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Summary: The aim of this trial was to decrease the incidence of
life-threatening infections by decreasing the dose and the duration of
dexamethasone treatment during maintenance therapy. This was a pro-
spective, nonrandomized trial of low-risk acute lymphoblastic leukemia
patients 1 to 18 years of age who were treated at the Children’s Cancer
Center of Lebanon (CCCL). Patients consecutively diagnosed between
2002 and 2013 were divided into groups 1 and 2 receiving total dex-
amethasone doses of 1144 and 618mg/m2, respectively. A total of 84
patients were assigned to group 1 and 33 patients to group 2. The 5-year
cumulative incidence of isolated central nervous system relapse increased
from (n=0% [95% confidence interval: 0%-4.4%]) in group 1 to 9.1%
[95% confidence interval: 3%-23%]; P=0.021) in group 2. Decreasing
cumulative dose of dexamethasone for low-risk childhood acute lym-
phoblastic leukemia patients aiming to avoid serious viral infections led
to a significant increase in isolated central nervous system relapse.
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BACKGROUND
The optimal outcome of acute lymphoblastic leukemia

(ALL) therapy is achieved through an adequate balance between
treatment intensity, disease control, and therapy-related
toxicities.1 In children, intensive risk-stratified treatment proto-
cols have resulted in significant improvement in outcomes, with
survival rates exceeding 90% in most developed countries.2

Efforts are currently shifted toward preventing short-term and
long-term therapy-related toxicities. Infections are among the
most common and serious toxicities during childhood ALL
treatment due to the immunosuppressive nature of most che-
motherapeutic agents used. Since 2002, we adopted the St. Jude
Total XV protocol with minor modifications.3,4 Our interim
analysis in 2012 showed a 5-year overall survival (OS) and event-
free survival (EFS) rates of 88.5% (95% confidence interval [CI]:
77.1%-94.4%] and 78.7% (95% CI: 69.8%-88.4%), respectively.
More precisely, for our low-risk patients, the 5-year OS and EFS
rates were 96.4% (95% CI: 90%-99%) and 92.9% (95% CI:

85.3%-97.7%), respectively.4 Infection is known to be the major
cause of treatment-related mortality.5 Serious viral infections
occurred in 11% of all patients treated between 2002 and 2012
according to the St. Jude Total XV protocol; those included
disseminated varicella (5.4%), cytomegalovirus (CMV) infection
(3.6%), and progressive multifocal encephalopathy (0.9%). Three
of the patients who had fulminant infections belonged to the
low-risk group. Two patients died of fulminant CMV infection
early during the maintenance phase of treatment. One other
patient passed away from disseminated varicella during late
maintenance. The most important predisposing factor to
the development of such infections in ALL patients is the
exposure to high doses of corticosteroids combined with mye-
losuppressive agents.6 Dexamethasone is an essential part of
therapy in most current protocols due to its excellent central
nervous system (CNS) penetration and antileukemic effect.6 The
dose and duration of dexamethasone treatment vary across
clinical trials.3,7 Until 2013, our protocol included intensive
monthly dexamethasone pulses during reinduction and during
continuation therapy for a total of 100 weeks. As of 2013, and in
an attempt to decrease the incidence of treatment-related serious
infections, our institution implemented a decrease in the dose and
duration of dexamethasone during continuation therapy.

METHODS

Aim
The main aim of this trial was to decrease the incidence

of treatment-related serious infections while maintaining the
OS and EFS rates of the historical control patients.

Patients and Study Design
This is a historical control study of consecutive patients

diagnosed and treated for low-risk ALL between the years 2002
and 2015, 1 to 18 years of age, treated at the Children’s Cancer
Center of Lebanon (CCCL). Historical control patients who
completed therapy before June 2013 and patients on therapy
who completed more than half of their planned maintenance
dexamethasone pulses (week 50) by June 2013 were assigned to
group 1. Patients who were diagnosed between June 2013 and
January 2015 and those who had received less than half of their
planned maintenance dexamethasone pulses (week 50) by June
2013 were assigned to group 2.

The study was approved by the Institutional Review
Board at the American University of Beirut. Written informed
consents were obtained from parents or guardians, as appro-
priate. Patients were stratified into 1 of 3 risk groups: low,
intermediate, or high risk, as per the St. Jude risk stratification
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criteria adopted by the St. Jude Children’s Research Hospital.
This study reports only low-risk patients with B-precursor
ALL (patients 1 to 9.9 y of age with white blood cell count at
diagnosis <50×109/L), or a DNA index of > 1.16 or
ETV6-RUNX1, and should have had minimal residual disease
(MRD) on day 15 of induction of <1% (by flow cytometry or
molecular studies) and <0.01% blasts on remission date on
day 43 of induction (flow cytometry or molecular studies).
They should not have had CNS 3 status, T-cell ALL,
TCF3-PBX1 (E2A-PBX1), Philadelphia chromosome, or
BCR-ABL, or KMT2A (MLL) rearrangement.

Treatment Protocol
Our treatment protocol is adopted from the St. Jude Total

XV therapy.3,4 It consists of 3 main phases: (1) remission
induction, which includes the following chemotherapeutic
agents: prednisone, asparaginase, vincristine, daunorubicin,
cyclophosphamide, cytarabine, and 6-mercaptopurine for 6
weeks, (2) consolidation which consists of 4 cycles (2 weeks each)
of high-dose methotrexate, infused intravenously over 24 hours
at a dose of 2.5 g/m2 in addition to 6-mercaptopurine at a dose of
50mg/m2, and (3) continuation for 146 weeks for male individ-
uals and 120 weeks for female individuals with patients receiving
weekly methotrexate and 6-mecraptopurine in addition to vin-
cristine and dexamethasone pulses every 4 weeks until week 100
of maintenance phase. Two intensive phases, termed “reinduc-
tions” are given during weeks 7 to 9 and 17 to 19 of continuation
therapy. They include 9 doses of asparaginase and 2 dex-
amethasone pulses (every other week) in every reinduction phase.
After stopping vincristine/dexamethasone pulses, patients receive
methotrexate and 6-mercaptopurine until the end of therapy.

For CNS-directed therapy, triple intrathecal chemo-
therapy was used. Depending on the presenting patient char-
acteristics, patients with low-risk disease received 13 to 18 triple
intrathecal treatments as per St. Jude Total XV protocol.

Intervention
For all low-risk patients diagnosed after June 2013,

dexamethasone dose was decreased from 8 to 6mg/m2/d
(cumulative dose of dexamethasone was decreased from
1144 to 618 mg/m2), vincristine dose was decreased from 2
to 1.5 mg/m2/d, and 1 doxorubicin dose of 30 mg/m2 was
removed from reinduction 2. Dexamethasone and vincris-
tine pulses were stopped at week 69 instead of week 100 of
continuation therapy. For patients on therapy who had not
reached week 69 of continuation; dexamethasone and vin-
cristine pulses were stopped at week 69, and doses were
decreased by the same previously mentioned ratio starting
June 2013. For patients who had completed 69 weeks of
maintenance therapy but did not reach week 100 by June
2013, dexamethasone and vincristine pulses were stopped.

Patient Groups for Analysis
Historical control patients who completed therapy before

June 2013 and patients on therapy who completed more than
half of their planned dexamethasone pulses (week 50) by June
2013 were assigned to group 1. Patients who were diagnosed
between June 2013 and January 2015, and those who had
received less than half of their planned dexamethasone pulses
(week 50) by June 2013 were assigned to group 2.

Outcomes Measured
We aimed to monitor the overall incidence of life-

threatening infections, including varicella, disseminated CMV
infection, and progressive multifocal encephalopathy, in

addition to the cumulative incidence of CNS and/or bone
marrow relapse, besides OS and EFS rates.

Statistical Analysis
OS was calculated from the date of diagnosis until death

due to any cause. EFS was defined as time from diagnosis until
the incidence of bone marrow or CNS relapse, or death due to
any cause. χ2 test was used for relapse analysis. OS and EFS
analysis were calculated using Kaplan-Meier estimator. A
P-value <0.05 was considered significant. Analysis was con-
ducted using SPSS for Windows.

RESULTS

Patients
A total of 84 patients were included in group 1, 77 of

whom received the original dose until week 100, and 33
patients in group 2, 25 of whom received the lower dose
from the start until week 69 of maintenance. There was no
difference in baseline characteristics of patients in the 2
groups (Tables 1 and 2).

Isolated CNS Relapse
The 5-year cumulative incidence of isolated CNS

relapse increased from N= 0, 0% (95% CI: 0%-4.4%) for

TABLE 1. Baseline Patient Characteristics

Patient Characteristics Total, n (%)

Age at diagnosis (N= 117) (y)
1-9.9 108 (92)
≥ 10 9 (8)

Sex (N= 117)
Male 59 (50)
Female 58 (50)

iWBC (N= 112)
< 10,000 65 (58)
10,000-50,000 44 (39)
> 50,000 3 (3)

iWBC indicates initial white blood cell count.

TABLE 2. Baseline Patient Characteristics Per Group

n (%)

Patient Characteristics Group 1 (N= 84) Group 2 (N= 33)

Age at diagnosis (y)
1-9.9 79 (94) 29 (88)
≥ 10 5 4

Age (mean) (y) 5 5.4
Sex
Male 44 (52) 15 (45)
Female 40 (48) 18 (55)

iWBC (N= 112)
< 10,000 46 19
10,000-50,000 35 9
> 50,000 1 2
iWBC (mean) 13,517 16,263

CNS status
1 84 (100) 33 (100)
2 0 0
3 0 0

CNS indicates central nervous system; iWBC, initial white blood cell
count; WBC, white blood cell.
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group 1 to N= 3, 9.1% (95% CI: 3%-23%) for group 2
(P= 0.021). The mean cumulative dose of dexamethasone
was 1114.12 mg/m2 in group 1 and 634.12 mg/m2 in group 2
(P< 0.001). The cumulative dose of dexamethasone received
by the 3 patients who developed isolated CNS relapse was
744, 666, and 618 mg/m2, respectively. The isolated CNS
relapses occurred at weeks 74, 95, and 116 of maintenance
therapy. None of the patients had an initial traumatic
lumbar puncture or CNS status 2 or 3. Two of the patients
who developed CNS relapse are currently in remission after
receiving craniospinal radiation and systemic second-line
therapy. The third patient received cranial radiation only in
addition to systemic second-line therapy but has since
developed 2 subsequent CNS relapses. He is currently doing
well after receiving chimeric antigen receptor T-cell therapy.
A brief summary of the patients with isolated CNS relapse
can be found in Table 3.

Bone Marrow, Testicular, and Combined Relapse
The 5-year cumulative incidence of bone marrow

relapse was N= 3, 3.6% (95% CI: 1.2%-10%) for group 1
and N= 0, 0% (95% CI: 0%-10%) for group 2 (P= 0.27).
None of the patients in both groups had combined bone
marrow and CNS relapse. None of the patients in both
groups developed testicular relapse.

Serious Viral Infections and Infection-related
Mortality

None of the group 2 patients developed disseminated
varicella, disseminated CMV infection, or progressive multifocal
encephalopathy. The 5-year cumulative incidence of infection-
related mortality was N=3, 3.6% (95% CI: 1.2%-10%) for
group 1 and N=0, 0% (95% CI: 0%-10%) for group 2
(P=0.27). Two patients from group 1 died of fulminant CMV
infection during early maintenance phase of treatment. One
other patient passed from disseminated varicella during
late maintenance. Moreover, one more patient developed
progressive multifocal leukoencephalopathy late during main-
tenance and survived with long-lasting neurologic deficit. Three
total deaths occurred in group 1 of this study. All infection-
related mortality occurred before week 69 of maintenance.

Survival
The 5-year OS rate was 96.4% (95% CI: 90%-99%) for

group 1 and 100% (95% CI: 89.6%-100%) for group 2
(P= 0.27). The 5-year EFS rate was 92.9% (95% CI: 85.3%-
97.7%) for group 1 and 90.9% (95% CI: 76.4%-97.8%) for
group 2 (P= 0.52) (Fig. 1).

DISCUSSION
The improved OS rates for children with ALL over the

past few decades have turned the interest of researchers and
clinicians into optimizing the intensity of ALL therapy while
maintaining a fine balance between chemotherapy efficacy
and toxicity. Previous studies have shown that reducing
chemotherapy doses results in a major decrease in infection-
related mortality.8

Lately, multiple studies have tried to reduce the intensity
of the chemotherapy regimen given and evaluated the result-
ing OS and EFS. Our study had a similar approach. We
aimed at finding a steroid dose during maintenance phase that
was enough to prevent disease relapse yet cause less systemic
immunosuppression and thus less life-threatening infections.
Such infections in patients treated for ALL remain a huge
concern in middle/low-income countries where universal TA
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immunization programs do not exist, patients are malnour-
ished, live in lower hygienic standards, and have less access to
health care facilities.3,9,10

Patients in our reduced treatment arm received lower
doses of doxorubicin, vincristine, and dexamethasone.
Asparaginase doses did not differ between the 2 groups.
Both doxorubicin and vincristine have poor blood-brain
barrier penetration abilities.11,12 In light of this, and with the
high CNS bioavailability and lympholytic effect of dex-
amethasone giving this drug its protective role against CNS
relapse in ALL treatment, we suspect that dexamethasone
reduction is the leading cause of increased CNS relapse in
our trial.6,13 Cumulative dexamethasone dose was reduced
by 46% compared with the historical control group. Our
study showed a 5-year OS of 100% (95% CI: 89.6%-100%)
and EFS of 90.9% (95% CI: 76.4%-97.8%) in group 2
receiving a lower cumulative dexamethasone dose that were
not significantly different than both OS and EFS in group 1.
This is also comparable to the OS (98.7 ± 1.3%) and EFS
(95.4 ± 2.6%) reported in the literature.4 However, the inci-
dence of CNS relapse of 9.1% (95% CI: 3%-23%) in the
group receiving lower doses of dexamethasone was alarm-
ingly high compared with the incidence of CNS relapse (0%
[95% CI: 0%-4.4%]) in the group receiving higher doses of
dexamethasone and with that reported in the literature
(3.9 ± 2%).4

The 3 patients who developed isolated CNS relapse
had none of the predisposing risk factors for higher inci-
dence of CNS relapse.9 None had a traumatic lumbar
puncture nor blasts in the initial cerebrospinal fluid study.
Only 1 of the 3 patients was > 6 years old at diagnosis. In
addition, none of the 3 patients had the more favorable
prognostic factors of ETV6-RUNX1 translocation or
hyperdiploidy (DNA index > 1.16).

Receiving a lower dose of dexamethasone decreased the
incidence of life-threatening infections in our population;
however, the results were not statistically significant. None of
the patients in the second group had a serious life-threatening
infection compared with 3.6% (95% CI: 1.2%-10%) in the first

group. Reported infection-related mortality is even higher in
Middle-Eastern countries such as Egypt.14,15 Successful
decrease in chemotherapy would hence be attractive in such
middle to low-income countries to decrease both treatment
complications and cost.

The Malaysia-Singapore ALL 2003 study was one of
the first studies to look at the effects of treatment dein-
tensification in ALL patients.16 Patients were classified
according to their presenting clinical and genetic features, in
addition to their polymerase chain reaction—MRD.
Standard-risk patients with MRD <0.01% on day 33 and at
week 12 received a reduced reinduction therapy. Reducing
treatment intensity succeeded in maintaining both 6-year OS
rate and EFS rate at 95.4 ± 3.3% and 93.2 ± 4.1%, respec-
tively. The cumulative dexamethasone dose received in the
deintensified protocol was 560mg/m2. The rate of CNS
relapse in this study was reported to be 1.8± 1.2% in all risk
patients.

The UKALL 2003 is another study that reported suc-
cessful treatment reduction in children with ALL having an
MRD <0.01% at day 29 of induction, and undetectable
MRD before interim maintenance.17 Patients were
randomized to receive either 1 or 2 delayed intensification
courses. These courses included dexamethasone on alternate
weeks. The cumulative dexamethasone dose received by
patients in the reduced therapy arm was 1050 and 1600 mg/
m2 in girls and boys, respectively. Relapse rates were higher
(5.6% [95% CI: 2.3-8.9]) in the reduced treatment arm
compared with the control group (2.4% [95% CI: 0.2-4.6]),
but the difference was not statistically significant. Reported
CNS relapse rate was 2.3% (95% CI: 0.9-5). Schrappe et al18

argued that the 4% noninferiority margin in that study is a
matter of debate.

The ALL10 study from the Dutch Childhood Oncology
Group (DCOG) also adopted therapy reduction based on
MRDmonitoring. Patients with undetectable MRD at day 33
were considered as standard risk and received dexamethasone
dose of 10mg/m2/d for 2 weeks compared with 3 weeks in
the original treatment regimen. The cumulative dose of
dexamethasone received was only 200mg/m2, compared
with 270mg/m2 in the control arm. In addition, the exper-
imental arm also included a decrease in the 6-thioguanine,
cyclophosphamide, cytarabine, intrathecal methotrexate,
doxorubicin, and vincristine doses. This treatment intensity
reduction resulted in 5-year OS and EFS that were reportedly
not inferior to historical results and hence was declared safe.10

The reported CNS relapse rate was 1±0.7%. However, the
cumulative incidence of relapse rate was 6.4±1.85%.
Schrappe et al18 argued that such a high rate compared with
other protocols leaves open the question of whether therapy
reduction was indeed noninferior.

More recently, the results of an International
Randomized Trial (AIEOP-BFM ALL 2000) in standard-
risk pediatric patients showed more relapses in the decreased
delayed intensification treatment regimen arm. Patients were
randomized to receive either the standard protocol II or the
reduced protocol III. In protocol III, the doses were reduced
by 30% for dexamethasone, and by 50% for vincristine,
doxorubicin, and cyclophosphamide. The cumulative dose
of dexamethasone received by the patients in the reduced
treatment arm was 150mg/m2 compared with 210mg/m2 in
the control arm. The 8-year EFS was significantly higher
with the standard regimen compared with the reduced reg-
imen (89% vs. 92%). Similar to our findings, the rate of CNS
relapse was higher (2.2% vs. 1.1%) in the reduced regimen

FIGURE 1. Time to event (CNS relapse). CNS indicates central
nervous system.
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arm.18 Treatment-related toxicity was not significantly
reduced in the reduced regimen arm. Patients with ETV6-
RUNX1 translocation and those between 1 and 6 years of
age performed equally well in both treatment arms.

The rate of isolated CNS relapse in our trial was sig-
nificantly higher than rates reported in all 4 reduced inten-
sity regimens mentioned above. The number of intrathecal
chemotherapy treatments given in the different trials was
comparable. In the modified arms of the Malaysia-Singa-
pore ALL 2003 study, the UKALL 2003 study, ALL10
DCOG study, and the AIEOP-BFM ALL 2000 study, the
cumulative doses of dexamethasone were 560, 1050/1600,
200, and 150mg/m2, respectively. The cumulative dex-
amethasone dose used in our trial was lower than that in the
UKALL 2003 study but higher than the dose received in the
other 3 trials. However, comparing this study to other
studies is not easily carried out due to the different risk
stratification approaches. T-cell patients are not included in
the low-risk group, as per the St. Jude classification.
Moreover, the time points of MRD testing differ between
the trials. For example, the MRD requirements of <1% on
day 15 and <0.01% at the end of induction (day 43) differ
from those used for classifying standard-risk patients in the
BFM, DCOG, Malaysia-Singapore ALL 2003, and
UKALL 2003 studies.

Asparaginase coverage is another factor that can
influence CNS relapse rates. In addition to its role in
depleting asparagine in the CNS, asparaginase is also
known to decrease systemic clearance of dexamethasone.19

Increased clearance of dexamethasone was also shown to be
associated with increased CNS relapse.20 In our study,
asparaginase coverage was 8 weeks for both treatment
groups and hence does not explain the increased rate of
CNS relapse in group 2 patients.

In the context of our treatment modifications applied
to group 2 patients and despite the small number of patients,
of interest in this respect is that there are no differences in
EFS and OS among groups 1 and 2. Speculation for the
reason of the lower number of bone marrow relapses in
group 2 may be the small number of patients or better
experience with the use of antimetabolites according to
weekly performed blood counts during maintenance therapy
in the second era, or that those who were destined to develop
a bone marrow relapse developed an earlier isolated CNS
relapse for which they received more intensified chemo-
therapy and radiotherapy. Whatever the reason is, we hope
that by increasing dexamethasone back to the original dose
may prevent CNS relapse and achieve excellent survival
rates without resorting to radiotherapy.

This study had some limitations. First, the sample size
in both groups is small. Second, it is not a randomized trial
but a comparison with historical controls treated at our
institution. Third, the improved survival and decrease in
infection rates could be due to improvement in the quality
of care at our institution since 2013. In addition, longer
follow-up time of group 2 patients is needed to confirm our
results.

In conclusion, our trial showed that decreasing the
cumulative dose of dexamethasone for low-risk ALL
patients from 1144 to 618 mg/m2 using St. Jude Total XV-
based therapy resulted in a significant increase in isolated
CNS relapse. As treating CNS relapse in middle/low-income
countries such as Lebanon is costly and less effective com-
pared with developed countries, this deintensified protocol
modification was recently abandoned. If longer follow-up of

group 2 patients does not reveal an increased incidence of
bone marrow or testicular relapse, it might be worthwhile to
consider intensification of CNS-directed therapy (eg, num-
ber of intrathecal chemotherapy doses) to prevent CNS
relapse while using lower doses of dexamethasone. Such an
approach may be tempting in low/middle-income countries
where viral infections such as fulminant varicella or reac-
tivation of CMV and hepatitis contribute significantly to
morbidity and mortality.21–23

Future studies targeting very low-risk childhood ALL
subgroups followed later by other low-risk patients will
determine how much therapy deintensification is possible
to maintain excellent survival rates and decrease treatment
burden and toxicity. Such studies may be especially bene-
ficial for low-income and middle-income countries.
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