 54-
57% according to the study conducted in a large series 
of patients by the Pediatric Oncology Group, which 
evaluated numerous major studies to date, whereas the 
rate of male patients was 67.1% in the present study. 
Only high-risk ALL patients were included in this 
study. Multiple studies have shown that boys have a 
worse prognosis than girls receiving the same treat-
ment [15]. The EFS was found to be 79.7% in boys 
and 91.1% in girls. However, in the present study, 
when all cases were evaluated together, the effect of 
gender on EFS was not found to be statistically signif-
icant. The literature shows that male gender is a poor 
prognostic factor. This inconsistency may be attributed 
to the fact that the study group included only patients 
diagnosed with high-risk ALL [16].  
      Hepatomegaly, splenomegaly, or lymphade-
nomegaly is observed in 30-40% of ALL due to infil-
tration of the liver, spleen, and lymph nodes. In the 
present study, hepatomegaly was present in 95.7% of 
cases and splenomegaly in 94.3% of cases. The high 
rate of organomegaly compared to the literature can 
be attributed to the fact that the study group consisted 
only of high-risk ALL patients. Hepatomegaly and 
splenomegaly increase the risk of relapse in ALL pa-
tients [17]. On physical examination, the EFS value 
was found to be 73.5% in cases with hepatomegaly 
larger than 2 cm and 90.7% in cases with he-
patomegaly <2 cm. Hepatomegaly larger than 2 cm on 
physical examination has a statistically significant 
negative effect on EFS. Hepatomegaly was found in 

approximately half of the patients diagnosed with ALL 
and was found to be associated with a higher periph-
eral blast count in the periphery [18]. In contrast to he-
patomegaly, splenomegaly had no effect on EFS.  
      Harousseau investigated the effect of hemoglobin 
level at diagnosis on prognosis in a series of 141 pa-
tients. It was found that the rate of complete remission 
was 63% in patients with Hb values above 8 gr/dl, 
84% in patients with Hb values between 8-10 gr/dL, 
70% in patients with Hb values between 10-12 gr/dL 
and 60% in patients with Hb values >12 gr/dL [19]. 
On the other hand, in a few studies, it was observed 
that the Hb level at the time of diagnosis was not ef-
fective on the duration of event-free survival [20]. In 
our study, EFS was 83.9% in patients with Hb <10 
g/dL and 80.6% in patients with Hb ≥10 g/dL, and it 
was determined that hemoglobin values had no statis-
tically significant effect on EFS.  
      In a study in which patients included in all 
leukemia groups were evaluated, the rate of patients 
with a white blood cell count >50.000/mm3 was found 
to be 17% [20]. The effect of leukocyte count at the 
time of diagnosis on prognosis has been well-known 
for a long time. Many researchers have examined the 
relationship between leukocyte count at diagnosis and 
prognosis. In some patient groups, a leukocyte count 
of >50,000/mm3 at the time of diagnosis was found to 
be a poor prognosis criterion, similar to that of large 
study groups developing childhood leukemia treat-
ment protocols [21-23]. Since our study included pa-
tients with high-risk leukemia, 41.4% of the cases had 
a white blood cell count above 50,000/mm3. In pa-
tients with a white blood cell count of more than 
50.000/mm3, EFS was found to be 85.7%, while in 
patients with a white blood cell count < 50.000/mm3, 
EFS was found to be 81.4%. However, the effect of 
leukocyte count on EFS was not statistically signifi-
cant in our study. This variation can be attributed to 
the fact that the patients were in the high-risk group.  
      Zhang et al. [24] investigated the relationship be-
tween platelet count and prognosis and found that the 
prognosis was poor in patients with a platelet count 
<20.000/mm3 at the time of initial diagnosis. In the 
present study, EFS was found to be 82.7% in patients 
with a platelet count of less than 100,000/mm3 and 
82.8% in patients with a platelet count of more than 
100,000/mm3. Since the number of patients with a 
platelet count below 20,000/mm3 was low, no compar-
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ison could be made. However, it was observed that the 
frequency of bleeding decreased as the platelet count 
increased in our patient group.  
      Among the patients included in this study, 10 pa-
tients had relapse. The most prominent indicator of 
treatment failure in leukemia is the development of re-
lapse. Approximately 15-25% of pediatric patients 
with ALL develop relapse. The majority of relapses 
occur in the bone marrow (80%), followed by the CNS 
(12-16%) and testis (8%) [25].  
 
Limitations 
      The most important limitation of this study is the 
small size of the study group. In particular, the number 
of patients receiving the BFM 2000 treatment protocol 
is low. To increase the reliability of the study, data 
from a larger patient group and longer follow-up data 
need to be collected and analyzed. 
 
 
CONCLUSION 
 
In high-risk ALL patients who were followed up for 
more than 5 years in our clinic, the event-free survival 
rate was 83.6% and the overall survival rate was 
90.1%. The EFS values of the different treatment pro-
tocols applied were 89.4% and 71.7% for the aug-
mented BFM and BFM 2000 treatment protocols, 
respectively. The augmented BFM treatment protocol 
offers a better treatment option for high-risk ALL pa-
tients. However, it is essential to consider that the 
number of patients receiving treatment according to 
the BFM 2000 treatment protocol was low, and further 
comparisons with larger patient groups are required. 
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