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CNS relapse among childhood acute lymphoblastic leukaemia:
Experience from a single oncology centre in Baghdad
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ABSTRACT

INTRODUCTION: Relapse of acute lymphoblastic leukaemia (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 com-
monly affected extramedullary site in ALL.

OBJECTIVE: To determine the percentages of CNS relapse among paediatric patients with ALL and their outcomes and
to find any association between relapse and some demo-clinical features who were treated at the oncology unit of the
Child’s Central Teaching Hospital (CCTH) in Baghdad.

METHODS: A retrospective study included a total of 393 children below the age of 15 years who were diagnosed with ALL
-LI'and -L2 (Precursor B or T cell) type for 6 years from 1%t of January 2013 to 31 of December 2018. We enrolled 317
patients in the study. The following parameters were extracted: sex, age at diagnosis, initial peripheral total WBC count,
ALL subtype (PB cell and T cell), initial CNS involvement, initial traumatic lumbar puncture, associated clinical findings of
CNS relapse, time of CNS relapse and outcome of patients with CNS relapse.

RESULTS: Out of 317 patients with ALL who underwent statistical analysis, 20 of them developed CNS relapse (6.3%)
and 13 (4.1%) had isolated CNS relapse. The age, gender and ALL subtype had no significant association with risk of
CNS relapse in ALL (p-value 0.8, 0.2 and 0.4) respectively, while the initial WBC count, initial CNS involvement, positive
traumatic LP are significantly associated with CNS relapse (p 0.03, 0.007, 0.02) respectively. Very early relapse was
found in 11 (55%) of patients, while early CNS relapse was seen in 9(45%) of them. Five patients (25%) with CNS relapse
were alive while 15 (75%) have died; the mean duration between the time of CNS relapse and the time of death was 3.5
+ 3.04 months. The percentage of survival patients was higher among early CNS relapse patients in comparison to very
early relapse patients but statistically not significant (P= 0.09).

CONCLUSION: The incidence of CNS relapse in ALL patients was (6.3%) and has a bad prognosis. Leukocyte count >
50 x 109/L at diagnosis, initial CNS involvement, and positive traumatic LP seems to be a significant prognostic factor for
CNS relapse in childhood ALL.
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INTRODUCTION

. . . the resulting decreased quality of life.?
Acute lymphoblastic leukaemia (ALL) is the

most common malignancy in children.! The Relapse of ALL is the main cause of treat-
patients with acute lymphoblastic leukaemia ment failure.® It may occur at a single ex-
survive longer and longer, with the rates of tramedullary site or concomitantly with mar-
long time remission of over 80% in children. row relapse.” The CNS is the most commonly
Therefore, increased attention is given to diag- ~ affected extramedullary site in acute lymph-
nose and prevent central nervous system (CNS) ~ oblastic leukaemia® with current prophylaxis,
complications, not only to increase survival, but  1€ss than 10% of ALL patients relapse with CNS

also to prevent neurological deterioration and ~ disease, but in those identified as good-risk;
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this number decreases to 5%.% Some children
such as those diagnosed within the first 12
months of life and those with T cell ALL have
a higher incidence of CNS leukaemia at diag-
nosis.” Patients with CNS leukaemia, however,
which is commonly defined as more than five
leukocytes per microliter cerebrospinal fluid
(CSF) in the presence of lymphoblasts after
cytocentrifugation, suffer from more relapses
with CNS involvement and have a significantly
poorer outcome compared with CNS-negative
patients.®. CNS disease has been associated
with an increased rate of mortality.” CNS leu-
kaemia may result from haematogenous spread
of circulating leukaemia cells from involved cra-
nial bone marrow through bridging veins to the
superficial arachnoids. Haematogenous spread
may occur through migration of circulating leu-
kaemia cells through venous endothelium or as
a consequence of petechial haemorrhages in
case of severe thrombocytopenia.*®

Risk factors at the diagnosis related to sub-
sequent CNS relapse are T-cell immunophe-
notype, presence of high-risk cytogenetic
abnormalities [t (9;22) and t(4;11)], hyperleu-
kocytosis (above 100x 107/L) and overt CNS
leukaemia at diagnosis.'* The symptoms and
signs of clinically overt CNS leukaemia include
headache, nausea, vomiting, lethargy, irritabili-
ty, nuchal rigidity, papilloedema, cranial nerve
involvement and hypothalamic syndrome re-
sults in hyperphagia, pathologic weight gain,
diabetes insipidus, somnolence or behavioural
disturbances. Leukaemic subdural involvement
and spinal epidural leukaemia with spinal cord
compression have been observed.'? Cerebro-
spinal fluid findings for the diagnosis of CNS
leukaemia require the presence of more than 5
WBCs/mm?, identification of blast cells on cy-
tocentrifuge examination. Treatment directed
at the CNS was one of the major advances for
improving survival of ALL during the last dec-
ades; it consists of intrathecal administration of
chemotherapy, high dose systemic chemother-
apy and/or cranial radiotherapy.*®

This study was designed to determine the
percentage of CNS relapse among paediatric
patients with ALL who were admitted to the
oncology unit of the Child’s Central Teaching

Hospital (CCTH) in Baghdad for 6 years; from
1st of January 2013 to 31st of December
2018. Also to determine their outcome, and to
find any association between CNS relapse and
some demo-clinical features

METHODS

Setting and study design: A retrospective case
series study was conducted in 2019 on records
of patients at the oncology unit of the Child’s
Central Teaching Hospital (CCTH) in Baghdad
for 6 years; from 1st of January 2013 to 31st of
December 2018.

Ethical consideration: The study was conduct-
ed in agreement with the recommendations
of the Ministry of Health and it was ethically
approved by the research committee of the
Al-Karkh Health Directorate. Agreement from
the administration of the Hospital to use the
data was taken and consents were taken from
all families for their children to be involved in
this study.

Inclusion criteria: For sake of this study, ALL
was diagnosed when 25% lymphoblast or
more were present in the bone marrow. In all
patients, diagnosis of lymphoblast was based
mainly on standard morphological features of
the leukaemic cells; however, in 15 of them,
the diagnosis was also made by immunophe-
notyping study via flow cytometry on periph-
eral blood/bone marrow aspirate when it was
available. Diagnosis of T-cell leukaemia was
made either by detecting bone marrow (BM)
lymphocytes plus one or more of the following
clinical features age >10 years, high initial WBC
count, mediastinal widening, or initial CNS in-
volvement. Or by immunophenotyping stud-
ies of either peripheral blood or bone marrow
when it is available. Initial CNS involvement
was diagnosed by detection of blasts cells on
CSF cytospin analysis, cranial nerve palsies,
or clinical or radiological evidence of leukae-
mic cells intracranial infiltration. Age and WBC
count, have been used to stratify patients at
presentation into risk stratification; Standard
risk defined as WBC count less than 50 x 10°/L
and age (1 - <10 years) and High risk defined as
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Total fulfilled patients 393

Did not get CR1 /
Induction Death @D
(1)

Loss of follow up

Used other protocols "{
333 )

No initial CSF cytopin {-/v

Total analysed patient 317

Figure 1 | Flow chart of patient loss.

WABC count 50 x 10?/L or greater at any age or
age2 10 years or <1 year with any WBC count
at presentation.

Exclusion criteria: Out of a total of 393 chil-
dren with ALL, 76 patients were excluded from
the study, see figure 1.

Outcomes: A total of 317 patients with ALL
were evaluated for CNS relapse with a mini-
mum of one year follow up. CNS relapse was
diagnosed when patients in 1t complete re-
mission (CR1) had blasts in CSF cytospin anal-
ysis with or without clinical evidence of CNS
involvement like headache and vomiting, me-
ningeal irritation signs, cranial nerves palsies,
seizures and ophthalmological manifestation.

Procedures and data collection: The data were
collected from record files of the patients and
the following parameters were extracted and
analysed: sex, age at diagnosis, initial peripher-
al total WBC count, ALL subtype (Pre-B cell and
T cell), initial CNS involvement, initial traumatic
LP, associated clinical findings of CNS relapse
(e.g., headache, vomiting, meningeal irritation
signs, blurred vision, etc.), time of CNS relapse
and outcome of patients with CNS relapse.

Treatment: We used UKALL protocol-2003 for
the treatment of patients; Regimen A for stand-
ard risk and regimen B for high risk. Patients
with T-cell leukaemia were treated by Ber-
lin-Frankfirt-Muinster 95/ T cell Non-Hodg-
kin Lymphoma/T cell Leukaemia protocol).
Patients who had CNS relapse were treated
with R3 UKALL protocol 2003 with post-in-
duction cranial irradiation (ALL-R3 consisting
of dexamethasone, mitoxantrone, vincristine,
L-asparaginase) except one patient who was

treated with R3 UKALL and did bone marrow
transplantation.

Definitions: Negative traumatic lumbar punc-
ture (TLP -) is defined as red blood cells of =
10/uL with no leukaemic blast cells after cyto-
centrifugation. While positive traumatic lumbar
puncture (TLP+) is defined as a red blood cell
count of > 10/uL with blasts.** Very Early re-
lapse is a relapse that occurs within 18 months
of diagnosis. Early relapse is a relapse that oc-
curs after 18 months of diagnosis but within 6
months of stopping treatment. Late relapse is a
relapse that occurs more than 6 months after
stopping treatment.'®

Statistical analysis: was performed using SPSS
version 22. The P-value is statistically signifi-
cant if below (0.05) using Fisher exact test.

RESULTS

Statistical analysis was done for 317 pa-
tients with ALL, 20 of them developed CNS
relapse (6.3%). Thirteen patients (4.1%) had
isolated CNS relapse while 7(2.2%) developed

Table 1 | Effect of some demo-clinical parameters on develop-
ment of CNS relapse in patients with ALL.

CNS relapse Yes (%) No (%) p value
Age
<1y 1(10) 9(90) 0.8
1-99y 17(6.3) 251(93.6)
210y 2(5.1) 37(94.9)
Gender
Male 14(7.6)  170(92.4) 0.2
Female 6(4.5) 127(95.5)
Initial WBC <50 11(4.5)  229(95.5) 0.03
250 9(11.6) 68(88.4)
ALL subtype
PB cell 18(6) 277(94) 0.4
T cell 2(9) 20(91)

Initial CNS involvement
Non-traumatic LP+ (17)* 4(23.5%) 13(76.5%) 0.007
Non-traumatic LP- (272)*  11(4.1%)  261(95.9%)
Traumatic LP+ (9)* 4(44.4%) 5(55.6%) 0.02

Traumatic LP- (19)* 1(5.3%) 18 (94.7%)

*: The number of patients is written between brackets

CNS: Central nervous sytems, ALL: Acute lymphoblastic leukaemia, WBC: White blood
cell, LP+: Lumber Puncture positive with leukaemia cells, LP-: Lumber puncture negative
with leukaemia cells
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Table 2 | Time of relapse from date of diagnosis

Time of relapse Number %

Very early 11 55
Early 9 45
Total 20 100

Table 3 | Outcome of ALL patients with CNS relapse

Outcome of Patient with NCS relapse Number %

Alive 5 25
Died 15 75
Total 20 100

Table 4 | Relation of outcome to time of CNS relapse

Time of relapse

Outcome Total N P value
Very early N (%) Early (%)

Alive 5 1(9) 4 (44.4) 0.09

Died 15 10 (91) 5(55.6)

Total 20 11 (100) 9 (100)

combined CNS and BM relapse. There is no
association between age or gender of patients
with the risk of having ALL CNS relapse (p-val-
ue 0.8 and 0.2) respectively. Initial WBC, initial
CNS involvement, positive traumatic LP are
significantly associated with CNS relapse in
ALL patients (p-value is 0.03, 0.007, 0.02 re-
spectively), while ALL subtype statistically in-
significant risk factor for CNS relapse (p-value
is 0.4), as shown in table 1.

The time of CNS relapse from the date of
the diagnosis in ALL patients is shown in table
2; 11 of them (55%) had a very early relapse,
while 9 of them (45%) had an early CNS re-
lapse. The mean duration = SD between initial
diagnosis of ALL and CNS relapse was 18.3 +
11.088 months.

The outcome of ALL patients with CNS
relapse, 5 of them (25%) are alive while 15
of them (75%) died. The mean duration = SD
between the time of CNS relapse and time of
death was 3.5 *+ 3.04 months. As shown in table
3.

The percentage of the patients survival with
early CNS relapse was higher in comparison to
a very early relapse patients but statistically
not significant, (P= 0.09). As show in table 4.

DISCUSSION

In our study, out of 317 children diagnosed
as ALL, 20 (6.3%) of them developed CNS re-
lapse and 13 (4.1%) had isolated CNS relapse
while 7(2.2%) developed combined CNS and
BM relapses. Vilmer E et al,* Manera R et al'’
and Xiao P et al'® found that the risk of iso-
lated CNS relapse was 4.2%, 3.0%, and 4.3%.
respectively while the rates of combined CNS
and haematological relapses were 8.3% and
6.0%, respectively.'®Y” Similarly, Biirger B et
al,*? Margolin J et al*? and Der wich K et al?° re-
ported that CNS relapse is less than 10%. The
rate is a bit higher for Saarinen U et al** and
Cancela CS study® who found that Cumulative
incidence of CNS relapse was 9.9 +2% and
11%, while isolated CNS relapse was 4.7 +1%
and 6.8%, respectively. The rate was found to
be much higher for Siddiqui EU et al??, 8 (67%).
AL-Shujairi TA et al*® in a study conducted at
our centre has reported that 76 of his patients
(23.1%) had CNS relapse; isolated CNS relapse
in 42 patients (12.8%) and combined relapse
in 34 patients (10.3%). This discrepancy in the
result might be explained by the differences in
the sample size and the differences in the pro-
tocol used in the treatment of patients with
ALL; we used dexamethasone in the induction
phase instead of prednisolone.

No statistical significance was found be-
tween CNS relapse and the age and gender of
the patients; a finding which was similar to that
of Siddiqui EU et al?? and Saarinen U et al.?!
However, AL-Shujairi TA et al?® found that male
gender and age below 2 years were significant-
ly associated with CNS relapse, P values are
0.005 and 0.032 respectively; a result that may
be linked to the sample size differences.

In the current study, the ALL patients with
initial WBC of > 50000/mm? had a significant
risk for CNS relapse, this is comparable to that
of AL-Shujairi TA et al*® and Cancela CS study®
and Saarinen U et al,?* however Siddiqui EU et
al?? reported that initial WBC count had no sig-
nificant association with CNS relapse.

Effect of ALL subtype on development of
CVS relapse is variables among studies. We
found that it has no statistical significance
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similar to the same results of Cancela.® How-
ever, Saarineen et al?! have reported that un-
expectedly, patients with T-cell ALL did better
than those with Precursor-B ALL, Jeha S et al**
found that children with pre-B acute lympho-
blastic leukaemia (ALL) had a significantly high-
er incidence of CNS relapse, and Pui C-H?° and
Pui C** reported that T-cell immunophenotype
is a risk factor of CNS relapse. Because of the
descriptive nature of our study, it is difficult to
state that this difference between the results
of our study and that of others might be due
to underestimation of T cell leukaemia because
of inconsistent availability of flow cytometry
in our centre or due to mere intensive therapy
that prevents CNS relapse.

In our series a positive traumatic LP is as-
sociated with an increased rate of ALL CNS re-
lapse (P=0.02) is consistent with that of Gajjar
et al's study.'* Hafiz MG et al?® and Biirger B
et al* has reported that Children with positive
traumatic LP status had significantly decreased
event-free survival (EFS), 75%, p=0.003, and
73%, P 0.003 respectively. Covington?” was fur-
ther supports the importance of taking meas-
ures to ensure diagnostic LPs are performed in
a controlled setting under general anaesthesia
with the highest-level practitioner available. A
traumatic tap could introduce circulating blast
cells into the CSF or alter the anatomy of the
dural space that would affect the delivery of
chemotherapy. Anatomical changes to the du-
ral space can affect intrathecal chemotherapy
delivery or penetrance and possibly lead to
higher rates of CNS relapse. A traumatic spinal
tap can also mask CNS disease status.?®

In this study there was a significant associa-
tion between initial CNS involvement and CNS
relapse this finding is consistent with that of
other studies like Biirger B et al,'? Gajjar A et
al,** AL-Shujairi TA et al,>® and Matloub Y et al?*’
who reported that Children with ALL who pres-
ent with CNS disease (CNS3) at diagnosis are at
a high risk of CNS relapse.

In this study, 55% of patients had very early
CNS relapse while 45% of them had early CNS
relapse. The mean duration = SD between ini-
tial diagnosis of ALL and CNS relapse was 18.3
+ 11.088 months. AL-Shujairi et al?® reported

that the mean duration + SD between diag-
nosis of ALL and CNS relapse in patients who
died or still alive was 10.56+7.27 months ver-
sus 20.42+8.50 months, P=0.000041. Siddiqui
EU et al?? reported that the meantime to re-
lapse from diagnosis was 1.3+0.54 years. Mas-
urekar AN et al*®° reported that among 123 ALL
patients with CNS relapse, 20 of them had a
very early relapse, 71 had an early relapse, and
32 had a late CNS relapse. Barredo JC et al®!
in their study found that out of eight patients
with CNS relapse, 5 have a CR1< 18 months,
and 3 patients have a CR1>18months.

Unfortunately in our series, the mortality
rate among ALL CNS relapse patients was 75%.
comparing to ours, Malempati S et al®*? showed
better outcome for patients with CNS relapse.
This study demonstrated that the patients with
early CNS relapse had a high percentage of
survival in comparison to very early relapse pa-
tients but this difference was statistically none
significant, P= 0.09. Whereas a study conduct-
ed by Nguyen K et al*® reported that Five-year
survival rates after isolated CNS relapse were
as follows: early (N=175): 43.5+4.5%, interme-
diate (N=180): 68.0+4.6%, (P<0.0001). The rel-
ative risk of death for patients with early and
intermediate CNS relapses were 3.4-fold and
1.5-fold, respectively.

CONCLUSION

The incidence of CNS relapse in ALL patients
was (6.3%), and still has a very bad prognosis.
a leukocyte count > 50 x 107/L at diagnosis, in-
itial CNS involvement, and positive traumatic
LP seems to be a statistically significant prog-
nostic factor for increased risk of CNS relapse
in childhood acute lymphoblastic leukaemia.
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