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Abstract
Objective: This study examlnes the prognostlc

utcomes of Turkish children with newly diagnosed
Modified St. Jude Total XV Protocol, which was
MP) before induction in the original protocol.

iagnosed ALL patients aged 1-18 years received Modified St.

itial HDMP treatment (Day 7). MRD in the bone marrow was measured
uction period. These patients were followed until July 15, 2019.

FS) and overall survival (OAS) rates for all patients were 85.6+2.6% and
steroid good responder rate (<1 000/mm3 absolute blast count in peripheral blood

ved between the two groups in survival rate and infection frequency. EFS and OAS
leukocyte count, age 1018 years at diagnosis, CD20 positivity at diagnosis, and gram-

: notable response rates on day 7 and 15, along with encouraging EFS and OAS outcomes with
ude Total XV in childhood ALL patients underscore the early and high response effect of HDMP.

words: Acute lymphoblastic leukemia, child, survival, prognostic factors

ZET
Amag: Bu ¢alismada, akut lenfoblastik 16semi (ALL) tanis1 almis ve orjinal protokole indiiksiyon fazinin
oncesine yiiksek doz metilprednizolon (YDMP) tedavisi eklenerek modifiye edilmis Modifiye St, Jude Total XV
protokolii ile tedavi edilen ¢ocuk hastalarda sagkalim ve prognostik faktorleri incelemektedir.
Gereg ve Yontemler: 1 Ocak 2008 ile 30 Ocak 2016 tarihleri arasinda 183 yeni tani almig 1-18 yag ALL
hastasina, Modifiye St. Jude Total XV tedavisi uygulandi. YDMP tedavisi, indiiksiyon 6ncesi 7 giin boyunca, 10
veya 20 mg/kg/gilin dozlarinda randomize olarak verildi. Takip eden 7 giin, 5 ve 10 mg/kg/giin ve ardindan 2



hafta boyunca 2 mg/kg/giin olarak uygulandi. YDMP tedavisinin sonunda (7. Giin), periferik kanda

absolii blast sayis1 (ABS) ve kemik iliginde minimal kalint1 hastalik (MKH) ile indiiksiyonun 15. giin ve sonunda
kemik iliginde MKH degerlendirildi. Hastalarin takibi 15 Temmuz 2019°da sonlandirildi.

Bulgular: Tiim hastalar i¢in 5 yillik olaysiz (OSK) ve genel sagkalim (GSK) oranlar1 sirasiyla % 85.6+2.6 ve %
89.2+2.3’tii. Steroide iyi yanit veren (YDMP tedavisi 7. giinde periferik kanda ABS <1 000/mm?) hastalarin
oran1 %88 iken indiiksiyon sonunda tam remisyon %97 hastada kaydedildi. Iki

grup karsilastirildiginda, sagkalim oranlar1 ve enfeksiyon sikliginda anlamli farklilik gozlemlenmedi. OSK ve
GSK, tan1 anindaki 16kosit sayisi, tan1 yasinin 10-18 olmasi, tanida CD20 pozitifligi ve indiiksiyon doneminde
gram negative bakteriyel enfeksiyon ge¢irme durumu ile iliskili bulundu.

Sonuc: Cocukluk ¢agi ALL hastalarinda, Modifiye St. Jude Total XV tedavisi ile, indiiksiyon tedavisinin 7.

15. giinlinde g6zlemlenen dikkate deger yanit oranlari ve tesvik edici sagkalim sonuglari, YDMP nin erken
yiiksek tedavi yanitina katki saglayabilecegini vurgulamaktadir. Indiiksiyon tedavisinin baglangicinda, kisa
stireli, olas1 yan etkileri de en aza indiremek adina 10 mg/kg/giin dozunda YDMP tedavisi uygulanabili

INTRODUCTION

Childhood acute lymphoblastic leukemia (ALL) is the most common cancer in children, with five-yea val
rates reaching 85-90% owing to advancements in risk-stratified treatment protocols andss care(1).
Advances in clinical trials and a deeper understanding of ALL pathobiology enhance ctive risk

classification, directing intensive treatment to high-risk groups and protecting othé
toxicities (2-7)

The primary aim in the induction phase is to maximally eradicate lymp € ssion and prevent
the development of drug resistance. Glucocorticoids have been the backbo i tion treatment of
ALL, used at conventional doses (40-60 mg/m?*/day prednisolone), va ioequivalence’across different
clinical studies (8-11). In our center, high-dose methylprednisolone t P) has been used in patients

with ALL before and during remission induction since 1990, follow
trials, including with patients with acute myeloid leukemia (
of lymphoblasts in peripheral blood has been shown as a goc
In this study, we investigate the effect of different ion on early treatment response and

survival in childhood ALL. Our aim is to contribute t atic approach for enhancing survival rates
and to bolster research on childhood ALL surviv: To,address the efficacy of HDMP and the limited

orticosteroid-dependent reduction
marker for survival (12-15).

experience with diverse treatment protocols, wef€onducted a spective analysis on patients treated with
Modified St. Jude Total XV Therapy at our hos the leading cancer centers in Turkey.
METHODS

Study population

The medical records of 207 newly diaghesed nts with ALL at Hacettepe University Thsan Dogramaci
Children’s Hospital between 1,2 d January 30, 2016 were reviewed. Exclusions comprised
ment at another hospital before admission to our center (n=1), protocol
changes (n=6) and post-di
laboratory, imaging

ethotrexate (MTX) pharmacokinetics. Notably, the original protocol established the safety of
ial radiotherapy (RT) from childhood ALL treatment, and no patient in our study received cranial

tical to the original version (16). (The outlines of remission-induction and the criteria for risk classification
ummarized in Supplementary 1).

Patients were consecutively randomized into Group A (n=65, 36%) or Group B (n=90, 49%), receiving
10 and 20 mg/kg/d HDMP, respectively (max. 1 000 mg/d), for seven days before induction. HDMP doses were
tapered to 5 and 10 mg/kg/d, respectively, in the following week. Both groups then received 2 mg/kg/d MP for
the subsequent two weeks. A third group, Group C, included patients with a high tumor burden
(hyperleukocytosis [>100x10%L] and significant organomegaly) who received lower MP doses (<10 mg/kg/d)
for the first seven days to forestall acute tumor lysis syndrome (TLS). At the end of the HDMP treatment (on
Day 7), the peripheral absolute blast count (ABC) was recorded to assess early treatment response, with



<1x10%L in peripheral blood accepted as a good steroid response. Bone marrow (BM) minimal residual disease
(MRD) was measured on Day 15 and at the end of induction for all patients, and on Day 22 for those with MRD
of 1% or more on Day 15. Poor response was defined as BM MRD >1%, 1%, and 0.01% on Days 15 and 22 and
at the end of induction, respectively.

Morphological assessment, cytogenetic analysis (including classical karyotyping, fluorescence in situ
hybridization , and/or polymerase chain reaction), and immunophenotyping were performed at diagnosis for all
patients. Cerebrospinal fluid (CSF) analysis involved cytocentrifugation and cytological methods to determine
central nervous system (CNS) involvement, categorized as CNS-1 (no detectable blast cells), CNS-2 (<5
leukocytes/ mm?® with blasts and <10 erythrocytes/ mm?), CNS-3 (>5 leukocytes/ mm? with blasts and <10
erythrocytes/ mm?®) and traumatic status (>10 erythrocytes /pL. of CSF with blasts) as per the original protoco
Even if blasts were not observed, we classified patients with erythrocytes in their CSF as traumatic to adher,

the protocol and administered additional triple intratechal treatment.

Immunophenotyping and MRD assessment utilized by flow cytometry (FCM), defining CD positivit
20% expression in leukemia blasts within bone marrow samples. Patients were classified as low, s
high risk after the remission induction treatment according to the criteria in the original protoc
Statistical analysis

Chi-Square and Fisher’s exact tests were used to compare the differences in the distribution
patient subgroups. Survival analysis included event-free survival (EFS), measured fromsdia

Meier analysis with the log-rank test. Variables with p<0.10 in univaria
proportional hazard regression model, using the Enter method to identi
Statistics 22.0 (IBM Corporation, Armonk, NY, USA) was used for a
considered statistically significant.

al analyses, with p <0.05

RESULTS

Initial characteristics of patients

Table 1 details the clinical and laboratory features o t: ¢ disttibution of risk groups was 49% low, 41%
standard, and 10% high risk. CNS involvement (CNS s f iagnosis in 5% of patients. Among these,

>50x10%/L and T-cell leukemia compared to
ely). Additionally, significantly more patients
is had T-cell ALL and CNS-3 status than the group

a significantly higher proportion had an initial le
those without CNS involvement (p=0.014 and
in the group with a leukocyte count of >50x10°

Treatment outcomes
The treatment outcomes of all p.
2. On Day 7 of HDMP, peri
good responders (SGRs).

assessed in 156 of 183 patients; 137 (88%) of whom were steroid
s significantly higher (92%) in those receiving HDMP (Groups A and B)

remission. On the
the end of inducti ally, 6 patients who showed steroid response on the 7th day and had MRD <1% on
s above 0.01% at the end of induction and were treated as high-risk. Among thel3
uesabove 0.01% at the end of induction, 12 were considered to be in morphological
atient was evaluated as refractory ALL. Induction failures occurred due to TLS-related
leukemia (n=1), and fatal infections, comprising acute respiratory distress syndrome

1a (n=2), E. coli sepsis (n=1), and Clostridium sepsis (n=1).

-up, 6 patients classified as low risk and one patient classified as standard risk transitioned to the

e marrow transplantation was performed on a total of 9 patients, comprising 7 high-risk patients and 2
ard-risk patients with BM relapse and recurrent isolated CNS relapse. Among these patients, 3 have died.

ur out of 7 patients with t(9;22) underwent bone marrow transplantation, and all were alive untill the end of
the study period.
Comparison of Groups A and B
There were no significant differences in age, sex, initial leukocyte count, immunophenotype, CNS status at
diagnosis, or risk group classification between Group A and B (p>0.05). Additionally, the proportions of SGRs
on Day 7 and BM FCM-MRD-negative patients on Day 15 and at the end of induction were similar between two
groups (p>0.05) (Supporting Information).



Survival rates
Excluding one patient who died early in induction due to TLS, the 182 eligible patients (median follow-up 6.6
years) achieved a five-year EFS of 85.6% (95% CI, 83-88.2%) and OAS of 89.2% (95% CI, 86.9-91.5%) (Fig.
1). Groups A and B demonstrated similar survival rates (Group A: EFS 87.6%, OAS 89.4%; Group B: EFS
89.2%, OAS 92.2%), while Group C exhibited significantly lower EFS compared to Groups A and B (p=0.043),
though their OAS rates were similar (p=0.435).

Prognostic factors

The age of 10-18 years, an initial leukocyte count of >50x10%1 and t(1;19)(E2A-PBX1) positivity at diagnosis,
along with gram-negative bacterial infections during the induction, were significantly associated with poorer
EFS and OAS in univariate analysis. Standard-risk and CD20-positive patients had significantly lower EFS aj
OAS, respectively, compared to low-risk and CD20-negative patients. Trends toward increased survival for
SGRs on Day 7 and FCM-MRD-negative patients on Day 15 and at the end of the induction were observed,

not significant (p>0.1).
A Cox regression multivariate analysis, using factors with a p-value <0.1 in univariate analysis, indépende
associated age 10-18 years, >50x10°/L leukocyte count, and CD20 positivity at diagnosis as adye
of both EFS and OAS. Gram-negative bacterial infection during induction was also an inde (
poorer OAS (Table 3).

Infections in remission induction

Infections and microbiological causative agents were evaluated during induction. At n episode,
255 episodes in total, during induction was experienced in 148 patients (81%). Th infections were
febrile neutropenia (n=115, 45%), pneumonia (n=38, 15%), and central venous cathct ections (n=255,
9%). The investigation into the relationship between HDMP dosage and v ili ion found no

significant difference between Groups A and B (p>0.05).

DISCUSSION

The five-year EFS of 85.6% and OAS of 89.2% achieved in thi parable to St. Jude Total
Therapy XV (EFS: 85.6%, OAS: 93.5%), and slightly higher, ecent'Surveillance, Epidemiology, and
End Results Program data for patients under 15 treatgd betw 2017 (72%) and other major studies
(9, 10, 17-21). The hallmark of our study is the use o tmentin pre-induction, likely contributing to

our superior survival rates.

Apart from the trials conducted at our institution

in the literature for administering a high steroi

dexamethasone (18 mg/m%/d, or 150 mg/mZ/d)

insensitivity and low glucocorticoid-recep

mg/m?/d), standard-dose dexamethaso
In our study, we observed i catly 1mpact of HDMP, with a higher proportlon of MRD-

ber Cancer Institute protocol 91-01 is the only one
ction. Similar to our study's findings, high-dose
reater bone marrow response, overcoming drug

s high-risk compared to SGRs (respectively, p=0.001, p<0.001, p=0.005, p=0.015,
eteen steroid poor responders had negative MRD on Day 15 and at the end of
uggest that observing the efficacy of HDMP by Day 7 might be premature. Furthermore,
eradication of steroid-resistant lymphoblasts with HDMP and the non-identification of the
RD on the 15th and 42nd days could be speculated as the advantageous impact on

acy, side effects, and survival influence of HDMP with conventional steroid doses wasn't feasible, the lower
in Group C patients (irregular dose), who required lower methylprednisolone doses due to concerns about

S from hyperleukocytosis, might offer insights into the effectiveness of HDMP treatment.
Expanding our investigation, we explored infections during induction to assess whether HDMP heightened
susceptibility. While this study couldn't directly compare infection frequencies between HDMP and conventional
steroid doses, a prior study at our center found no difference (28). Infection rates during induction vary widely
across studies, ranging from 52% in Jude Total XV to 80% in the Pediatric Oncology Group protocol by Lillian
et al. The most common infection, acute neutropenia, and bacterial agents isolated were consistent with those in
the original protocol (29, 30). Our relatively high infection rate (81%) might be attributed to factors such as port



placement in all patients (12.5% with port infections), housing leukemia follow-up patients alongside those
hospitalized for other conditions due to the absence of a dedicated hematology service at our center during the
study, and limited facilities and intermittent construction in our hospital.

The current study revealed age (10-18 years) and leukocyte count (>50x10%L) at diagnosis, well known
prognostic factors, significantly impacted EFS and OAS. The lower survival rates among adolescents lack a
definitive explanation, but studies suggest several contributing factors. This age group tends to exhibit fewer
favorable prognostic genetic factors, such as hyperdiploidy and t(12;21) (ETV6-RUNX1), while showing higher
prevalence of unfavorable ones like BCR::ABL1 and iAMP21. Additionally, post-induction MRD burden tends
to be higher among adolescents, and they experience more treatment-related complications such as pancreatitis,
thromboembolism, steroid-induced diabetes mellitus, and osteonecrosis. These disparities may be attributed t
age-related changes in drug pharmacokinetics and pharmacodynamics. Alternatively, they could be associa

with poorer treatment adherence in adolescent patients compared to younger cohorts (31, 32).

In our study, t(1;19)(E2A-PBX1) emerged as the sole poor genetic prognostic marker. Two of the fous
with this marker died due to sepsis in the maintenance period and BM relapse. While prior studies
poorer outcomes, recent research revealed no impact on outcomes, although it might still be assoc

(ETV6-RUNX1), and hyperdiploidy did not significantly affect EFS or OAS in our study, p
genetic specifics of a small number of patients.

It’s intriguing that CD20 positivity emerged as a predictor of adverse events and dea
al. found shorter EFS in CD20-positive patients, but later studies suggest that CD
prognosis (34, 35). Additionally, Ou et al.'s meta-analysis revealed no
heightened relapse risk, in CD20-positive patients (36). Surprisingly,
13% of CD20-positive patients in our study. CD20 expression often sig
leading to the incorporation of rituximab, a monoclonal antibody targe regimens for
adults with B-cell precursor ALL (37). In future studies, the prognost D20 positivity, its correlation
with other factors, and potential therapeutic options, can be exploted in atient cohort.

al'rate in pediatric ALL (EFS 88.2%
[95% CI, 84.9-91.5%] and OAS 94.1% [95% CI, 91 8). Despite reduced CNS relapse and
increased EFS in St Jude Total Therapy Study X VI, rate matched that of Total Therapy Study XV. The
ALL IC- Berlin-Frankfurt-Munster (BFM) 2002 stud o and 82+1% EFS and OAS, respectively
(17). Senay et al. applied the modified St Jude T using HDMP therapy alongside a multiple
chemotherapy regimen during induction, not b a 5-year EFS and OAS of 78.3% and 80%,
respectively (39). Hazar et al. reported 8-year rates of 63.2% (95% CI 54.4-72.0) and 72% (95%
CI 63.6-80.4), respectively, whereas Ko 2-year EFS and OAS of 75.0% and 80.6%,
respectively, based on their experienc M 95 protocol (40, 41). Our promising EFS and OAS
rates achieved with the modified St J al in childhood patients with ALL surpass those seen in the
protocols conducted by promin ent our country and major study groups worldwide (10, 18, 40-42).

ay not affect

, associated with
nts were observed in
in adult ALL,

CONCLUSION
This manuscript significan
factors in a large pediatni

to the literature by revealing favorable survival rates and prognostic
opulation. The high early response in induction using HDMP appears pivotal
induction steroid treatment is not applied in other major protocols, except for
es in BFM protocols (43). In conclusion, integrating short-term HDMP therapy into
ase seems viable. Our study revealed no significant variance in survival rates

d HDMP doses. Hence, initiating treatment with the lower dosage during the first
ppropriate to reduce potential side effects.
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Abbreviation Meaning
ALL Acute Lymphoblastic Leukemia
AML Acute Myeloid Leukemia
EFS Event-Free Survival
OAS Overall Survival
HDMP High-Dose Methylprednisolone
HDMTX High-Dose Methotrexate
RT Radiotherapy
BM Bone Marrow
MRD Minimal Residual Dise
CSF Cerebrospinal fluid
CNS Central Nemfious System
FCM
HSCT ation
SGR
TLS
BFM
CD
ABC
e 85.6:2.6% (95% CI,

) ) ] ) ) 108 120 1=
Months after diagnosis

i

89.2£2.3% (95% CI, 86.9-91.5%)

R T RTINS R

° 12 24 %

48 & 72 [ s 108 120 132

Months after diagnosis




TABLE 1 Presenting Clinical and Biological Patient Features

Characteristics No. (%) Patients MeanSD MedianSD
Age at diagnosis, yrs 6.7+ 4 53 (1-18)
1-10 140 (76)
>10 43 (24)
Sex
Male 108 (59)
Female 75 (41)

Complete blood count, at diagnosis

Hemoglobin (g/dL) 8.6+2.2
Leucocyte (x10°/L) 45.6+91.
Platelet (x10°/L) 4.4+117.6
Involvement of systems
Hepatomegaly
Lymphadenopathy
Splenomegaly
Skeletal system involvement
Skin involvement 2(1)
Testicular involvement (0.5)
CNS status
CNS-1 118 (65)
8 (4)
9(5)
47 (26)
13/68 (19)
12/84 (14)
Hyperdiploidy 7/68 (10)
%(9;22) 7/138 (5)
KMT2A rearrangements 6/48 (12)
t(1;19) 4/65 (6)
Trisomy 21 3/163 (2)




TABLE 2 Treatment Outcome According to Selected Clinical and Biologic Characteristics

Characteristics No. 5-Year Ev.ent- D 5-Year .Overall D
Patients Free Survival Survival%
% (95% CI) (95% CI)
Age at diagnosis, yrs
1-10 140 89.9 0.003 92.6 0.00
>10 42 70.8 77.6
Sex
Male 107
Female 75
Leukocyte count (x10°/L)
>50 34
<50 148
Immunophenotype
B-lincage 167
T-lineage 15
CD20 positivity at
diagnosis
Present 68 7 0.080 81.9 0.021
Absent .0 93.5
Genetic abnormality
Hypodiploidy
Present 3 83.3 0.748 83.3 0959
Abse 55 81.8 86.8
Hyperdi
resen 7 85.7 0.730 85.7 0.895
61 81.7 86.2
CR:: 1
Present 7 100.0 0283 100.0 0372
Absent 131 85.3 89.8
KM T2A rearrangement
Present 6 83.3 0.862 100.0 0408
Absent 42 83.3 90.3




TABLE 3 Independent Risk Factors for Major Adverse Events or Deaths

Major Adverse Events No. patients Hazard Ratio (95% CI) p value

Age at diagnosis, yrs

1-10 140 1.0 0.007
>10 42 5012 (1.541-16.302)

Leukocyte count,

(x10°/L)
>50 34 5980 (1.484-24.101) m
<50 148

CD20 positivity at

diagnosis
Present 68
Absent 110

Death

Age at diagnosis, y1s

1-10 140
>10 42 6.735(1.395-32.524)
Leukocyte count,
(x10°/L)
>50 4 5934 (1.397-25.204) 0016
<50 1.0

CD20 positivity at
diagnosis

68 3.786 (1.304-10.993) 0.014
110 1.0
indu
resent 24 4449 (1.205-16.428) 0.025

Absent 158 1.0






