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What is known on this subject? What this study adds?

Although childhood cancers can be treated with It is an important study because it has the first results

chemotherapy today, deaths and recurrences caused by of the Pediatric Hematology Oncology Clinic of Kanuni

the disease itself and the drugs used are seen at certain Sultan Suleyman Hospital, which has the highest bed

rates. capacity in its field in Istanbul at the time of the study.
ABSTRACT

Objective: The study aimed to evaluate the acute toxicity, overall survival (0S) and event-free
survival (EFS) of children with acute lymphoblastic leukemia (ALL).

Material and Methods: This study included retrospective analysis of the medical records of
129 pediatric ALL patients aged 1 to 18 years old. Gender, risk group, central nervous system
involvement at diagnosis, relapse and mortality status of patients, OS and EFS was evaluated. The
Kaplan-Meier method was used to estimate survival rates. The survival difference of two groups
was compared using the log-rank test.

Results: Eighty-six (66%) patients were boys and forty-three (33%) were girls. The mean age at
diagnosis was 6.9t4.46 and 5.6+4.01 in male and female, respectively. Seventeen (13%) patients
were classified as standard risk, 76 (58%) were intermediate risk, and 36 (27%) were high risk.
Three patients (2.3%) died from acute toxicity during induction therapy. The median duration of
follow-up was 25 months (range 1-65 months). The estimated 5-year OS and EFS was 88+4.6%
and 78+4.1%, respectively. The estimated 5-year OS for the standard, intermediate and high-risk
groups were 94+5.7%, 93+3.1%, and 59+13%, respectively, and EFS was 94+5.7%, 86.614.2%, and
49.9+10%, respectively.

Conclusion: The 0S and EFS for standard-risk and intermediate-risk groups were good and
comparable to the literature. However, the current study’s results should be confirmed in a larger
patient population and a longer follow-up period.
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Introduction

Cancer is the 4™ most common cause of death in children
aged 1 to 15 years old the following infections, heart diseases
and accidents in our country (1). Childhood cancer is rare and
its incidence is reported as 1/7,000 in children 15 years and
younger. Although solid tumors are predominant in adults,
hematologic malignancies such as leukemia and lymphoma
comprise approximately 40% of childhood cancers (2). Acute
leukemia constitutes 97% of all childhood leukemias, and 75-
80% of these are acute lymphoblastic leukemia (ALL) (3).

Despite the increase in the prevalence of childhood
malignancies, the 5-year survival rate in children with ALL
has approached 90% in recent reports because of advances in
chemotherapy and supportive care (4). Randomized controlled
clinical trials, intensive chemotherapy combinations, central
nervous system (CNS) prophylaxis, determining risk groups,
and adjusting treatment intensity, and determining residual
leukemia cells in the body called minimal residual disease
(MRD) showed a significant increase in patients’ life expectancy
(5,6).

In our study, ALL patients who were diagnosed and treated
between 2012 and 2017 in the Pediatric Hematology Oncology
Clinic of Sultan Suleyman Training and Research Hospital,
in Istanbul, were retrospectively screened. Demographic
data, ALL cell type, the risk groups, CNS involvement, acute
toxicity related to ALL induction treatment, bone marrow
transplantation (BMT) status, relapse/mortality rates and
overall survival (0S) and event-free survival (EFS) rates were
evaluated.

Material and Methods

Atotal of 130 ALL patients diagnosed and treated between
2012 and 2016 at the Pediatric Hematology Oncology Clinic
of Kanuni Sultan Suleyman Training and Research Hospital,
Istanbul, were retrospectively examined. Patient data were
obtained from the Turkish Pediatric Oncology Group records
and electronic hospital medical records. One case with infant
leukemia was excluded from the study and 129 ALL cases aged
11to 17 years were evaluated. Patients with 25% or higher blast
percentage in bone marrow aspiration were diagnosed with
acute leukemia and immunophenotyping was used to define
the ALL subtype. Bone marrow samples were painted with May
Griinwald-Giemsa and were evaluated according to the FAB
criteria. The CNS involvement was defined as =5 lymphoblasts/
mm? in cerebrospinal fluid (CSF), and the presence of >10/
mm? erythrocytes in CSF was considered traumatic lumbar
puncture (LP). At the beginning of treatment, the patient was

divided into risk groups according to age, leukocyte counts,
absolute blast count in the peripheral blood on day 8, MRD
level in bone marrow on day 15, t(4;11) and, 1(9;22) at the
time of diagnosis.

Standard Risk Group (SRG)

Patients aged >1 to <6 years at the time of diagnosis, an
initial leukocyte count of <20,000/mm?, patients with <1,000/
mm? blasts in the peripheral blood on day 8, M1/M2 bone
marrow in the bone marrow aspiration on day 15, MRD level
<0.1% (complete remission) on day 15, without Ph+ (BCR/
ABL+), and t(4;11) (MLL/AF4+) were classified in to the SRG.

High Risk Group (HRG)

Patients with absolute blast count of >1,000/mm? in the
peripheral blood on day 8, or M3 bone marrow with >25%
blasts on day 15, or FC MRD level more than 10% on day 15, or
those with M2/M3 bone marrow on day 33, and, irrespective of
treatment response, patients with Ph+ (BCR/ABL+), or t(4;11)
(MLL/AF4+) or hypodiploidy (<45 chromosomes) classified in
to the HRG.

Medium Risk Group (MRG)

All patients who were not stratified to the standard and
HRG were classified in to intermediate risk patients (7).

Relapse Criteria

More than 25% blasts in the bone marrow after the
achievement of remission with initial leukemia treatment,
and extramedullary leukemia involvement in any site was
considered a relapse. Relapse can be isolated bone marrow,
CNS and testicular, and >2 sites of involvement defined as
combined relapse. Relapse 18 months after initial diagnosis
defined as very early relapse; defined as early relapse if relapse
occurred >18 months after initial diagnosis and <6 months
after the completion of initial treatment, and defined as late
relapse if relapse occurred =6 months after the completion
of initial treatment. Conditions such as encephalopathy
and shock that developed unexpectedly during induction
chemotherapy were considered acute toxicity. Overall survival
was defined as the time from the date of diagnosis to death
from any cause or last follow-up period, EFS was defined as
the time from remission until the date of failure (induction
failure, relapse or death) and last follow-up time.

Statistical Analysis

Kolmogorov-Smirnov and Lilliefors test was used
to determine the distribution of data, and analysis of
independent groups was performed by t-test and chi-square
test. One sample t-test was used for the comparison of the
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literature and the current study’s data; OS and EFS were
estimated using Kaplan-Meier method and compared with
log-rank (Mantel-Cox) test. IBM SPSS 22.0 was used to analyze
the study’s data. The results are presented as mean * standard
deviation, median and range, and the level of statistical
significance was set at p<0.05.

There were 86 boys (67%), and 43 girls (33%) and the male/
female ratio was 1/2. Three (3%) of male ALL patients and 2
(4%) of ALL female patients had Down syndrome (Trisomy 21).
The median follow-up period was 25 months (range: 1-65
months). Mean age of the patients at the time of diagnosis
was 6.5+4.3 years (range: 1-17 years). Although the mean
age of the diagnosis was higher compared to the literature,
no significant difference was found (comparison p=0.105
for 5.9). The mean age of male ALL patients and female ALL
patients was 6.9+4.5, and 5.614.0, respectively, and there
was no significant difference between gender (p=0.97). When
evaluated according to risk groups, the highest mean age was
found to be in HRG patients (8.3 years) (p=0.014).

According to FAB classification, 106 (82%) patients were
B-cell ALL, 22 (17%) patients were T-cell ALL and 1 patient was
mix type ALL. After the stratification of ALL patients according
to risk groups; there were 76 patients (58%) in MRG, 36
patients (27%) in HRG, and 17 patients (13%) SRG. In the HRG
ALL patients, there were 31 (36%) male ALL patients, and 5
female (11%) ALL patients (p=0.014) (Table 1).

While there was no difference between SRG and MRG
patients when comparing the risk groups by age (p=0.07),
there was a significant difference between HRG patients and
both MRG and SRG patients (p=0.01 and p=0.04, respectively).
There were no patients with CNS involvement in the CSF
examination at the time of diagnosis. Four of the female
patients and 3 of the male patients’ LP were traumatic.
Traumatic LPs were not found to differ by gender (p=0.68).
Eight patients underwent BMT, 6 patients were male (75%),
and 2 patients were female (p=0.71). Acute toxicity developed
during induction therapy in 3 (2%) of 129 patients, including
1 patient with hepatic encephalopathy, 1 with septic shock,
and 1 patient was admitted to the intensive care unit due to

Table 1. The distribution of cases by risk groups

Standard risk Medium risk High risk Total

Male 10 45 31 86
Female 7 31 5 43
Total 17 76 36 129

pulmonary hemorrhage, and all 3 patients eventually died.

Three (2.3%) of the cases did not achieve remission during
induction, only 1 out 3 patients entered remission after
high-risk-1 blocks. Six patients (4%) relapsed. All of these
patients relapsed in the first 18 months after diagnosis and
were classified as very early relapses. One case relapsed from
B-ALL, 1 switched from B-cell ALL to T-cell ALL, and the other
one switched from T-cell ALL to B-cell ALL. One patient had
CNS+ bone marrow relapse and the others had isolated
bone marrow relapse. None of the relapsed patients had
testicular involvement. Two patients who developed relapse
died of the disease and 4 patients continued to be followed
without disease. Two patients underwent BMT and were
followed up without disease. AML was not seen in any of our
cases as a secondary leukemia. Twelve patients (9.3%) died
without disease, 5 (3%) of whom died from septic shock, 1
due to macrophage activation syndrome and 2 due to hepatic
encephalopathy. One patient with hepatic encephalopathy
had axonal neuropathy leading to permanent sequelae. Four
patients died of leukemia and non-treatment causes. Three
(2%) patients died of the disease, 2 (1.5%) of these patients
died during post-relapse chemotherapy due to septic shock
and one due to liver failure. In one of our patients, vincristine
was discontinued during reinduction treatment because of
severe toxicity.

The median follow-up period was 24 months (range: 1-65
months). Five-year estimated overall OS was 88%4.6%, and EFS
was 78+4.1% (Figures 1, 2, 3, 4).

Estimated 5-year OS by gender was found as 93% in
female patients, and 86% in male patients (Figure 3). Event
free survival by gender was found as 84% in female patients,
and 80% in male patients (Figure 4). There was no statistically
significant difference between male and female cases in
terms of 5-year estimated OS and EFS (p=0.21 and p=0.49,
respectively).

Five-year estimated OS according to the risk group was
94%+5.7% in the SRG, 92.9£3.1% in the MRG and 59.3%%3.1
in the HRG patients, respectively (Figure 5). A statistically
significant difference was found in the HRG patients for OS
compared with SRG and MRG patients (p=0.01).

Estimated 5-year EFS was found to be 94%%5.7% in the
SRG, 86.6% in the MRG and +49.9% in the HRG (Figure 6). The
EFS comparison between the risk groups was found to be
statistically significant (p<0.001).

The overall OS and EFS rates of 7 patients with traumatic
LP (Table 2) were both lower compared to patients without
traumatic LP and the difference was significant for EFS
comparison (p=0.203, p=0.039, respectively) (Figures 7, 8). In
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Table 2. CNS involvement/traumatic LP status according to
risk classification

No CNS Traumatic LP  Total
involvement
Standard risk 17 0 17
Medium risk 73 3 76
High risk 32 4 36
122 7 129
CNS: Central nervous system, LP: Lumbar puncture
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Figure 1. Kaplan-Meier curves of overall survival (0S) of all studied
patient (n=129)
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Figure 2. Kaplan-Meier curves of event-free survival (EFS) of all
studied patients (n=129)
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Figure 3. Overall survival (0S) of gender of male (n=86) and
female (n=43) patients
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Figure 4. Event-free survival (EFS) of male (n=86) and female
(n=43) patients

3 of these patients, 1 developed CNS relapse and 1 with T-cell
ALL relapsed, 1 patient died disease-free and 1 patient died
of the disease. There were more patients with traumatic LP in
HRG patients, so the contribution of variables was compared
with the Omnibus test and CNS involvement was found to
be significantly higher in HRG patients (p<0.05). The main
reason for the low survival of patients with traumatic LP was
likely due to a high-risk group.

The 5-year estimated OS for B-cell ALL patients in our
study was 83%, compared with 88% in patients with T-cell ALL
(p=0.631) (Figure 9).
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Figure 5. Kaplan-Meier curves of overall survival (0S) for the SRG
(n=17), MRG (n=76), and HRG patients (n=36)
SRG: Standard risk group, MRG: Medium risk group, HRG: High risk group
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Figure 6. Kaplan-Meier curves of event-free survival (EFS) for SRG
(n=17), MRG (n=76), and HRG patients (n=36)
SRG: Standard risk group, MRG: Medium risk group, HRG: High risk group
The 5-year estimated EFS for B-cell ALL patients in our
study was 83%, while the EFS for T-cell ALL patients was 57%
(Figure 10). Although the p value was close to 0.05, there was
no statistically significant difference between the two groups
(p=0.06).

Leukemia is one of the most common malign diseases in
children and accounts for 30% of all childhood cancers (8).
Although it varies depending on genetic and environmental
factors, ALL comprises 75% of newly diagnosed leukemias and
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Figure 7. Overall survival (0S) curves of patients without CNS
involvement and traumatic LP

CNS: Central nervous system, LP: Lumbar puncture

80% of acute leukemias (9). The incidence of acute leukemias
in the United States is 3.4/100,000, while the annual incidence
in Turkey is 3/100,000 (10). The incidence rate of ALL in Whites
is higher (11). ALL usually develops as the first cancer, rarely
developing in the form of secondary cancer (12).

The male/female ratio for ALL is generally reported to be
around 1.2-2, and this ratio rises to 4 in T-cell ALL (13,14,15). In
the study by Dujua and Hernandez (16) from the Philippines,
the rate of male ALL cases was found to be 61.5%. In some
studies conducted in our country, ALL was reported to be
more common in male, while in some studies, it was reported
to be more common in female (17,18). In our study, 86 of
the 129 patients (66%) were male, 43 (33%) were girls and the
male/female ratio was 2/1. In a study by Koc et al. (17), they
reported a male/female ratio of 8/3 in T-ALL. In this study,
16 of 22 patients with T-cell ALL were boys and 6 were girls,
and the male/female ratio was found to be 8/3, which was
consistent with the literature.

Jabeen et al. (19) reported a mean age of 7.6+0.29 of
255 ALL patients who received BFM protocol. In a study from
Turkey by Hazar et al. (18), the mean age of 142 ALL patients
who received the TR ALL-2000 protocol was 5.9+4. In our
study, the mean age of the ALL-patients was 6.5%4.3, which
was higher compared to literature, however the difference
was not statistically significant (p=0.105).

B-precursor cells account for 86% of ALL cases, and patients
with this immunophenotpe generally enter a standard or
intermediate risk group, with a better prognosis. T-cell ALL
accounted for 13% of ALL cases. This subtype is associated
with older age at presentation, high initial white cell count,
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Figure 8. Event-free survival (EFS) curves of patients without CNS
involvement and traumatic LP
CNS: Central nervous system, LP: Lumbar puncture
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Figure 9. Overall survival (OS) curves of patients according to cell
type

CNS involvement, mediastinal mass, and traditionally poor
prognosis.

In a multicenter BFM study by Moricke et al. (20),
immunphenotypic distribution of 2,169 ALL patients was
reported as precursor B-cell ALL in 86.5% of the cases, and
was reported as T-cell ALL in 13.3% of the cases. Jabeen et al.
(19), reported a rate of 73%, 47%, 3%, and 17% for precursor
B-cell ALL, T-cell ALL, mixed type ALL, and unidentified ALL,
respectively. In the study by Hazar et al. (18) in Turkey, 78.9%
of the cases were precursor B-ALL, 16.2% of were T-cell ALL,
and 4.9% could not be defined. In another study from Turkey
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Figure 10. Event-free survival (EFS) curves of patients according
to cell type

by Dogru (21), precursor B-cell ALL was found in 89.6% and
T-cell ALL in 9.4% of the cases, and 1% was defined as bi-
phenotypic. There were 106 cases (82%) of B-cell ALL, 22 (17%)
of T-cell ALL, and 1 case (0.7%) of bi-phenotypic ALL in this
study, which was consistent with the literature.

In the multicenter BFM study by Maricke et al. (20), 35% of
patients were reported as SRG, 53% as MRG and 12% as HRG.
In the studies of Hazar et al. (18), 38% of patients reported as
SRG, 43.7% as MRG and 18.3% as HRG. In the study by Canbolat
Ayhan et al. (22), 32% of ALL patients were in SRG, 45% were
in MRG, and 22% were in HRG. In similar studies, 28%-36% of
patients reported as SRG, 50%-61% as MRG, and 10%-14% as
HRG (23,24). When our patients were evaluated according to
risk groups, 13% of the patients in our study group entered
SRG, 58% into MRG and 27% into HRG. Compared to the
literature, in the current study, HRG patient rate was higher.
We think that it was due to the higher mean age of the current
study’s patient group, as well as treatment response which
were evaluated by blast count in the peripheral blood on day
8 and MRD analysis on the 15" day, was also worse.

Schmiegelow et al. (25) defined 14 severe acute toxic effects
for childhood lymphoblastic leukemia treatment, which
may occur at a frequency of <5%-10% during the leukemia
treatment. However, they did not report the frequency of
deaths that could be related to treatment toxicity (25). Koc
et al. (17) reported a frequency of 12.5% acute toxicity, and
that was 2% in our study. The low frequency of acute toxicity
in the current study might be due to the use of antimicrobial
prophylaxis and the supportive care given to the patients
during the leukemia treatment. Since there is no detailed
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information about the frequency of infections in the literature,
a solid conclusion cannot be made in this regard. In this study,
acute toxicity related to leukemia treatment was observed in
3 ALL cases (2%), which included hepatic encephalopathy,
septic shock and pulmonary hemorrhage, and eventually led
to death in all cases.

In a multicenter study by Schrappe et al. (26), induction
failure was defined in 1,041 of 44,017 newly diagnosed ALL
patients (2.4%). In our country, Orhaner (27), and Degirmenci
(28) reported a frequency of 10%, and 3.1% induction failure,
respectively. In our study, 3 (2.3%) of 129 patients had
induction failure.

Invarious multicenter studies, the relapse rate in childhood
lymphoblastic leukemia was reported to be between 14%-
17.5% (16,20,29). In the studies from Turkey, childhood ALL
relapse rate was reported to be between 11.5%-19.5% in
patients treated with ALL BFM protocol, while Koc et al. (17)
reported a 9% relapse rate in patients treated with St. Jude ALL
protocol (28,30). In our study, very early recurrence developed
in 6 patients (4%). The main reason for our lower relapse rates
compared with the literature was the short follow-up period,
especially for late relapses.

After the 1960s, the 5-year OS rate for childhood ALL has
greatly increased over time (6). Pui et al. (31) reported a 5-year
0S of 71.8% in 2000. Following this study, Hussein et al. (29)
reported a 5-year OS of 75% in 154 pediatric cases with ALL
in 2004, Schmiegelow et al. (32) reported a 5-year OS of 89%
in 2007, and Liu et al.’s (33) reported a 5-year OS of 90.6% in
2014. In the results of the BFM-95 multicenter BFM-95 study
conducted in our country between 1995 and 2006, the 5-year
OS rate was reported as 80% (3). Koc et al. (17) reported a 5-year
0S of 77.4% in 2013 from Turkey. In another study, 5-year 0S
for 256 pediatric ALL patients was reported as 77.4% (28). In
our study, 5-year estimated OS was found to be 88%, which
was higher than the literature. The possible reason for this
might be the shorter follow-up period or the development in
supportive treatments.

In addition to improvement in 5-year OS in childhood ALL
over time, it was observed in EFS rates. In a 2000 study by
Schrappe et al. (5), 6-year EFS was reported as 78%. Although
similar drugs are used in various parts of the world, there
are small to moderate differences in leukemia treatment
protocols with different outcomes. Five-year EFS rates were
reported as between 75 and 87% in children with ALL treated
with various ALL protocols, including BFM-95, SJCRH-13A,
DCOG-9, IC-BFM 2002 and MRC UKALL 2003 (31,32,33,34).
Dujua and Hernandez (16) reported a 5-year estimated EFS of
86% in 2016, Takahashi et al. (35) reported a 5-year EFS of 78%

in 2017 (16,33). Koc et al. (17) reported a 5-year EFS of 69% in
2012, Degirmenci (28) reported a 5-year EFS of 41.51% in 2016
from Turkey. In our study, 5-year estimated EFS was found to
be 78%, which was compatible with the literature.

Male sex is reported as a poor prognostic factor in
childhood leukemias (8). The 5-year OS for female and
male pediatric ALL patients was reported as 86%, and 70%,
respectively, by Hussein et al. (29). The 5-year OS for children
with ALL was 76% in girls and 66% in boys in the study by Koc
et al. (17). In our study, although the follow-up period was
shorter, 5-year estimated OS was 93% in girls and 86% in boys.
Moricke et al. (20) reported a 6-year EFS of 81% in girls and
78% in boys in 2,169 pediatric ALL patients treated with the
BFM-95 protocol . In the multicenter study by Pui et al. (34),
5-year EFS was 76% in girls and 68% in boys. Takahashi et al.
(35) reported a 5-year EFS of 79% for girls and 81% for boys. In
a study conducted in Edirne, Turkey, 5-year EFS was reported
as 81% in girls and 49% in boys (27). In our study, the 5-year of
EFS was 84% in female ALL cases, and 80% in male ALL cases.
The 5-year OS and EFS was higher in both boys and girls than
that has been reported in the literature. This was likely due to
a short follow-up time.

In the study by Takahashi et al. (35), 5-year of OS for SRG,
MRG and HRG patients was 96%, 91%, and 81%, respectively.
Five-year OS for SRG, MRG and HRG patients was reported as
81%, 79%, and 60%, respectively, in the south eastern region
of Turkey (17). In our study, 5-year OS was found to be 94%,
93%, and 59%, for SRG, MRG and HRG patients, respectively,
which was compatible with the literature.

In the study by Schrappe et al. (5), EFS rates for SRG B-cell
ALL, MRG B-cell ALL, and HRG B-cell ALL, were as 85%, 82%,
and 34%, respectively, in 2178 pediatric ALL patients treated
by the BFM-90 protocol. In the Takahashi et al. (35) study, EFS
rates were found as 87%, 78%, and 65% in SRG, MRG, and HRG
patients, respectively. In 2012, Steel et al. reported a 100% EFS
rate in SRG, a 57% EFS in MRG and a 55% EFS in HRG B-cell ALL
patients, respectively, whereas Koc et al. (17) reported a 76%
EFS in SRG, a 69% EFS in MRG and a 53% EFS in HRG B-cell ALL
patients, respectively. In our study, 5-year EFS for SRG, MRG,
and HRG B-cell ALL patients was found to be 94%, 87%, and
50%, respectively.

In the studies by Bajel et al. (36) and Jabeen et al. (19),
CNS involvement rates in ALL were reported as 6.2% and 11%,
respectively. There were no patients with CNS involvement
in 78 ALL cases reported by Dujua and Hernandez (16). In
our country, CNS involvement rate was reported as 1.4% in
the studies of Hazar et al. (18). In this study, there were no
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patients with CNS involvement at the time of diagnosis among
pediatric ALL patients.

In recent pediatric ALL trials, 5-year EFS and OS for B-cell
ALL is reported as more than 85% and more than 90%,
respectively, however outcomes for T-cell ALL are still 5%-
10% lower than B-cell ALL in most studies (37). Hussein et al.
(29) reported a 5-year OS of 80% in B-ALL and a 5-yea OS of
60.2% in T-ALL. In the study by Schmiegelow et al. (32), 5 years
EFS and OS for B-cell ALL and T-cell ALL were 90% and 66%,
respectively. Horibe et al. (38) reported a 5-year OS of 90% in
B-ALL patients. Takahashi et al. (35) reported a 92% OS in B-ALL
and a 72% OS in T-ALL. In our study, 5-year OS for B-cell ALL
was 83%, which was similar to the literature, whereas it was
88% in T-cell ALL, a high survival rate compared to literature,
probably due to the small number of T-cell ALL cases and the
short follow-up period.

Event free survival for B-cell ALL and T-cell ALL was
reported between 72 and 80% and 47%-62%, respectively,
in various studies (29,35,38). In our country, Orhaner (27)
reported a 70% EFS in B-cell ALL and a 50% EFS in T -cell ALL.
In this study, 5-year estimated EFS for B-cell ALL was 83%, and
was 57% in T-cell ALL. In the T-cell ALL, a high rate of EFS could
not be achieved due to relapse and secondary leukemias.

Study Limitations

There are some limitations to the current study. First, it was
a retrospective study a relatively small number of patients. A
significant part of the patient data was obtained from patient
files. Second, the follow-up time is short. Despite these
limitations, we believe that this study’s results are important

in terms of being the first study of our pediatric hematology
and oncology clinic to reveal treatment and toxicity outcomes
in patients with ALL.

Conclusion

This study showed that the acute toxicity rate associated
with childhood ALL treatment in our center was low with the
current median follow-up period. The survival of children
with ALL who were classified in standard and intermediate
groups were good. However, the current study’ results should
be confirmed in a larger patient population and in a longer
follow-up period.
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