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Background: Despite all the advances in the treatment of childhood acute lymphoblastic leukemia, central
nervous system relapse remains an important obstacle to curing these patients. This study analyzed the
incidence of central nervous system relapse and the risk factors for its occurrence in children and adolescents
with acute lymphoblastic leukemia.

Methods: This study has a retrospective cohort design. The studied population comprised 199 children
and adolescents with a diagnosis of acute lymphoblastic leukemia followed up at Hospital das Clinicas,
Universidade Federal de Minas Gerais (HC-UFMG) between March 2001 and August 2009 and submitted to
the Grupo Brasileiro de Tratamento de Leucemia da Infancia - acute lymphoblastic leukemia (GBTLI-LLA-99)
treatment protocol.

Results: The estimated probabilities of overall survival and event free survival at 5 years were 69.5% (+3.6%)
and 58.8% (+4.0%), respectively. The cumulative incidence of central nervous system (isolated or combined)
relapse was 11.0% at 8 years. The estimated rate of isolated central nervous system relapse at 8 years was 6.8%.
In patients with a blood leukocyte count at diagnosis > 50 x 10°/L, the estimated rate of isolated or combined
central nervous system relapse was higher than in the group with a count < 50 x 10°/L (p-value = 0.0008). There
was no difference in cumulative central nervous system relapse (isolated or combined) for the other analyzed
variables: immunophenotype, traumatic lumbar puncture, interval between diagnosis and first lumbar puncture
and place where the procedure was performed.

Conclusions: These results suggest that a leukocyte count > 50 x 10°/L at diagnosis seems to be a
significant prognostic factor for a higher incidence of central nervous system relapse in childhood acute
lymphoblastic leukemia.

Keywords: Central nervous system neoplasms/pathology; Central nervous system neoplasms/
cerebrospinal fluid; Leukemia, lymphoid/epidemiology Spinal puncture; Recurrence; Prognosis; Risk
factors; Child; Adolescent

Introduction

The survival of children with acute lymphoblastic leukemia (ALL) has greatly improved
in the last 40 years with rates of up to 80% among the main referral centers”.

Relapse of ALL is the main cause of treatment failure®. It may occur at a single
extramedullary site or concomitantly with marrow relapse!'.

The central nervous system (CNS) is the most frequently affected extramedullary
site at diagnosis (< 5%) and at relapse (up to 30% to 40%)“. Risk factors at diagnosis
related to subsequent CNS relapse are: T-cell immunophenotype, presence of
high-risk cytogenetic abnormalities [t(9;22) and t(4;11)], hyperleukocytosis (above 100
x 10°/L) and overt CNS leukemia at diagnosis®. Some authors have observed that the
identification of blasts in the cerebrospinal fluid (CSF) at diagnosis, regardless of
the number of cells, is associated with a higher accumulated incidence of CNS
relapse®~9. Other authors have shown a lower probability of event-free survival (EFS)
in patients with traumatic lumbar puncture at diagnosis (= 10 red blood cells per uL)
associated with the detection of blasts®7#).

Treatment directed at the CNS was one of the major advances for improving survival
of ALL during the last decades. It consists in the administration of intrathecal chemotherapy,
high dose systemic chemotherapy and/or cranial radiotherapy”. Nowadays, the majority
of treatment protocols restricts radiotherapy to a small group of patients, based on already
established risk factors®®1%,

Despite all the advances in the treatment of ALL, CNS relapse remains an important
obstacle to curing these patients!?. Patients who relapse have a better prognosis if it occurs as
a first isolated CNS relapse, particularly if there has been a period of remission of 18 months
or more and no previous cranial irradiation had been given>'?,

The study presented herein analyzes the incidence of CNS relapse and the risk factors
for its occurrence in children treated according to the Grupo Brasileiro para Tratamento
de Leucemias na Infancia LLA-99 (GBTLI-LLA99) protocol at the Hematology Service of
Hospital das Clinicas, Universidade Federal de Minas Gerais (HC-UFMG).
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Methods

This study has a retrospective cohort design. The studied
population comprised children and adolescents with a diagnosis
of ALL between March 2001 and August 2009 followed up at
HC-UFMG and submitted to the GBTLI-LLA-99 treatment
protocol™. The study included all under 18-year-old ALL
patients who had not been previously treated.

According to the treatment protocol, the first lumbar
puncture (LP) — with collection of CSF for blast cell analysis
and intrathecal chemotherapy (MADIT: methotrexate, cytarabine
and dexametasone) — should be performed on the first day
of treatment. The procedure was preferably performed in the
institution’s surgical center using general anesthesia. Intrathecal
chemotherapy was intensified for cases with overt CNS leukemia
at diagnosis. Cranial irradiation was limited to patients who were
classified as having a ‘high relapse risk’® and had overt CNS
leukemia at diagnosis.

According to the GBTLI-LLA-99 protocol, overt CNS
leukemia is defined as “leukocyte count in CSF = 5/uL and the
undoubtful detection of leukemic blasts after centrifugation,
or the occurrence of clinical signs, such as cranial nerve palsy,
hypothalamic syndrome or evidence of spinal compression, even
if the leukocyte count in CSF is normal”.

Clinical and laboratory data were collected by a revisit
of patient records and institutional laboratory registers. The
following data were analyzed: age at diagnosis, gender, risk
classification at initial diagnosis [low risk of relapse (LR),
high risk of relapse (HR)], leukocyte count at diagnosis,
immunophenotype, cytogenetics, date and site of first relapse,
date and cause of death, present situation of the patient (alive
and in first remission, alive but having relapsed at least once, or
dead), place of first LP for CSF collection (hospital ward without
anesthesia or surgical center with anesthesia), platelet count at
first LP and platelet transfusion at time of first LP.

Data on first CSF cytological examination were retrieved
for all patients. Patients were retrospectively classified
according to the CNS status and the occurrence, or not, of
traumatic bleeding during LP®":

e CNS 1 — puncture not traumatic (< 10 red blood cells
per uL) and no identifiable leukemic blast cells after
cytocentrifugation;

e CNS 2 — puncture not traumatic (< 10 red blood cells
per uL), <5 white blood cells (WBCs) per uL. with leukemic
blast cells after cytocentrifugation;

e CNS 3 — puncture not traumatic (< 10 red blood cells
per ul), = 5 WBCs per uL with leukemic blast cells after
cytocentrifugation;

e Negative traumatic lumbar puncture (TLP) — puncture
traumatic (= 10 red blood cells per yL) with no leukemic
blast cells after cytocentrifugation;

e Positive TLP — puncture traumatic (= 10 red blood cells
per L) with leukemic blast cells after cytocentrifugation.

Relapses were confirmed by bone marrow aspirate analysis,
CSF analysis or tissue biopsy, according to the site of relapse.
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Possible associations between “traumatic LP” and
categorical variables were analyzed by the chi-square or Fisher’s
exact test. The association with continuous non-Gaussian
variables was analyzed using the Mann-Whitney test. The
Kaplan-Meier method was used to estimate overall survival
(OS) and EFS. Outcome events for EFS were death or relapse.
Patients who did not suffer any of these events were censored at
the time of data analysis. The log-rank test was used to compare
survival curves.

The cumulative incidence of CNS relapse was estimated
according to the method reported by Gray® considering the
presence of competing events at the time of CNS relapse!'®.
For this analysis, treatment failure was classified as: a)
isolated CNS relapse; b) combined CNS and bone marrow
relapse; c) other isolated or combined relapses; d) death
while in remission. Categories ‘a’ and ‘b’ were the events of
interest in this analysis and the remainder (‘c’ and ‘d’) were
considered competitive events. Patients who did not achieve a
complete clinical remission were excluded from the analyses.
The Cmprsk statistics package as part of the R program was
used to compare between the cumulative incidence curves of
CNS relapse (isolated or combined) according to the analyzed
subgroups. This program also tests regression models when
competing risks are involved”. A p-value < 0.05 in relation to
the alpha error was considered statistically significant. In order
to analyze the risk factors for CNS relapse, a competing risks
regression analysis was used”.

The study was approved by the institution’s Research
Ethics Committee. Informed consent was obtained from the
parents or guardians of all the patients who were still being
followed at our institution.

Results

From March 2001 to August 2009, 199 children were
diagnosed with ALL. All of these patients were treated
according to the GBTLI-LLA-99 protocol and were included in
this study. The follow-up period varied between two days and
8.7 years (median: 3.3 years). There were no losses to follow
up in this study. The characteristics of the study population are
summarized in Table 1.

Of the 199 patients, 191 achieved remission (96%). Up to
the time of data analysis, 59 relapses and 55 deaths had occurred
(5 deaths while in remission and 50 related to the disease). The
estimated OS at 5 years for the whole group was 69.5% (+ 3.6%).
The estimated EFS at 5 years for the whole group was 58.8%
(£ 40% - Figure 1) with estimated probabilities of 76.2%
(£ 54%) and 46.6% (+ 53%) for the LR and HR groups,
respectively (p-value = 0.00002).

To categorize the leukocyte count at diagnosis, patients were
divided into three groups. The EFS for the groups of patients with
initial leukocyte counts of less than 10 x 10°/L, between 10 and
50 x 10%/L and more than 50 x 10°/L were 73.2% (= 5.6%), 63 4%
(£7.5%) and 35.1% (= 7.1%), respectively (p-value < 0.00001).

There was no statistically significant difference in the
EFS with regard to age (p-value = 0.45), immunophenotype
(p-value = 0.58) or traumatic LP at diagnosis (p-value = 0.4).
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Table 1 - Characteristics of the 199 patients diagnosed with acute
lymphoblastic leukemia

Characteristic n %
Gender
Male 114 57
Female 85 43
Age at diagnosis (years)
<1 11 55
1t09 132 66.4
> 10 56 28.1
Risk of Relapse Classification/Stratification
Low risk 83 42
High risk 116 58
Leukocyte count at diagnosis x 10°/L (n = 198)
<10 86 434
> 10 to < 50 53 26.8
> 50 59 29.8
Immunophenotyping (n = 194)
B 153 789
T 40 20.6
Biphenotypic 1 0.5
CSF status at diagnosis* (n = 194)
CNS 1 119 61
CNS 2 2 1
CNS 3 0 -
Negative TLP{ 71 37
Positive TLP 2 1
Relapse site (n = 59)
Bone marrow 38 64.4
Bone marrow + CNS 7 119
CNS 11 18.6
Testis 1 1.7
Ocular 1 1.7
Lymph node 1 1.7

*CNS1: puncture not traumatic (< 10 red blood cells per yL) and no identifiable
leukemic blast cells after cytocentrifugation; CNS2: puncture not traumatic (< 10
red blood cells per uL), < 5 white blood cells per L. with leukemic blast cells after
cytocentrifugation; CNS3: puncture not traumatic (< 10 red blood cells per uL), = 5
white blood cells per uL with leukemic blast cells after cytocentrifugation

F TLP = traumatic lumbar puncture
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Figure 1 - Probability of event-free survival for 199 children treated

according to the Grupo Brasileiro de Tratamento de Leucemia da Infdncia -
acute lymphoblastic leukemia (GBTLI-LLA-99) treatment protocol
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The interval between diagnosis and the first LP varied from
two to 33 days (median: seven days). In 77 patients, the first LP
was performed after the first week of treatment. The main reasons
for the delay in the first LP were: hyperleukocytosis (29 patients),
unsuccessful previous attempt at first LP (seven patients), tumor
lysis syndrome (three patients), coagulopathy (two patients) and
chickenpox (one patient). In 35 patients, it was not possible to
determine the reason for this delay.

In 155 patients, data on the place where the procedure was
performed were retrieved. LP was performed without anesthesia
in the hospital ward in 43% of patients (67/155) and with general
anesthesia in the surgical center in 57% (88/155).

The platelet count at first LP was determined in 158 patients and
varied between 1 x 10°/L and 482 x 10°/L (median: 49 x 10°L). In
53% of patients (84/158), LP was performed after platelet transfusion.

Of the 194 patients for whom data on first LP was obtained,
traumatic LP was observed in 38% (73/194) of the cases. These 73
children comprised the traumatic LP group, which was compared
to the 121 children of the non-traumatic LP group. A significant
association between age and traumatic LP was observed; the
median age for those who suffered a traumatic LP was 3.3 years
and for those who did not it was 6.1 years (p-value = 0.0004).

There was no statistically significant difference between
the platelet count in patients who had a traumatic LP and those
who did not (p-value = 0.56). Moreover no association was
found between the leukocyte count at diagnosis and traumatic LP
(p-value = 0.30). Likewise, no association was found when the
leukocyte count at diagnosis was stratified as less than 10 x 10°/L,
between 10 and 50 x 10%/L or = 50 x 10°/L (p-value = 0.31).

There was no association between traumatic LP and the
place where the procedure was performed (p-value = 0.24).

CNS relapse occurred in 18 (9.4%) out of 191 patients who
achieved remission; in 11 it was an isolated relapse. At the time
of data analysis, 12 deaths had been recorded among the group of
patients who had had a CNS relapse. One of these patients was
in remission and died of infectious complications (septic shock).

The cumulative incidence of CNS relapse (isolated or
combined) for the whole group of 191 children was 11.0% at 8 years
(Figure 2). The estimated rate of isolated CNS relapse at 8
years was 6.8% (95% confidence interval — 95% CI: 3.6%-11.5%).
In patients with a blood leukocyte count at diagnosis = 50 x 10°/L,
the estimated rate of isolated or combined CNS relapse was 23.9%;
in the group with a count < 50 x 10/L, the estimated rate was 6.2%
(p-value = 0.0008; Figure 3). The same estimates for isolated CNS
relapse were 15.7% and 3.4%, respectively (p-value = 0.006).

There was no statistically significant difference in cumulative
CNS relapse (isolated or combined) for the other analyzed variables:
immunophenotype (T versus B; p-value =0.71), traumatic or
non-traumatic LP (p-value = 0.52), interval between diagnosis and
first LP (up to seven days versus eight or more days; p-value = 0.88)
and place where LP was performed (hospital ward or surgical
center; p-value = 0.45). A multivariate regression model containing
all the variables analyzed through the univariate model confirmed
that leukocyte count at diagnosis = 50 x 10°/L was the only risk
factor for a higher cumulative incidence of CNS relapse. The risk
of such event in this group increased seven-fold (CI 95%: 2.5-19.8)
when compared to the group with a leukocyte count < 50 x 10%/L.
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Figure 2 - Cumulative probability of isolated or combined central nervous
system relapse in children with ALL. At a 4-year follow-up, a plateau is
observed around 11% (continuous line), with a 95% confidence interval
(hatched lines) between 6.8% and 16.5%.
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Figure 3 - Cumulative incidence of isolated or combined central nervous system
relapse, according to leukocyte count at diagnosis, = 50 x 109/L (hatched line)
or < 50 x 109/L (continuous line). At a 4-year follow-up, a plateau is observed
at 23.9% (95% confidence interval: 12.5%-374%) and 6.2% (95% confidence
interval: 2.7%-11.7%), respectively (p-value = 0.0008).

Discussion

This retrospective study demonstrated the characteristics of
CNS leukemia in children and adolescents with ALL who were
treated at a Brazilian institution according to a multicentric study
protocol, the GBTLI-LLA99 protocol™.

In the present study, none of the patients were classified as
CNS3©. The main explanation for this finding may be the relatively
small sample size of patients. Another possible contributing factor may
be the delay in performing LP in 40% of the patients. In a Japanese
study in which the first LP was set to be performed on the eighth day
of the chemotherapy induction phase, only 0.5% of patients were
classified as CNS3®, The results of both of these studies differ from
most of the literature in childhood ALL, as demonstrated by Table 2.

Evaluation of the incidence of traumatic LP and the risk
factors for its occurrence were two of the aims of this study,
since traumatic LP is known to interfere in the prognosis of
children with ALL™. Traumatic LP at diagnosis occurred in 38%
of patients, which is in accordance with the results of different
Brazilian ALL referral centers'*??. As to international referral
centers, a lower incidence of traumatic LP is observed with rates
varying from 3.4% to 21% at diagnosis®’#'®. Of the studied
factors, low “age” was the only risk factor shown to have an
association with traumatic LP as anesthesia did not reduce the
incidence of traumatic LP.

It should be pointed out that in the initial period of the
study most LPs were performed without anesthesia. Because
the study was carried out in a university teaching hospital many
LPs were actually performed by medical residents. Since, during
the study, new evidence in the literature showed that traumatic
LPs can potentially interfere with the outcome of ALL®7®,
most of the procedures were then performed by an experienced
member of the staff, under general anesthesia.

Despite the large number of traumatic LP at diagnosis, this
was not associated with a worse EFS or increased CNS relapse. It
was unable to determine the effect of positive TLP associated with
the presence of blasts on EFS due to the fact that only two patients
had these characteristics and received intensified intrathecal
chemotherapy so as to minimize the risk of relapse. This was also
the case of the two patients who were classified as CNS2.

As mentioned before, there was a delay in the first LP for
a significant number (40%) of patients; LP was performed more

Table 2 - Comparison between CNS statuses at diagnosis of acute lymphoblastic leukemia among different studies

Author: Number CNS1* CNS2#* CNS3* Negative TLP} Positive TLP}
uthors of Patients n (%) n (%) n (%) n (%) n (%)
Gajjar et al., (2000)” 546 336 (61.5) 80 (14.6) 16 (2.9) 54 (10.0) 60 (11.0)
Te Loo et al., (2006)® 526 304 (57.8) 111 (21.1) 10 (1.9) 39(74) 62 (11.8)
Biirger et al., (2003)® 2021 1605 (79.5) 103 (5) 58 (2.9) 111 (5.5) 135 (6.7)
Hasegawa et al., (2012)"® 754 673 (89.2) 8(1.1) 4(0.5) 6(0.8) 54 (7.2)
Current study 194 119 (61.0) 2(1.0) 0 71 (37.0) 2 (1.0)

*CNS1: puncture not traumatic (< 10 red blood cells per #L) and no identifiable leukemic blast cells after cytocentrifugation; CNS2: puncture not traumatic (< 10 red blood cells per uL), < 5
white blood cells per xL with leukemic blast cells after cytocentrifugation; CNS3: puncture not traumatic (< 10 red blood cells per L), = 5 white blood cells per L with leukemic blast cells

after cytocentrifugation
+ TLP = traumatic lumbar puncture

# CNS1 - 669 patients (88.7%) and CNSs (CNS1 with symptoms due to intracranial infiltrates) - four patients (0.5%)

Rev Bras Hematol Hemoter. 2012;34(6):436-41
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than seven days after the diagnosis of ALL. The main reason for
this delay was the presence of hyperleukocytosis followed by
tumor lysis syndrome and coagulopathy, which shows that these
patients were included in the high relapse risk group or had a
worse clinical status at diagnosis. Nonetheless, the cumulative
incidence of CNS relapse was not influenced by this delay.

The cumulative incidences of CNS relapse (isolated or
combined) and of isolated CNS relapse for the patients in the
present study were higher than the overall results obtained by the
GBTLI-LLA99 multicentric study in which these single-institution
patients are included: 11% versus 6.4% at five years and
6.8% versus 4.7% at five years (preliminary results — personal
communication), respectively. These results are also unfavorable
when compared to those of international referral centers, in which
the cumulative incidence of CNS relapse (isolated or combined)
now varies from 2.0% to 6.8% at five years and of isolated CNS
relapse from 0.4 to 4.5% at five years ?-?,

As to the risk factors for ALL CNS relapse referred to in the
literature (T-cell immunophenotype, hyperleukocytosis, high risk
cytogenetic abnormalities and presence of overt CNS leukemia at
diagnosis) only the immunophenotype and the leukocyte count
atdiagnosis were evaluated in the present study. Although the studied
population had a greater proportion of T-cell immunophenotype
ALL (20.6%) when compared to that reported in the literature
(15%)™, a greater cumulative incidence of CNS relapse was not
shown for these patients when compared to those with a B-lineage
ALL phenotype. Furthermore, the GBTLI-LLA99 protocol did not
determine any different approach to B- or T-cell phenotype ALL
with regard to prophylaxis for CNS leukemia. Hyperleukocytosis
was the only risk factor shown to be associated with a higher CNS
relapse incidence in univariate and multivariate analyses. According
to the treatment protocol used in this study (GBTLI-LLA99),
radiotherapy was limited to patients with overt CNS leukemia
at diagnosis. Withdrawal of prophylactic radiotherapy from the
treatment protocol may have contributed to this result.

The exclusion of prophylactic radiotherapy from the
treatment protocol in ALL, for which there is nowadays ample
supporting evidence in the literature, may not only protect patients
from its well-known deleterious effects but offer the possibility of
salvage therapy for patients who have an isolated CNS relapse and
have not been previously treated with radiotherapy. Withdrawal of
prophylactic radiotherapy may also allow a better understanding
of the risk factors directly related to CNS relapse in ALL. Moreover,
since CNS relapse acts as a competitive event in relation to bone
marrow relapse, preventing it through the use of radiotherapy could
increase the likelihood of marrow relapse, which, in turn, has been
shown to have a worse prognosis®. However, the results of the
present study emphasize the need for adjustments in the treatment
protocol so as to intensify therapy directed to the CNS, especially
for patients with an initial leukocyte count above 50 x 10°/L.

The worse results observed in this study may be related to
several factors, so it is difficult to draw definite conclusions. The major
drawbacks of this study are that it is based on a retrospective analysis
and was undertaken in a single institution. Its main limitations concern
difficulties in reviewing patient records and the relatively small
sample size of the study. It is noteworthy to recall the high incidence
of leukocyte counts (equal to or above 50 x 10%/L) at diagnosis in
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this study (30% of the studied cases) which has been shown to be
associated with a higher CNS relapse rate and lower EES. Therefore,
these results suggest that a leukocyte count of more than 50 x 10%/L
at diagnosis seems, indeed, to be a significant prognostic factor for a
higher incidence of CNS relapse in childhood ALL.

Despite the study population presenting with others
characteristics associated torisk of CNSrelapse, hyperleukocytosis
was the only risk factor shown to be associated with a higher CNS
relapse incidence in univariate and multivariate analyses. These
results point to the need of better identifying the population that
would benefit from more intensified prophylaxis of the CNS such
as patients with leukocyte counts above 50 x 10°/L at diagnosis.
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