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Abstract 

Introduction: Acute lymphoblastic leukemia is the most frequent hematologic malignancy in children. 

Almost 95% of children potentially achieve a complete remission after the induction treatment, but over 

the last years, new insights in the genomic disease profile and in minimal residual disease detection 

techniques have led to an improvement in the prognostic stratification, identifying selected patients’ 

subgroups with peculiar therapeutic needs. 

Areas covered: According to a comprehensive search of peer-review literature performed in Pubmed, in 

this review we summarize the recent evidences on the induction treatment strategies comprised  in the 

children acute lymphoblastic leukemia scenario, focusing on the role of key drugs such as corticosteroids 

and asparaginase and discussing the crucial significance of the genomic characterization at baseline which 

may drive the proper induction treatment choice. 

Expert opinion: Current induction strategies already produce durable remissions in a significant proportion 

of standard-risk children with acute lymphoblastic leukemia. A broader knowledge of the biologic features 

related to acute lymphoblastic leukemia subtypes with worse prognosis, and an optimization of targeted 

drugs now available, might lead to the achievement of long-term molecular remissions in this setting. 

 

Key words 
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Article highlights box 

• The overall survival of children affected by acute lymphoblastic leukemia (ALL) is approximately 

80%, but some acute lymphoblastic leukemia subtypes (unfavorable genetic abnormalities, slow 

induction and consolidation response) show a lower cure rate. 

• The identification of specific clinical/biological features influencing prognosis highlighted the 

significance of risk-adapted therapy. 

• Dexamethasone has shown a greater antileukemic activity compared with prednisone in 

randomized trials. The use of dexamethasone induced a lower relapse-rate and better EFS 

especially in patients with T- acute lymphoblastic leukemia. 

• Asparaginase is a key drug as part of induction treatment. By administering the appropriate doses, 

it is possible to determine an adequate asparagine depletion thereby ensuring an asparaginase 

activity. 

• PEG-asparaginase might replace the use of native E. coli asparaginase because it is associated with 

a lower allergy and silent inactivation rate. 

• AYA patients treated with high intensity pediatric or pediatric-like regimens show promising long-

term outcome. In this age group (15-39 years) , the allogenic transplant approach in first complete 

remission when minimal residual disease is low (<10-4 using a qPCR assay) is no longer 

recommended. 

• In Philadelphia positive acute lymphoblastic leukemia, the current induction approaches comprising 

TKIs provide a high rate of negative minimal residual disease (MRD) achievement. The role of 

allogenic stem cell transplant remains an intriguing issue.  The ongoing European Intergroup of 

patients with Philadelphia positive ALL/Children’s Oncology Group (EsPhALL2017/COGAALL1631) 

study restricts transplant indications to patients with poor MRD response (EudraCT No.: 2017-

000705-20). 

• Philadelphia-like acute lymphoblastic leukemia is a current treatment challenge among children 

and adolescents. The standardization of diagnostic technologies is still ongoing and the treatment 

role of tyrosine kinase inhibitors and Janus kinase inhibitors in this setting is currently under 

investigation.  

• The outcome of acute lymphoblastic leukemia in Down syndrome children is worse, compared with 

the general pediatric population mainly due to the therapy-related toxicities and higher relapse-

rate. Further strategies including better supportive care, reduced intensity regimens in some low 

risk patients, and novel immunomodulating agents might improve the outcome of these patients. 

• Acute lymphoblastic leukemia in infants is a very rare event, with unfavorable prognosis probably 

related to the high frequency of KMT2A gene rearrangements and overexpression of fms-like 
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tyrosine kinase 3. The suitable treatment modalities in this setting are still debated. A broader 

knowledge of the biological profile is warranted to identify the proper therapeutic strategy. 

 

 

1. Introduction 

Acute lymphoblastic leukemia (ALL) is the most common type of cancer in children, and current treatments 

offer a good chance for a cure. In fact, thanks to the therapeutic innovations implemented over the last 

years, the overall survival (OS) reached approximately 80% in this setting, with certain experiences 

reporting cure rates greater than 98%[1-4]. These prominent advances in treatment have led not only to 

improvements in outcome, but have also highlighted the significance and the critical need of clinical trials 

conducted by cooperative multicenter groups.   

Childhood ALL avails as a paradigm for risk-adapted therapy; the stratification of therapy intensity markedly 

depends on the risk–rate of treatment failure. By identifying the features potentially influencing prognosis, 

patients can be stratified into several groups according to the treatment-failure risk[5-7]. Several clinical 

characteristics, including age less than 1 year and older than 10 years, white blood cell count (WBC) greater 

than 50.000-100,000/ul and the involvement of sanctuary organs at baseline have widely been associated 

with an increased risk of disease failure. Historically, the T immunophenotype was considered to be an 

unfavorable prognostic feature, but with the contemporary treatment regimens, the outcome of T-cell ALL 

(T-ALL) and, of the more recently identified early T-precursor (ETP) ALL, has improved and has become 

similar to B-lineage ALL.  [8,9]. Furthermore, recurrent cytogenetic abnormalities detected in the leukemic 

blast allow a molecular risk-stratification, with certain markers related to favorable (hyperdiploidy, 

ETV6/RUNX1) and unfavorable (hypodiploidy; BCR-ABL fusion, KMT2A rearrangements) outcome[1-4]. In 

addition, the hematologic response to the early treatments has emerged as an independent prognostic 

predictor. The assessment of bone marrow minimal residual disease (MRD) detected by polymerase chain 

reaction (PCR) and/or flow cytometry (FCM), during and after induction has also proved to be an 

independent factor able to significantly predict outcome. The application of these clinical and biological risk 

stratifications by the various pediatric oncology cooperative groups [Children’s Oncology Group (COG); 

Associazione Italiana di Ematologia e Oncologia Pediatrica (AIEOP); Berlin-Franklin-Münster (BFM) Group; 

St Jude Children’s Research Hospital (SJCRH); United Kingdom (UK) Medical  Research Council (MRC-

UKALL)] has led to treating children with favorable features with less intensive regimens, and reserving 

aggressive approaches for those with high-risk characteristics[6,10-13]. 

Although some cooperative groups still base their induction strategy on age and WBC at initial diagnosis, 

MRD measurement has become the strongest prognostic indicator in pediatric ALL, blurring the importance 

of other historical prognostic factors.(T-ALL, ETP)[8,10,12,14,15. 
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The risk-stratification, however, did not affect the type and/or intensity of the induction treatments 

excluding a limited number of children such as those with BCR-ABL fusion transcript who currently receive 

tyrosine kinase inhibitors (TKIs) combined with chemotherapy and infants where novel intensive 

therapeutic approaches are being carried out[11]. Furthermore, some experiences have been conducted 

with the aim of de-intensifying induction treatments in a small group of children defined, at disease onset, 

as very low-risk (patients with both favorable clinical and biological features and early response to 

chemotherapy)[16]. However, treatment intensity after induction, is adjusted according to MRD results. 

Therapy de-intensification is feasible for those children who have a low risk of relapse on the basis of rapid 

MRD clearance by the end of induction therapy [15,17]. 

 

2. Induction therapy 

The induction phase is the first chemotherapy approach in children with ALL, lasting 4 to 6 weeks. The goal 

of induction is attaining a complete remission (CR), with more than 95% of children with ALL potentially 

achieving this benchmark[2,3,4]. Induction failure, defined by the persistence of leukemic blasts in blood, 

bone marrow, or any extramedullary site after 4 to 6 weeks of remission induction therapy, occurs in 2 to 

3% of patients and represents one of the most unfavorable outcomes in pediatric ALL. In an extensive 

retrospective study including 1041 patients from 14 cooperative study groups, Schrappe et al. identified 

several high-risk features frequently associated with treatment failure: older age, high leucocyte count and 

11q23 rearrangement. In this patient population the 10-year survival rate is estimated at only 32%[18]. 

The agents currently used during induction include vincristine, corticosteroids, and asparaginase, with 

many regimens adding an anthracycline ( daunorubicin or doxorubicin, idarubicin, epirubicin, 

mitoxantrone). All anthracyclines showed comparable efficacy and toxicity in randomized trials[19,20]. 

Anthracycline therapy has been used in childhood ALL since the 1960s, and likely contributed to the 

increase in the 5-year survival rate from 30% to over 70%. However, the most serious adverse effect of 

anthracyclines therapy is their cardiotoxicity[21]. The emergence of this problem has led to the 

development of strategies aimed at reducing cardiac adverse effects while maintaining efficacy against the 

disease (cardioprotective therapies during treatment, different anthracyclines’ derivatives or different 

infusion schedules). So far, the only independent risk factor identified for cardiotoxicity, is the cumulative 

dose more than 300 mg/m2. Certain groups spare the addition of anthracyclines to patients with low-risk 

disease in an attempt to reduce short- and long-term toxicities. In the past years, the AIEOP ALL 95 study 

provided for standard risk (SR) patients (favorable WBC count, age and DNA index), a reduced intensity 

induction treatment (prednisone, vincristine and asparaginase- mainly Erwinia products). Event-free 

survival (EFS) in this highly selected subgroup (6.6% of patients) was not satisfactory (85.0% (±3.4) at 10 

years), although most relapses could be rescued by salvage therapy resulting in a survival probability of 

94.5% (±2.2) at 10 years. In this protocol, MRD was not measured at the end or during induction[22]. More 
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recently, the COG AALL0331 trial, elected to treat SR patients with a 3-drug induction (vincristine, 

dexamethasone and asparaginase) and allocate intensive post-induction therapy based on risk of relapse, 

defined by genetic abnormalities and early response to therapy (bone marrow morphology at day 8 and 

day 15 and end-induction MRD). Three subgroups were identified (low, average and high-risk);  the 6-year 

overall survival (OS) rate for more than 5000 children with SR ALL exceeded 95%[17]. These results suggest 

that improving post-induction patients’ stratification, may reduce the relapse rate, and on the other hand, 

a subset of SR children can be spared the toxicities associated with more intensive therapy without 

compromising a survival benefit[17]. Other studies have suggested that intensive induction therapy is 

unnecessary for children with SR ALL, provided patients receive postinduction therapy modulated on MRD 

response[23,24]. However, a 4-drug induction is still used for SR children in the BFM and BFM-like protocols 

and it is mandatory, for major multicenter groups, in  children in the high-risk group. Daunorubicin is the 

most commonly used anthracycline with a cumulative induction dosage of 75-120 mg/m2. 

 

2.1. Vincristine 

Vincristine is a core chemotherapeutic agent for patients with ALL. Vincristine was first reported to be an 

active agent in 1962, when it was studied as single-agent therapy in 13 patients with acute leukemia. In this 

study from the National Cancer Institute (NCI), 54% of patients achieved CR. In the mid-1960s, the group at 

SJCRH, incorporated vincristine into the sequential childhood ALL protocols. Following bolus intravenous 

administration, peak plasma concentration is briefly achieved in children, with a rapid cellular uptake and 

extensive tissue binding of the drug[25]. Clearance values for children are generally greater than those for 

infants and adults; it is still not certain if vincristine clearance decreases with age during childhood[26].  

Unfortunately its use is associated with more than 70% of Vincristine Induced Peripheral Neuropathy 

(VIPN), characterized by progressive motor, sensory and autonomic damage which impairs children’s 

quality of life[27,28]. This complication often leads to dose reduction, decreasing therapeutic efficacy, but it 

does not seem dose-related, as vincristine is usually administered at a maximum fixed dose of 2 mg 

regardless of body surface area.  

It is not yet well known why some patients develop a greater neurologic impairment, but 

pharmacogenomic studies have shown that some allelic variants of CYP3A5 are associated with worse drug 

catabolism. Other factors have also been linked to vincristine neurotoxicity, such as diabetes, 

hypertriglyceridemia and obesity[29].  

 

2.2. Glucocorticoids 

Over the years, glucocorticoids have been a cornerstone of induction regimens in pediatric ALL. Historically, 

prednisone has been the most common glucocorticoid used during induction, whereas dexamethasone has 

been applied during the re-intensification phase. Dexamethasone has a six- to seven-fold higher efficacy 
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than prednisone in terms of anti-inflammatory activity, which traditionally led to 

dexamethasone/prednisone equivalent dosages of 1:6 to 1:7[30]. The in vitro data on the relative anti-

leukemic efficacy of dexamethasone and prednisone suggest a 16-fold higher median cytotoxic activity of 

dexamethasone, despite a large inter-individual variability[31]. Additional factors may confer a greater in 

vivo efficacy to dexamethasone compared to prednisone; a longer plasma half-life and a lower protein-

bound fraction in combination with a longer half-life in the cerebral spinal fluid (CSF), leading to better CSF 

penetration and higher CSF concentrations[32]. Therefore, some clinical trials have reported superior 

outcomes using dexamethasone instead of prednisone during induction treatments, probably due to a 

lower rate of central nervous system (CNS) relapses[16,33]. SR children treated with CCG 1922 protocol, 

were randomly assigned to receive dexamethasone (6 mg/m2/d) for 28 days in induction, compared with 

prednisolone (40 mg/m2/d); 6-year isolated CNS relapse rate was 3.7% vs 7.1% for dexamethasone and 

prednisolone arm, respectively[34]. The MRC-UK ALL97 randomized trial, assigned children with newly 

diagnosed ALL, to receive dexamethasone or prednisolone, in the induction, consolidation and continuation 

phases of treatment. Among 1603 eligible randomized patients, those receiving dexamethasone had half 

the risk of isolated CNS relapse; EFS was significantly improved with dexamethasone (84.2% vs. 75.6% at 5 

years; P =0.01), with no evidence of differing effects in any subgroup of patients[35]. The randomized COG 

AALL0232 trial enrolled newly diagnosed high-risk B-ALL who received dexamethasone (14 days) versus 

prednisolone (28 days); dexamethasone given during induction benefited younger children but provided no 

benefit and was associated with a higher risk of osteonecrosis among participants 10 years and older[36]. In 

the randomized AIEOP-BFM ALL 2000 trial, children received induction prednisone (60 mg/m2/day) vs 

dexamethasone (10 mg/m2/day) after a common 7-day prednisone pre-phase[37]. Between 2000 and 2006, 

among  the 4937 patients registered in the trial, 3720  were eligible for randomization. The proportion of 

patients who did not achieve a CR on day 33 (end of induction phase; IA) was similar in both the 

randomized groups. Among patients with precursor B-ALL, a faster MRD response was observed on day 33 

in the dexamethasone group; the difference was no longer on day 78 (end of phase IB)[37]. In 5-6% of T-

ALL, there was also a shift toward lower MRD levels in the dexamethasone arm, which was apparent on day 

33 and day 78, but was not statistically significant.  (Table 1). Moreover, among T-ALL patients showing a 

pre-phase prednisone good-response, a significantly lower relapse rate and a better EFS, were reported in 

the dexamethasone arm[37]. However, the greater anti-leukemic activity of dexamethasone corresponded 

to a significantly higher incidence of induction-related life-threatening events and deaths (bacterial and 

fungal infections), which diminished but did not eliminate its favorable effect on EFS. Although the EFS was 

significantly better for patients randomized in the dexamethasone arm (hazard ratio [HR], 0.85 [0.73-0.98]), 

no difference was observed between the two groups with respect to OS (HR, 1.05 [0.87-1.27])[37]. 

. As part of intensifying therapy, multiple other groups have compared different corticosteroids regimens. 

T-ALL patients treated on UKALL2003 had significantly improved survival compared to previous trials 
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UKALL97/99 (3-year OS 90% vs 78%); one of the major modifications between the trials was the use of 

dexamethasone as the only corticosteroid for all patients[14,23]. The benefit of dexamethasone over 

prednisone in pediatric T-ALL, was also reported  by SJCRH[24]; dexamethasone-based induction was 

employed in order to eliminate cranial radiotherapy (CRT) for most patients. Induction therapy with 

dexamethasone did not improve T-ALL EFS compared to prednisolone in those trials where CRT was part of 

the treatment (European Organization for Research and Treatment of Cancer Children’s Leukemia Group -

EORTC-CLG 58 881 and 58 951 trials[38].  

 

2.3. Asparaginase 

Asparaginase constitutes an established treatment for ALL, exploiting a key weakness of ALL cells, their 

inability to synthesize asparagine. [39,40]. Several different agents for asparagine depletion are currently 

available, deriving from two different bacterial sources: Escherichia coli and Erwinia chrysanthemi. Native 

asparaginase and PEGylated asparaginase (PEG-asparaginase) both derive from E. coli, while crisantaspase 

results from Erwinia chrysanthemi. All types of asparaginase share the same mechanism of action. 

However, due to the differences in the pharmacokinetic properties the three agents are not 

interchangeable at the same dose and frequency. Asparaginase activity peak levels should be at least 100 

IU/l in order to achieve a depletion of plasma asparagine to less than 0.1 mmol/l, which confers an optimal 

therapeutic effect[40-42]. 

Two studies conducted in the 1990s compared the native E. coli asparaginase and crisantaspase using 

identical dosing schedules in pediatric ALL. The Dana Farber Cancer Institute DFCI-ALL Consortium Protocol 

95–01 randomized 491 children aged less than 18 years to crisantaspase or native E. coli asparaginase at a 

dose of 25000 IU/m2 intramuscularly (i.m.) once during induction (day 4) and thereafter. Crisantaspase was 

associated with an inferior 5-year EFS compared with native E. coli asparaginase (78.4 vs 89.3%, 

p<0.01)[43]. The EORTC-CLG 58881 trial randomized 700 children with ALL or lymphoblastic lymphoma, to 

receive either native E. coli asparaginase or crisantaspase at a dose of 10000 IU/m2 intravenously (i.v.) 

twice weekly. A higher proportion of patients in the crisantaspase group did not achieve a CR compared 

with the native E. coli asparaginase cohort (4.9 versus 2.0%, p=0.038)[44]. The native E. coli asparaginase 

was also associated with longer EFS in the subgroup of T-ALL[45]. These studies highlighted the significance 

of using the appropriate doses of this crucial induction drug, thereby ensuring an adequate asparaginase 

activity and sustaining asparagine depletion (Table 1). 

In common with all large proteins, asparaginase has also the capacity to elicit an immune response 

resulting in the development of anti-asparaginase antibodies; this represents the main reason of resistance 

to asparaginase and results in a decreased efficacy of the drug conferring an adverse clinical outcome to 

children with ALL[46-48]. The occurrence of anti-asparaginase antibodies is rare during the induction phase, 

while it is more frequently observed at drug re-exposure (consolidation or re-induction phase). The 
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asparaginase resistance can be symptomatic, with signs of clinical hypersensitivity, or asymptomatic 

without any apparent signs (silent inactivation).  The published rates of clinical hypersensitivity vary greatly 

between the studies, due to differences in dosing, route of administration, duration of treatment, 

concomitant medication and the asparaginase preparation used in treatment. The hypersensitivity rates to 

native E. coli asparaginase are higher (9-75%), compared with those reported with either PEG-asparaginase 

(4–8%) or crisantaspase (3-37%)[49]. Furthermore, it was reported that crisantaspase and PEG-

asparaginase may be associated with a lower rate of antibody development than native E. coli 

asparaginase[46-50]. The antibody rates with native E. coli asparaginase (5000 IU/m2 i.v. every 3 days for 

eight doses in induction) were about 40%, the rates observed with PEG-asparaginase ranged from 11 to 

18% and the rates with crisantaspase varied from 8 to 21% depending on the schedule and the dose[39]. 

The PEG-asparaginase, modified by covalent attaching polyethylene glycol, results in a longer half-life and 

decreased immunogenicity and is increasingly used as frontline in clinical practice. Several randomized 

trials have reported superior efficacy of this PEGylated formulation.  In CCG protocol 1962, 118 children 

with SR ALL were randomized to receive native or PEG-asparaginase as part of induction;  a faster clearance 

of bone-marrow lymphoblasts and a longer asparaginase activity were reported in  those treated with PEG-

asparaginase. The adverse events, infections, and days of hospitalization were similar in the two arms[46]. 

In the AIEOP-BFM ALL 2009 trial includeding i.v. PEG-asparaginase in induction,the clinical allergy and silent 

inactivation were lower  compared with the previous trials, which provided the native E. coli asparaginase 

product; severe side effects remained unchanged. These studies recommended that PEG-asparaginase 

might replace the native form in frontline treatments of pediatric ALL.  

Although there is a cross-reactivity between asparaginases derived from E. coli, the crisantaspase does not 

display this in either form of E. coli-derived asparaginase and allows patients to maintain treatment 

duration, if given at the appropriate dose and schedule. Consequently, several trials, such as the AIEOP-

BFM ALL 2009, identified crisantaspase as the second-line asparaginase agent using for the treatment of 

patients with an allergic reaction or silent inactivation during frontline treatment with PEG-asparaginase[8]. 

According to the results of various trials and considering the regulatory standards and availability, the 

crisantaspase may be used as a viable second-line therapy in this setting. Further data indicated that the 

crisantaspase administration should be at doses of at least 20000 - 25000 IU/m2 on alternate days (or three 

times weekly) by either the i.v. or the i.m. route[40,41]. 

 

3. Minimal Residual disease (MRD) 

Response to chemotherapy is the strongest prognostic indicator in pediatric ALL, and several studies 

confirmed the prognostic importance of the clearance of leukemic blasts in the early phase of 

treatment[6,12,51,52]. The number of blasts in peripheral blood at day 8, the percentage of residual blasts 

in bone marrow at day 15, have been widely used to deliver risk-directed therapy, and most study groups 
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modified treatment according to these risk indicators[6,12,51-54]. However, the further use of ”in vivo 

prednisone response”(peripheral leukemic cells < 1000/µl after 7-day prednisone-prehase) originally 

described by the BFM group, although cheap and universally accessible, is hampered by limited sensitivity 

and specificity for the current treatment strategies.  

In recent years, technological progress has enabled us to detect MRD; PCR amplification targeting 

leukemia-specific T-cell receptor/Immunoglobin (TCR/Ig) can detect as few as 0.001% of residual leukemic 

cells. FCM can also identify residual leukemic cells using a combination of leukemia associated surface 

markers. The FCM detection threshold is 0.01%, but it is faster, less expensive, and applicable as a 

complement to PCR-MRD[52,55]. By using both PCR and FCM, SJCRH showed that MRD kinetics were able 

to be assessed in >99% of ALL cases. Multiple studies have shown that MRD status is significantly predictive 

of relapse risk[12,53,54].  In the AIEOP-BFM-ALL 2000 study, FCM MRD was measured in a large fraction of 

patients at day 15 to evaluate the prognostic impact[37,51]. Those children achieving < 0.1% bone marrow 

residual blasts had an excellent treatment outcome with more than 90% of them remaining relapse free 

after 5 years. Randomized study by UKALL2003 showed that intensification for residual MRD was able to 

improve EFS, while reduction of therapy was possible for a group defined as low risk by MRD status[14]. 

The AIEOP-BFM ALL 2000 study used MRD measurements by PCR at the end of induction (phase IA; day 33) 

and at the end of induction consolidation (phase IB; day 78). Negative MRD at day 33 remained a predictor 

of a better treatment outcome in both T-cell and B-ALL, while negative MRD at day 78 was more predictive 

of favorable outcome of T-cell than B-ALL[6,7]. In the SJCRH Total therapy 15 study, MRD was measured by 

FCM and/or PCR on day 19 and day 46 of remission induction therapy. All patients with MRD ≥ 1% at day 

19, (including hyperdiploid, NCI-standard risk and T-ALL) had a significantly worse outcome (cumulative 

relapse risk 26.6% vs 7.6%). Among patients with negative MRD at day 19, those with ETV6-RUNX1 or 

hyperdiploidy ALL had a particularly low relapse risk (1.9%), suggesting that these forms of ALL could 

receive treatment reduction strategies to improve quality of life. Outcome was especially poor among 

patients with MRD≥1% on day 46, who had EFS of 50%[13,56]. Similarly, in the COG AALL0232 study, the 5-

year EFS for patients with MRD level between 1% and < 10% at the end of induction, was only 44% and 

26.5% for those with MRD ≥10%[36].  

Serial monitoring of MRD is also important for those patients still positive at the end of remission induction; 

some of them may be cured with chemotherapy alone if MRD becomes undetectable after subsequent 

treatment. In particular, in ETP ALL which is generally associated with high levels of MRD during and after 

remission induction therapy, recent studies (AIEOP-BFM) suggest that postremission chemotherapy might 

be effective in reducing MRD and could mitigate an adverse prognosis[8].  In B-lineage ALL, MRD continued 

to be prognostically important, especially in patients with some high-risk subtypes. The outcome of children 

with hypodiploid ALL, usually dismal, can be improved by MRD-guided therapy; those with negative MRD at 

the end of induction are curable with intensive chemotherapy; for the other, HSCT, in first remission, could 
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improve the prognosis. Patients with Ph-like ALL with poor initial treatment response can be salvaged with 

MRD-based directed therapy and may benefit from identification of kinase-activating lesions for target 

therapies[53,57]. Persistent MRD after consolidation treatment predict a dismal prognosis if treatment 

consists of chemotherapy alone, and has been used as an indication for allogeneic HSCT. L  

 

 

 

4. CNS prophylaxis and/or treatment 

A further issue in treating ALL pediatric patients is the targeted therapy for CNS involvement. This approach 

constitutes a paramount part of the induction phase and includes either the treatment of patients with 

documented CNS disease at diagnosis, or the prophylaxis for patients with subclinical disease. The 

significance of this part of treatment was evident before the 1970s, when induction regimens lacked of this 

component. In fact, although the bone marrow remission could be achieved using systemic chemotherapy, 

most children eventually developed CNS relapse due to the lack of specific treatments directed toward this 

sanctuary site[58]. 

There are several approaches aimed at eradicating disease from the CNS, including direct intrathecal (IT) 

administration of drugs, systemic chemotherapy able to penetrate the blood-brain barrier, and cranial 

radiation (CRT). All children with ALL receive an intrathecal chemotherapy at the beginning and during the 

induction phase. The options for IT chemotherapy are methotrexate, as single agent or a combination of IT 

methotrexate, cytarabine, and hydrocortisone (known as triple intrathecal, ITT). No significant differences 

have been demonstratedbetween the two approaches, in terms of OS and EFS, although some evidence of 

a lower rate of CNS relapse with the use of ITT has been reported[59].  

In this regard, the CCG 1952 trial for the treatment of standard risk pediatric ALL, compared IT 

methotrexate with ITT as CNS prophylaxis. The 6-year EFS with ITT or IT methotrexate were the same 

(80.7% vs 82.5%); the cumulative incidence of isolated CNS relapse was lower in the ITT group (3.4% vs 

5.9%; p=0.004) but a higher number of bone marrow and testis relapses, poorly responding to salvage 

therapy, were reported in the ITT group. It appeared that ITT improved pre-symptomatic CNS treatment 

but did not benefit OS[59].  

The CNS prophylaxis during the induction phase requires at least three doses of intrathecal therapy, while 

five doses are recommended for those children with CNS involvement at baseline. The high doses of 

systemic chemotherapy are not usually incorporated in the induction regimens, but used in course of 

consolidation or delayed intensification. However, an intensified induction with cyclophosphamide (1 g/m2) 

and high-dose methotrexate (5 g/m2), administered at the beginning of phase IA, was included in the 

EORTC-CLG 58951 trial in pediatric T-ALL. A moderate outcome improvement was observed (8-year EFS 

76.6% vs 71.6% of the previous not intensified 58881 trial), but, isolated or total CNS relapse rate was not 
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decreased. Only T-ALL prednisone good responder (PGR) patients had better outcome (8-year EFS 84.6% vs 

75.3%)[45].  

Current trials are increasingly focused to omit CRT with the aim to prevent the severe long-term sequelae 

frequently associated to this procedure The SJCRH Total Therapy Study 15 and the Dutch Childhood 

Oncology Group protocol ALL-9 were the first to remove prophylactic CRT, using instead intensive systemic 

chemotherapy and ITT[56,60]. In the SJCRH Total Therapy protocol 15, patients were also randomized to 

receive an optional therapeutic window with upfront methotrexate over 4 or 24 hours.; no significant 

difference in the outcome was observed between randomized and no-randomized patients. The aim of the 

SJCRH Total Therapy Study 16, was to improve EFS and CNS control, by refining risk-directed therapy and 

intensifying systemic and intrathecal chemotherapy without CRT[61]. Higher doses of PEG-asparaginase 

failed to improve the outcome (5-year continuous CR rate 90.4% vs 91.2%; p=0.91 for higher vs standard 

PEG-asparaginase dose, respectively), but additional intrathecal therapy during early induction seemed to 

improve CNS control without excessive toxicity for high-risk patients. Despite the omission of CRT, the rates 

of isolated CNS relapse or any CNS relapse were 1.5% and 1.8%, respectively, significantly lower than the 

4.0% and 5.7% respectively, observed among the historic controls treated in the previous Total Therapy 

Study 15[61].  

 

5. Adolescents and Young Adults 

In 2006, the National Cancer Institute Adolescent and Young Adult Oncology Progress Review Group 

identified adolescent and young adult (AYA) patients with ALL, ranging in age between 15 and 39 years, as a 

unique subgroup with specific characteristics and needs[62,63]. Although > 80–90% of children with ALL are 

cured of their disease, outcomes historically were much poorer for AYAs, with EFS ranging from 30 to 45% 

and survival appeared to plateau in the 1990s[64-68]. The most significant reason that could account for 

this disparity in outcomes is that ALL in AYAs has different biology from ALL in children, as leukemia cells in 

older patients typically have more genetic alterations.  

The main difference is the higher proportion of patients with BCR-ABL1, KMT2A, and IGH translocations 

that predict poor prognosis and outcome[5,69,70]. Similarly, there are fewer patients with genetic 

alterations that portend a favorable prognosis, including hyperdiploidy and ETV6-RUNX1 

translocation[69,70]. Furthermore, intrachromosomal amplification of chromosome 21 (iAMP21), is more 

frequent in AYAs with ALL [71]. This abnormality has been associated with a higher risk of relapse only 

partially diminished by intensified treatment[72,73]. The AYA patients also have a higher proportion of 

ETP[74]. The prevalence of immature T-ALLs increases with age, from 8% in children to 35% in 

adults[9,69,75].  

Retrospective analyses over the past 15 years have shown that the 5- and 7-year OS of AYA patients has 

significantly improved with pediatric-like or even fully pediatric approaches rather than adult treatment 
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induction modalities, with long-term survival rates of almost 70%[76-89] (Table 2). These improvements in 

outcome have challenged allogeneic hematopoietic stem cell transplant (HSCT) indications in first 

remission, in this population. 

Disparities in chemotherapy or dose-intensity are the main differences between these two approaches. 

Higher cumulative doses of vincristine, asparagine and steroids, as well as more intensive CNS prophylaxis, 

were characteristic of pediatric protocols, whereas higher doses of cytarabine were used in in adult 

trials[80,82-86].   

Multicenter adult ALL studies have adopted pediatric trials in AYAs up to the age of 40. The Spanish 

Programa Espanol de Tratamientos en Hematologia was the first group to report on the outcome of 81 

patients (15-30 years) with standard risk Philadelphia negative (Ph)-ALL treated with the pediatric ALL-96 

study[80]. In this protocol, the 6-year EFS and OS were 61% and 69%. Since then, multicenter cooperative 

ALL groups[81,87] have demonstrated the feasibility and effectiveness of pediatric regimes for AYA 

patients. Recently, the CALGB reported the results of the 10403 trial, whose doses and schedule were 

identical to pediatric COG AALL0232-high risk-protocol; the estimated 3-year EFS and OS were 59% and 

73%, respectively[86]. All of these studies provided evidence that extensive use of glucocorticoids, 

vincristine and PEG-asparaginase could result in a survival benefit for AYA patients with ALL. Asparaginase 

use in AYA patients has historically been limited because of the perception of an increased risk of toxicity 

with age (grade 3-4 hepatic and pancreatic adverse events; venous thromboembolic events, 

osteonecrosis)[90]. Lower doses of asparaginase are also used in some AYA protocols, in part to reduce the 

risk of toxicity[90-95].  

Minimal residual disease status at the end of induction therapy has also been associated with survival 

differences in AYAs[96,97]. Compared with children, adults with B-cell ALL are slower to achieve MRD- 

negative status[96]. In 2009, a large Italian study first reported that MRD analysis during early post-

remission therapy improves risk definitions and bolsters risk-oriented strategies. The authors demonstrated 

that molecular analysis of MRD performed with at least one sensitive probe during the first months of 

induction/consolidation therapy is an unrivalled early prognostic indicator in unselected adult patients with 

standard- and high-risk ALL and confirmed its applicability in 80% or more of cases, thus improving clinical 

risk classification[96]. 

Data incorporating MRD-based prognostic assessments suggest that there is no benefit to allogeneic 

transplant in first CR compared with consolidation chemotherapy when MRD levels prior to transplant are 

low (<10−4 using a qPCR-based assay)[98-100]. 

However, not all the adult induction regimens have had inferior outcomes compared with pediatric 

therapies in AYA patients with ALL. Adult protocols that contain the backbones of pediatric therapy, 

including intensification MRD-driven induction phases, CNS prophylaxis, and prolonged maintenance, 

induce similar results compared with purely pediatric based therapy[86]. 
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6. Philadelphia positive (Ph+) ALL 

About 3–5% of pediatric patients with ALL harbor the t(9;22)(q34;q11.2) translocation, commonly known as 

the Philadelphia chromosome and resulting in the fusion product BCR-ABL. Historically, this ALL subtype 

resulted in poor prognosis with low remission rate and long-term EFS of about 30% after conventional 

chemotherapies[101-103]. In this setting, the HSCT in first CR was associated with superior EFS. When TKIs 

(imatinib) became available, initially for adults and then for pediatric patients, the European Intergroup of 

patients with Ph+ ALL designed the EsPhALL2004 protocol (2004-2009) investigating a post-induction 

treatment with imatinib in all high-risk patients and at random in good-risk patients. This trial showed a 

10% advantage in disease-free survival (DFS) for the use of imatinib after the induction phase[104]. Other 

current studies in pediatric age showed benefits from continuous protracted exposure to imatinib. In the 

COG AALL0031 study, continuous imatinib exposure (340 mg/m2 per day) improved outcome, with no 

significant toxicities and a 3-year EFS of 80%, which was markedly better than historical controls treated 

without TKIs (35%), [105]. These results were confirmed by the SJCRH experience, which incorporated TKIs 

in induction therapy on day 22. TKIs produced a marked drop in MRD level; at the end of remission 

induction, 9 out of 11 patients treated with imatinib or dasatinib and conventional induction chemotherapy 

achieved MRD-negative status, compared to only 2 out of 16 patients treated with chemotherapy alone 

(p<0.001). The 5-year EFS were 68.6% versus 31.6% in patients who received TKIs versus those who did 

not[106]. These studies suggested that TKIs administered in the early phases of chemotherapy might 

dramatically decrease MRD levels, improve the outcome of childhood Ph+ ALL and challenge the indications 

to HSCT.  

In 2010, the EsPhALL trial was amended so that all patients received imatinib continuously from day 15 of 

induction. Induction-phase chemotherapy was done according to national or study group protocols and 

mainly consisted of vincristine, anthracycline, prednisone and asparaginase. One hundred and fifty-five 

children were enrolled in the study; the early exposure to imatinib improved the response to induction 

therapy (CR rate was 97% vs 78% of EsPhALL2004 study). The MRD was assessed by real-time quantitative 

PCR of rearranged Ig or TCR genes of mononuclear bone marrow cells collected at specified time-points. . 

At the end of induction, 27 (33%) patients were MRD negative and 55 (67%) were MRD positive[11]. The 

continuous exposure to imatinib clearly delayed the time of relapses in Ph+ ALL, but a plateau in EFS for 

non-transplanted patients has not yet been achieved. The relapse-risk was low in patients with early 

negative MRD who received a HSCT.  

However, imatinib given early and continuously with intensive chemotherapy, was associated with severe 

toxicity. The toxicity observed in this study warrants further investigations on the efficacy of less intensive 

chemotherapy associated with early and protracted exposure to imatinib, in the role of transplant and in 

immunological innovative approaches for these patients. Whether giving second-generation ABL-class TKIs, 
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such as dasatinib in conjunction with intensive chemotherapy, may further improve outcomes in this 

setting, is currently being investigated[107]. Other questions regard the optimal CNS therapy in these 

patients at high risk of CNS involvement. CNS treatment should include the use of intrathecal therapy from 

the early phases of therapy and high-doses of systemic chemotherapy should be included in the 

consolidation phase.  

The Ph+ ALL is also relatively rare in AYAs (<20%). The outcomes of these patients were unfavorable until 

the introduction of TKIs, which provide survival rates very close to those documented in Ph- ALL when they 

are administered, either alone, or in combination with chemotherapy, and followed by allogeneic HSCT. In 

particular, with the use of the third generation TKI ponatinib, survival rates close to 80% have been 

reported, even sparing the post-remission HSCT option in some patients[108]. Recently the COG reported 

comparable results in non-transplant and transplant patients with a chemotherapy-dasatinib combination 

trial including AYAs (1-30 years) (Table 3)[107]. Moreover, the Gruppo Italiano Malattie Ematologiche 

dell’Adulto (GIMEMA) cooperative group proposed the D-ALBA trial for Ph+ ALL older than 18 years with 

the aim of decreasing the chemotherapy burden thereby reducing toxicities. This study including induction 

TKI monotherapy followed by consolidation with Blinatumomab administration, leads to 1-year-OS and DFS 

rates of 94.8% and 87.8%, respectively[109].  

 

7. Ph-like ALL 

Recently, independent research groups have identified a new subtype of B-ALL called Ph-like[110-112]. 

From a clinical standpoint Ph-like patients are more frequently male gender, young adults, and are 

characterized by a worse outcome due to an inferior response to induction therapy, a higher incidence of 

relapse and a lower survival (approximately 60% at 5 years) compared to the remaining B-ALL BCR/ABL1 

negative cases[111].  

Although the high heterogeneity at presentation and the frequent difficulties to make a proper diagnosis 

due to the current lack of standardized approaches, the Ph-like ALL constitutes up to 15% of childhood B-

ALL and 20% to 25% of AYAs ALL. The methods of classification employed can partially explain the various 

incidence reported by some groups, which may also reflect differences in study cohorts (age, ethnicity, 

reference group)[113,114]. 

The leukemic cell gene expression profile of Ph-like ALL is similar to that of Ph+ ALL, but it is a genetically 

heterogeneous disease. Approximately half of these patients harbor abnormalities of the cytokine receptor 

gene CRLF2 and concomitant activating mutations of the Janus kinase genes JAK1 or JAK2, resulting in 

activation of JAK-STAT signaling[115]. Patients without CRLF2 rearrangements commonly harbor a disease 

array of genetic alterations that activate cytokine receptor and tyrosine signaling. Moreover, similar to Ph+ 

ALL, Ph-like ALL is characterized by a high frequency of alterations of the IKZF1 gene, which encodes the 
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early lymphoid transcription factor IKAROS[110]. Thus, the genomic characterization has significant 

therapeutic implications in Ph-like ALL, and some reports are  emerging with the use of TKIs and JAK 

inhibitors in this patient population[116,117]. Also, different clinical trials aimed at testing the efficacy of 

dasatinib and ruxolitinib are currently ongoing (Table 4). 

Given the importance of MRD status as prognostic factor in ALL the role of Ph-like status has been 

investigated in the context of MRD-driven protocols, with conflicting results. Roberts et al.[57] reported in a 

pediatric cohort that an effective MRD-oriented risk-directed therapy can provide no differences in 

prognosis compared with other B-ALL subtypes when treated with intensive therapies. Opposite results 

were documented by Heatley et al.[118] who demonstrated that, despite a risk-adjusted treatment 

approach, a higher rate of relapse was recorded in patients who were retrospectively identified as Ph-like. 

 

 

8. Down syndrome ALL 

Children with Down syndrome (DS) have a 20-fold increased risk of developing ALL. They account for 3% of 

all ALL cases with almost exclusively B-cell precursor immunophenotype. Although the etiology of this high-

risk ALL remains largely unclear, recently mutations in JAK2, NRAS and KRAS genes, overexpression of 

CRLF2 and several other genetic alterations including IKZF1 deletion, PAX5 deletion, ETV6-IGH 

rearrangement have been identified in this setting and have emphasized the genetic heterogeneity of DS-

ALL. Furthermore, studies on the effect of trisomy of Hmgn1 and Dyrk1a genes on B-cell development have 

shed significant new lights on the disease process[119]. 

Standard therapies were generally used for DS-ALL, but the unique toxicity profile of DS-ALL patients is still 

a challenge. Both the COG high-risk ALL study, AALL0331, which included prednisone or dexamethasone, 

vincristine, PEG-asparaginase and daunorubicin, and the standard-risk study, AALL0932, which provided 

dexamethasone, vincristine and PEG-asparaginase, showed a high mortality rate during the induction phase 

in patients with DS[17,119]. After the addition of extensive supportive care guidelines and leucovorin 

rescue for intrathecal methotrexate administration, the mortality decreased in the AALL0932 protocol, but 

not in AALL0232. According to these studies, the 3-drug combination was provided as induction in DS-ALL 

patients enrolled in the successive COG high-risk protocol AALL1131. 

In contrast, the Ponte di Legno (PdL) study did not find any significant differences between 3-drug and 4-

drug induction, in treatment-related mortality (TRM), suggesting that anthracyclines do not influence the 

TRM[120]. Other important information coming from the PdL study is that the TRM in DS-ALL patients was 

observed not only during induction, but also in other phases of treatment, including maintenance therapy, 

that rarely causes death in ALL patients without DS[120]. The DFCI ALL Consortium protocols 00-001 and 

05-001 proposed the same risk-stratified ALL therapy for children and adolescents with or without DS, 
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without protocol-defined dose reductions or modifications for patients with DS, except for additional 

leucovorin after intrathecal methotrexate[121]. None of the DS-ALL patients showed induction failure or 

death; the proportion of B-precursor-ALL patients with high MRD level (≥0.001%) at the end of induction 

therapy was comparable between the two groups (DS-ALL: 11% vs non-DS-ALL: 9%; p = 0.734). However, in 

this study, patients with DS-ALL had significantly higher rates of infections, mucositis (52% vs 12%; p < 

0.001), seizures (16% vs 5%; p = 0.01) and non-CNS thrombosis (18% vs 8%; p = 0.036) compared to the 

non-DS-ALL group. No significant differences in asparaginase-related toxicities (pancreatitis, allergy) 

between the two groups were documented[121].  

Overall, the outcome of DS-ALL patients is worse than that of the general pediatric population. This 

difference is predominately correlated with therapy-related toxicities and with a higher relapse rate[120. 

Whitlock et al.[122] and PdL investigators[120] reported that the NCI risk criteria did not predict the relapse 

risk in children with DS-ALL. However, in a multivariable model, DS-ALL children aged between 1 and  6 

years  with presenting WBC<10x109/l, seem to represent a low risk group with a significant higher EFS 

(78%), lower cumulative risk of relapse and lower 2-year TRM. 

Future strategies to improve outcomes in DS-ALL should include better supportive care and decreased 

doses of chemotherapy especially in newly identified good-prognosis subgroups. 

Several novel strategies including targeted therapies might help to improve outcomes in this population. 

Blinatumomab, a immunomodulatory agent (a CD19/CD3 bispecific antibody) and the anti-CD19 chimeric 

antigen receptor (CAR) T-cell therapy CTL019 have demonstrated, in a limited number of 

relapsed/refractory DS patients with ALL, high rates of CR and a manageable safety profile, similar to 

children without DS (COG ALL1731 and multicenter ELIANA and ENSIGN trials[123,124]. Further 

exploration] of these new therapies, as an alternative to HSCT in children with relapsed/refractory DS ALL is 

warranted. Other potential new therapies include those that target JAK2 or mTOR, whose pathways are 

activated in the majority of DS-ALL cases. Investigational agents include JAK inhibitors, such as ruxolitinib 

and momelotinib, or mTOR inhibitors including temsirolimus and everolimus[125].  

 

9. Infant ALL   

Infant ALL is a rare serious disorder diagnosed in children with less than one year of age. ALL in infants has a 

significantly lower incidence than in children aged between 1 and 14 years old, and shows more aggressive 

features compared to older children[126]. The biological profile is quite different, characterized by 

balanced chromosome translocations involving KMT2A gene in 70-80% of cases, a very immature B-cell 

phenotype (pro-B), the co-expression of myeloid markers and a high tumor burden at diagnosis[126]. All 

these features negatively influence the prognosis in this subgroup. Recently, an association of the presence 

of KMT2A rearrangements (KMT2A-r) with an overexpression of the fms related tyrosine kinase (FLT3) gene 

was reported[126,127]. Andersson et al reported an association of KMT2A and mutations with KRAS and 
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FLT3, using whole-genome or whole-exome sequencing[128]. The importance of these mutations in infant 

ALL has also been demonstrated in the clinical setting. Two independent cohorts including the large 

interfant-99 study reported that RAS mutations were independent adverse prognostic predictors[126]. In 

addition, FLT3 overexpression may confer especially poor prognosis in KMT2A-r patients. It has been 

reported in literature the occurrence of FLT3 mutation associated to KMT2A-r ALL and hyperdiploid cases. 

Considering the unusual expression of FLT3 in these patients, the COG AALL0631 trial, incorporated FLT3-

inhibitor (Lestaurtinib) as target agent in front-line treatment. Unfortunately this trial failed to demonstrate 

the benefit of additioning the FLT3-inhibitor[126]. However, those patients whose leukemia cells were 

sensitive to ex-vivo FLT3-inhibitor induced toxicity, did benefit from the addition of lestaurtinib[129].  

Infants are generally treated differently than older children. The evidences of an in vitro sensitivity of 

lymphoblasts to cytarabine[130] has led to the development of protocols including this drug in the early 

phases of treatment. Recently, cooperative groups such as Interfant in Europe, COG in North America and 

Japan Association of Childhood Leukemia Study Group (JPLSG) in Japan have conducted three infants 

specific trials (Interfant-06, COG-AALL0631 and MLL-10)[126,131]. All of them adopted a common induction 

strategy based on the treatment schedule of the Interfant-99[126]; a risk-adapted strategy considering the 

KMT2A rearrangements status for the patient’s stratification was also applied. The Interfant-99 treatment 

schedule included drugs used for ALL and acute myeloid leukemia and enrolled 483 infants. The induction 

phase consisted of dexamethasone, vincristine, daunorubicin and native E coli asparaginase with the 

addition of low-dose cytarabine preceded by a 7-day prednisone pre-phase. Based on day 8 prednisone 

response, all patients were stratified in two risk categories (standard and high risk). The CR was achieved in 

93.9% of patients at the end of the induction. The 5-year OS and EFS were 55.2% and 46.1%, 

respectively[126,130,132]. In the randomized Interfant-06 trial, the backbone of the previous Interfant trial 

was maintained; 651 infants were enrolled. During the consolidation course, a randomized arm comparing 

myeloid-type chemotherapy and a lymphoid-type chemotherapy was introduced.  The results of this trial 

did not show significantly higher survival rate with the introduction of an early intensification; the 6-year 

OS and EFS were 58.2% and 46.1%, respectively. The CR rate at the end of the induction was 92.6%. The 

relapse rate was 37.5%. Interfant-06 trial confirmed the negative prognostic role of KMT2A, demonstrating 

that children with germline MLL presented a better survival[131]. 

In recent years, preclinical research has shown a potential use of demethylating agents and histone 

deacetylase inhibitors in patients with KMT2A rearrangements[127,130]. Immunotherapy such as 

blinatumomab and CAR T cells is currently under investigation, and some case reports show an intriguing 

antileukemic role in this setting[131,132]. The COG and Interfant study groups are currently assessing the 

safety and feasibility of azacytidine and blinatumomab in the standard infant backbone therapy[127,131].  

 

10. Expert opinion 
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The current induction treatment in pediatric ALL provides the use of vincristine corticosteroids 

asparaginase and anthracycline in the first phase, adding cyclophosphamide, cytarabine and methotrexate 

in the post-remission intensification phase. Through the use of these drug combinations, about 95% of 

children with ALL achieve a CR. Some clinical/biological characteristics at diagnosis and the MRD level 

detected by multiparametric flow cytometry and molecular techniques after induction, may significantly 

influence the prognosis in this setting. To date, the main challenge in selecting the proper induction 

strategy is to identify children with a low risk of relapse at an early stage, for whom a de-intensification of 

treatments is conceivable, thereby diminishing the potential treatment-related toxicities and induction 

mortality rate. On the contrary, in patients who present unfavorable characteristics at baseline, induction 

treatments should be intensified earlier in an attempt to determine a higher rate of CR associated with 

negative levels of MRD.  

The treatment of AYA patients diagnosed with ALL represents another arduous challenge for the clinical 

oncologists. Although certain treatment-related toxicities are more frequent in AYA patients compared to 

children, emerging clinical evidence suggests that high-intensity pediatric induction and consolidation 

regimens are not only feasible in the AYA population, but also produce higher rates of response and 

outcome compared to adult protocols. As is the case in pediatrics, the effective management of treatment-

related toxicities is crucial to ensure that AYAs receive the full benefit from ALL therapy. The ongoing 

developments of novel asparaginase preparations, such as pegylated recombinant Erwinia-derived 

asparaginase (PEG-crisantaspase) and red blood-cell encapsulated asparaginase, also might reduce 

immunogenicity and increase the overall length of asparagine depletion. 

The TKI therapy has revolutionized induction approaches in children with Ph+ ALL. Outcomes of these 

patients have become more favorable, showing survival rates very close to those reported in Ph- ALL. Since 

a high portion of children achieves a negative MRD with current therapeutic approaches, the role of HSCT 

in Ph+ ALL patients remains an intriguing issue. The question is whether HSCT may currently be reserved 

only for high-risk patients, defined as those who are still MRD positive after induction and consolidation, 

those who harbor ABL1 mutations or additional genomic lesions associated with poor prognosis.  

The role of the Ph-like status in MRD-driven clinical trials is still unclear. A more effective approach could 

include the introduction of targeted therapies in patients with persistent MRD after the first consolidation, 

restricting the use of sophisticated diagnostic procedures aimed at the identification of targetable lesions in 

a small subgroup of patients. Different therapeutic options may be considered, such as TKIs or JAK 

inhibitors, and prospective trials now ongoing will better clarify the impact of these molecules on the 

achievement of a negative MRD and identify patients requiring HSCT in this setting. 

To data, the induction modality of treatment in Infants and DS-ALL remains controversial. Hopefully, new 

evidence on the biological disease profile will provide new therapeutic strategies thereby improving 

outcomes in this setting.  
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Table 1. Selected pediatric ALL random studies evaluating type of aparaginase and steroids  

Author Protocol  Age 
(yrs
) 

Risk 
group 

N. 
pts 

Random Coagulatio
n 
abnormaliti
es (%) 

Toxicity
(%) 

Asparagina
se 
antibodies 
(%) 

No 
CR 
(%) 

Relaps
e (%) 

EFS
(%) 

OS
(%) 

         
Duval 
2002.24 

EORTC-
CLG 
58881 
1990-
1993 

ALL
/ 
LBL 

<18 All risks 700 *E. coli 
asp vs  
  Erwinia 
asp 

30.2%   p<
.0001 
11.9% 

_ - 2%       
p.03
8      
4.9% 

- 73.4
%      
p.000
4 
59.8
% 

83.9
%    
p.002 
75.1
% 

Avramis 
2002.26 

CCG 1962 
1997-
1998 

ALL 1-9 Standard 
risk 

118 ** PEG 
vs 
     
Native 

NA - 2%     
p.0009 
26% 

 - - 85%       
NS 
78% 

-

Moghra
bi 
2006.23 

DFCI 95-
01 
1996-
2000 

ALL 0-
18 

All risks 491 ***Coli 
asp vs 
       
Erwinia 
asp 

- 24%   p 
<0.1 
10% 

- - 10%     
p<.02 
19% 

89%       
p.01 
78% 

-

Moricke 
2016.18 

AIEOP/BF
M 
LAL 2000 
2000-
2006 

ALL 1-
17 

All risks 372
0 

° Dexa 
vs 
  PDN 

- 0.5%   p 
.022 
0.1% 
(Inducti
on 
death) 

- NS 10.8%   
p<.000
1 
15.6% 

83.9
%      
p.024 
80.8
% 

90.3
%       
NS 
90.5
% 

Hoffma
ns 
2019.25 

EORTC-
CLG 
58881 
1989-
1998 

T 
ALL 

<18 Increase
d/  very 
high risk 

303 Medac 
asp 
 Non 
Medac 
asp 
(no 
Random
) 

- - - - 22.5%     
38.2% 

71.6
%     
p.001
5 
52.1
% 

77.7
%  
p.001
8 
59.6
% 

 EORTC-
CLG  
58951 
1998-
2008 

T 
ALL 

<18 Average 
risk 
2/very 
high risk 

296 °° Dexa 
vs 
    PDN 

- - - - 22.1%     
19.2% 

71.3
%           
NS 
76.7
% 
 

74.2
%      
NS 
84.4
% 

     147 Prolong
ed asp 
Short 
asp 

- - - - 16.4% 
17.6% 

82.9
% 
(DFS)     
NS 
82.1
% 
(DFS) 

87.4      
NS 
91.9 

 

AIEOP: Associazione Italiana EmatoOncologia Pediatrica; ALL: acute lymphoblastic leukemia; Asp: Asparaginase; BFM: Berlin Frankfurt Munster; 
CCG: Children cancer group; CR: Complete remission; Dexa: Dexametasone; DFCI: Dana Farber Cancer Institute; DFS: Disease free survival; EFS: 
Event free survival; EORTC-CLG: European Organisation for Research and Treatment of Cancer–Children’s Leukemia Group; LBL: lymphoblastic 
lymphoma; OS: Overall survival; PEG: pegylated asparaginase. 

* E. coli–or Erwinia asparaginase at the same dosage of 10.000 IU/m2 twice weekly 

** PEG 2500 IU/m2 IM on day 3 of induction and each DI phase or Native-asparaginase 6000 IU/m2 IM 3 times per week, for 9 doses in induction, 
and 6 doses in each DI phase. 

*** Erwinia or E coli asparagianse 25.000 IU/m2 

°     Prednisone (60mg/m2/day) or dexamethasone (10mg/m2/day) 

°°    Prednisolone (60 mg/m2/day) or dexamethasone (6 mg/m2/day) 
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Table 2. Studies which enrolled AYAs on both pediatric and adult trials. 
 

Study N of 
pts 

Age 
range 

Adult protocol Pediatric 
protocol 

EFS OS CR

De Bont et al.48 91 15-18 
years 

HOVON ALL-5+ALL-18 (n=44) DCOG ALL6+9 
(n=47) 

34% 
vs 

69% 

91% 
vs 

98% 

38% 
vs 

79% 
Stock et al.49 321 16-20 

years 
CALG8811+9111+9311+9511(n=124) COG1882+1901 34% 

vs 
63% 

46% 
vs 

67% 

90% 
vs 

90% 
Testi et al.50 245 14-18 

years 
GIMEMA 0496+2000 AIEOP 95+ 2000 55% 

vs 
83% 

71% 
vs 

80% 

89% 
vs 

84% 
Boissel et al.53 177 15-20 

years 
FRALLE-93 (n=77) LALA-93(n=100) 41% 

vs 
67% 

45% 
vs 

78% 

83% 
vs 

94% 
Ramanuijachar 

et al.59 
128 15-17 

years 
UKAL 97/99 (n=61) UKALL (n=67) 49% 

vs 
65% 

56 
vs 

71% 

94% 
vs 

98% 
Rytting et al.57 208 13-40 

years 
Hyper-CVAD (n=102) aBFM (n=106) 53% 

vs 
55% 

60% 
vs 

60% 

98% 
vs 

93% 
Rytting et al.60 156 13-40 

years 
Hyper-CVAD (n=71) aBFM (n=85) 66% 

vs 
70% 

66% 
vs 

70% 

99% 
vs 

94% 
aBFM: augmented Berlin-Frankfurt-Munster; AIEOP: Associazione Italiana Ematologia ed Oncologia Pediatrica; 
CALG: Cancer and Leukemia Group; COG: Children’s Oncology Group; CR: complete remission; DCOG: Dutch 
Childhood Cooperative Group; EFS: event-free survival; FRALLE: French Acute Lymphoblastic Leukemia study 
Group; LALA: GIMEMA: Gruppo Italiano Malattie Ematologiche dell’adulto; HOVON: Hemato-Oncologie for adults 
in Nederlands; OS: overall survival; UKALL: United Kingdom Acute Lymphoblastic Leukemia 
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Table 3. Selected pediatric Ph+ ALL studies 

Author Protocol Period TKI Chemotherapy Age
(years) 

N. patients CR (%) HSCT (%) E

Aricò 
2000.72 

International 
multicenter 
(Ponte di Legno) 

1985-1996 No HR ALL
(Various) 

0.4-19.9 326 81.9 45 2

Aricò 
2010.73 

International 
multicenter 

1995-2005 No HR ALL
(Various) 

0.7-18 610 89 60 3

Biondi 
2018.11 

EsPhALL 2004 2004-2009 Imatinib
day 35 

HR BFM 1-18 160 100 81 5

Biondi  
2019.75 

EsPhALL 2010 
 

2010-2014 Imatinib 
Day 15 

HR BFM 1-17 155 100 38 5

Slayton 
2018.78 

AALL0622  
COG 

2008-2012 Dasatinib
Day 15 

VHR COG 1-18 60 98 54 6

ALL: acute lymphoblastic leukemia; BFM: Berlin-Frankfurt-Munster; COG: Children’s Oncology Group; CR: complete 
remission; DFS: disease-free survival; EFS: event free survival; EsPhALL: European Intergroup of patients with Ph+ALL; 
HR: high-risk; HSCT: hematopoietic stem cell transplant; OS: overall survival; TKI: tirosin kinase inhibitor; VHR: very 
high-risk 
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Table 4. Current clinical trials, phase 2/3, including kinase inhibitors for the treatment of children and AYA 
with newly diagnosed Ph-like ALL 

Genetic marker Age (years) Clinical trial Kinase inhibitor 

ABL class 1-30 NCT01406756 (COG) dasatinib 
 1-18 NCT03117751 (SJCRH) dasatinib 

CRLF2/JAK 1-21 NCT02723994 (COG) ruxolitinib 
 1-18 NCT03117751 (SJCRH) ruxolitinib 
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