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Background: The survival of children with acute lymphoblastic leukemia (ALL) has 
greatly improved in recent decades. Aim: We aimed at evaluating the outcome of 
children with ALL and their prognostic factors. Materials & Methods: A prospective 
study included 200 newly diagnosed pediatric ALL patients from 2009 to 2017. All 
patients were treated according to the modified total therapy study XIIIB for higher 
risk ALL adopted from St. Jude Children's Research hospital (SJCRH), USA. Results: 
Favorable age (< 10 y) and total leucocytic count (TLC) (≥ 50x109/L) occurred in 75% 
and 69%, respectively. B-precursor ALL represented 82.5%. Central nervous system 
(CNS) involvement occurred in 4.5%. High-risk patients represented 47%. Complete 
remission was achieved in 92.5% and was significantly affected by the early 
morphologic response of BM d15, while it wasn’t related to the phenotype. Eight- 
year overall survival, disease-free survival, and event-free survival were 77 ± 3%, 70 
± 4%, and 66 ± 3%, respectively. Adverse events included induction deaths (4.5 %), 
refractory leukemia (3%), relapse (23.2%), secondary AML (0.5%), and deaths in 
remission (3.5%). By multivariate analysis, unfavorable age group ≥ 10 years, 
hyperleukocytosis, and patients with slow early response were the only ones 
associated with unfavorable impact on the outcome. There was statistical significant 
difference between standard and high risk for B-precursor ALL but not for T- 
precursor ALL. Conclusion: We concluded that treating children with ALL through 
modified TXIIIB protocol improved the survival at our institute than previous and the 
early response to treatment has a strong implication on the outcome. 
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INTRODUCTION 

The long-term survival rate of pediatric acute 
lymphoblastic leukemia (ALL) patients has 
greatly improved to reach and even exceed 90% 
in many developed countries in recent years, 
especially for groups with good prognoses. This 
improvement is mainly due to the strategies of 
modifications in therapy based on patients’ 
pharmacodynamics and pharmacogenomics, 
risk-adapted therapy, and improved supportive 
care (Vrooman et al., 2013; Stary et al., 2014; 
Pui et al., 2015; Mourtada et al., 2020). 

Several prognostic factors of survival outcome 
were identified including clinical, biological, and 
genetic characteristics such as age and gender, 

total leucocytic count (TLC) at diagnosis, 
immunophenotypic, cytogenetic, and molecular 
characteristics (Friedmann and Weinstein, 
2000; Möricke et al., 2005; Pui et al., 2008). 
Nevertheless, Treatment itself remains one of 
the strongest prognostic factors, as shown in 
well-designed large clinical trials, with the early 
response to treatment is highly predictive for 
patients' outcomes that allowed several studies 
to integrate it in risk stratification (Schrappe et 
al., 2000; Lauten et al., 2012).    

In developing countries, several challenges are 
influencing treatment outcomes. Delayed 
presentation, lack of adequate supportive 
therapy, incompliance, shortage of 
chemotherapeutic agents, abandonment of 
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therapy, and genetic variations may contribute 
to a negative prognosis (Rodriguez-Galindo et 
al., 2015; Antillón et al., 2017; Abdelmabood et 
al., 2020). 

Local control of the disease in the central 
nervous system (CNS) is an essential part of the 
treatment of ALL. at the time of diagnosis of ALL, 
Overt CNS involvement accounts for only 3–5% 
of patients (Pizzo and Poplack, 2015). 
Previously, CNS-directed therapy was achieved 
by irradiation of the whole neuraxis with a dose 
of  24 Gray (Gy) (Hill et al., 2004). With the 
establishment of the effectiveness of intensified 
chemotherapy especially high dose 
methotrexate (HDMTX) in controlling CNS 
disease, studies succeeded in minimizing the 
need for prophylactic cranial irradiation from 
high-risk leukemia to a more limited group of 
high-risk leukemia by early intensification 
treatment with intensified early intrathecal 
(Schrappe et al., 2000; Pui et al., 2004). Further 
progress was reported in the results of TXV 
studies that showed success in improving 
overall survival without the need for 
prophylactic cranial irradiation (Pui et al., 2009).   

Children with ALL at our institute were treated 
with a modified protocol of Berlin, Frankfurt, 
Muenster (BFM) trials with cranial radiotherapy 
to all high-risk patients. The outcome of 
children with ALL was unsatisfactory (Khalifa et 
al., 2005). In 2009, we started treating patients 
with ALL according to modified TXIIIB protocol 
adopted from the St. Jude Children Research 
Hospital (SJCRH) (Pui et al., 2004). In this study, 
we aimed at studying the long-term outcome of 
children with ALL at our department with the 
determination of the different prognostic 
factors affecting it. 

MATERIAL AND METHODS 

A prospective study was carried out on 200 
newly diagnosed  pediatric ALL patients who 
were presented to Pediatric  Oncology 
Department, South Egypt Cancer Institute 
(SECI), Assiut University  from January 2009 till 
January 2017. The study was reviewed and 
approved by the institutional review board and 
ethical committee and informed  consent was 
obtained from the patients’ parents or 
guardians. Newly diagnosed patients with ALL 
from 1- ˂18 years were included. Children who 

have received steroids for more than 3 days or 
chemotherapy before enrollment into the study 
were excluded. Also, patients who died very 
early during the first week of  diagnosis were 
excluded. 

Diagnosis 

Diagnosis of ALL was based on morphologic and 
cytochemical evaluation of bone marrow (BM) 
smears as well as immunophenotyping of 
leukemic blast cells (based on  WHO 
classification) (Swerdlow, 2008). For diagnosis 
of CNS status of patients, cerebrospinal  fluid 
(CSF) was drawn through lumbar puncture at 
day one of induction treatment after prophase 
(four days of steroid) to avoid traumatic CSF. 
CNS involvement was defined  according to 
Smith's classification; as the presence of 
leukemic cells with five white blood cells or less 
per microliter of CSF diagnose CNS involvement  
(Smith et al., 1996). 

Risk stratification & Treatment 

Patients were classified into standard and high 
risk, according to National Cancer Institute NCI/ 
Rome criteria;  standard risk: age 1- ˂ 10 with 
TLC ˂ 50x109/L and high risk: all other patients, 
including patients with CNS leukemia at 
diagnosis (Smith et al., 1996). 

All patients were treated according to modified 
total therapy study XIIIB for ALL of  SJCRH for 
higher risk (Pui et al., 2004).  Treatment 
included induction phase with  a six-drug 
regimen (vincristine, prednisone, asparaginase, 
daunorubicin, cytarabine, and etoposide) for 29 
days preceded by four days of steroid 
(prophase) to reduce tumor burden gradually. 
The induction of remission phase was followed 
by BM aspiration and CSF cytology to evaluate 
post induction response. Patients who 
underwent complete remission (CR) passed to 
consolidation phase with two doses of HDMTX, 
2 g/m2IV given via a 2-hour infusion, and then 
all patients passed to  continuation for higher 
risk (120 weeks for female&146 weeks for male) 
consisted of 8 weeks of drug pairs administered 
in a  weekly rotation and repeated sequential 
manner till the end of continuation including 
etoposide/ cyclophosphamide, intramuscular 
methotrexate (IM MTX)/ mercaptopurine 
(6MP), IM MTX/ cytarabine, vincristine/ 
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dexamethasone, etoposide/cyclophosphamide, 
HDMTX/ 6MP, etoposide/ cytarabine and 
vincristine/ dexamethasone (Pui et al., 2004). 
The dose of etoposide was reduced from 300 
mg/m2 to 150 mg/m2 at the continuation 
therapy to minimize the incidence of second 
malignancy and it was replaced with oral 6-MP 
for 7 days after week 53. Also, HDMTX was 
replaced by IM MTX after week 53 to reduce its 
late effects.  A reinduction phase for 6 weeks 
was given starting on week 16 of continuation 
therapy and consisted of vincristine 1.5 mg/m2 
IV, weeks 16, 17, 18, 19; daunorubicin 25 
mg/m2 IV, weeks 16, 17; asparaginase 10,000 
U/m2 IM, every other day for 6 doses; 
dexamethasone 8 mg/m2/day, weeks 16 
through 19; HDMTX given on weeks 20& 21, 
with calcium leucovorin rescue; 6-MP 75 
mg/m2daily during two weeks of HDMTX 
intake; and triple intrathecal (TIT) according to 
age, week 21. Triple IT was given every 8 weeks 
during the first 53 weeks (for CNSII). Subgroups 
of patients with CNS leukemia at diagnosis, TLC 
≥100 × 109/L, T-cell ALL, and TLC ≥ 50 × 109/L 
received IT therapy every 4 weeks during the 
first 53 weeks of continuation (CNSIII or CNS 
directed therapy). Cranial irradiation was 
administered only to T-cell ALL and ≥ 100× 109/L 
or CNS leukemia at diagnosis (18 GY, plus 5 
intrathecal treatments from weeks 56 to 59).  

Supportive measures 

Prophylaxis against Pneumocystis carinii 
pneumonia with trimethoprim and sulfa meth 
oxazole combination was given to all patients 
twice daily for 3 consecutive days per week 
from day 15 of remission induction to 6 weeks 
after completion of all chemotherapy. Oral 
Mycostatin as antifungal prophylaxis also was 
started from the start of induction. Treatment 
of fever neutropenia was according to our 
established protocol. Assessing and 
supplementing patients who presented or 
developed malnutrition during therapy with 
oral or parenteral nutrition. Supplementation 
with packed red blood cells and platelet 
transfusion according to guidelines   

Evaluation and follow up 

Bone marrow aspirate was done to evaluate 
response to chemotherapy on day 15 of 
induction to assess early response, post-

induction following one week after completion 
of remission of induction therapy than during 
continuation treatment. CSF cytology was 
aspirated at the same time of BM aspiration. 
Bone marrow status in D15 or post-induction is 
classified into M1 (<5% blasts), M2 (<25% 
blasts) or M3 (≥25% blasts) remaining in the 
bone marrow (Lanzkowsky et al, 2016). M1 
response on day 15 was classified as a rapid 
early response (RER) and patients who showed 
M2 &M3 response were classified as a slow 
early response (SER) (Khan et al, 2020). 
Complete remission was defined as a 
normocellular BM containing less than 5%blast 
cells and showing evidence of normal 
maturation of other marrow elements. 
Complete remission was defined as ˂5% blasts 
in BM together with hematologic recovery & no 
extramedullary disease.  Induction failure was 
defined as ≥25%  blasts (Lanzkowsky et al., 
2016). Patients who survived after failing the 
induction of remission were considered 
refractory leukemia.  

Statistical analysis 

Cut off point of the study was March 2017. 
Statistical analysis was carried out using SPSS 
statistical software version 21. Qualitative data 
were expressed as frequency and percentage; 
quantitative data were expressed by mean± 
standard deviation and median. Groups was 
compared using Chi-square/ Fisher’s exact 
tests. Survival rates were calculated according 
to Kaplan and Meier method and Log-rank test 
was used to compare between groups. The 
overall survival (OS) was calculated from the 
date the patient enrolled in the study to the 
date of death from any cause or the date of the 
last follow-up. Disease-free survival (DFS) was 
measured from the end of induction for patients 
who achieved CR (induction deaths and non-
responder were excluded) to the time of relapse 
or date of the last follow-up. Event-free survival 
(EFS)was measured from the date of CR to the 
date of first treatment failure of any kind 
(relapse, death in CR, ALL lineage switch, second 
malignancy, or lost follow-up) or the date of the 
last follow up. Multivariate analysis was used to 
find the independent prognostic factors using 
Cox-regression test. P-value ˂ 0.05  was 
considered significant. 
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RESULTS 

During the study period, 230 pediatric patients 
who were newly diagnosed as ALL were 
reported at the South Egypt cancer institute. 
Only 200 patients were eligible for enrollment 
into the study. The remaining 30 patients were 
excluded due to very early deaths before 
starting induction therapy (15 patients), 
previous history of steroid intake before 
diagnosis (7 patients), previous chemotherapy 
(3 patients) and 5 patients referred for other 
centers on demand. 

Patient characteristics 

Table 1 shows the characteristics of the 200 
eligible pediatric patients with ALL and their 
relation to immunophenotyping. The median 
age of the patients was 5 years ranged from 1-
16 years; 150 patients (75%) of them were less 
than 10 years. Male predominance (60%) was 
noted with a male: female ratio of 1.5: 1.  

Most patients had initial TLC of ≥50x109/L 
(31%), 33 patients of them (52.3%) had 
≥100x109/L. B- Precursor ALL reported in 165 
patients (82.5%) and T- precursor ALL in 35 
patients (17.5%). It was found that 65.7% of T- 
precursor ALL had an Initial TLC of ≥50x109/L 
compared to only 23.6% of B- Precursor ALL (P 
˂0.0001). CNS involvement was reported in only 
4.5% of patients at diagnosis. High-risk patients 
represented 47% (94 patients) including 80% of 
T- precursor ALL and only 40% of B- Precursor 
ALL (P ˂0.0001).  

Induction of remission response 

On day 15, only 157 patients, 130 B-precursor 
ALL& 27 T-precursor ALL, could undergo the 
procedure and be evaluated for BM 
morphologic response. Rapid early response 
was achieved in137 patients (87.3%) while 
twenty patients (12.7%) had SER. There was no 
significant relation of the slow early response to 
the patients' immunophenotyping as 14/130 of 
them (10.8%) were B- precursor ALL and 6/27 
patients (22.2%) were T- precursor ALL (P = 
0.104)]. 

Induction remission was achieved in 185 out of 
200 patients (92.5%) [152/165 (92%) were B- 
precursor ALL and 33/35 (94.3%) were T- 
precursor ALL]. Of the remaining patients, 6(3%) 

had induction failure (all were B-ALL) and 9 
(4.5%) patients died during induction (7 of them 
were B -ALL). The phenotype was found to have 
no statistically significant effect on induction 
response (P = 0.593). on the other hand, among 
the 20 patients who showed SER, 2 patients 
(10%) failed to achieve complete remission in 
comparison to only 2 of 137(1.5%) patients with 
RER and 2 patients (10%) for those who showed 
slow SER died during induction versus 2.2% 
(3/137) for those showed RER (P = 0.002). as 
regards the nine deaths during induction, they 
were due to infectious complications (fulminant 
bacterial pneumonia (5 patients), aspergillosis 
with massive hemoptysis (2 patients), and 
sepsis (2 patients). 

Central nervous system–directed therapy 

Forty-four (22%) patients were subjected to 
CNS-directed therapy; twenty (10%) patients, of 
them were treated with cranial irradiation in 
addition to frequent TIT.  

Survival 

At a mean follow up period of 50 months ranged 
between 3- 97 months, treatment failure was 
reported in 66 (33%) patients as following, 9 
(4.5%) induction deaths, 6(3%) refractory 
leukemia, 43 (21.5%) relapses, 2ry AML in one 
patient (0.5%) at 23 months from diagnosis, and 
7(3.5%) patients died in continuous complete 
remission (CCR) due to infectious causes. the 
remaining 134 (67%) patients were living in CCR. 
Among the 43 patients with relapse, 26 (13%) 
patients had isolated medullary relapse, 12(6%) 
patients isolated CNS relapse, 3(1.5%) patients 
with combined relapses and 2 (1%) patients had 
an ocular relapse. All the relapses were 
reported within the first 3.5years after 
diagnosis. Thirty-one (18.8%) patients of B- ALL 
precursors and 12 (34.3%) patients of T- ALL 
precursors had relapsed. sixteen patients after 
relapse died due to disease progression. Eight-
year OS was 77±3%, 8- year DFS was 70±4%, and 
8- year EFS was 66±3% (Figures 1, 2, and 3, 
respectively). 

Analysis of prognostic factors that may 
influence patients' survival revealed that both 
risk stratification and early response at day 15 
significantly affected all survival rates (OS, DFS, 
and EFS) of the study group with unfavorable 
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impact associated with a high-risk group and 
slow early response. Age ≥ 10 years and 
hyperleukocytosis (TLC ≥100×109/L) had a 
statistically significant unfavorable impact on 
both DFS and EFS.  Borderline unfavorable 
impact on DFS has been reported with T- 
Precursor ALL (P= 0.050). Other factors as CNS 
leukemia and sex had an insignificant impact on 
patients 'survival as shown in Table 2.  

Significance of NCI-risk stratification on DFS was 
evident on patients with B-precursor ALL (8- 
year DFS was 85±5% for standard risk and 
69±8% for high risk (p= 0.012)) (Figure 4) but 
this was not the case for T-precursor ALL 
patients (8- year DFS was 85.7% for standard 
risk and 57.7% for high risk (P= 0.310)). On 
multivariate analysis, SER was the only factor 
that significantly affected OS (P ˂0.001), age ≥ 
10 years and SER affected EFS (P ˂0.001) and 
age ≥ 10 years (P ˂0.001), SER (P ˂0.001) in 
addition to hyperleukocytosis (P= 0.04) affected 
DFS. 

DISCUSSION 

This is a prospective study that was undertaken 
at the Pediatric Oncology Department, SECI, 
Assiut University as an example of a tertiary 
center for cancer treatment in a developing 
country with limited resources. We aimed at 
determining the long-term treatment outcome 
of children with ALL using the modified TXIIIB 
ALL protocol adopted from SJCRH. After a mean 
follow-up period of 50 months for our cohort, 
we report a dramatic improvement in survival 
rates of our patients ( 8-year OS and EFS were 
77±3% and 66±3% respectively) compared to 
earlier results (4-year OS was 39±5%) reported 
by our colleagues (Khalifa et al, 2005).  

Our results show that children with age <10 
years represented most cases (75%) with a 
median age of 5 years. This is similar to several 
reports from both developed (Schrappe et al, 
2000; Pui et al., 2010) and developing countries 
(Bachir et al, 2009; Mushtaq et al, 2013). This 
comes in correspondence to major periods of 
industrialization in developed countries with 
exposure to new environmental leukemogens 
(Hrušák et al., 2002) and infection based two 
theory models in developing countries as 
infections are commensurate with  increased 

lymphoid-cell proliferation (Kinlen, 2004; 
Greaves, 2006). 

Male predominance in our study (60%) confirms 
what is known of higher incidence of ALL among 
boys than the girls and the percentage is near 
to that reported in all developed and developing 
countries;  58.3%  at SJCRH (Pui et al, 2004), 59% 
in Morocco (Bachir et al., 2009), 65.3%  in  
Pakistan  (Mushtaq et al., 2013),  55.2-61.8%  in  
NCI-Egypt  (Aliedin, 2010) and (64%) in the 
previous study in SECI (Khalifa et al., 2005).  

Precursor T-cell ALL has been reported as 17.5% 
in our study. Its incidence was varied among 
studies; the low incidence in BFM studies (12% 
to 13.9%)  (Schrappe et al., 2000), 14% to 17% 
in total therapy studies of SJCRH (Pui et al, 2004) 
and 13% to 19.9% in Children’s Cancer Group 
(CCG) trials  (Gaynon et al., 2000).  On the other 
hand,  most studies from developing countries 
have reported a high incidence where it ranged 
from 29.5-52.8% in India (Rajalekshmy et al., 
2011), 21.15%   in  Morocco (Bachir et al, 2009)  
and  24.2%  in a cancer  children hospital and  
NCI,  Egypt (Sidhom et al., 2013).  This wide 
range  of difference attributes primarily to 
environmental factors linked to socioeconomic 
status and patterns of infections in infancy 
(Ramot and Magrath, 1982; Greaves et al., 
1993).    

Compared to the TXIIIB study of SJCRH (Pui et al, 
2004); we report a higher incidence of high-risk 
features for CNS relapse among our patients. 
CNS involvement at diagnosis was 2.8% vs 4.5% 
respectively, and TLC ≥ 50x109/L was (26.7% vs 
31% respectively) with 16.5% had ≥100x109/L 
vs 15.4% of patients at SJCRH and the slight 
increase of T-ALL phenotype. Of course, this is 
attributed to the large discrepancy in the 
number of study groups, also it may be a sequel 
of late diagnosis of our patients. Post induction 
complete remission was achieved in 92.5% of 
our patients . Although it is lower than that 
reported in developed countries; 98% in SJCRH 
(Pui et al., 2004), but it’s still comparable to 
others with similarly limited resources. In 
Guatemala, it was 92.9% (Antillón et al., 2017) 
and 93.1% in NCI, Egypt (Hussein et al., 2004). 
This decreased CR response is related mainly to 
high induction deaths (4.5%)  rather than 
incomplete remission (3%).  
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Table 1. Clinical and laboratory characteristics of patients with acute lymphoblastic leukemia in relation to 
immunophenotyping.  

 Total 
(n=200) 

B-precursor 
(n=165) 

T-precursor 
(n=35) P-value 

Age(years)  
       1-˂10  
       ≥10 median(range) 

 
150(75%) 
50(25%)  
5(1-16)  

 
126(76.4%) 
39(23.6%) 

 
24(68.6%) 
11(31.4%)  
 

 
0.334 
 

Sex  
      Males  
      Females 

 
120 (60%) 
80 (40%)  

 
94(57%) 
71(43%)  

 
26(60%) 
9(25.7%)  

 
0.058 
 

CNS involvement  
    No 
    Yes 

 
191(95.5%) 
9(4.5%) 

 
158(95.8%) 
7(4.2%) 

 
33(94.3%) 
2(5.7%) 

 
0.703 

TLC (×109/L)  
  <50 ×109/L  
  ≥50 - 100×109/L  
  ≥ 100×109 /L  

 
138 (69%) 
29 (14.5%) 
33 (16.5%) 

 
126 (76.4) 
22 (13.3%) 
17 (10.3%)  

 
12 (34.3%) 
7 (20%) 
16 (45.7%) 

 
 
˂ 0.0001 
 

Risk 
      Standard 
      High 

 
106 (53%) 
94 (47%) 

 
99(60%) 
66(40%)  

 
7(20%) 
28(80%)  

 
˂ 0.0001 
 

ALL acute lymphoblastic leukemia, CNS central nervous system, and TLC total leucocytic count.  P <0.05 
 
 

Table 2. Prognostic factors affecting survival rates of the study group 

P value EFS (%) P value DFS (%) P value OS (%)  

 
0.059 

 
75.5%± 5 
63%± 8 

 
0.003 

 
81.3%± 4 
60.9%± 8 

 
0.162 

 
82.7%± 3 
74%± 6 

Age:  
<10Ys 
≥10Ys 

 
0.977 

 
72.7%± 5 
72%± 8 

 
0.542 

 
78.2%± 5 
73.2%± 7 

 
0.345 

 
78.3%± 3 
83.8%± 5 

Sex 
Male 
female 

 
0.651 

 
72.9%± 4 
62.5%±17 

 
0.478 

 
76.8%± 4 
62.5%±17 

 
0.427 

 
81.2%± 3 
66.7%± 16 

CNS involvement: 
Yes  
No  

 
0.032 

 
76.9%± 5 
70.8%± 12 
54.8%± 11 

 
0.004 

 
81.5%± 5 
75%±12 
54.8%±10 

 
0.075 

 
84.8%± 3 
72.4%± 9 
69.7%±12 

TLC(×109/L)  
 <50×109/L 
 ≥50-˂100×109/L 
≥100×109/L  

 
0.171 

 
74.3%± 5 
63.6%± 9 

 
0.050 

 
78.9%± 5 
63.6%± 9 

 
0.056 

 
83%± 4 
68%± 9 

IPT 
B-ALL 
T-ALL 

 
0.021 

 
79.2%± 5 
64.3%± 6 

 
0.002 

 
85.1%± 5 
65.5%±6 

 
0.050 

 
100%± 4 
70.4%± 5 

RISK 
Standard 
High 

 
0.013 

 
74.2%± 5 
50%± 13 

 
0.002 

 
78.8%± 5 
50%±13 

 
0.000 

 
83.2%± 4 
45%±11 

Early response 
RER 
SER 

OS overall survival, DFS disease-free survival, EFS event-free survival, CNS central nervous system, TLC total 
leucocytic count, IPT immunophenotyping, RER rapid early response, SER slow early response. p < 0.05 
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Figure 1. Eight-year overall survival for the study group (200 patients) was 77±3% 

 
 

 
Figure 2. Eight-year disease-free survival for the study group (185patients) was 70±4% 
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Figure 3. Eight-year event-free survival for the study group (185patients) was 66±3% 

 

 
Figure 4. Eight-year disease-free survival for B-precursor ALL according to their NCI- risk classification (152 patients): 8- year 
DFS was 85% for standard risk and 69% for high risk (P= 0.01). 
 
Our induction deaths were much higher than 
(1.2%) that reported by Pui et al (Pui et al., 
2004). However, it is less than those of the same 
limited resources (6.6% and 5.8% respectively) 
(Hussein et al., 2004; Antillón et al., 2017). Also, 

Deaths in CCR were 3.5% is higher than those 
reported for the TXIIIB cohort as 7 out of 247 
(2.8%) died in CR (Pui et al., 2004).  the prophase 
with prednisone followed by induction 
chemotherapy allowed for gradual depletion of 
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the leukemic cells with reduction of the risk of 
toxic death during induction as reported by 
Jabbar and his colleagues that induction deaths 
reduced from 14% to 9% by this regimen 
especially in those with high-risk leukemia 
(Jabbar et al., 2020). 

As the induction deaths or deaths in CCR were 
mainly due to infectious complications, our 
concern should be directed to the best 
strategies for the prevention and treatment of 
infections to these patients rather than changes 
in chemotherapy.  

We assessed early response at day 15 by bone 
marrow cytomorphologic response; 12.7% of 
the evaluable patients had SER which was much 
higher than 7.1% that reported by Hussein and 
his colleagues who treated patients on the same 
protocol (Hussein et al, 2004) and 7.6% of 
patients at SJCRH (Pui et al., 2004). We noted 
that SER among T-ALL patients in our results was 
nearly double those among B-ALL patients. 
Although this was non-significant, Lauten et al. 
confirmed the differential response of BM day 
15 responses among different 
immunophenotyping when they studied the 
prognostic impact of BM response at day15 in 
comparison to prednisone response. They 
concluded that resistance to prednisone can be 
compensated by high sensitivity to other 
chemotherapeutic drugs in B-ALL patients or 
the reverse but this was not the case in T-ALL 
patients (Lauten et al., 2012).  

Although the achievement of CR didn't differ in 
B-precursor ALL patients from those with T-ALL 
in our results (92% vs 94.3% respectively, P = 
0.5), it is significantly affected by early response 
reported at day 15 as 98.5% of patients with RER 
vs 90% of those with SER achieved CR (P= 
0.002). Our results are comparable to results of 
the ALL BFM- 95 trial that reported an 
induction-remission rate  of 100% in patients 
with RER (Lauten et al., 2012). Khan and his 
colleagues in Pakistan reported that only 43% of 
patients with SER achieved remission (Khan et 
al., 2020). This indicates that CR is mostly 
related to sensitivity to the chemotherapy 
besides the patients’ characteristics as proved 
by systematic measurements of in vitro and in 
vivo drug resistance (Kaspers et al., 1997; 
Holleman et al., 2004).  

It is well recognized that cranial irradiation can 
cause many major late complications, including 
second cancers, neurocognitive deficits, and 
endocrinopathy. Hence, the practice in modern 
clinical trials has been to  limit the use of this 
treatment modality to patients with a 
particularly high risk of CNS relapse (Pui et al., 
2003). Patients who received cranial irradiation 
in our study were lower than the contemporary 
protocol at SJCRH (10% vs 12% respectively) 
despite the higher incidence of the high-risk 
features for CNS relapse at diagnosis in our 
patients. This may be due to the higher early 
deaths during treatment of our patients. 

Pui and his colleagues reported a significant 
decrease in CNS relapse (isolated and 
combined) from 6.1%±1.3 and 7.6%±1.4 
respectively in 11- protocol to 1.7%±0.8 and 
3.3%±1.2 respectively in TXIIIB protocol and 
none in 14- protocol. They worked on the early 
intensification of intrathecal therapy and 
gradual reduction of cranial irradiation need till 
succeeded in eliminating cranial irradiation in 
TXV therapy study (Pui et al., 2010).  We 
followed this strategy at our institute but still, 
the rate of CNS relapse is high (6.6% isolated 
CNS relapse& 1.7% combined relapse) among 
our patients.  In an earlier study comparing the 
outcome of patients with high-risk T- precursor 
ALL treated with or without cranial irradiation, 
the 3-year CNS relapse rate was significantly 
higher amongst patients who did not receive 
cranial irradiation; 18% vs 7% in the irradiated 
group  ) P = 0.012). However, cranial irradiation 
had an insignificant impact on EFS (Laver et al, 
2000). Their study wasn’t on a randomized basis 
with higher median TLC and CNS involvement at 
diagnosis in the non-irradiated group. We 
couldn't relay the high incidence of CNS relapse 
in our study on the reduction of cranial 
irradiation. Reduced patients compliance and 
adherence to treatment may be the cause 
(Antillón et al., 2017).  We can agree with this 
hypothesis as most events occurred during 
therapy during the first 3.5 years with a plateau 
survival curve after treatment. 

Also, we reported a much higher incidence of 
overall relapse (23.2%) than that among 
patients treated with the contemporary 
protocol at SJCRH (11.7%) (Pui et al., 2004). 
While, it is slightly comparable to that of other 
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low middle-income countries; 22.6% in 
Guatemala (Antillón et al., 2017) and 21.7% 
(Mushtaq et al, 2013) and it is much lower than 
38.9% that reported in a previous study on BFM 
trial in our institution (Khalifa et al., 2005).   

Although a great success in improving the 
survival outcome of our patients compared to 
previous study at our department (8-year OS of 
77±3% vs 4-year OS was 39±5% respectively) 
(Khalifa et al., 2005), it still lower than results 
reported in developed countries. Our 8-year EFS 
rate was 66±3% compared to 80.8± 2.6%  5-year  
EFS  for patients treated in the TXIIIB at SJCRH 
(Pui et al, 2004), 78±1% in BFM-90 study 
(Schrappe et al., 2000) and 75%  for patients 
treated on CCG trials (Gaynon et al., 2000).   

The impact of early morphologic response was 
observed to be reflected on the survival of our 
cohort as SER showed an independent 
prognostic effect on survivals together with 
older age (≥ 10) and hyperleukocytosis. Lauten 
and his colleagues studied the prognostic 
impact of BM response on day15 and reported 
that the 8-year probabilities of EFS of patients 
with M1, M2, M3 day 15 morphologic marrow 
responses were 86.1%, 74.5% and 46.4% 
respectively. They also reported that BM 
response at day15 predicted the outcome more 
than prednisone response in patients treated 
with ALL-BFM 95 trials. So, they allowed the 
addition of BM on Day 15 as risk stratification 
parameters (Lauten et al., 2012). This is well 
understood as the BM on Day 15 reflects the 
response to 14 days of induction chemotherapy 
and TIT MTX more than the response to 
prednisone only.  

In conclusion, our survival outcome improved 
dramatically than the previous but still lower 
than that of developed countries. Early 
response to treatment has a strong impact on 
survival outcomes together with older age and 
hyperleukocytosis. There was a high death rate 
among our patients during the study period. So, 
we recommend the inclusion of the day 15 
response in future risk stratification of our 
patients with an intensification of treatment for 
those with a slow response. Also, we 
recommend strict implementation of strategies 
for the management of fever neutropenia and 
supportive care that provide great help in this 

issue. Our limitations were the unavailability of 
minimal residual disease and cytogenetics for all 
patients allover the time due to financial effect 
hoping to be available in the future. 
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