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Introduction: 
Acute lymphoblastic leukemia is the most common 

cancer among children and the most frequent cause of 

death before 20 years of age, with incidence 80% of 

pediatric leukemia (1). Most of ALL pediatric patients 

are seen in young childhood with peak incidence from 

(3-5) years old and the severity of the disease increase 

below the age of 1 year old and above 18 years (2). The 

main modalities of ALL treatment are chemotherapy, 
radiotherapy, targeted therapy and stem cell 

transplantation, with all the advances in these 

modalities we are still facing a lot of obstacles and 

drawbacks leading to many adverse events like 

treatment failure and relapse (3). 

Induction failure (IF) is rare, occurring in only 2 to 

3% of all patients, but it constitutes one of the most 

unfavorable outcomes in pediatric ALL (4). Patients 

who were refractory to initial induction therapy and 

didn’t achieve complete remission (CR) were at very 

high risk of early relapse. Even intensive chemotherapy 

regimens appeared to be unsuccessful at maintaining 

remissions in this subset of patients (5). 
Relapse is the main reason for adverse events during 

treatment of childhood ALL. Despite improvements in 

the up-front therapy, survival after relapse is still 

relatively poor, especially for high-risk patients (6). The 

adverse immunophenotyping (IPT), unfavorable 

cytogenetic and response to induction treatment are all 

an essential risk factors for relapse as well as prognostic 

factors (7). Treatment of relapsed ALL is typically more 

intensive than for newly diagnosed ALL. With all 

current protocols, the long-term overall survival rates 

ranging from 15 to 50% and cure rates after relapse of 

30% to 40% are reported (8). 
About 1 to 2% of ALL patients die from toxic 

effects during remission. Relapse deaths, considered the 

most common by more than 63% of the patients in some 

studies (9). The causes of deaths are divided into 

disease related mortality from the disease itself and 

treatment related mortality from the complication of 

treatment, these causes included infections, hemorrhage, 
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delay in diagnosis, chemo-drugs shortages, 

abandonment of therapy, chemotherapy-induced 

toxicity, and relapse (10).  

Early toxic events are those toxicities occurring 

early  during treatment  and are classified according to 

severity into 4 grades; Grade 1 which is asymptomatic 

or mild symptoms, Grade 2 is Moderate, Grade 3 is 

Severe or medically significant that requires 

hospitalization and Grade 4 is Life threatening 

consequences that indicates urgent management and 
hospitalization (11). 

In our study, we assessed the adverse events during 

treatment of pediatric ALL patients and correlated those 

events with different available prognostic factors to find 

and improve any drawbacks in our medical plans. 

       

Patients and Methods: 
The study was carried on pediatric patients with 

ALL at Pediatric Oncology Department, South Egypt 

Cancer Institute (SECI), Assiut University during the 

period from January, 2002 to December, 2017 and their 

follow up data were collected until December, 2019 to 

study the adverse events and their outcome during 

treatment. Patients were not enrolled in the study if they 

were < 1 year or >18 years old, diagnosed with mature 

B cell ALL (L3), patients died early at presentation or 

early induction (not completing 2 weeks ), patients with 

unavailable medical records or complete data . 
The data were collected from the patients’ records. 

Detailed clinical history and examination were 

reported. Routine Laboratory investigations including 

complete blood count (CBC), liver and kidney function 

tests,   bone marrow aspirate (BMA), cerebrospinal 

fluid (CSF) cytological examination, cytogenetic 

studies (Philadelphia chromosome done in 82 patients 

only) and risk stratification. Treatment protocols used 

were modified BFM 90 in 119 patients  from January 

2002 to December 2008 (12) and modified Total 

Therapy XIIIB at St Jude Children's Research 
Hospital(TXIIIB of SJCRH) in 190 patients  from   

January 2009 till the end of the study (13)  . Response 

assessment as early or late response by CBC on day 8, 

BMA at day 15 during induction therapy  and  BMA 

post induction and accordingly patients were classified 

into; M1: blast cell count in BMA <5% ,M2: blast cell 

count in BMA 5-24% and  M3: blast cell count in 

BMA > 25 . (14) 

The data of all adverse events were analysed 

according to number of patients (%), age, sex, clinical 

and laboratory data, IPT, risk stratification at diagnosis, 

management and outcome.  
Definitions of collected adverse events: The 

definition of induction failure was the persistence of 

leukemic blasts in the bone marrow (M2 or M3) after 

induction phase of therapy.  The definition of refractory 

disease was patients with induction failure who failed 

to attain complete remission after consolidation and 

reinforcement phase of therapy .The definition of 

relapse, which occurred after the first complete 

remission was > 5% blasts in the bone marrow, or 

leukemic infiltration elsewhere. Treatment-related 

deaths were defined as deaths due to chemotherapy 

complications or allogeneic stem cell transplantation 

(SCT). (15) 

 

Ethical consideration: 

The research proposal was approved from ethical 

committee of South Egypt Cancer Institute, Assiut 

University. All the data was collected from patient’s 

records after written consent. All other rules advised by 

the ethical committee were applied. 
 

Statistical analysis:  

Statistical analysis was carried out using SPSS 

statistical software version 23 (SPSS Inc., Chicago, IL) 

for windows. Qualitative data are expressed by 

frequency and percentage; quantitative data are 

expressed by mean± standard deviation and median. 

Chi²-test was used to compare the nominal data of 

different groups in the study while Student t test was 

used in case of continuous data. P value <0.05 we 

considered significant. The cutoff point of the study 
was on 12/2019. 

 

Results:  
Table (1) shows the clinical characteristics of the 

patients with continuous complete remission (CCR) 

who presented159 (51.2%) and the 309 patients 

enrolled in this study. Patients treated in total XIIIB 
(n=190), have better overall event-free than patients 

treated in BFM 90 study (n=119) (53/44.5% s versus 

106/55.7%). 

 

Induction failure: 

Table (2) shows the clinical laboratory 

characteristics and outcome of 66(21.3%) patients who 

had failure of induction (M2 or M3) in (41%) and 

(59%) respectively. The majority were males 43(65.1%) 

with significant P value (0.001**). HR and SR patients 

were 49(74.3%) and 17 (25.7%) respectively with high 
significant P value (0.001**). The outcome of patients 

after consolidation therapy was continuous remission 

14(21.2%), 17(25.8%) refractory disease and 35 (53%) 

patients relapsed shortly after remission, with 

significant P value (0.003**).  

 

Refractory disease:  

As mentioned before 17 patients (5.5%) had 

refractory disease. (53%) of the patients were more than 

10 years old and (65%) patients were males. (94%) of 

them were CNS +ve. The HR patients were (88%). All 

patients showed disease progression and died. (Table3). 

 

Relapse: 

Table (4) shows the clinical laboratory 

characteristics of 59 relapsed patients. Early relapse (< 

36 months) represented in (88%) of patients and late 

(>36 month) in (12%) patients. The age of most 

relapsed patients was ≥10 years in 24 (57.6 %). Also, 

the majority were males (p=0.048). There was no 

significant difference in the distribution of 

immunophenotype among relapsed patients. High risk 
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in early relapse represented (69.2%) and (30.8%) were 

SR. The outcome of relapse was second remission 

(CR2) in 16 (27%) with one patient underwent BMT, 

death in 43 (72.8%) including 5 patients had multiple 

relapse. 

 

 

 

Table (1): The clinical laboratory characteristics of 

patients in continuous complete remission and all 
patients enrolled in the study 

Variable Complete 
continuous 
remission 
No (%) 

Total 
 

No (%) 

Patients number 159 (51.4%) 309 (100 %) 
Age 

 2-10 year 

 >10 year 
122(39.4%) 

37(12%) 
221(71.5%) 
88(28.5%) 

Sex 

 Male 

 Female 

 
97(31.3%) 
62(20%) 

 
194(62.8%) 
115(37.5%) 

Leukocyte count, × 109/L 

 <50 

 >50 

 
124(40%) 
35(11.3%) 

 
202(65.3%) 
107(34.6%) 

Immunophenotyping 

 B lineage 

 T lineage 

 
135(43.6%) 
24(7.7%) 

 
241(78%) 
68(22%) 

Risk stratification  

 HR 

 SR 

 
62(20%) 

97(31.3%) 

 
173(55.9%) 
136(44%) 

CNS Status 

 -Ve 

 +Ve 

 
156(50.4%) 

3(0.9%) 

 
276(91.1%) 
33(8.9%) 

Philadelphia 
chromosome 

 Absent 

 Present 

 

44(14.2%) 
13(4.2%) 

 

63(20%) 
29(9.3%) 

BMA post first induction  

 M1 

 M2 

 M3 

 
137(44.3%) 
22(7.1%) 

0(0%) 

 
194(62.7%) 
92(29.7%) 
23(7.4%) 

Chemotherapy Protocol  

 BFM 90 

 Total Therapy 

studies  XIIIB 

 
53(17%) 

106(34.4%) 

 
110(35.5%) 

199(64.4%) 

Data expressed as frequency (percentage), mean (SD) 
according to the total number of patients (309). (CNS: 
central nervous system, HR: high risk, SR: standard risk, 
BMA: bone marrow aspirate, M1 =<5%, M2 =5-25 %, M3 = 
>25%) 

 

 

Treatment and adverse event related mortality  

Table (5) shows the clinical laboratory 

characteristics of the studied106 (34.3%) died patients. 

Death in remission represented in 25(23.5%) due to 

infection and sepsis during high dose chemotherapy, 

while 64 (60.3%) patients died in relapse. Most of the 
patients (53.1%) were HR also with predominance of 

male in 63.3%.  

 

 

 

Table (2): The clinical laboratory characteristics and 

outcome of 66 patients with induction failure according 

to initial features  

Variable 

Induction 
failure (n=66) P-value 

N % 

Age  

 2 - 10 year  

 > 10 year  

 
47 
19 

 
71.2 
28.7 

 
<0.001** 

Sex 

 Male 

 Female 

 
43 
23 

 
65.1 
34.8 

 
0.001** 

leucocytes count  

 <50(x109/l)  

 > 50 (x109/l)  
37 
29 

 
56 

43.8 

 

0.02 

Immunophenotyping 

 B linage  

 T linage 

 
47 
19 

 
71.2 
28.7 

 
0.03 

Risk stratification   

 HR  

 SR  

 
49 

17 

 
74.2 

25.7 

 
<0.001** 

CNS  status  

 - Ve  

 + Ve  

 
50 
16 

 
75.7 
24.3 

 
<0.001** 

Philadelphia chromosome *  

 - Ve  

 + Ve  

 
6 
6 

 
9.1 
9.1 

 

0.762 

Chemotherapy Protocol  

 BFM 90 

 Total XIII protocol 

 
29 

37 

 
43.9 

56 

 
0.224 

Outcome 

 Second Remission 

 Refractory disease 

 Relapse 

14 
17 

35 

 
21.2 
25.8 

53.0 

 
 

0.003** 

Data expressed as frequency (percentage). P value was 
significant if < 0.05. (TLC: total leucocytic count, CNS: 
central nervous system, HR: high risk, SR: standard risk, 
*Philadelphia chromosome was done for only 12 patients) 
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Table (3): The clinical laboratory characteristics and 

outcome of 17studied patients with refractory disease 

according to initial features   

Variable 

Refractory disease 
(n=17) 

No. % 

Age  

 2-10year  
 
8 

 
47 

 >10year  9 53 

Sex 

 Male 

 Female 

 
11 
6 

 
64.7 
35.3 

TLC  

 <50(x109/l)  
 
4 

 
23.5 

 >50(x109/l)  13 76.5 

Immunophenotyping 

 B cell  
 

12 
 

70.5 

 T cell  5 29.5 

Risk stratification  

 HR  
 

15 
 

88 

 SR  2 12 

CNS  

 -Ve  
 
1 

 
5.8 

 +Ve  16 94.2 

Philadelphia chromosome*  

 -Ve  
 

2 

 

11.7 

 +Ve  6 35.2 

BM post reinduction 

 M2  
 

13 
 

76.5 

 M3  4 23.5 

Chemotherapy Protocol  

 BFM  
 
8 

 
47 

 Total XIII protocol  9 53 

Data expressed as frequency (percentage). TLC: total 
leucocytic count, CNS: central nervous system, HR: high risk, 
SR: standard risk, IPT: immunophenotyping, BMA: bone 
marrow aspirate, M2 =5-24 %, M3 = >25%, *: Philadelphia 
chromosome was done for only 8 patients) 

 

 

 

Table (4): The clinical laboratory characteristics of 59 

patients with relapse according to initial features  

Variable 

Early  
relapse  
(n=52) 

Late 
relapse 
(n=7) 

P-value 

No.  %  No.  %  

Age  

 2 - 10 year  

 ≥ 10 year  
31 

21 

59.6 

40.4 

4 

3 

23.5 

17.6 

 
0.603 

Sex 

 Male  

 Female  

 
36 
16 

 
69.2 
30.8 

 
2 
5 

 
11.8 
29.4 

 
0.048* 

leucocytic count  

 <50x109/l)  

 >50x109/l)  

 

26 
26 

 
50 
50 

 

3 
4 

 
17.6 
23.5 

 
0.928 

immunophenotyping   

 B cell  

 T cell  
37 
15 

 
71.2 
28.8 

 
5 
2 

 
29.4 
11.8 

 
0.68 

Risk stratification   

 HR  

 SR  
36 
16 

 
69 

30.2 

 
7 
0 

 
41 
0 

 
0.094 

CNS status 

 - Ve  

 + Ve  
47 
5 

 
90 
9.6 

 
6 
1 

 
35.3 
5.9 

 
0.548 

Philadelphia 
chromosome 

 - Ve  

 + Ve  

 
9 
5 

 
 

17.3 

9.6 

 
1 
3 

 
 

5.9 

17.6 

 
 

0.206 

Previous BM post 
induction.  

 M1  

 M2 

 
 

35 
16 

 
 

67.2 
30.8 

 
 

2 
5 

 
 

11.8 
29.4 

 
 

0.052 

Chemotherapy protocol  

 BFM 90 

 T XIII  
21 
31 

 
40.4 
59.5 

 
2 
5 

 
11.8 
29.4 

 
0.435 

Site of relapse  

 Isolated BM (61%)   

 
   36 

 
   69.2 

 
    3 

 
 42.9 

 

 Isolated CNS 

(22%) 

  Combined (10%) 

11 
 

4 

21.2 
 
7.7 

2 
 

2 

28.6 
 

28.6 
0.310 

 Testicular (1.6%) 1 1.9 0 0  

Outcome 

 Remission 

 Deaths  

 
13 
39 

 
23.1 
75 

 
3 
4 

 
42.9 
57.1 

 
0.313 

Data expressed as frequency (percentage), mean (SD). Chi-
square test,* statistically significant difference (p<0.05), ** 
highly statistically significant difference (p<0.01). CNS: 
central nervous system, HR: high risk, SR: standard risk, 
BMA: bone marrow aspirate, M1 = < 5%, M2 =5-25 %, M3 = 
>25%. 
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Table (5): The clinical characteristics of 106 died 

patients  

Clinical characteristic  Number 

= 106 

% P-value 

Sex:  

 Male  

 Female   

 
67 
39 

 
63.2 
36.7 

0.002** 

Age:  

 2-10 years old  

 >10 years old   

 
60 

46 

 
56.6 

43.4 
0.074 

Immunophenotyping 

 B.cell  

 T.cell 

 
77 
29 

 
72.6 
27.3 

<0.001** 

leucocytic count  

 <50(x109/l)  

 >50(x109/l)  

 
54 
52 

 
50.9 
49 

0.889 

 CNS status :  

 -VE  

 +VE   

 

85 
21 

 

80 
20 

<0.001** 

Philadelphia chromosome  

 -VE  

 +VE  

 
90 
16 

 
84.9 
15 

<0.001** 

 Risk stratification:  

 SR  

 HR  

 
33 
73 

 
31.1 
68.8 

<0.001** 

Chemotherapy Protocol:  

 BFM  

 Total protocols  

 
44 
62 

 
41.5 
58.4 

0.020* 

Time of death:  

 Refractory disease  

 Remission  

 Relapse   

 

17 
25 
64 

 

16.2 
23.5 
60.3 

<0.001** 

Data expressed as frequency (percentage), mean (SD). Chi-
square test,* statistically significant difference (p<0.05), ** 

highly statistically significant difference (p<0.01). TLC: total 
leucocytic count, CNS: central nervous system, HR: high risk, 
SR: standard risk   

 

 

Chemotherapy toxicities:  

 In Table 6 early toxicity is exhibited in our patients. 

Bone marrow suppression grade II and III were 

presented in 45.3% and 25% respectively. Most of 
patients were presented with attacks of fever 

neutropenia (FN) that required hospitalization and 

recurrent attacks of chest infection in 64(20%) {(75%) 

bacterial infection, (25%) fungal}. Sepsis was presented 

in 20 (6.5%) and was an important cause of multiple 

organ failure and deaths in our study. GIT toxicity was 

common in form of mucositis 29.7% and typhilitis in 

3.2% patients. Hepatic toxicity was evident in 37 

(11.9%) patients {27 (8.7%) had HCV, 7(2.2%) had 

HBV and 3 toxic)}. Regarding CNS peripheral 

neuropathy occurred in 24(7.7%) and encephalopathy in 
45(14.5%) patients. Renal toxicity was presented in 26 

(8.4%), during high dose methotrexate administration, 

all of the patients were managed with leucovorine 

rescue and urine alkalinazation with vigorous hydration 

and close follow up. 

Table (6): The early toxicity in the studied 309 ALL 

patients 

Variable  

Number 

of 
patients 

(%) 

1- Bone marrow suppression  

 (grade II)  

 (grade III) 

 
140 
80 

 
45.3 
25 

2- Infectious complications 
Chest infections:  

 Sepsis  

 Hepatitis   

 Skin infection  

 Ear infection  

 CNS infection  

 
 

64 
20 
37 
5 
6 
25 

 
 

20 
6.5 
2.2 
1.6 
1.9 
8 

3-Gastrointestinal complications  

  Mucositis (grade III- IV)  

 Typhilitis 

 Hepatotoxicity Grade II-III 

 Gastroenteritis  

 Pancreatitis   

 
92 
10 
37 
62 

5 

 
29.7 
3.2 

11.9 
20 

1.6 

4) Cardiovascular complications  

 Hypertension  

 Cavernous sinus thrombosis  

 
50 
6 

 
16 
1.9 

5) Central Nervous System 
complications 

  Peripheral neuropathy  

 Encephalopathy  

 
 

24 
45 

 
 

7.7 
14.5 

6) Renal toxicity 26 8.4 

7) Hormonal 

 Diabetes Mellitus   

 
5 

 
1.6 

 

 

 

Discussion: 

ALL is the most common cancer diagnosed in 

children and confers 25% of pediatric cancer. 

Multimodal therapy with enhanced supportive care have 

resulted in 5 year survival rates that approach 90% for 

those diagnosed at 14 years of age and younger.(16) 

Unfortunately, ALL patients still facing a lot of adverse 

events either from the disease itself or from toxic 

chemotherapy. The most common is relapse which is 

considered the main cause of treatment failure in 

pediatric ALL. (17) 
 

Induction failure:  

Because of the rarity of IF in recent studies, affected 

patients have been considered very-high-risk patients 

and are offered allogeneic hematopoietic stem-cell 

transplantation as the treatment of choice. (15) 

In our study IF occurred in 21.3%  patients, that was 

more than Vora et al., (4) where IF represented 2-3%, 

the increase number may be explained by the 

differences in the study populations, the type of 

treatment administered, the HR group that was much 

prevalent in our study and irregular treatment during 
induction phase.  

The majority of patients were  males which matched 

with the polish pediatric leukemia and lymphoma study 
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group experience(18) that males were significantly 

more prevalent than females in the group of patients 

with induction failure compared to children who lived 

in  first complete remission (CR1) (68.2% Versus 

55%.).  

 Commonly IF was reported in patients with high risk 

criteria as High leukocyte count  , T-cell phenotype , 

CNS leukemia and HR patients which matched with 

Schrappe et al., (15) where IF diagnosed in HR group 

64%, male 61%, high TLC 58%, T-cell 38% and +ve 
BCR/ABL (13%), CNS leukemia (6%). The outcome of 

the patients was completely different from Schultz et 

al., (19) where the outcome of IF was 70% achieved 

complete remission with the salvage therapies and 30% 

died. The difference due to the varieties in patient's 

number, treatment protocols and risk assessment.  

 

Relapse:  

Despite the fact that relapse is the most common 

adverse event and cause of treatment failure, it only 

represented (19%) which was much lower than that 
reported in a study conducted in Mexico recruited 302 

pediatric patients with ALL, and they reported a relapse 

rate of 26.2% (20) and Jiménez et al.,(21) where a 

relapse rate of 20.5% was reported.  

The site of relapse is considered an important factor in 

defining risk and prognosis of the patient's. In our study 

isolated BM was the most occurred followed by 

combined BM and CNS. These results were comparable 

with those reported in Abdelmabood et al., (23) .The 

time of relapse is the strongest individual risk factor for 

survival. Most of patients with early relapses were 

stratified as high-risk indicating that clinical and genetic 
features present at diagnosis affect survival after relapse 

(24). In this study early relapse was more common than 

the late relapse.  

The clinical characteristics of relapsed patients were 

mostly near to the study conducted by Abdelmabood et 

al., (23) where HR was 73.2%, B.cell (65.9%) and male 

sex (61%).  

The outcome in both types of relapse was much lower 

than reported in Raetz & Bhatla (25) where overall CR2 

rates reach 85%, and Tallen et al., (22) where 440 

patients (84%) achieved CR 2 from which 246 patients 
(56%) suffered subsequent relapse.  This Discrepancy 

in the outcome can be attributed to the different 

treatment protocols the patients were enrolled on as 

front line therapy and to the lack of supportive care. 

 

Mortality:  

Death in the study occurred in (34.3%) that was 

close to Kiem Hao et al. (26) where it showed (31,1%), 

and much more the rate in the study conducted by 

Prucker et al. (27) the mortality rate was 3.4%. The 

reason for was what we faced from difficulties in 

providing supportive care, medications and blood 
product as well as the challenge  in health awareness of 

early detection of the disease and treatment.  

This high mortality rate was much prevalent in the HR 

group , Male was almost 2 times higher than females 

(63% vs 36%)and age from 2-10 years , that was near to 

Kiem Hao et al., (26) where HR (67.6%) and SR 

(32.4%), male: female (73%;27%), age 2-10 (67.5%).  

The time of death in the patients was allied to the 

disease progression and resistance as 16.2% of the 

patients died in refractory disease and 60% died at the 

time of relapse.  High percent of the patients (23.5%) 

died in remission which had provoked the importance 

of continuous modification in treatment protocols and 

supportive care for our patients. That result was close to 

Abdelmabood et al., (23) where induction deaths 23%, 
deaths in remission 18.9% while relapse deaths reached 

63.4%.  

 

Toxicity:  

In our study, the most observed early toxicities were 

bone marrow suppression grade II  and III, which  were 

the main cause of morbidity and mortality and was 

close to Badr et al., (28) and Li et al., (29) where 

morbidity and mortality occurred in 73.5% -64% of 

cases due to bone marrow suppression. Chest infection 

occurred in 20% of the patient that closely matched 
with Hough & Vora (30). Incidence of mucositis was 

observed in 29.7% of the cases close to Schmiegelow et 

al., (31) where mucositis represented 40%. Severe liver 

dysfunction and fatal fulminant hepatitis through virus 

reactivation have been described in patients with viral 

hepatitis B and C. The percent of the cases was much 

lower to the studies by Parrish et al., (32), Schmiegelow 

et al. (31) and Adrienne & Erzsébet (33) where they 

found hepatotoxicity in 77%.  

Central nervous system toxicities during 

chemotherapy are infrequent adverse events and occur 

in 10-15% of ALL patients (31, 34). Peripheral 
neuropathy was uncommon and completely reversible 

in most of the cases. It was much lower than 

Ramachandran & Labib (35) and Diouf et al. (36) 

where reported 29% in their studies.   

Nephrotoxicity is a potentially life-threatening 

complication of high dose methotrexate. We tracked 

MTX toxicity and found that the result was 8.4% which 

was more than Patterson & Lee (37) and Savhan et al., 

(38) where experienced 3% of their patients. 

Pancreatitis and thrombosis formation are a common 

complication of asparaginase therapy with incidence 
(1.6%) and (1.9%) in our study which matched with that 

reported in Schmiegelow et al. (31). 

 

List of Abbreviations: 
ALL: Acute lymphoblastic leukemia  

BMA : Bone marrow aspirate  

BFM: Berlin frankfurtmunster 
CBC: Complete blood count  

CCR: Complete clinical remission  

CSF: Cerebrospinal fluid  

CR: Complete remission  

FN: Fever neutropenia  

HBV: Hepatitis B virus  

HCV: Hepatitis C virus  

IF : Induction failure  

IPT: Immunophenotyping 

SECI: South Egypt cancer institute 
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Conclusion: 

The incidence of induction failure was high and 

mostly related to the high risk presentation of the 

patients in our study and it showed the worst outcome 

in studied patients. Early relapse was common and 
showed the worst prognosis in our ALL patients. 

Childhood ALL management in countries with limited 

health resources faces multiple challenges including 

quality improvement, educational and financial 

supports.  

 

References: 
1- Hunger SP, Mullighan CG. Acute lymphoblastic 

leukemia in children. N Engl J Med. 2015 Oct 

15;373(16):1541-52. 

2- Ezzat S, Rashed WM, Salem S, et al. Environmental, 

maternal, and reproductive risk factors for 

childhood acute lymphoblastic leukemia in Egypt: 

a case-control study. BMC Cancer. 2016 Aug 

20;16:662.  

3- Bierings M. Therapy of pediatric ALL relapsing after 

allogeneic transplant: how to make progress with 

limited patient numbers? Bone Marrow 
Transplant. 2017 Feb;52(2):197-198. 

4-Vora A, Goulden N, Wade R, et al. Treatment 

reduction for children and young adults with low-

risk acute lymphoblastic leukaemia defined by 

minimal residual disease (UKALL 2003): a 

randomised controlled trial. Lancet Oncol. 2013 

Mar;14(3):199-209.  

5- Sidhom IA, Mokhles A, Soliman S, et al. Outcome of 

risk-adapted therapy for pediatric acute 

lymphoblastic leukemia in Egypt. Journal of 

Clinical Oncology 2013 31:15_suppl, 10044-

10044  
6- Oskarsson T, Söderhäll S, Arvidson J, et al.. 

Relapsed childhood acute lymphoblastic leukemia 

in the Nordic countries: prognostic factors, 

treatment and outcome.  Haematologica 2016.Jan 

1;101(1):68-76.  

7-Barredo JC, Hastings C, Lu X, et al. Isolated late 

testicular relapse of B-cell acute lymphoblastic 

leukemia treated with intensive systemic 

chemotherapy and response-based testicular 

radiation: A Children's Oncology Group study. 

Pediatric blood cancer.2018 May;65(5):e26928.  
8- Masurekar AN, Parker CA, Shanyinde M, et al. 

Outcome of central nervous system relapses in 

childhood acute lymphoblastic leukaemia– 

prospective open cohort analyses of the ALLR3 

trial. PloS one 2014. 9(10):81-87.  

9- Hu Q, Hu W, Chen X, et al. Relapsed childhood 

acute lymphoblastic leukemia: Current situation in 

China; a multicenter observational  study. 

Pediatric Hematology Oncology Journal 2018. Sep 

1;3(3):59-63.  

10-Buitenkamp TD, Izraeli S, Zimmermann M, et al. 

Acute lymphoblastic leukemia in children with 
Down syndrome: a retrospective analysis from the 

Ponte di Legno study group. Blood. 2014 Jan 

2;123(1):70-7.  

11- CTCAE version 5.0, 2018 

12-Möricke A, Reiter A, Zimmermann M, et al. Risk-

adjusted therapy of acute lymphoblastic leukemia 

can decrease treatment burden and improve 

survival: treatment results of 2169 unselected 

pediatric and adolescent patients enrolled in the 

trial ALL-BFM 95. Blood. 2008 May 

1;111(9):4477-89.  

13-Pui CH, Sandlund JT, Pei D, et al. Improved 

outcome for children with acute lymphoblastic 
leukemia: results of Total Therapy Study XIIIB at 

St Jude Children's Research Hospital. Blood 2004. 

Nov 1;104(9):2690-6.  

14- Lauten M, Möricke A, Beier R, et al. Prediction of 

outcome by early bone marrow response in 

childhood acute lymphoblastic leukemia treated in 

the ALL-BFM 95 trial: differential effects in 

precursor B-cell and T-cell leukemia. 

Haematologica 2012. Jul 1;97(7):1048-56.  

15- Schrappe M, Hunger SP, Pui CH, et al. Outcomes 

after induction failure in childhood acute 
lymphoblastic leukemia. N Engl J Med. 2012 Apr 

12;366(15):1371-81.  

16-Brown AL, Lupo PJ, Danysh HE, et al. Prevalence 

and predictors of overweight and obesity among a 

multiethnic population of pediatric acute 

lymphoblastic leukemia survivors: a cross-

sectional assessment. J Pediatr Hematol Oncol. 

2016 Aug;38(6):429-36. 

17-Conter V, Arico M, Basso G, et al. Long-term 

results of the Italian Association of Pediatric 

Hematology and Oncology (AIEOP) Studies 82, 

87, 88, 91 and 95 for childhood acute 
lymphoblastic leukemia. Leukemia 2010. 

Feb;24(2):255-64. 

18-Zawitkowska J, Lejman M, Drabko K, et al. First-

line treatment failure in childhood acute 

lymphoblastic leukemia: The polish pediatric 

leukemia and lymphoma study group experience. 

Medicine 2020. Feb;99(7).  

19-Schultz KR, Devidas M, Bowman WP, et al. 

Philadelphia chromosome-negative very high-risk 

acute lymphoblastic leukemia in children and 

adolescents: results from Children‟s Oncology 
Group Study AALL0031. Leukemia 2014. 

Apr;28(4):964-7.  

20-Nguyen K, Devidas M, Cheng SC, et al. Factors 

influencing survival after relapse from acute 

lymphoblastic leukemia: a Children's Oncology 

Group study. Leukemia 2008.Dec;22(12):2142-50. 

21-Jiménez-Hernández E, Jaimes-Reyes EZ, Arellano-

Galindo J, et al. Survival of Mexican children with 

acute lymphoblastic leukaemia under treatment 

with the protocol from the Dana-Farber Cancer 

Institute 00-01. Biomed Res Int. 2015; 

2015:576950. 
22-Tallen G, Ratei R, Mann G, et al. Long-term 

outcome in children with relapsed acute 

lymphoblastic leukemia after time-point and site-

of-relapse stratification and intensified short-

course multidrug chemotherapy: results of trial 



Ali et al. SECI Oncology 2021(1) 

Page 31 

    

ALL-REZ BFM 90. J Clin Oncol. 2010 May 

10;28(14):2339-47.  

23-Abdelmabood S, Fouda AE, Boujettif F, et al. 

Treatment outcomes of children with acute 

lymphoblastic leukemia in a middle-income 

developing country: high mortalities, early 

relapses, and poor survival. J Pediatr (Rio J). 2020 

Jan-Feb;96(1):108-116. 

24-Eckert C, Flohr T, Koehler R, et al. Very early/early 

relapses of acute lymphoblastic leukemia show 
unexpected changes of clonal markers and high 

heterogeneity in response to initial and relapse 

treatment. Leukemia 2011. Aug;25(8):1305-13.  

25-Raetz EA, Bhatla T. Where do we stand in the 

treatment of relapsed acute lymphoblastic 

leukemia? Hematology Am Soc Hematol Educ 

Program. 2012;2012:129-36. 

26-KiemHao T, NhuHiep P, Kim Hoa NT, et al. Causes 

of Death in Childhood Acute Lymphoblastic 

Leukemia at Hue Central Hospital for 10 Years 

(2008-2018). Glob Pediatr Health. 2020 Jan 
22;7:2333794X20901930..  

27-Prucker C, Attarbaschi A, Peters C, et al. Induction 

death and treatment-related mortality in first 

remission of children with acute lymphoblastic 

leukemia: a population-based analysis of the 

Austrian Berlin-Frankfurt Münster study group. 

Leukemia 2009. Jul;23(7):1264-9.  

28-Badr M, Hassan T, Sakr H, et al. Chemotherapy-

induced neutropenia among pediatric cancer 

patients in Egypt: Risks and consequences. Mol 

Clin Oncol. 2016 Sep;5(3):300-306. 

29-Li MJ, Chang HH, Yang YL, et al.  Infectious 
complications in children with acute 

lymphoblastic leukemia treated with the Taiwan 

Pediatric Oncology Group protocol: A 16-year 

tertiary single-institution experience. Pediatric 

blood cancer 2017. Oct;64(10):e26535.  

30-Hough R, Vora A. Crisis management in the 

treatment of childhood acute lymphoblastic 

leukemia: putting right what can go wrong 

(emergency complications of disease and 

treatment). Hematology Am Soc Hematol Educ 

Program. 2017 Dec 8;2017(1):251-258. 

31-Schmiegelow K, Müller K, Mogensen SS, et al.  

Noninfectious chemotherapy-associated acute 

toxicities during childhood acute lymphoblastic 

leukemia therapy. F1000Research.2017, 6.4444  
32-Parrish C, Moreton P, Ashcroft J. Simultaneous 

acute myeloid leukaemia and de novo acute 

hepatitis B: a novel management strategy. Leuk 

Res. 2011 Jun;35(6):e67-8..  

33-Adrienne H, Erzsébet PZ. Chemotherapy induced 

liver toxicity in children with malignant diseases. 

Bulletin of Medical Sciences 2018. Jul 1;91(1):37-

41 

34-Millan NC, Pastrana A, Guitter MR, et al.  Acute 

and sub-acute neurological toxicity in children 

treated for acute lymphoblastic leukemia. Leuk 
Res. 2018 Feb;65:86-93. 

35-Ramachandran S, Labib MH.  Hyperlipidaemia and 

primary prevention of coronary heart disease: are 

the right patients being treated?. J Cardiovasc 

Risk. 2000 Aug;7(4):245-9. 

36-Diouf B, Crews KR, Lew G, et al. Association of an 

inherited genetic variant with vincristine-related 

peripheral neuropathy in children with acute 

lymphoblastic leukemia. JAMA 2015. Feb 

24;313(8):815-23.  

37-Patterson DM, Lee SM.: Glucarpidase following 

high-dose methotrexate: update on development. 
Expert Opin Biol Ther. 2010 Jan;10(1):105-11. 

38-Savhan T, Mellgren K, Harila-Saari A, et al. 

Delayed elimination of high-dose methotrexate 

and use of carboxypeptidase G2 in pediatric 

patients during treatment for acute lymphoblastic 

leukemia. Pediatr Blood Cancer. 2017 Jul;64(7): 

e26395.  

 


