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Abstract

Background When developed countries are considered; in the treatment of childhood acute lymphoblastic leukemia (ALL), the
survival rate has reached 90% in recent years. We aimed to examine the survival rate and the factors that may affect this rate,
especially in our patients treated with the ST Jude Total Therapy XV protocol. Procedures Pediatric patients aged 1-18 years,
who were treated at our hospital and completed their treatment between January 2011 and December 2018, and only pre-B and
T-cell leukemias treated with the St Jude Total Therapy XV protocol were included in the study. Results The 5-year event-free
survival (EFS) and overall survival (OS) were 78.3% and 80%. We observed that some factors that affect survival, such as
gender, blastic type, risk group, and number of WBCs, did not affect survival in our study. Even though it is known that the
female gender has better EFS, in our study, the survival of girls was found to be lower than boys. Tragically, we observed that
the most common cause of death (20/23, 87%) was infection and infection-related causes. Conclusions The primary purpose
of the St Jude Total XV treatment protocol is to monitor minimal residual disease (MRD) and to guide treatment according
to MRD results. It is also the removal of radiotherapy from treatment protocols by adding additional intra-thecal treatments
(ITT). However, unfortunately, if we cannot protect our patients from infection and other related factors, the factors that make
a difference in treatment become meaningless.

Outcomes of childhood acute lymphoblastic leukemia treated with the modified St Jude Total
Therapy XV Protocol: a single-center experience in Turkey

Introduction:

Acute Lymphoblastic Leukemia (ALL) is the most common type of cancer in childhood. In recent years,
new potential therapeutic targets have been found to understand leukemogenesis’s genetic and molecular
structure better. Options such as new generation monoclonal specific antibodies, bispecific antibodies, small
molecule inhibitors, chimeric antigen receptor (CAR) T-cells have been added to treatment protocols.[1]
By evaluating pharmacokinetic and pharmacodynamic properties, survival in ALL patients has increased to
90% in developed countries with personalized treatment methods. In the United States, an average of 3000
children are diagnosed with ALL every year, and long-term survival has increased to 85%-90% with cur-
rent treatment methods.[2-5] The interaction of study groups and the development of increased risk-adapted
treatment protocols over time, the addition of delayed intensification with vincristine, L-asparaginase, dex-
amethasone, and high-dose or escalating-dose methotrexate significantly improved the prognosis.[6-9] With
the addition of imatinib-mesylate to treatment int(9:22) BCR-ABL positive (Ph-positive) leukemias, 5-year
survival in Ph-positive ALL patients has increased from 27% to 80%.[10]
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As a result, the struggle and the point reached in pediatric ALL treatment from the 1970s to the present
time is a true success story. However, there is still a long way to go. In the last 15-20 years, excellent results
have been achieved with intensive multi-agent chemotherapeutic regimens and risk-adjusted therapy that
includes stem cell transplantation and adequate supportive care for a high-risk subset of patients.[11, 12] In
patients with ALL, levels of minimal residual disease are indicative of the collective effect of leukemic cell
genetics, microenvironment, host factors, and chemotherapy potency on treatment response.[13] The results
of recent studies have shown that minimal residual disease (MRD) can be used to identify patients who can
be successfully treated with low-intensity regimens, as well as those who need intensive therapy to reduce
the risk of relapse.[14] The St Jude Total Therapy Study XV was the first clinical trial to use MRD levels
prospectively during and after remission induction therapy to guide risk-directed treatment.[15] There were
two crucial innovations in the Total Therapy XV study. These are the complete elimination of prophylactic
cranial irradiation and the use of MRD to guide treatment. The use of MRD to guide treatment decisions in
Total Therapy Study XV contributed significantly to the study’s overall results by identifying patients with
poor early treatment response and possibly benefiting from additional intensified treatment.

We used the Total Therapy XV protocol with minimal modification in the treatment of ALL patients in
our center (a university hospital) in Istanbul, the most populous city of Turkey, where the majority of the
patients are low and middle-income groups. In this study, we aimed to present the results of our pediatric
patients treated with modified St Jude Total Therapy XV and examine our mortality rates, causes, and risk
factors.

Material and Method:

Our study included pediatric ALL patients treated with the modified St Jude Total Therapy XV (Total
XV) protocol during January 2011- December 2018, aged 1-18 years, who were diagnosed, and completed
all the treatment in our hospital and followed up without interrupting their follow-up. Patients who were
younger than 12 months of age at the time of admission, biphenotypic feature, had previous diagnoses such
as myelodysplastic syndrome and Fanconi aplastic anemia, had previously received chemotherapy for other
reasons, relapsed ALL patients, patients who did not come for regular follow-ups, continued their treatment
in other centers and the patients who came to our hospital from other centers were excluded from the study.
Again, the study did not include patients with mature B-cell (Burkitt) leukemia with different treatment
protocols.

For the diagnosis of ALL, bone marrow aspiration was performed to evaluate the morphological findings
in the staining of slides with Giemsa. Also, a 10 mL sample was taken from the bone marrow into an
ethylenediaminetetraacetic acid (EDTA) tube, and cell surface markers of the blastic population were studied
with flow cytometry (BD FACSCanto, BD Biosciences USA). Blastic cell populations for over 25% with flow
cytometry were also diagnosed as ALL.

To classify risk groups, FISH and PCR methods were used to analyses and evaluate t(9;22) (q34;q11.2);
BCR_ABL, t(12;21) (p13;q22); TEL-AML1 (ETV6-RUNX1), t(1;19) (q23;p13.3); TCF3-PBX1, t(v;11q23)
(MLL rearranged) regions and chromosome analysis was performed via karyotyping. Patients were classified
initially into three risk groups according to St Jude’s Total XV protocol risk criteria based on patient age
and leucocyte count at baseline and leukemic cell phenotype and genotype. The risk status of the patients
was changed according to the level of minimal residual disease during and after remission induction therapy.
Patients with 1% or higher minimal residual disease on day 19 of remission induction or between 0.01% and
0.99% on day 46 were included in the standard-risk ALL group. Patients with minimal residual disease of 1%
or higher following completion of remission induction or 0.1% or higher on week 7 of maintenance treatment
were included in the high-risk ALL group.

The patients were treated with the St Jude Children’s Research Hospital Total XV protocol [15] with a minor
modification. (The only modification was methylprednisolone 20 mg/kg/day for 7 days, 10 mg/kg/day for the
second 7 days, and 2 mg/kg/d for other days instead of prednisolone 40 mg/m2/day orally in the induction
phase).[16]
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The chemotherapy regimens of all risk groups are summarized in a supplementary file.

CNS prophylaxis consisted of triple intrathecal therapy (MTX, cytarabine, and prednisolone), irrespective
of the CNS status and the risk group; the total doses administered were based on the CNS status and the
risk classification and ranged from 13 to 25. The number of intrathecal therapy doses administered was 13
for LR cases and ranged from 16 to 25 for IR/HR cases. None of our patients had refractory CNS leukemia
and did not require cranial irradiation.

During treatment, all patients were given trimethoprim-sulfamethoxazole for Pneumocystis jirovechii pro-
phylaxis, while patients with invasive fungal infections were given voriconazole prophylaxis until the end of
their treatment. International febrile neutropenia protocols were used during febrile neutropenia periods,
and all patients during febrile neutropenia periods were hospitalized and given broad-spectrum antibiotics
and, if necessary, antifungal and antiviral treatments.[17, 18]

If there is an eligible donor, stem cell transplantation was performed on patients in the HR group or those
with MRD positivity at week 7 on continuation treatment.

MRD studies

Minimal residual disease levels were measured in bone marrow specimens by multiparameter flow cytometry
on days 19 and 46 of remission induction and weeks 7, 17, 48, and 120 (end of treatment for girls) or 146 (end
of treatment for boys) of maintenance treatment. The leukemia markers that were used to study minimal
residual disease by multiparameter flow cytometry are listed in Table 2.

Data of patients were retrospectively collected using the medical records in the electronic file system (MEDIN
HBYS, Erguvan Information Technologies, Turkey) for five years, and age, gender, risk group, cell type,
course of the disease, and follow-up period were recorded electronically (Microsoft Office 2013 package
program Excel, Microsoft USA). Statistical analysis was done with SPSS 20.0 package program (IBM USA).

After finishing their treatment plan, patients continued to follow-up evaluations in the pediatric hematology
outpatient policlinic every month during the first 6 months, every other month for the second 6 months,
every three months for the next two years, every 6 months for five years, and then annually thereafter.

As appropriate, comparisons between categorical variables were carried out using either the Pearson-X² test
or Fisher exact test. The duration of event-free survival (EFS) was calculated from the first day of treatment
to the time of analysis (September 2021) or to the first event (early death, relapse, or death during remission).
EFS and overall survival (OS) rates were estimated using the Kaplan-Meier method, and the survival curve
was arranged in the SPSS 20.0 for Windows (SPSS Inc., Chicago, IL). The Mantel-Cox (Log Rank) test was
used to analyze the factors affecting mortality. A P-value <0.05 was considered statistically significant.

The study was approved by the institutional ethics committee, and written informed consent was obtained
from parents or guardians at the beginning of treatment.

Results:

A total of 115 patients, 70 male and 45 females (male/female: 1.56), were included in the study. The median
follow-up period was 70 months. The gender and age characteristics, the mean initial laboratory values, and
blast cell phenotypes of the patients according to risk groups are summarized in Table3.

One hundred three (89.6%) children had a pre–B-cell phenotype, 12 (10.4%) had a T-cell phenotype. Ac-
cording to the Total Therapy XV risk stratification criteria, 32 (27.8%) children were classified as low risk
(LR), 63 (54.8%) as standard risk (SR), and 20 (17.4%) as high risk (HR).

Treatment Results

All 112 (97.4%) of the patients who completed remission induction therapy and whose BM could have been
investigated at the remission date were in remission. Three (2.6%) children died in the induction period
before the remission date.
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Considering all patients, at a mean follow-up of 68 months (range, 1 to 115 mo), 5-year OS was 80%, (mean
follow-up time 94.5 months, 95% CI 86.5-102), and EFS was 78.3% (mean 93.3 months, 95% CI 85.7-100.1).

Evaluation of survival according to gender showed that 5-year OS was 84.3% in boys and 73.3% in girls
(98.7 months, 95% CI: 89.8-107.6 and 87, 95% CI: 73.9-100.2) 5-year OS rates were 78.1, 81%, and, 80%
for the LR, SR, and HR groups, respectively. 5-year EFS rates were 75.9%, 79.4%, and 78.3% for the LR,
SR, and HR groups, respectively. There was no significant difference between the groups according to the
risk stratification (p=0.95). In the evaluation of survival according to the cellular origin, survival was 80.6%
in the B-cell group (n=103) 95.1 (95% CI 87.3-103), and 75% in the T-cell group (n= 12) (70.8 months,
95% CI 50-91.6) OS was 82.1% in the group with baseline WBC <50,000 cells/mm3 while it was 70% in the
group>50,000 cells/mm3 (n=20). However, there was no statistically significant difference due to the small
number of patients (p=0.1). When we took the threshold value of 100,000 cells/mm3 for the initial WBC
value, the difference became more evident. We observed OS was 82.4% in the WBC <100,000 group (n=102)
vs 61.5% in WBC[?]100,000 cell/mm3 group (n=13) (p=0.56).

When the results were evaluated according to the age of onset, OS was 82.7% in the 1-9.99 age group (n=98)
and was 64.7% in the group over ten years old (n=17). (p=0.07) We attribute the statistical insignificance
of these rates to the low number of patients in the second (>10 age) group. But when we look at the EFS
rates, we see a statistically significant difference in patients over 10 years old. The EFS was 81.6% in the
1-9.99 age group (n=98) and was 58.8% in the group over ten years old (n=17). (p=0.035)

Of the eight patients whose cytogenetic features could not be determined, four died. Although small in
number (n=4), all patients with t (1;19) TCF3-PBX1 mutation survived, while all patients with hypodiploid
(n=3) karyotyping died.

Three (2.6%) of patients had bone marrow relapses. (pre-B or T cell) All of these patients had been treated
with relapse ALL protocols, and one of them had no response to treatment and died due to progressive disease.
In the other two patients, remission was achieved with the relapse protocol, and then stem cell transplantation
was performed. These two patients were still alive for 20 and 48 months after relapsing. Only one patient
(0.87%) developed an isolated CNS relapse, and he was cured with a bone marrow transplantation from his
brother after relapse chemotherapy treatment. Ten of our patients underwent SCT. Four of them were due
to MRD positivity detected on the 46th day.

When the causes of death of our patients were examined, it was seen that 19 of the 23 patients died due
to infection and infection-related complications [three patients (2.61%)] died in the induction phase, and 16
(13.91%) died due to infectious cause while in remission), two patients died due to progressive, disease, and
two patients died due to HSCT complications.

Discussion:

Survival rates in children with ALL have significantly improved over the years. The 5-year survival rate of
93.5% for St Jude’s Total Therapy 15 is an excellent example of the significant advances in treatment.[19]
Especially in High-Income Counties (HIC), risk groups are well defined; nutritional problems are less severe,
supportive care conditions are better, hygienic conditions are more suitable, the ratio of health care personnel
per patient is high, access to drugs is faster than Low-Income Countries (LIC) thus reducing treatment-related
death (TRD, TRM) rate to 1%. Unfortunately, survival rates from low and middle-income countries are not
as reasonable as HIC and range from 30 to 70% for various risk groups [20-22]; and TRD rate is observed at
the level of 11-21%. Poor outcomes may result from lack of adequate supportive care, poor management of
fulminant infections, elevated costs of health care and financial problems, compliance issues, the inability to
apply current standard treatment protocols, and host factors.

Our results showed that the high remission and low relapse rates of our patients are pretty satisfactory. All
of the patients who completed induction therapy were in remission at the remission date. Only three patients
had bone marrow relapses, and one had CNS relapse. But the high number of patients lost due to infectious
diseases caused relatively low OS and EFS.
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An overlooked point in evaluating treatment efficacy is treatment continuity. Gupta et al., in a meta-analysis
including middle-income countries, have shown that the treatment dropout rate had a wide range of 0-74.5%.
There was not any treatment dropout in our patients.[23]

According to 2019 data, our country is among the Upper Middle-Income Countries (WorldBank -WB).
Due to the location of our hospital, most of our patients come from low- and middle-income segments of
the Turkish population. According to our study results, our patients’ OS, EFS, and TRD results are seen
between developing and developed countries. According to WB 2010 data, 83% of the world’s population
lives in low- and middle-income countries. In these countries, the ratio of the child population to the total
population is also higher than in high-income countries (Low-income 40%, Middle-income: 27%, and high-
income: 17%).[24]

In most clinical studies, boys appear to have worse outcomes than girls when given equal treatment.[25, 26]
However, in our study, OS was 84.3% in boys and 73.3% in girls. (p=0.16). In our study, we found that the
biggest problem that caused the decrease in the survival of our patients was the deaths caused by infectious
diseases while the patients were in remission.

In addition to the risk criteria that predict relapse, measurement of early responses to therapy and the
extent of MRD studies at various time points in induction, consolidation, and continuation can significantly
improve the accuracy of risk assessment.[27] In our study, MRD measurement was performed on days 19 and
46 of remission induction, and on weeks 7, 17, 48, and at the end of the maintenance treatment by using
multicolor flow cytometry, and patients with positive MRD results were referred to SCT.

Yetgin et al.[16] reported that high-dose methylprednisolone (HDMP) has a higher cure rate, prolonged
remission duration, and EFS rate, and higher long-term effectiveness compared to the conventional dose
prednisolone administration used in ALL induction therapy. Therefore, the St Jude Total Therapy XV
protocol was used with this minor modification.

In this study, CNS prophylactic therapy consisted of triple intrathecal therapy without prophylactic cranial
radiation in contrast to previous Total Therapy studies. Previous study results reported that intensive
intrathecal therapy for HR groups eliminated the need for prophylactic cranial radiation.[12] In our study,
only one patient (0.87%) had isolated CNS relapse) Furthermore, this result supports that triple intrathecal
therapy without cranial radiation is very effective as CNS prophylaxis.

When we examined the mortality times of our patients, only three patients (2.61%) died in the induction
phase, and they died due to infectious causes. According to literature data, mortality at the start of treatment
or induction period constitutes one-tenth of all mortality or half of treatment-related mortality.[28] From
this point of view, it is seen that our data is compatible with the literature. Again, as an example of
lower-middle-income countries, Khan et al. from Pakistan published a study that emphasized the induction
period mortality was 20.8% in 48 newly diagnosed patients between 2014-15, and that hemorrhage/bleeding
complications were the cause of death in half of these patients, while infection and related complications
were the cause of death in 40%.[29] This article points out how essential it is to access blood products and
the adequacy of blood centers. In our study, no patient died due to bleeding alone. However, five patients
died (4.35% of all patients, 21.75% of all mortality) due to disseminated intravascular coagulation (DIC)
accompanied by bleeding. These findings were valuable in showing how vital infection prevention is. Diba et
al. published their ALL study in Bangladesh (lower middle income – WB) involving 87 children aged 1-18
years that the cumulative mortality was found to be 29.9%, and the primary cause of death (22/26, 84.6%)
was septicemia.[30]

Infection is not just a problem of LICs. Although the mortality rate is low when examined in HIC, infection,
and septicemia are still the number one cause among the causes of TRD. Lund et al. published a study in
2011 that reported TRD as 3.4% and 3.2% in the NOPHO ALL-92 and ALL-2000 protocols. They pointed
out that the primary reason for TRD was infection (73%).[31] Hao et al. retrospectively analyzed a total of
238 children with ALL who were followed up between 2008 and 2018 and reported 74 deaths (cumulative
mortality 31.1%). The primary reason for this rate, which seems to be relatively high in today’s conditions,

5



P
os

te
d

on
31

Ja
n

20
24

|T
he

co
py

ri
gh

t
ho

ld
er

is
th

e
au

th
or

/f
un

de
r.

A
ll

ri
gh

ts
re

se
rv

ed
.

N
o

re
us

e
w

it
ho

ut
pe

rm
is

si
on

.
|h

tt
ps

:/
/d

oi
.o

rg
/1

0.
22

54
1/

au
.1

70
66

90
34

.4
73

72
05

0/
v1

|T
hi

s
is

a
pr

ep
ri

nt
an

d
ha

s
no

t
be

en
pe

er
-r

ev
ie

w
ed

.
D

at
a

m
ay

be
pr

el
im

in
ar

y.

is infection and related conditions (43.2%). Another interesting result in the same study is that the mortality
of male patients is more than twice as high (73% vs. 27%) compared to female patients.[32] It is known
that mortality is slightly higher in males. However, such a high difference is not reported in the literature.[2,
33-35] In our study, cumulative mortality was 20%, and OS was higher in males, contrary to the literature
(84.3% vs. 73.3%). Another study that finds female gender as a risk factor for TRDs is Lund et al.’s
study.[31]

It is clear that with the increase in income, the conditions of care improve, the access to supportive treatments
becomes more accessible, and the hygiene conditions are of better quality.[31] The effect of income level on
treatment is felt in different regions of the same country. Koc et al., in the article they published in 2013,
found OS 77.4% and EFS 68.9% in the Southeastern Anatolia Region of Turkey, which has a lower income
level compared to the Marmara Region, where our patient population is located. They reported 12.3%
mortality in the remission induction phase.[36] Again, Ozturk et al. reported a 5- and 10-year OS as 85.9%
in their retrospective review of 98 patients treated in Istanbul between 1999 and 2014. Significant causes of
death were found to be infection complications and other TRDs.[37]

Study results of various clinical trial groups are summarized in Table 5.

Physicians, the pharmaceutical industry, scientists, politicians, international health and economic organi-
zations should make childhood ALL a treatable disease without morbidity. Another issue that is at least
as necessary as this should be the policy of equality in health. It is the undisputed right of every child to
have optimal health conditions, treatment, and care services. Ensuring these conditions is everyone’s moral
responsibility. Under the leadership of international organizations such as WHO, IMF, WB, and developed
country managers, we must fight with all our strength to provide all children of the world with the 90-95%
survival rates they deserve in ALL treatment, regardless of their income level.

Conclusion:

Our study results supported the data that performing CNS prophylaxis with triple intrathecal therapy in
pediatric patients with ALL and early recognition of patients with a high probability of relapse with MRD
follow-ups increase patient survival rates. However, improving treatment protocols and early detection of
patients with a high probability of relapse alone are not sufficient to increase survival rates, especially in
developing countries. In order to prevent deaths due to infections in LICs, it is necessary to take social and
economic measures as well as medical studies.

Special thanks: The authors thank the esteemed Dr. C-H Pui for sharing your valuable opinions with us.
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39. Möricke A, Zimmermann M, Reiter A, Henze G, Schrauder A, Gadner H, Ludwig W-D, Ritter J, Harbott
J, Mann G et al: Long-term results of five consecutive trials in childhood acute lymphoblastic leukemia
performed by the ALL-BFM study group from 1981 to 2000. Leukemia : official journal of the Leukemia
Society of America, Leukemia Research Fund, UK 2009, 24:265-284.

40. Harms DrO, Gobel U, Spaar HJ, Graubner UB, Jorch N, Gutjahr P, Janka-Schaub GE, Group ftCS:
Thioguanine offers no advantage over mercaptopurine in maintenance treatment of childhood ALL: results
of the randomized trial COALL-92. Blood 2003, 102(8):2736-2740.

41. Kamps WA, van der Pal-de Bruin KM, Veerman AJP, Fiocco M, Bierings M, Pieters R: Long-term
results of Dutch Childhood Oncology Group studies for children with acute lymphoblastic leukemia from
1984 to 2004. Leukemia 2010, 24(2):309-319.

42. Vrooman LM, Stevenson KE, Supko JG, O’Brien J, Dahlberg SE, Asselin BL, Athale UH, Clavell LA,
Kelly KM, Kutok JL et al: Postinduction dexamethasone and individualized dosing of Escherichia Coli L-
asparaginase each improve outcome of children and adolescents with newly diagnosed acute lymphoblastic
leukemia: results from a randomized study–Dana-Farber Cancer Institute ALL Consortium Protocol 00-01.
J Clin Oncol 2013, 31(9):1202-1210.

43. Gustafsson G, Schmiegelow K, Forestier E, Clausen N, Glomstein A, Jonmundsson G, Mellander L,
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Figure 1: Survival curves of patients according to various characteristics. a) OS 80% b) EFS 78.3 c) WBC group (50.000) (p=0.19) d) WBC 

group (100.000) (p=0.056)  

 

  

Figure 2: Survival curves of patients according to various characteristics. a) Gender (p=0.16) b) Risk group (p=0.94) c) Age group (p=0.07) d) 

Blast type (p=0.67)  
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