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Abstract 
Background: Leukemia is the most common cause of disease-related death 
in childhood despite significant improvement in survival and modern risk 
stratification. Prognostic significance of absolute lymphocytic count (ALC) 
recovery was studied in pediatric patients with acute lymphoblastic leukemia 
(ALL). Methods: One hundred twenty one patients newly diagnosed as 
ALL ≤ 18 yearstreated at pediatric oncology department, South Egypt Cancer 
Institute from 2011 to 2015 were enrolled. Age, sex, initial total leucocytic 
count, immunophenotyping, central nervous system (CNS) involvement, 
mediastinal mass, bone marrow (BM) response on day fifteen and after fi-
nishing induction remission were compared to ALC recovery on day 15 
(ALC-15) and day 29 (ALC-29) of induction response. Also, prognostic im-
pact of ALC recovery on event free survival (EFS) and overall survival (OS) 
was evaluated. Results: ALC didn’t show any significant relation to known 
patients’ prognostic factors. Patients with low ALC didn’t show significant 
lower response on day 15 and post induction evaluation from those with high 
ALC (p = 0.74, 0.6 respectively). ALC-15 ≥ 500 cells/uL showed a prognostic 
significance as patients with ALC-15 < 500 cells/uL had a poorer outcome (4- 
EFS 47.8% ± 0.12%) than patients with ALC-15 ≥ 500 cells/uL who carried a 
better outcome (4-EFS 66.3% ± 0.05%). Neither ALC-500 (day 29) nor 
ALC-350 (day 15 & day 29) had impact on OS or EFS. In multivariate analy-
sis, ALC-15 < 500 cells/uL still had a poor impact on outcome (OR 2.56, 95% 
CI 1.27 - 5.14) with d15-BM response (OR 2.99, 95% CI 1.35 - 6.61) and age < 
10 (OR 1.96, 95% CI 1.01 - 3.69). Conclusions: ALC-15 has an independent 
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prognostic impact on outcome as well as simple, inexpensive, and easy to in-
terpret. Although, it’s utility in risk stratification of ALL still need a confir-
mation through a multicenter study with uniform variables, large cohort and 
long duration of follow up. 
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1. Introduction 

Acute lymphoblastic leukemia (ALL) in childhood is the most common hema-
tological malignancy. Improvement of the outcomes for the disease have signifi-
cantly observed in last decades, mainly due to introduction of better risk strati-
fication therapeutic strategies and due to use of superior salvage regimes and 
better supportive care [1] [2].  

The outcome of pediatric ALL in most of the current treatment protocols can 
be predicted by many proven factors: initial white blood cell count (WBC), age, 
immunophenotype (B- or T-ALL), cytogenetics (t(9;22) or t(4;11)) and response 
to treatment [3] [4] [5]. The most reliable independent predictor of survival and 
relapse in pediatric ALL is the minimal residual disease (MRD) identified by 
flow cytometry or molecular genetic technique [3] [4]. However, in most devel-
oping countries, the complexity, cost, and training required in performing and 
interpreting MRD precludes its use. Hence, there is a need to devise a simpler 
and widely applicable methods to accurately risk stratify patients [2]. 

Absolute Lymphocytic Count (ALC) was found to be prognostic of overall 
survival and event-free survival (EFS) in multiple studies [2] [6]-[13]. Higher 
ALC measured during induction chemotherapy was associated with superior 
survival in both adult and pediatric ALL [14]. This observation was based on the 
knowledge that lymphocytes constitute an effective natural mechanism of the 
immune system against tumor cells. So, that early lymphocyte recovery is asso-
ciated with better outcome [15] [16]. 

However, ALC measurement time point and cut-off value were not universal-
ly determined in all the previous studies as various measurement time points 
(day 13, day 28, day 29, day 36 and day 43) and ALC cut-off values (350 cells, 
500 cells, 900 cells, 1000 cells and 1500 cells) were found to be predictive of out-
come [6]-[13]. In patients treated with the Total Therapy XV study at St. Jude 
Children’s Research Hospital, ALC ≥ 500 cell/μL at the end of induction remis-
sion was significantly related to favorable presenting feature and associated with 
OS in the univariate analysis only [10]. We use the earlier Total Therapy TXIII-B 
study with the same treatment regimen in the first 15 days of induction remis-
sion with a shorter duration of induction remission [10]. 

The purpose of our study was to determine the prognostic impact of ALC re-
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covery on the survival rates at different time points and different cutoff points 
during induction remission of patients treated with Total Therapy study TXIII-B 
adopted from St. Jude Children’s Research Hospital, and the possibility of its 
using as an independent factor especially in a scenario where MRD estimation is 
not feasible. 

2. Patients and Methods 

This retrospective study included 121 newly diagnosed pediatric ALL patients 
(≤18 years) admitted at pediatric oncology department, South Egypt Cancer In-
stitute from June 2011 to December 2015 after approval by institutional ethical 
committee. Children who received steroid or chemotherapy before enrollment 
in the study were excluded. Also, patients who died early within one week of 
admission were excluded (before time of evaluation). 

The patients were treated according to modified Total Therapy study XIIIB 
adopted from St. Jude Children’s Research hospital (SJCRH). Data collected 
from patients’ records included demographic and clinical data (age, sex, CNS 
involvement, total leucocyte count (TLC), and immunophenotyping). Also, early 
response, induction of remission response and outcome of the patients were re-
ported. 

Absolute lymphocytic count (ALC) as indicator of immune recovery was ob-
tained from patients’ records on day 15 (ALC-15) and on day 29 (ALC-29) of 
induction. We studied its relation to the previous collected patients’ charateris-
tics at initial diagnosis and to the induction of remission response. Then we 
evaluated its prognostic impact on patients outcome (event free survival (EFS) 
and overall survival (OS)) at two different cut off levels (ALC < 500 or ≥500 
cells/ml and ALC < 350 or ≥350 cells/ml). 

Statistical Analysis 

SPSS version 23.0 was used for data management. Numerical data were de-
scribed with median and range and categorical with number and percentage. 
ALC values were analyzed separately at two different cut-off points (< 350 
cells/μl vs. ≥ 350 and < 500 cells/μl vs ≥ 500 cells/μl) on both day 15 and day 29 
of induction remission. Chi-square/Fisher exact tests were used for testing pro-
portion independence. The duration of EFS was measured from the date of 
complete remission to the date of the first treatment failure of any kind (relapse, 
death, lineage switch, or second malignancy) or to the date of the most recent 
follow-up. The duration of OS was calculated from the date of enrollment to the 
date of death due to any cause or the date of the most recent follow-up. Kap-
lan-Meier method was used to estimate both OS and EFS, and comparisons be-
tween groups were made using the log-rank test. To find independent prognostic 
factors that impact EFS, cox regression analysis was used and it included va-
riables that were significant on univariate analysis. P value was always two tailed 
and significant at 0.05 level.  
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3. Results 

3.1. Patients’ Characteristics  

The median age of the 121 newly diagnosed pediatric ALL patients included in 
this study was 5 years with male to female ratio of 1.4: 1. Favorable prognostic 
factors (age < 10 years, initial TLC < 50 & precursor B-ALL phenotype) at time 
of diagnosis were more prominent among the study group (72.7%, 68.59% & 
78.5% respectively). Seven patients (5.79%) presented with CNS manifestations 
at diagnosis and mediastinal mass was reported in 12.6% of patients. Rapid early 
response on day 15 of remission induction phase was achieved in 87.6% and 
complete post induction remission was reported in 86%. Our patients had a 
4-year OS of 75.2% ± 0.05% and 4-year EFS of 62.8% ± 0.04%. Table 1 shows 
characteristics of patients included in the study. 
 
Table 1. Patients’ characteristics (121 patients). 

Patients’ characteristics N (%) 

Age    Median (range) 
     <10 years 
     ≥10 years 

5 (1 - 16) years 
88 (72.73) 
33 (27.27) 

Sex    Male 
     Female 
     M/F ratio 

70 (57.85) 
51 (42.15) 

1.4/1 

Initial TLC   Median (range) 
     <50,000 
     ≥50,000 

17.2 (0.9 - 576) 
83 (68.59) 
38 (31.41) 

ALC 
ALC-15 - 350  <350 vs ≥350 cells/μl 
ALC-15 - 500  <500 vs ≥500 cells/μl 
ALC-29 - 350  <350 vs ≥350 cells/μl 
ALC-29 - 500  <500 vs ≥500 cells/μl 

 
10 vs 111 
23 vs 98 
3 vs 118 
7 vs 114 

Mediastinal mass*  Present 
     Absent 

15 (12.60) 
104 (87.40) 

Immunophenotyping B-ALL 
     T-ALL 

95 (78.51) 
26 (21.49) 

CNS involvement   Yes 
     No 

7 (5.79) 
114 (94.21) 

Early response  RER 
     SER 

106 (87.60) 
15 (12.40) 

Induction response CR 
     Not 

104 (86) 
17 (14) 

4 year overall survival 75.2% ± 0.05% 

4 year event free survival 62.8% ± 0.04% 

TLC: total leukocytic count; ALC: absolute lymphocytic count; CNS: central nervous system; RER: rapid 
early response; SER: slow early response; CR: complete remission. *data were available for 119 patients on-
ly. 
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3.2. Absolute Lymphocytic Count (ALC) 

To exclude the possible effect of bone marrow infiltration at time of diagnosis, 
we studied the ALC on days 15 and 29 and evaluated their impact as a prognos-
tic factor in ALL at two different cut off levels ALC 350 (< or ≥350 cell/µl) and 
ALC 500 (< or ≥500 cell/µl). 

Among the study group, the median level of ALC on day 15 (ALC-15) was 
1000 ranged from 100 - 11,000 cells/μl and the median level of ALC on day 29 of 
induction (ALC-29) was 1300 and ranged from 40 - 8400 cells/μl. The majority 
of patients on day 15 and on day 29 of induction had ALC ≥ 350 (91.7% & 97.5% 
respectively). Similarly, most of the patients on day 15 and on day 29 of induc-
tion had ALC ≥ 500 (80% & 94.2% respectively) (Table 1). 

3.3. ALC and Other Prognostic Factors 

We notice that, the ALC levels of ≥350 cell/µl and ≥500 cell/µl were associated 
with criteria of favorable prognosis (age < 10 years, TLC < 50,000, B phenotype, 
absence of CNS infiltration and rapid early response) both on days 15 and 29 as 
shown in Table 2 and Table 3. This notice hadn’t confirmed by any significant 
value in statistical analysis. Again, CR response post induction was more prom-
inent in patients with ALC ≥ 350 cell/µl and ≥500 cell/µl (86.5% and 85.7% re-
spectively) on day 15 and (85.6% and 85% respectively) on day 29 with no statis-
tical significance (Table 2 & Table 3). 
 

Table 2. Relation between (ALC-15) and other patients’ characteristics. 

Patients’ characteristics 
Total 

(n. = 121) 
<500 

(n. = 23) 
≥500 

(n. = 98) 
p-Value 

<350 
(n. = 10) 

≥350 
(n. = 111) 

p-Value 

Age: <10 years 
  ≥10 years 

88 
33 

19 (21.60%) 
4 (12.12%) 

69 (78.40%) 
29 (87.88%) 

 
0.24 

8 (9.10%) 
2 (6.06%) 

80 (90.90%) 
31 (93.94%) 

 
0.73 

Sex  Male 
  Female 

70 
51 

15 (21.43%) 
8 (15.69%) 

55 (78.57%) 
43 (84.31%) 

 
0.43 

6 (8.37%) 
4 (7.84%) 

64 (91.43%) 
47 (92.16%) 

 
1.0 

TLC <50,000 cells/μl 
  ≥50,000 cells/μl 

83 
38 

18 (21.69%) 
5 (13.16%) 

65 (78.31%) 
33 (86.84%) 

 
0.33 

8 (9.64%) 
2 (5.26%) 

75 (90.36%) 
36 (94.74%) 

 
0.50 

Mediastinal mass (119)* 
Present 
Absent 

 
15 
104 

 
3 (20%) 

19 (18.27%) 

 
12 (80%) 

85 (81.73%) 

 
1.0 

 
0 

10 (9.62%) 

 
15 (100%) 

94 (90.38%) 

 
0.36 

Immunophenotyping 
B-ALL 
T-ALL 

 
95 
26 

 
21 (22.11%) 

2 (7.70%) 

 
74 (78.89%) 
24 (92.30%) 

 
0.16 

 
9 (9.5%) 

1 (3.85%) 

 
86 (90.5%) 
25 (96.15%) 

 
0.69 

CNS involvement 
Yes 
No 

 
7 

114 

 
1 (14.29%) 

22 (19.30%) 

 
6 (85.71%) 
92 (80.70%) 

 
1.0 

 
1 (14.29%) 
9 (7.89%) 

 
6 (85.71%) 

105 (92.11%) 

 
0.46 

Early response 
RER 
SER 

 
106 
15 

 
21 (19.81%) 
2 (13.33%) 

 
85 (80.19%) 
13 (86.67%) 

 
0.74 

 
8 (7.55%) 
2 (13.33%) 

 
98 (92.45%) 
13 (86.67%) 

 
0.36 

Induction response 
CR 
not 

 
104 
17 

 
20 (19.33%) 
3 (17.65%) 

 
84 (80.77%) 
14 (82.35%) 

 
1.0 

 
8 (7.70%) 
2 (11.76%) 

 
96 (92.30%) 
15 (88.24%) 

 
0.63 

TLC: total leukocytic count; ALC: absolute lymphocytic count; CNS: central nervous system; RER: rapid early response; SER: slow early response; CR: 
complete remission. *data were available for 119 patients only. 
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Table 3. Relation between (ALC-29) and Patients’ characteristics. 

Patients’ characteristics 
Total 

(n = 121) 
<500 cells/μl 

(n = 7) 
≥500 cells/μl 

(n = 114) 
p-value 

<350 cells/μl 
(n = 3) 

≥350 cells/μl 
(n = 118) 

p-value 

Age 
  <10 
  ≥10 

 
88 
33 

 
5 (5.68%) 
2 (6.06%) 

 
83 (94.32%) 
31 (93.94%) 

 
1.0 

 
3 (3.44%) 

0 (0%) 

 
85 (96.56%) 
33 (100%) 

 
0.56 

Sex Male 
  female 

70 
51 

4 (5.71%) 
3 (5.88%) 

66 (94.29%) 
48 (94.12%) 

 
1.0 

2 (2.86%) 
1 (2%) 

68 (97.14%) 
50 (98%) 

 
1.0 

TLC <50,000 cells/μl 
  ≥50,000 cells/μl 

83 
38 

3 (3.62%) 
4 (10.53%) 

80 (96.38%) 
34 (89.47%) 

 
0.20 

2 (2.41%) 
1 (2.63%) 

81 (97.59%) 
37 (97.37%) 

 
1.0 

Mediastinal mass (119)* 
Present 
absent 

 
15 

104 

 
1 (6.67%) 
6 (5.77%) 

 
14 (93.33%) 
98 (94.23%) 

 
1.0 

 
0 

3 (2.88%) 

 
15 (100%) 

101 (97.12%) 

 
1.0 

Immunophenotyping 
B-ALL 
T-ALL 

 
95 
26 

 
5 (5.26%) 
2 (7.69%) 

 
90 (94.74%) 
24 (92.31%) 

 
0.64 

 
2 (2.11%) 
1 (3.85%) 

 
93 (97.89%) 
25 (96.15%) 

 
0.52 

CNS involvement 
Yes 
no 

 
7 

114 

 
0 

7 (6.14%) 

 
7 (100%) 

107 (93.86%) 

 
1.0 

 
0 

3 (2.63%) 

 
7 (100%) 

111 (97.37%) 

 
1.0 

Early response 
RER 
SER 

 
106 
15 

 
7 (6.60%) 

0 

 
99 (93.40%) 
15 (100%) 

 
0.60 

 
3 (2.83%) 

0 

 
103 (97.17%) 

15 (100%) 

 
1.0 

Induction response 
CR 
not 

 
104 
17 

 
7 (6.73%) 

0 

 
97 (93.27%) 
17 (100%) 

 
0.59 

 
3 (2.88%) 

0 

 
101 (97.12%) 

17 (100%) 

 
1.0 

TLC: total leukocytic count; ALC: absolute lymphocytic count; CNS: central nervous system; RER: rapid early response; SER: slow early response; CR: 
complete remission. *data were available for 119 patients only. 

3.4. ALC and Outcome 

In univariate analysis, ALC-15 ≥ 500 cell/µl was significantly associated with a 
superior EFS; 4-year EFS for patients with ALC-15 ≥ 500 cell/µl was 66.3% ± 
0.05% versus 4 year EFS of 47.8% ± 0.10% for patients with ALC-15 < 500 cell/µl 
(p = 0.040) (Figure 1). Neither ALC-500 (day 29) nor ALC-350 (day 15 & day 
29) had impact on OS or EFS (Table 4).  

When studying the known prognostic factors affecting the outcome of pa-
tients in our study as age, immunophenotyping, initial TLC and early response, 
we confirmed age < 10 years and rapid early response as predictors of good prog-
nosis, patients with age < 10 years had EFS of 65.9% ± 0.05% versus 54.4% ± 
0.09% in patients ≥ 10 years (P = 0.050), patients with rapid early response had 
4-year EFS of 65.1% ± 0.05% while those with slow early response had 4year EFS 
of 46.7% ± 0.13% (p = 0.016). Immunophenotyping and initial TLC didn’t show 
significant impact on EFS (p= 0.1& 0.56 respectively) in this study (Table 5).  

In multivariate analysis, ALC-15 < 500 cell/µl was still have a highly signifi-
cant inferior impact on EFS (P = 0.009) together with age ≥ 10 year (p = 0.037) 
and patients with SER (p = 0.007) (Table 6). 

https://doi.org/10.4236/jct.2019.1012082


A. Shibl et al. 
 

 

DOI: 10.4236/jct.2019.1012082 964 Journal of Cancer Therapy 
 

 
Figure 1. 4-year EFS for patients with ALC-15 ≥ 500 cell/µl was 66.3% ± 0.05% versus 4 
year EFS of 47.8% ± 0.1% for patients with ALC-15 < 500 cell/µl (p = 0.04). 
 
Table 4. Four-year overall survival and event free survival of 121 pediatric all patients in 
regard to ALC. 

 4-Year OS ± SE p-Value 4-Year EFS ± SE p-Value 

ALC-15 
<350 cells/μl 
≥350 cells/μl 

 
70% ± 0.16% 

75.7% ± 0.04% 

 
0.328 

 
50% ± 0.15% 
64% ± 0.05% 

0.135 

ALC-29 
<350 cells/μl 
≥350 cells/μl 

 
66.7% ± 0.27% 
75.4% ± 0.04% 

0.856 
 

66.7% ± 0.27% 
62.7% ± 0.05% 

0.795 

ALC-15 
<500 cells/μl 
≥500 cells/μl 

 
78.3% ± 0.09% 
74.5% ± 0.04% 

0.946 
 

47.8% ± 0.10% 
66.3% ± 0.05% 

0.040 

ALC-29 
<500 cells/μl 
≥500 cells/μl 

 
57% ± 0.19% 

76.3% ± 0.04% 
0.278 

 
57% ± 0.19% 

63.2% ± 0.05% 
0.790 

EFS: event free survival; OS: overall survival; ALC: absolute lymphocytic count. 

 
Table 5. Prognostic factors affecting 4-year EFS.  

 4-Year EFS p-Value 

Age  <10 years 
   ≥10 years 

65.9% ± 0.05% 
54.5% ± 0.09% 

 
0.070 

TLC  <50,000 cells/μl 
   ≥50,000 cells/μl 

63.9% ± 0.06% 
60.5% ± 0.08% 

0.592 

Immunophenotyping 
   B-ALL 
   T-ALL 

 
66.3% ± 0.05% 
50% ± 0.10% 

 
0.112 
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Continued 

Early response 
   RER 
   SER 

 
65.1% ± 0.05% 
46.7% ± 0.13% 

 
0.016 

EFS; event free survival, OS; overall survival, TLC; total leukocytic count, ALC; absolute lymphocytic 
count, CNS; central nervous system, RER; rapid early response, SER; slow early response. 

 
Table 6. Multivariate analysis Cox regression analysis of event free survival of 121 all pe-
diatric patients. 

 B SE p Value OR 
95.0% CI for OR 

Lower Upper 

Age (≥10 years) 0.672 0.323 0.037 1.959 1.040 3.688 

ALC on day 15 < 500 0.938 0.357 0.009 2.555 1.270 5.141 

D15 response (SER) 1.094 0.405 0.007 2.987 1.350 6.609 

B = regression coefficient, SE = standard error, OR = odds ratio, CI = confidence interval. 

4. Discussion 

Acute lymphoblastic leukemia is the most common malignancy of childhood 
with cure rates approaching 80% with modern therapy [17]. Better risk stratifi-
cation strategies, based on specific patients related and leukemic cell factors, and 
improvement in supportive care accounted for these results [18].  

In this study, we retrospectively assessed the predictive role of absolute lym-
phocytic recovery at two settings (day 15 and day 29) of induction remission 
phase on the outcome of a cohort of 121 patients with ALL treated at South 
Egypt Cancer institute in a developing country with limited resources.  

The median WBC at diagnosis was 17.2 × 103 cell/ ul which considered high 
when compared to 9.22 × 103 cells/ul reported by Farkas et al. [1] and 12.260 
cell/ul by Hatzipantelis et al. [12] which may be explained by a higher incidence 
of T phenotype among our patients. This comes true when we found that the 
median initial WBC count of 4300 cell/ul reported by Rolf et al. [19] who studied 
ALC in a group of patients with B-ALL.  

Different prognostic ALC cut-off values and measurement time points have 
been identified, most likely due to marked differences between patients’ charac-
teristics and therapy protocols [1] [2] [11]. To exclude the possible effect of bone 
marrow infiltration at time of diagnosis, we studied the ALC on days 15 and 29 
and evaluated their impact as a prognostic factor in ALL at two different cut off 
levels ALC 350 (< or ≥350 cell/µl) and ALC 500 (< or ≥500 cell/µl). Although we 
notice that, the ALC levels of ≥350 cell/µl and ≥500 cell/µl were associated with 
criteria of favorable prognosis both on days 15 and 29, we did not report any 
significant association in statistical analysis. Farkas et al. [1] and Gupta et al. [2] 
reported that their patients with low ALC values tend to have a higher risk (MR 
or HR groups) and a higher age at diagnosis (>10 years) on day 15 of induction 
with similar cutoff ALC value. Rolf et al. [19] when investigated the relationship 
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between D29 ALC and age as continuous variables also reported a significant 
inverse correlation (r = −0.47; p = 0.033). A finding that confirms the general 
observation that lymphocyte counts decrease with increasing age [20]. Other-
wise, they reported no significant difference in the median D29 ALC when their 
patients were grouped by risk status (p = 0.95) or by MRD status (p = 0.65); also 
gender. 

Several previous studies have also examined this prognostic factor in child-
hood ALL, with varying results. They have used different ALC cut-offs and at 
different time points. The ALC cut-offs were different that may be accounted for 
differences in chemotherapy protocol as well as demographic and disease-related 
characteristics. So, we tried to reach the precise prognostic cutoff point and time 
to be used in further prospective studies in our center in the absence of MRD 
assessment to refine our patients as we found that among our patients with fa-
vorable criteria, who behaved a bad outcome. 

When we retrospectively assessed the impact of absolute lymphocyte recovery 
during induction to predict treatment outcome in our patients cohort, the re-
sults of our study revealed that ALC recovery on day 15 of induction was dem-
onstrated to be an independent predictor of survival [ALC-15 < 500 cell/µl have 
a highly significant inferior impact on EFS (P = 0.009)] together with other es-
tablished predictors of outcome such as age ≥ 10 year (p = 0.037) and patients 
with SER (p = 0.007). The immunophenotyping and the initial TLC didn’t show 
prognostic significance in this study that may due to a small size as 12 patients 
were lost follow up (abandoment). Also, there was a high rate of death and re-
lapse among patients with favorable features which make the difference insigni-
ficant.  

Similar to our results, Gupta et al. [2] from a developing country published 
their results on 212 patients using ALC cut off of 500 and 1000 cells/mL at D15 
and D29, respectively, and found that they were significant predictors of EFS, 
relapse free survival (RFS), and OS that were still significant in multivariate 
analysis. We are similar to these results (ALC-15) and the majority of our pa-
tients had a higher ALC cutoff (≥350, ≥500) on day 15 and day 29 (91.7% & 
97.5% respectively) (80% & 94.2% respectively) [2], but we differed in that no 
significance of ALC-29 cutoff on survival that may be due to the different treat-
ment protocol (4-drug versus our 6-drug regimen) and the different patients’ 
characteristics as high risk features were more than in our study {TLC ≥ 
50,000/ml (36.8% versus 31.4%) in our study, also, this study had a larger per-
centage of older age ≥ 9 years (30.7% versus 27.2%)}. Also, we are similar to ear-
lier study of De Angulo et al. [6] that demonstrated a poor survival of patients 
with ALC-15 < 350 cells/microL, with a 6-year RFS of 43% (HR 4.5, P = 0.002), 
whereas patients with an ALC-15 > 350 cells/microL had excellent outcome, 
with a 6-year OS of 87% (HR 0.2, P = 0.018) which remained a strong predictor 
in multivariate analysis with known prognostic factors. The patients cohort in 
De Angulo et al. [6] study were up to 21 years so, they had a higher risk age 
group, and they treated patients with 3 - 4 drug regimen induction treatment.  
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Contrary to our results, Farkas et al. [1] published their study on 132 patients 
treated on BFM-ALLIC 2002 protocol revealed that ALC had a prognostic signi-
ficance at the end of induction phase only not earlier as ALC higher than 350 
cells/μL measured on the 33th day of induction was associated with better Over-
all- and Event-Free Survival. This also may be due to the different treatment 
protocol to us and to the more favorable patients’ characteristics in their study 
than us (TLC < 50,000 were (83% versus 68.6%) in our study and pre B consti-
tuted (82% versus 78.5%) in our study. Also, Hatzipantelis et al. [12] who treated 
their patients on BFM/ALLIC 2009 protocol and had similar favorable patients’ 
characteristics as Farkas et al. [1] showed a favorable prognosis of patients with 
ALC ≥ 350 cells/ml with a 5-year OS of 92.3% versus 69.2% for ALC < 350 cells/ 
ml (HR 2.2, P = 0.05).  

Although, several studies including us reported ALC recovery as an indepen-
dent prognostic factor in pediatric ALL, other studies [10] [21] failed to show 
independently significant prognostic value of ALC at end of induction in child-
hood leukemia. Also, among studies proved its significance, variables were not 
standardized and comparison is difficult. 

Limitations in our study were being a retrospective study and the unavailabil-
ity of MRD at that time.  

5. Conclusion 

Although our study proved the importance of ALC recovery as an independent 
prognostic factor in pediatric ALL in addition to consideration of ALC as a rea-
dily obtainable test, simple, inexpensive, and easy to interpret and MRD is not 
easily available all the time, we think its utility in risk stratification of ALL still 
needs a confirmation through a multicenter study with uniform variables, large 
cohort and long duration of follow up. 
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Abbreviations 

ALC Absolute lymphocytic count 

ALL Acute lymphoblastic leukemia 

BM Bone marrow 

CNS Central nervous system 

EFS Event free survival 

OS Overall survival 

WBC White blood cell count 

MRD Minimal residual disease 

SJCRH St. Jude Children’s Research hospital 

TLC Total leucocyte count 

RFS Relapse free survival 

RER Rapid early response 

SER Slow early response 

CR Complete remission 
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