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Abstract

Background: Acute lymphoblastic leukemia (ALL) is the most common malignancy in childhood, and B-cell is the most common
type of ALL. In childhood ALL, the most important prognostic factor is treatment and without effective treatment, ALL is a fatal illness.
So far, different treatment protocols are employed for ALL chemotherapy. Each of these treatment protocols has different side effects
and prognosis.
Methods: In the current study, the children oncology group (COG) protocol was compared with the modified protocols, based on the
Berlin-Frankfurt-Munster (BFM) protocol, called the Mofid Children’s Hospital protocol (MCHP). The current study was conducted
on 108 patients; 51 patients with COG protocol and 57 with MCHP; 61.1% of patients had pre B-cell ALL type and 38.9% had early pre
B-cell ALL type.
Results: Induction failures in the COG and MCHP groups were 5.9% and 10.5%, respectively (P = 0.390). In the two groups, the most
common recurrence sites were bone marrow (BM) and central nervous system (CNS). Moreover, the incidence of recurrence was
significantly higher in the MCHP group than the COG (P = 0.262). In terms of complications, bleeding was significantly higher in the
COG group than the MCHPs (P = 0.016). There was no significant difference in mortality rate between the two groups (P = 0.489).
Conclusions: Comparison between treatment results of these two protocols can lead to finding a better treatment protocol to treat
ALL.
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1. Background

Acute lymphoblastic leukemia (ALL) is the most com-
mon cancer diagnosed in children, and B-cell is the most
common type of ALL (1). ALL has approximately an overall
survival of 80% with certain subsets experiencing greater
than 98% cure rate (1).

Currently, 80% - 85% of children with ALL can be cured
through the application of reliable prognostic factors per-
mitting the employment of risk-oriented treatment proto-
cols (2).

The most important determinant of prognosis in ALL
is treatment, and ALL is a fatal disease without the effective
treatment. Until the mid-1960, no effective treatment was
known for this disease, and the five-year survival was less
than 10% (3).

Over the years, different protocols are employed to
treat patients with ALL in different countries.

There is a remarkable improvement in the outcome of
the childhood ALL as a result of serial clinical trials con-
ducted by pediatric oncology cooperative groups. These

groups studied the disease biology and followed risk di-
rected combination therapy with better supportive care
(4).

In Mofid Children’s Hospital located in Tehran, Iran,
newly diagnosed cases of ALL are randomly treated with
two protocols, COG (5) and modified BFM 2000 protocols
called Mofid Children’s Hospital protocol (MCHP) (Table 1).

2. Objectives

The current study mainly aimed at evaluating and com-
paring the efficacy, and determining the complications of
these two protocols to treat childhood ALL.

3. Methods

The current study was performed on ALL patients with
type B leukemia treated at Mofid Children’s Hospital from
March 2006 to March 2012.
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Table 1. Mofid Children’s Hospital Protocol; A Modified BFM Protocol

Standard Risk, Pre/Early Pre B-Cell ALL High Risk, Pre/Early Pre B-Cell ALL

Induction Prednisolon: 30 mg/m2 , po, 28 d; VCR:1.5 mg/m2 , iv, on days 1, 7, 14,
28; L.Aspar: 6000 U/m2 , im, on days 2, 5, 8, 12, 15, 19; ADR:25 mg/m2 ,
iv, 3 doses (end of induction); IT: MTX + cytozar, weekly for 4 wk

Prednisolon: 30 mg/m2 , po, 28 d; VCR:1.5 mg/m2 , iv, on days 1, 7, 14,
28; CPM: 600 mg/m2 , iv, on the 1st wk; L.Aspar: 6000 U/m2 im, on
days 2, 5, 8, 12, 15, 19; ADR: 25 mg/m2 , iv, 3 doses (end of induction);
IT: MTX + cytozar, weekly for 4 wk

Post-induction Cytozar: 120 mg/m2 , iv, days 1 - 7; L.Aspar: 6000 U/m2 , im, 7 doses,
every other day; VP16: 100 mg/m2 , iv, on days 1 and 7

Cytozar: 120 mg/m2 , iv, days 1 - 7; L.Aspar: 6000 U/m2 ,im, 7 doses
every other day; VP16: 100 mg/m2 , iv, on days 1 and 7

Consolidation; 1mo L.Aspar: 1000 U/m2 , im, 16 doses,every other day; VCR: 1.5 mg/m2 ,
iv, after 3 doses of L.Aspar; MTX: 2 g/m2 , iv, 1 dose; Dexamethason:
6 mg/m2 , po, for 1 mo; Danamycin: 25 mg/m2 , iv, weekly for 4 wk

L.Aspar: 1000 U/m2 , im, 16 doses, every other day; VCR: 1.5 mg/m2 ,
iv, after 3 doses of L.Aspar; CPM: 600 mg/m2 , iv, after 3 doses of
L.Aspar; VP16: 100 mg/m2 , iv, every 2 weeks, totally 8 doses; MTX: 2
g/m2 , iv, 1 dose; Dexamethason: 6 mg/m2 , po, 1 mo; Danamycin:
25 mg/m2 , iv, weekly for 4 wk

Maintenance; 3 y 6MP: 50 mg/m2 , po, daily + MTX: 20 mg/m2 , po, weekly for 3 y;
VCR: 1.5 mg/m2 , iv, + Prednisolon: 30 mg/m2 , po, for 5 d: every 21 d
for 2 y; IT: monthly in first year and every 2 mo in second y

6MP: 50 mg/m2 , po, daily + MTX: 20 mg/m2 , po, weekly: for 3 y;
VCR: 1.5 mg/m2 , iv, +CPM: 600 mg/m2 , iv, + Prednisolon: 30
mg/m2 , po, for 5 d: every 21 days for 2 y; IT: monthly in 1st year and
every 2 mo in second y

Abbreviations: ADR, doxorubicin; CPM, cyclophosphamide; Cytozar, cytosine arabinoside; IM, intramuscular; IT, intrathecal; IV, intravenous; L.Aspar, L-asparaginas; MTX,
methotrexate; PO, oral; VCR, vincristine; VP16, etoposide.

Patients above 12 months newly diagnosed with ALL
were reviewed. For these patients, all available medical
records, notes, and laboratory data were reported. The to-
tal duration of observation was extended to a minimum of
five years after starting the treatment.

Diagnosis of ALL was established by bone marrow as-
piration, and type of ALL was determined by flow cytome-
try. Only patients with B-cell and early pre B-cell were in-
cluded in the current study. Based on prognostic factors in
childhood ALL (5), patients were divided into two groups:
high- and standard-risk. Patients were considered as stan-
dard risk (SR) ALL if they were 12 - 119 months old with a pre-
senting leukocyte count of less than 50× 109/L; otherwise,
the patients were classified as high risk (HR).

Patients with CNS involvement were excluded from the
current study. Patients in both groups were observed and
evaluated for complications and accurately recorded.

Lack of bone marrow remission on day 28 was consid-
ered as induction failure (6).

Isolated bone marrow relapse was defined as more
than 25% blasts (M3 marrow) at any point after achieving
remission in a single bone marrow aspirate or biopsy, with-
out involvement of the CNS and/or testicles. Isolated CNS
relapse was defined as positive cytomorphology and WBC
5/µL, and/or clinical signs of CNS leukemia such as facial
nerve palsy, brain/eye involvement, or hypothalamic syn-
drome. Isolated testicular relapse was defined as leukemic
infiltration of testicles confirmed by testicular biopsy. Fi-
nally, combined relapse was defined as M2 (5% - 25% blasts
in the bone marrow) or M3 bone marrow at any point after
achieving remission with concomitant CNS and/or testicu-
lar relapse (4, 5). Patients were followed up for to five years
after starting treatment to determine the five-year overall
survival.

Patient data were tabulated and processed with SPSS
version 18.0. Chi-square test was employed to identify the

associations between the event free survival and the stud-
ied independent variables. The Kaplan-Meier method was
used to show the survival curves; P values≤0.05 were con-
sidered significant (7).

4. Results

4.1. Patient Characteristics

A total of 108 patients were enrolled into the current
study; 56 (51.9%) patients were male and 52 (48.1%) female;
57 (52.8%) and 51(47.2%) patients were treated with MCHP
and COG protocols, respectively; 39 (36.1%) patients were
categorized as HR and the rest of them, 69 (63.9%) patients,
as SR.

In MCHP and COG protocols 66 (61.1%) and 35 (61.4%) pa-
tients, respectively, had pre B-cell ALL.

Patient characteristics are summarized in Table 2.
In MCHP and COG protocols 45 (78.9%) and 43 (84.3%)

patients, respectively, had WBC < 50000. HGB < 7 g/dL was

Table 2. Demographic and Clinical Data of the Studied Patientsa

Total MCHP Group COGGroup

Patients 108 57 (52.8) 51 (47.2)

12 - 119mo 94 (87) 52 (91.2) 42 (82.4)

≥ 120mo 14 (13) 5 (8.8) 9 (17.6)

Male 56 (51.9) 30 (52.6) 26 (51)

Female 52 (48.1) 27 (47.4) 25 (49)

Pre B-cell ALL 66 (61.1) 35 (61.4) 31 (60.8)

Early pre B-cell ALL 42 (38.9) 22 (38.6) 20 (39.2)

High-risk 39 (36.1) 18 (31.6) 21 (41.2)

Standard-risk 69 (63.9) 39 (68.4) 30 (58.8)

aValues are expressed as No. (%).
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observed in 17 (29.8%) and 20 (39.2%) patients treated with
MCHP and COG protocols, respectively.

Platelet count ≥ 50000/mm3 in 37 (64.9%) and blasts
in peripheral blood smear in 31 (54.4%) patients with MCHP
were observed; 88 (81.5%) of all patients, 48 (84.2%) patients
in MCHP protocols and 40 (78.4%) in COG protocol, had nor-
mal cytogenetic study (Table 3).

4.2. Treatment Results

4.2.1. Induction Failure
Induction failure in all patients was 8.3% (n = 9). Induc-

tion failure was more in MCHP protocol than COG protocol
(n = 6; 10.5% vs. n = 3; 5.9%); although the difference was
not significant (P = 0.390). No other factors except WBC ≥
50000 (P = 0.049) had a significant effect on induction fail-
ure.

4.2.2. Relapse
Relapse rate was 9.3% in all patients. Seven patients in

MCHP (12.3%), 3 (40%) in BM, and 4 (60%) in CNS were re-
lapsed. Relapse in the COG group was 5.9% (n = 3), one in
BM, one in CNS, and one in BM + testis. There was no testic-
ular relapse in the MCHP group. Mean relapse time in the
MCHP group was 9.18 months and in the COG 22.67 months
(P = 0.012).

Relapse in the MCHP group was not significantly differ-
ent from that of the COG group (P = 0262).

In both groups, relapse was higher in high risk patients
(P = 0.009) and also in patients with WBC ≥ 50000 (P =
0.013).

4.2.3. Complication
Patients were monitored for two complications: bleed-

ing and infection; totally, 56.6% (n = 61) of all patients,
64.9% (n = 37) in the MCHP, and 47.1% (n = 24) in the COG
groups had no complications.

Bleeding was observed in 10.5% (n = 6) of patients in
the MCHP and 5.9% (n = 3) of the ones in the COG groups

Table 3. Laboratory Results at Baselinea

Total MCHP Group COGGroup

WBC < 50000/mm3 88 (81.5) 45 (78.9) 43 (84.3)

WBC≥ 50000/mm3 20 (18.5) 12 (21.1) 8 (15.7)

HGB < 7mg/dL 37 (34.3) 17 (29.8) 20 (39.2)

HGB≥ 7mg/dL 71 (65.7) 40 (70.2) 31 (60.8)

PLT < 50000 /mm3 39 (36.1) 20 (35.1) 19 (37.3)

PLT≥ 50000 /mm3 69 (63.9) 37 (64.9) 32 (62.7)

Blast in PB 59 (54.6) 31 (54.4) 28 (54.9)

Normal cytogenetic 88 (81.5) 48 (84.2) 40 (78.4)

aValues are expressed as No. (%).

(P = 0.934). But, infection was lower in patients with MCHP
(22.8%; n = 13) than the ones with COG (41.2%; n = 21) (P =
0.016).

4.2.4. Overall Survival
After five years of observation, overall percentage of

survival was 93% in the MCHP group and 96.1% in the COG
group (P = 0.489).

In the MCHP group, the death reason in two patients
(50%) was infection, in one patient (25%) relapse, and in one
patient (25%) other causes.

In the COG group, only two patients died, one of them
from infection and the other one from relapse. In sum-
mary, the most common cause of death was infection.

5. Discussion

Induction failure in the MCHP group was 10.5% and in
the COG 5.9% (P = 0.390). Hyperleukocytosis (WBC count≥
50000/L) (P = 0.049) was an important factor in induction
failure.

In the MCHP, WBC ≥ 50000 was observed in 12 (21.1%)
patients, while WBC ≥ 50000 was less in the COG group
(n = 8; 15.7%). This result was comparable with other stud-
ies such as the ones by Schrappe et al. (19.7% to 22.3%) (8),
Karimi (20%) (9), and Gaynon et al. (21% to 22.8%) (10). But
this result was less than that of the study by Hussein et al.
from Egypt (39.6%), which included an older age group (0 -
18 years) (11).

Failure of induction therapy is an uncommon event oc-
curring in fewer than 5% of children with ALL treated with
the current regimens (12). But in the MCHP group, this fail-
ure was 10.5%.

Relapse was more common in the MCHP group (12.3%);
moreover, in this group, CNS relapse was more common
than BM. This result was less than those of Ghali with modi-
fied UKALL protocol (19.6%) in Baghdad (13) and Kaiserova et
al., with BFM 95 protocol (20.5%) in Slovakia (14). Moghrabi
et al. reported 16% relapse on protocol 95 - 01 for 491 chil-
dren with ALL (15).

In another study by Hunger on children with ALL, two
chemotherapy regimens of BFM and COG were compared.
Toxicity and infections were higher in the BFM group (16).
However, in the current study, there was no significant dif-
ference between the two groups. But, the rate of com-
plications in the COG group was 53.9%, which was higher
than that of the BFM group (35.1%) in the current study.
In the current study, infection (31.5%) and then bleeding
(8.3%) were the most common complications. In the cur-
rent study, five-year overall survival in the MCHP group was
93% and in the COG group 96.1%; five-year overall survival
was reported 80.3% by Friedmann (16).

Ghali reported that event-free survival was 54% for 559
children (within the age range of 1 to 15 years) treated at
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CWTH from 2000 to 2009 (13). Survival probability was
71.7% in 171 patients treated according to ALL BFM 95 proto-
col in Slovakia (14). All of these results were less than those
of the current study. Five-year overall survival of 54% was
higher than those of the results of most of the well-known
cancer centers. The most common causes of death were re-
lapse and infection.

References

1. Cooper SL, Brown PA. Treatment of pediatric acute lym-
phoblastic leukemia. Pediatr Clin North Am. 2015;62(1):61–73. doi:
10.1016/j.pcl.2014.09.006. [PubMed: 25435112]. [PubMed Central:
PMC4366417].

2. Locatelli F, Schrappe M, Bernardo ME, Rutella S. How I treat relapsed
childhood acute lymphoblastic leukemia. Blood. 2012;120(14):2807–
16. doi: 10.1182/blood-2012-02-265884.

3. Hunger SP. Development and refinement of augmented treatment
regimens for pediatric high-risk acute lymphoblastic leukemia.
Am Soc Clin Oncol Educ Book. 2012:611–5. doi: 10.14694/EdBook_-
AM.2012.32.611. [PubMed: 24451805].

4. Marjerrison S, Antillon F, Fu L, Martinez R, Vasquez R, Bonilla M,
et al. Outcome of children treated for relapsed acute lymphoblas-
tic leukemia in Central America. Cancer. 2013;119(6):1277–83. doi:
10.1002/cncr.27846. [PubMed: 23165914].

5. Lanzkowsky P, Lipton JM, Fish JD. Lanzkowsky’s manual of pediatric
hematology and oncology. 6th ed. Elsevier Science; 2016.

6. Pullarkat ST, Danley K, Bernstein L, Brynes RK, Cozen W. High lifetime
incidence of adult acute lymphoblastic leukemia among Hispanics
in California. Cancer Epidemiol Biomarkers Prev. 2009;18(2):611–5. doi:
10.1158/1055-9965.EPI-07-2949. [PubMed: 19208664]. [PubMed Central:
PMC3191882].

7. Nourusis MJ.APSS statistical software. SPSS: Base and advanced statistics
18.0. Chicago: SPSS Inc; 2009.

8. Schrappe M, Reiter A, Zimmermann M, Harbott J, Ludwig WD, Henze
G, et al. Long-term results of four consecutive trials in childhood
ALL performed by the ALL-BFM study group from 1981 to 1995.
Berlin-Frankfurt-Munster. Leukemia. 2000;14(12):2205–22. [PubMed:
11187912].

9. Karimi M, Yarmohammadi H, Sabri MR. An analysis of prognostic fac-
tors and the five-year survival rate in childhood acute lymphoblastic
leukemia. Med Sci Monit. 2002;8(12):CR792–6. [PubMed: 12503037].

10. Gaynon PS, Trigg ME, Heerema NA, Sensel MG, Sather HN, Ham-
mond GD, et al. Children’s Cancer Group trials in childhood acute
lymphoblastic leukemia: 1983-1995. Leukemia. 2000;14(12):2223–33.
[PubMed: 11187913].

11. Hussein H, Sidhom I, Naga SA, Amin M, Ebied E, Khairy A, et al. Out-
come and prognostic factors of acute lymphoblastic leukemia in chil-
dren at the National Cancer Institute, Egypt. J Pediatr Hematol Oncol.
2004;26(8):507–14. [PubMed: 15284589].

12. Silverman LB, Gelber RD, Young ML, Dalton VK, Barr RD, Sallan SE. In-
duction failure in acute lymphoblastic leukemia of childhood. Can-
cer. 1999;85(6):1395–404. [PubMed: 10189148].

13. Ghali HH. Effectiveness of modified UKALL protocols in children with
acute lymphoblastic leukemia; An experience of Children Welfare
Teaching Hospital. Mustansiriya Med J. 2014;13(2):53–60.

14. Kaiserova E, Bubanska E, Oravkinova I, Subova Z, Kolenova A, Foltinova
A, et al. Results of acute lymphoblastic leukemia treatment in chil-
dren in the Slovak Republic.memo -MagEurMedOncol. 2011;4(3):190–5.
doi: 10.1007/s12254-011-0283-2.

15. Moghrabi A, Levy DE, Asselin B, Barr R, Clavell L, Hurwitz C, et al.
Results of the Dana-Farber Cancer Institute ALL Consortium Pro-
tocol 95-01 for children with acute lymphoblastic leukemia. Blood.
2006;109(3):896–904. doi: 10.1182/blood-2006-06-027714.

16. Friedmann AM, Weinstein HJ. The role of prognostic features in the
treatment of childhood acute lymphoblastic leukemia. Oncologist.
2000;5(4):321–8. [PubMed: 10965000].

4 J Compr Ped. 2018; 9(4):e64153.

http://dx.doi.org/10.1016/j.pcl.2014.09.006
http://www.ncbi.nlm.nih.gov/pubmed/25435112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4366417
http://dx.doi.org/10.1182/blood-2012-02-265884
http://dx.doi.org/10.14694/EdBook_AM.2012.32.611
http://dx.doi.org/10.14694/EdBook_AM.2012.32.611
http://www.ncbi.nlm.nih.gov/pubmed/24451805
http://dx.doi.org/10.1002/cncr.27846
http://www.ncbi.nlm.nih.gov/pubmed/23165914
http://dx.doi.org/10.1158/1055-9965.EPI-07-2949
http://www.ncbi.nlm.nih.gov/pubmed/19208664
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3191882
http://www.ncbi.nlm.nih.gov/pubmed/11187912
http://www.ncbi.nlm.nih.gov/pubmed/12503037
http://www.ncbi.nlm.nih.gov/pubmed/11187913
http://www.ncbi.nlm.nih.gov/pubmed/15284589
http://www.ncbi.nlm.nih.gov/pubmed/10189148
http://dx.doi.org/10.1007/s12254-011-0283-2
http://dx.doi.org/10.1182/blood-2006-06-027714
http://www.ncbi.nlm.nih.gov/pubmed/10965000
http://comprped.com

	Abstract
	1. Background
	Table 1

	2. Objectives
	3. Methods
	4. Results
	4.1. Patient Characteristics
	Table 2
	Table 3

	4.2. Treatment Results
	4.2.1. Induction Failure
	4.2.2. Relapse
	4.2.3. Complication
	4.2.4. Overall Survival


	5. Discussion
	References

