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Abstract. – Acute lymphoblastic leukemia 
(ALL) is one of the frequently reported malig-
nancies of childhood age. Earlier it was thought 
to be a fatal pathological state with no cure, but 
with advancements in medicine and science, 
new therapeutic approaches have resulted in 
better management and cure. However, one of 
the major hurdles in achieving a complete cure 
is the relapse of ALL at extra-medullary sites 
like the central nervous system (CNS). The pres-
ent review article is focused on recent diagnos-
tic avenues available for the detection of CNS 
disease during acute lymphoblastic leukemia 
(ALL) in young patients. 
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Introduction 

The acute lymphoblastic leukemia (ALL) is the 
commonest childhood malignancy accounting for 
75-80% cases of leukemia and 25% of all malig-
nancies in children1. The prevalence of ALL in 
under-developed countries, and in poor socioeco-
nomic groups is lower than developed countries. 
Small differences in prognosis are observed be-
tween different races, but the exact mechanisms 
working behind are still not clear. In the United 
Kingdom (UK), approximately 300 children are 
diagnosed with ALL on a yearly basis. The prom-
inent pediatric age of incidence is between 2 and 
3 years and is more common in males in com-
parison to females. Fortunately, recent decades 
have observed a decrease in mortality from ALL 
as 5-year overall survival is now above 90%2. 
However, prognosis in relapsed cases is still poor 
and the majority of children with relapse die due 
to treatment failure or therapy-related complica-
tions3. Overall, leukemia is responsible for 30% 
of cancer-related deaths in children4. The exact 

causes of leukemia are still unknown. However, 
there are few pre-disposing inherited conditions 
and acquired risk factors associated with a high-
er incidence of ALL. Disorders associated with 
chromosomal aneuploidy or instability, such as 
down syndrome, ataxia telangiectasia, and bloom 
syndrome are frequently associated with ALL. 
Similarly, exposure to mutagens such as ionizing 
radiation, benzene or chemotherapy also contrib-
uted towards the spread of this deadly patholog-
ical state. However, the majority of cases occur 
sporadically5. Epidemiologic data point to in-
fections as causal exposure for the development 
of ALL6. Germline single nucleotide polymor-
phisms (SNPs) in patients with ALL and control 
populations have implicated ARID5B, IKZF1, 
and IL-15 genes in leukemia7. The mechanistic 
link between these SNPs and ALL is still unclear. 

Central Nervous System (CNS) 
and Leukemia 

With improving success rates in control of leu-
kemia, central nervous system involvement in ALL 
emerged as a new phenomenon. The longer the pa-
tients lived, the greater the chances of developing 
CNS disease. Between 1948 and 1960, the incidence 
of CNS leukemia increased from 3% to 40% as the 
median survival of patients increased from 4 to 12 
months8. In a series of 126 autopsies on children 
who died of leukemia, almost 60% of the autopsies 
showed evidence of leukemia in the CNS, predom-
inantly the meninges9. The increasing incidence of 
CNS disease was attributed to poor penetration of 
anti-leukemic agents into the CNS. Further, the re-
alization of any improvement in survival rates could 
only be possible with an effective clearance of CNS 
disease. Over the past few decades, survival from 
ALL has improved dramatically. Yet, CNS disease 
continues to pose challenges. 

CNS disease is diagnosed and monitored by mi-
croscopic analysis of CSF. Broadly, there are three 
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main sub classes of CNS disease viz. CNS 3, CNS 
2, and traumatic lumbar puncture (TLP) with blood 
contamination10,11. The majority of children with CNS 
3 disease are asymptomatic. However, some might 
present clinical or radiological signs without leuke-
mic cells in the CSF. Nowadays, a large number of 
researchers are involved in testing novel methods to 
improve the diagnostic accuracy of CNS disease. 

Experimental Methods for Detection 
of CNS Disease 

Several alternative methods to detect sub-clinical 
levels of leukemia in the CSF have been tried and 
only three main approaches have been widely ac-
cepted. The first one is the increasing sensitivity of 
detecting blasts in the cerebrospinal fluid samples. 
The second method involves the indirect estimation 
of CNS leukemia by detecting soluble biomarkers of 
leukemia in the CSF, and the third method involves 
the use of radiological diagnostic methods. 

Immunological Markers of CNS Leukemia 
The immunological markers allowed diagnosis 

of CNS disease with high accuracy. The initial 
studies used terminal deoxynucleotidyl transfer-
ase (TdT) and TdT/CD10 for the staining of CSF 
cytospin preparation12. It resulted in identifica-
tion of approximately 25% CNS disease-positive 
patients. Moreover, TdT staining at diagnosis 
was predictive of a CNS relapse too. Recently, 
multi-color flow cytometry has added to the ac-
curacy of diagnosing CNS disease13. Moreover, 
the appearance of leukemic phenotype during the 
treatment period was predictive of CNS relapse14. 

Detections of CNS Disease by PCR
PCR for clonal Ig/TCR gene rearrangements 

could be used to determine the clonality of leu-
kemic cells in the CNS15. Studies utilizing PCR 
have demonstrated not only a higher incidence of 
CNS disease, but also poor prognosis in CSF PCR 
positive patients. For example, using PCR, in a se-
ries of 37 pediatric ALL patients, 46% were pos-
itive for CNS disease, while morphology could 
only determine 5.4% CNS 3 cases. Moreover, the 
4-year EFS in qPCR positive patients were sig-
nificantly worse than qPCR negative patients16. 
qPCR studies could also be useful in cases sus-
pected of CNS leukemia. Further improvisation 
has been reported by utilization of flow cytometry 
along with qPCR for detection of CNS diseases17. 
So, it is clear that when flow cytometry or PCR 
are used, CNS disease detection rate is quite high-
er as compared to microscopy.

Soluble Biomarkers of CNS Disease 
The malignant cells might release leukemia-as-

sociated soluble factors into the extracellular com-
partment and their levels in the CSF could be an 
indirect measure of disease burden in the CNS. 
Not all soluble biomarkers associated with CNS 
disease are of use in clinical setting, but are able in 
providing clues on disease biology –soluble L-se-
lectin (sL-selectin) is one such biomarker (18). The 
levels of CSF sL-selectin have shown to rise before 
clinical CNS-relapse, peaking at overt CNS relapse 
and declining post-treatment. Soluble Interleukin-2 
Receptor-α (sIL2-Rα) was tested in 19 patients 
with CNS disease and 134 controls patients19. The 
chemokine CXCL13 has also been investigated in 
various CNS malignancies expressed on the tumor, 
host tissue or secreted in the CSF20. CXCL13 and 
IL-10 combined have a diagnostic specificity of > 
99% in primary CNS lymphoma20. Several groups 
have also tested CCL2 and vascular endothelial 
growth factor 1 and 2 (VEGF 1 and 2) in the CSF 
from leukemia and lymphoma patients with in-
conclusive results21. In a study22, sCD19 positivity 
was associated with poor EFS; however, no CNS 
relapse was seen on follow-up. Significantly high-
er CSF osteopontin levels were found in a cohort 
of pediatric patients with CNS relapse compared 
to CNS-negative controls23. Soluble biomarkers of 
disease in the CNS are limited by high false nega-
tive and false positive results.

ALL Treatment 
Understanding of prognostic risk factors and ad-

aptation of risk-adapted therapeutic regimen along 
with improved management of toxicities resulted in 
an excellent survival of pediatric ALL patients. The 
current treatment of ALL typically involves chemo-
therapy given for 2-3 years and is intended to achieve 
cure in patients; therefore, children at a higher risk 
of treatment failure receive more intense and pro-
longed chemotherapy. The majority of patients are 
treated at specialized centers with risk-stratified 
treatment protocols. The core chemotherapeutic 
drugs have principally remained unchanged over the 
last decades. The main classes of drugs used in pe-
diatric ALL include corticosteroids (prednisolone, 
dexamethasone), anthracyclines (Daunorubicin) and 
purine analogs (6-Mercaptopurine). The treatment 
is distributed into different phases spanning over 2 
years for girls and 3 years for boys. 

Remission Induction 
Remission induction includes intensive che-

motherapy for a short period (typically 4 weeks) 
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and is intended to eradicate the bulk of disease. 
Commonly used drugs include a glucocorticoid 
(prednisolone or dexamethasone), vincristine, 
and asparaginase. This drug combination allows 
to targeting of multiple key pathways in leukemic 
cells. High-risk patients might receive addition-
al daunorubicin. BCR-ABL1 ALL patients might 
also receive a tyrosine kinase inhibitor (Imatinib 
or Dasatinib)24. Following induction chemothera-
py, the majority of patients achieve clinical and 
morphological remission (<5% BM blasts, no cir-
culating and CSF blasts, no cerebral mass). MRD 
studies performed at the end of induction period 
are used to assess patient response to treatment 
and re-assign risk. 

Intensification (Consolidation) Therapy
The aim of consolidation therapy is to eradi-

cate any residual disease using a combination of 
chemotherapeutic agents. The combination and 
intensity are dependent upon clinical risk-status 
and MRD results. The drug combinations vary 
in different protocols, but include methotrexate, 
mercaptopurine, asparaginase along with fre-
quent pulses of vincristine and corticosteroids. 
Intensification is typically administered for 10-12 
weeks25. CNS directed therapy is given to elimi-
nate CNS disease. Many protocols include a de-
layed intensification phase consisting of a 3-week 
re-induction and re-consolidation towards the end 
of intensification phase26.

 
Maintenance Therapy

Maintenance therapy is typically given over a 
period of 2-3 years of continuous remission – three 
years for boys while two years for girls25. The main-
tenance therapy includes oral 6-mercaptopurine or 
parenteral methotrexate and targets residual slow-cy-
cling leukemic cells. Therefore, careful monitoring 
of drug toxicities and compliance to drugs is essen-
tial for the whole duration of maintenance therapy. 
Non-compliance to 6-mercaptopurine is shown to 
be associated with significant increase in relapse 
risk27 whereas toxicities might arise in patients with 
deficiency of S-methyltransferase – an enzyme that 
inactivates mercaptopurine.

Bone Marrow Transplant 
A bone marrow transplant is a procedure to 

replace damaged or destroyed bone marrow with 
healthy bone marrow stem cells and is one of the 
often-used methods in ALL patients28. Bone mar-
row is the soft, fatty tissue inside our bones29. A 
bone marrow transplant is a procedure to replace 

damaged or destroyed bone marrow with healthy 
bone marrow stem cells. The risk factors associ-
ated with bone marrow transplant included gran-
ulocytopenia, impairment of barrier defenses, 
impairment of cell-mediated immunity (CMI), 
and humoral immunity. This impairment leads to 
an immunocompromised state, allowing microor-
ganisms to cause infection more easily, even those 
with limited pathogenicity. Patients undergoing 
BMT experience a sequential suppression of host 
defenses, allowing for various infectious process-
es at different phases of the transplantation pro-
cess. Further, the renal dysfunction is the recently 
reported risk factors of bone marrow transplant30.

Allogeneic Hematopoietic Stem Cell 
Transplantation

Allogeneic hematopoietic stem cell transplan-
tation (HSCT) is a treatment strategy for patients 
with hematopoietic malignancies and inborn er-
rors of metabolism or immune-deficiencies. A 
successful clinical outcome depends on many fac-
tors, such as underlying disease, the patients’ sta-
tus, treatment protocol, donor, graft source, and 
occurrence and severity of complications such 
as graft vs. host disease (GVHD) and infections. 
When a patient needs of an allogeneic HSCT, a 
search for a suitable donor begins. The patient and 
his/her siblings are analyzed about their human 
leukocyte antigen type (HLA), the human version 
of MHC. If no suitable related donor is available 
a search for an HLA-matched unrelated donor is 
performed in the international donor registries. 
The hematopoietic stem cells (HSC) from the do-
nor (hereafter called the graft) are collected and 
transported to the patient (recipient). The graft is 
analyzed, sometimes processed, and then admin-
istered to the patient as an infusion. Early after 
the transplantation, the patient is isolated until the 
leukocytes recover. The patient can be treated in 
reversed isolation in the HSCT ward or be given 
conditioning treatment at the hospital followed by 
a monitored treatment period at home according 
to the home care program31,32. 

The risk of complications after allogeneic 
HSCT depends largely on the patient’s immu-
nological status at a particular time point after 
HSCT. The main complications after HSCT are 
infections, GVHD, relapse of the underlying dis-
ease, and graft failure/rejection. The rate of the 
immunological reconstitution after HSCT is slow 
and dependent on several factors including age, 
GVHD, conditioning regimen, graft source, do-
nor, etc.33. For different cell types, this period 
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varies considerably, thus making the patient sus-
ceptible to different infectious agents at different 
times during the post-HSCT period34. 

Conclusions 

It could be concluded that great improvisations 
are being made for a better management of young 
patients affected by ALL disease. It is clear that 
CNS disease is the major hurdle in the therapeutic 
approaches against ALL and the best technolog-
ical advancements are being made to overcome 
this hurdle. However, still several challenges are 
remaining. These challenges include better un-
derstandings of the etiological factors that cause 
leukemia, the study of the gene polymorphisms 
affecting the development of leukemia, and pos-
sible solutions for the associated deadly toxicity, 
that is resulting in a major cause of mortality in 
ALL patients.
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