
ABSTRACT

Background: Although clinical and biologic parame-
ters can be used for treatment stratification of acute
lymphoblastic leukemia (ALL), none of these prognostic
factors is ideal. Measuring response to therapy as reflected
by minimal residual disease (MRD) is now considered
the most reliable prognostic parameter.

Objectives: To verify the value of MRD detection at
different time points as a prognostic parameter in precursor-
B ALL.

Patients and Methods: In this study flow cytometric
detection of MRD was performed on 97 newly diagnosed
precursor-B ALL cases (70 children and 27 adults) at day
(D) 15, D28 and/or D42. The relationship between MRD
and other clinical and biological prognostic factors was
evaluated, as well as the clinical significance of MRD
and its impact on the outcome of treatment regarding
disease free survival (DFS) and overall survival (OS).

Results: In children, MRD positivity at D15 and D28,
was significantly associated with cerebrospinal fluid (CSF)
infiltration (p=0.03 and 0.01 respectively).

At D42 MRD positivity was significantly associated
with CSF infiltration (p=0.01) and t(9;22) (p=0.045).
Patients with MRD <0.01 at D28 and D42 had significantly
better DFS (p=0.0002 and <0.0001 respectively) and OS
(p=0.02 and 0.001 respectively).

In adults, a significant association was demonstrated
between MRD D15 positivity and male gender (p=0.01)
which was lost at D28 and D42. At D15, there was a trend
for better OS in patients with MRD <0.1 (p=0.058) but
no impact on DFS, however, it achieved significance for
both at D28 (p=0.05). At D42, we demonstrated significant
influence on OS (p=0.01) and DFS (p=0.02).

Conclusions: Using flow cytometry for MRD moni-
toring is a well-suited approach for the specific detection
of minimal numbers of leukemic cells and, hence, could
help obtain a more precise and early evaluation of response

to therapy in patients with acute leukemia. A redefinition
of complete remission according to MRD status is highly
recommended.
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INTRODUCTION

Despite recent advances in the treatment of
acute leukemia, the disease remains a major
cause of cancer-related mortality. In childhood
acute lymphoblastic leukemia (ALL) there are
still around 20% of patients who develop re-
lapse, and those who survive suffer from major
treatment related toxicities [1,2], which reflects
unadjusted treatment of the disease as a result
of the lack of accurate prediction of response
to therapy. Introducing methods for minimal
residual disease (MRD) detection has revolu-
tionized monitoring of treatment response in
acute leukemia. The prognostic significance of
MRD in childhood ALL was reported in many
studies involving newly diagnosed patients,
patients with first-relapse ALL, and those un-
dergoing hematopoietic stem cell transplant
[3,4]. It is considered the strongest prognostic
predictor both in newly diagnosed or relapsed
and in standard or intermediate risk ALL [5,6].
There is also strong evidence pointing to the
clinical significance of MRD in adult ALL [7-
9]. One of the distinctive markers of ALL cells
is the clonal rearrangement of the genes encod-
ing immunoglobulin and T-cell receptor proteins
[10]. The test is accurate and sensitive (it allows
the routine detection of one leukemic cell in
10,000 to 100,000 normal cells), however, the
complexity of its set-up limits its routine appli-
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cation. Leukemic lymphoblasts can also be
recognized by the presence of chromosomal
abnormalities and their resulting gene fusions
and transcripts, such as BCR/ABL, MLL/AF4,
TCF3/PBX1, and ETV6/RUNX1 [10]. The most
recurrent abnormalities are found in about one-
third or less of patients and allow the detection
of one leukemic cell in 1,000 to 100,000 normal
bone marrow (BM) cells by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) [10].
Finally, ALL cells can be recognized by virtue
of leukemia-associated cell markers combina-
tions visualized with monoclonal antibodies
and flow cytometry (FCM) at a sensitivity of
detection of 1 leukemic cell in 10,000 normal
cells [11].

Bone marrow samples collected after a tem-
porary stop in chemotherapy, after the end of
treatment, or after hematopoietic stem cell
transplantation may contain a high proportion
of recovering immature lymphoid cells whose
morphology resembles that of ALL lymphoblasts
“hematogones” [12-15]. Therefore, morphologic
assessment of these samples is difficult and
may result in erroneous conclusions; the appli-
cation of MRD assays can clarify the identity
of the morphologically ambiguous cells. Among
MRD methods, flow cytometry is the one that
is most affected by the state of bone marrow
recovery [16]. In this regard, it is critical that
flow cytometric analysis of MRD relies on
markers that truly distinguish ALL cells from
normal cells, including lymphoid progenitors;
otherwise, the risk of false-positive MRD results
is high [17,18].

In this study we aimed to determine the
relationship between MRD and other clinical
risk factors of precursor-B pediatric and adult
ALL. We also aimed to find out the impact of
the MRD status at different time points on the
outcome of treatment regarding overall survival
(OS) and disease free survival (DFS) in precur-
sor-B ALL.

PATIENTS AND METHODS

The study was approved by the Institutional
Review Board (IRB) of the National Cancer
Institute (NCI), Cairo University and was con-
ducted according to Helsinki declaration for
studies involving human subjects. Informed
consent was obtained from all patients, patients’
parents/guardians.

Patients:
From March, 2009 to February, 2011, a total

of 97 newly diagnosed precursor-B ALL patients
were recruited from NCI. Among the 97 ALL
cases, 70 were pediatric patients including 43
males and 27 females with an age range of 2
months – <18 years with a mean of 6±5.3 and
a median of 7 years (Group I). The other 27
ALL cases were adults including 17 males and
10 females with an age range of 19-56, a mean
of 30.6±10.78 and a median of 30 years (Group
II).

Methods:
The diagnosis of ALL was based on standard

morphologic, cytochemical, immunophenotypic
and genetic studies. Flow cytometric immu-
nophenotyping of BM aspirates at diagnosis
was performed using a standard panel of anti-
bodies and analyzed on Coulter EPICS XL-
MCL flow cytometer. The monoclonal antibod-
ies panel included CD45, CD1, CD2, CD3,
CD4, CD5, CD7, CD8, CD10, CD19, CD22,
cyto-µ, k, λ, CD13, CD14, CD33, MPO, TdT,
anti class II MHC, CD56, CD38 and CD58 with
relevant isotype controls. The antibodies were
FITCI, PE, PerCP or Cy5 labelled, obtained
from Coulter Hialeah, FL; Immunotech,
Marseille, France; DACO, An Agilant Technol-
ogies company and/or/Becton Dickinson, Moun-
tain View, California.

The presence of fusion genes in ALL includ-
ing t(1;19) TCF3 (E2A)/PBX1, t(12;21) ETV6
(TEL)/RUNX1 (AML1), t(9;22) BCR/ABL and
t(4;11) MLL/AF4 was examined following the
standardized RT-PCR analysis of fusion gene
transcripts for chromosomal aberrations in acute
leukemia [19].

Patients were treated according to standard
NCI Cairo University treatment protocols
(www.nci.cu.edu.eg).

Disease free survival (DFS) and overall
survival (OS) were estimated at 27 months in
Group I and at 18 months in Group II.

Flow cytometric MRD analysis:
After initial immunophenotyping at diagno-

sis, monoclonal antibodies combinations were
used to define leukemia- associated phenotypes
(expressed on >50% of the blast cells). This
step served to define a leukemia phenotypic
fingerprint to be used in follow up samples. At
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least 2 antibodies combinations were used to
minimize pitfalls due to phenotypic switches.
The panels included:

• CD34/CD19/CD10/CD58.

• CD34/CD19/CD10/CD38.

• CD34/CD19/CD10/CD45.

• Any aberrant myeloid (CD13 or CD33) or T
markers (CD7, CD2).

• CD34/CD22/CD10/CD19: This one is helpful
to recognize hematogones by the differentia-
tion pattern.

Data acquisition was performed using the
Coulter EPICS XL-MCL flow cytometer. At
least 10,000 events were acquired and analyzed
for identification of aberrant leukemic pheno-
types at diagnosis, and at least 100,000 events
were needed for MRD measurements. A detec-
tion limit of 0.01% (10/100,000 cells) could be
achieved in most cases. MRD level was evalu-
ated at day (D) 15, D28 and D42 and classified
as negative (<0.01%) and positive (≥0.01-<0.1
and ≥0.1%). Examples of MRD detection by
Flow Cytometry are presented in Fig. (1).

Statistical analysis:

SPSS version 17.0 was used for data man-
agement and data analysis. Mean±Standard
deviation with median and range when appro-
priate described quantitative data. Parametric
and non-parametric t-tests and ANOVA were
used for comparing independent groups. Num-
bers with percentages described qualitative data.
Chi-square test and Fisher exact tested propor-
tion independence. Kaplan and Meier method
estimated overall and disease free survival and
log rank test compared survival curves. p-value,
or calculated significance level, was considered
significant at 0.05.

RESULTS

The study was performed on 97 newly diag-
nosed precursor-B ALL patients. Among the 97
ALL cases, 70 were pediatric patients including
43 males and 27 females with an age range of
2 months – <18 years with a mean of 6±5.3 and
a median of 7 years (Group I). The other 27
ALL cases were adults including 17 males and
10 females with an age range of 19-56, a mean
of 30.6±10.78 and a median of 30 years (Group
II).

Group I: 70 Pediatric precursors B ALL:
According to risk stratification, patients

were subdivided as 36 of favorable age group
(≥1-<10 years) and 34 of unfavorable age group
(<1-≥10 years).

Immunophenotyping revealed 39 common
ALL (cALL), 27 Pre B and 4 Pro B cases.
Aberrant CD33 expression was found in 7 cases
while, CD2 and CD56 were found each in 2
cases.

DNA index of 1.06-1.16 was found in 23
patients and 47 had DNA index <1.06 or >1.16.

Cerebrospinal (CSF) fluid was free in 67
cases and 3 cases had infiltration.

Molecular studies by RT-PCR revealed
t(12;21) in 8 and t(9;22) in 3 patients.

MRD level at different time points is pre-
sented in Table (1)

At D15 MRD was positive in 11/58 (19%)
patients with no CSF infiltration and in all the
3 patients with CSF infiltration, (p=0.03).

There was no significant association between
MRD and molecular studies. Neither was there
an impact of MRD status on DFS or OS (Table
2).

At D28, MRD was positive in 10/50 (20.0%)
patients with no CSF infiltration and in both
patients with CSF infiltration, (p=0.01).

There was no significant association between
MRD and molecular studies.

Patients with negative MRD had significant-
ly better DFS (p=0.0002) and OS (p=0.02) than
those with positive MRD (Table 2).

At D42, MRD was positive in 11/52 (21.2%)
patients with no CSF infiltration and in both
patients with CSF infiltration, (p=0.01).

MRD was positive in both cases with t(9;22)
and in none of the 6 cases with t(12;21)
(p=0.045).

Patients with negative MRD had significant-
ly better DFS (p<0.0001) and OS (p=0.001)
than those with positive MRD (Table 2).
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There was no statistically significant asso-
ciation between MRD at D15, D28 or D42 and
age, gender, total leucocytic count (TLC), lym-
phadenopathy, hepatosplenomegaly, DNA index
or immunophenotyping.

Group II: 27 Adult precursors B ALL:

Immunophenotyping revealed 14 cALL and
13 Pre-B. Aberrant CD33 was found in two
cases and CD2 in one case. Two patients had
t(9;22).

At day 15, MRD was positive in 11/14
(78.6%) males and 2/9 (22.3%) females

(p=0.01). The significance was lost at D28 and
D42.

At D15, there was a trend for better OS in
patients with MRD <0.1% (p=0.058) but no
impact on DFS (Table 2).

At D28, at a cutoff of 0.1%; patients with
lower MRD level had significantly better DFS
and OS (p=0.05); the corresponding values at
D42 were p=0.02 and p=0.01 (Table 2).

Lymphadenopathy, hepatosplenomegaly,
TLC, immunophenotyping and molecular ge-
netics showed no significant association with
MRD.

4 Flow Cyometric Detection of Minimal Residual Disease (MRD)

Table (1): Minimal residual disease (MRD) level at different time points in precursor-B ALL.

Adults

24 16 16

9 (37.5)
3 (12.5)
12 (50)

8 (50.0)
3 (18.75)
5 (31.25)

D15

No. (%)

D28

No. (%)

D42

No. (%)

7 (43.75)
2 (12.5)
7 (43.75)

54

44 (81.5)
6 (11.1)
4 (7.4)

D42

No. (%)

Children

62

49 (79.0)
7 (11.3)
6 (9.7)

D28

No. (%)

61

31 (50.8)
20 (32.8)
10 (16.4)

D15

No. (%)

Time point

No.
MRD

level %

<0.01
>0.01<0.1
>0.1

NC: Survival estimates cannot be computed as all observations are censored.
*Only one case.

Table (2): Disease free survival and overall survival in ALL patients in relation to minimal
residual disease.

MRD level: Mean±SE

0.01-<0.1

22.8±1.3
25.4±1.04

–*
–*

20.0±4.3a

25.4±0.87

13.4±2.1
13.3±1.7a

13.8±2.1a

13.5±1.8a

14.4±1.5a

14.8±1.97a

>0.1

20.3±2.97
22.8±2.3

18.3±5.4
20.8±1

10.2±3.4b

NC

7.1±1.2
6.47±1.7b

6.1±1.1b

6.3±1.2b

5.0±1.1b

7.1±1.2b

<0.01

NC
NC

25.7±0.8
26.5±0.5

25.5±0.7a

NC

NC
NCa

14.5±2.2a

14.7±2.1a

14.1±2.3a

15.1±1.8a

p

0.299
0.22

0.0002
0.02

<0.0001
0.001

0.17
0.058

0.05
0.05

0.02
0.01

Survival
Months

Pediatrics:
Day 15

DFS
OS

Day 28
DFS
OS

Day 42
DFS
OS

Adults:
Day 15

DFS
OS

Day 28
DFS
OS

Day 42
DFS
OS



DISCUSSION

In this study flow cytometric detection of
MRD was performed on 97 precursor-B ALL
cases (including 70 pediatric patients and 27
Adults). The purpose of this study was to verify
the value of MRD detection at different time
points as a prognostic parameter in precursor-
B ALL and to demonstrate the relationship
between MRD status and other prognostic pa-
rameters. In children with ALL, measurements
of MRD provide unique information on treat-
ment response and have become a crucial com-
ponent of contemporary treatment protocols.
Flow cytometry-based assays are rapid and
provide an accurate quantification of MRD
while gaining information on the status of nor-
mal hematopoietic cells at the same time. Ab-
normal phenotype that can be used for MRD
detection could be applied in 98% of cases of
ALL with sensitivity up to 10-4. The sensitivity
of this approach depends on two main factors:
The degree of dissimilarity between the immu-
nophenotypes of leukemic cells and those of
normal cells, and the number of cells available
for study [20]. In the pediatric cohort, associa-
tions between MRD at D15, D28, and D42 post
induction and other clinical and biological risk
factors including age, gender, TLC, lymphade-
nopathy, hepatospleomegaly, molecular studies
and DNA index were of no statistical signifi-
cance. This is in agreement with other studies
[21-26], except for one that reported statistical
association between gender and MRD [27]. This
might be attributed to the different treatment
protocols or to ethnic differences. In our study,
no association was encountered between D15
MRD and OS or DFS at a cut off value of 0.01;
however it was evident at D28 and D42. This
suggests that D28 might be a good early indi-
cator of early responders. Although this is con-
sistent with another study [22], it is not in line
with others [26,28-30] The difference may be
attributed to the short follow-up period as well
as the sample size. Furthermore, these studies
included both T and B ALL in their analysis
and patients received different treatment proto-
cols. In the current study, we detected statisti-
cally significant association between MRD
positivity at D42 post induction and molecular
findings (p=0.045). This is in agreement with
some reports [23,24]. However, these issues were
not addressed in other studies [22,26]. In the
current study, we reported statistically significant
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Fig. (1): MRD Detection in precursor B ALL case (CALL)
at D15. A: Cells are gated: CD19+/CD34– (Gate G) and
CD19+/CD34+ (Gate F). B: CD19+/CD34– in Gate F are analyzed
for CD10 and CD58: Region I shows 2.2% coexpression of CD10
& CD58. C: CD19+/CD34+ cells in gate G are analyzed for
CD10 & CD58 expression, region H shows 6.5. Both populations
belong to the malignant clone as indicated by CD58 expression.
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association between MRD positivity and CSF
infiltration. These results are in concordance
with previous reports [23,24]. In the current
study, presence of MRD level of ≤0.01% at D42
post-induction had a significant impact on DFS
and OS; this is consistent with one report [22].
but not in line with others [26,28-30]. The prog-
nostic value of MRD detection in childhood
ALL was most convincingly demonstrated by
3 large prospective studies [28-30]. They con-
cluded that, flow cytometric MRD >0.1% on
day 15 bone marrow was the most powerful
early predictor of relapse. Multivariate analysis
demonstrated that the MRD level was an inde-
pendent prognostic factor with borderline sig-
nificance [26].

Campana and his team recommended that
patients with MRD at 0.1% level have to be re-
classified as high-risk group who need therapy
intensification and those with ≥1% are eligible
for allogeneic BMT in the first remission [31].

In our cohort of adult ALL, a significant
association was demonstrated between MRD
on D15 post induction and gender (p=0.01).
This was not reported in other studies [21,25].
The disagreement may be due to small sample
size, as well as studying different ethnic groups.

At a cutoff of <0.1% there was a trend
(p=0.058) for better OS at D15 but not DFS,
border line for both at D28 (p=0.05) and signif-
icantly better at D42 (p=0.01 and 0.02 respec-
tively). This is in line with other studies [32,33].

Associations between MRD at D42 post
induction and other clinical and biological risk
factors including gender, TLC, lymphadenopa-
thy, hepatosplenomegly, and molecular findings
were of no statistical significance. These results
are in agreement with other studies [21,25].

Although the clinical significance of MRD
has been studied less extensively in adult pa-
tients with ALL, there is considerable evidence
supporting its potential usefulness [25,34]. In
further work, it was claimed to be an indepen-
dent prognostic parameter in both standard- and
high-risk Philadelphia-negative ALL at a cutoff
of 0.1% [33].

In conclusion, our study has validated the
efficiency and practicability of Flow cytometry
in evaluation of MRD status. It has further
emphasized the prognostic value of MRD de-

tection. The differences encountered between
our study and others might be attributed to
different treatment protocols or different re-
sponse pattern in patients’ cohorts from different
countries. Accordingly, the time of testing and
the cutoff of MRD that could best serve as a
prognostic indicator has to be worked out in
context of the specific patient cohort and the
treatment protocols adopted. A longer follow-
up period is needed to accurately determine the
prognostic significance of MRD measurements
at different time points and using different cutoff
levels.

REFERENCES

1- Pui C, Robison L, Look A. Acute lymphoblastic
leukaemia. Lancet. 2008; 371: 1030-1043.

2- Vrooman LM, Silverman LB. Childhood acute lym-
phoblastic leukemia: Update on prognostic factors.
Curr Opin Pediatr. 2009; 21: 1-8.

3- Brisco MJ, Condon J, Hughes E, et al. Outcome
prediction in childhood acute lymphoblastic leukaemia
by molecular quantification of residual disease at the
end of induction. Lancet. 1994; 343: 196-200.

4- Zhao XS, Liu YR, Zhu HH, et al. Monitoring MRD
with flowcytometry: An effective method to predict
relapse for ALL patients after allogeneic hematopoietic
stem cell transplantation. Ann Hematol. 2012; 91:
183-92.

5- Thörn I, Forestier E, Botling J, et al. Minimal residual
disease assessment in childhood acute lymphoblastic
leukaemia: A Swedish multi-centre study comparing
real-time polymerase chain reaction and multicolour
flow cytometry. Br J Haematol. 2011; 152: 743-53.

6- Eckert C, Von Stackelberg A, Seeger K. Minimal
residual disease after induction is the strongest pre-
dictor of prognosis in intermediate risk relapsed acute
lymphoblastic leukaemia-long-term results of trial
ALL-REZ BFM P95/96. Eur J Cancer. 2013; 49: 1346-
55.

7- Brüggemann M, Raff T, Flohr T, et al. Clinical signif-
icance of minimal residual disease quantification in
adult patients with standard-risk acute lymphoblastic
leukemia. Blood. 2006; 107: 1116-23.

8- Gökbuget N, Kneba M, Raff T, et al. Adult patients
with acute lymphoblastic leukemia and molecular
failure display a poor prognosis and are candidates
for stem cell transplantation and targeted therapies.
Blood. 2012; 120: 1868-76.

9- Patel B, Rai L, Buck G, et al. Minimal residual disease
is a significant predictor of treatment failure in non
T-lineage adult acute lymphoblastic leukaemia: Final
results of the international trial UKALL XII/ECOG
2993. Leukemia. 2011; 25: 254-8.

10- Brüggemann M, Schrauder A, Raff T, et al. Standard-
ized MRD quantification in European ALL trials:

6 Flow Cyometric Detection of Minimal Residual Disease (MRD)



Proceedings of the Second International Symposium
on MRD assessment in Kiel, Germany, 18-20 Septem-
ber 2008. Leukemia. 2010; 24: 521-35.

11- Coustan-Smith E, Campana D. Immunologic minimal
residual disease detection in acute lymphoblastic
leukemia: A comparative approach to molecular test-
ing. Best Pract Res Clin Haematol. 2010; 23: 347-58.

12- Longacre TA, Foucar K, Crago S, et al. Hematogones:
A multiparameter analysis of bone marrow precursor
cells. Blood. 1989; 73: 543-52.

13- Rimsza LM, Larson RS, Winter SS, et al. Benign
hematogone-rich lymphoid proliferations can be dis-
tinguished from B-lineage acute lymphoblastic leuke-
mia by integration of morphology, immunophenotype,
adhesion molecule expression, and architectural fea-
tures. Am J Clin Pathol. 2000; 114: 66-75.

14- Van Wering ER, Van Der Linden-Schrever BE, Szc-
zepanski T, et al. Regenerating normal B-cell precur-
sors during and after treatment of acute lymphoblastic
leukaemia: Implications for monitoring of minimal
residual disease. Br J Haematol. 2000; 110: 139-46.

15- McKenna RW, Washington LT, Aquino DB, Picker
LJ, Kroft SH. Immunophenotypic analysis of he-
matogones (B-lymphocyte precursors) in 662 consec-
utive bone marrow specimens by 4-color flow cytom-
etry. Blood. 2001; 98: 2498-507.

16- Luria D, Rosenthal E, Steinberg D, et al. Prospective
comparison of two flow cytometry methodologies for
monitoring minimal residual disease in a multicenter
treatment protocol of childhood acute lymphoblastic
leukemia. Cytometry B Clin Cytom. 2010; 78: 365-
71.

17- Patkar N, Abu Alex A, Bargavi B, et al. Standardizing
Minimal Residual Disease by Flow Cytometry for
Precursor B Lineage Acute Lymphoblastic Leukemia
in a Developing Country. D Cytometry Part B (Clinical
Cytometry). 2012; 82B: 252-258.

18- Solly F, Angelot F, Garand R, et al. CD304 is prefer-
entially expressed on a subset of B-lineage acute
lymphoblastic leukemia and represents a novel marker
for minimal residual disease detection by flow cytom-
etry. Cytometry A. 2012; 81: 17-24.

19- Van Dongen J, Macintyre EA, Gabert JA, et al. Stan-
dardized RT-PCR analysis of fusion gene transcripts
from chromosome aberrations in acute leukemia for
detection of minimal residual disease: Report of the
BIOMED-1 concerted action: Investigation of minimal
residual disease in acute leukemia. Leukemia. 1999;
13: 1901-1928.

20- Campana D. Status of minimal residual disease testing
in childhood. Br J Haematol. 2008; 143: 481-489.

21- Bassan R, Spinelli O, Oldani E, et al. Improved risk
classification for risk-specific therapy based on the
molecular study of MRD in adult ALL. Blood. 2009;
113: 4153-62.

22- Borowitz MJ and Chan JK. Precursor lymphoid neo-
plasms. In: WHO classification of tumors of haemato-
poietic and lymphoid tissues. Swerdlow SH, Campo

E, Harris NL, Jaff ES, Pileri SA, Stein H, Thiele J
and Vardiman JW (eds.). International Agency for
Research on Cancer (IARC). 2008; Chapter (9): 167-
176.

23- Coustan-Smith E, Sancho J, Hancock ML, et al.
Clinical importance of minimal residual disease in
childhood acute lymphoblastic leukemia. Blood. 2000;
96: 2691-2696.

24- Coustan-Smith E, Ribeiro RC, Stow P, et al. A simpli-
fied flow cytometric assay identifies children with
acute lymphoblastic leukemia who have a superior
clinical outcome. Blood. 2006; 108: 97-102.

25- Mortuza FY, Papaioannou M, Moreira IM, et al.
Minimal Residual Disease Tests Provide an Indepen-
dent Predictor of Clinical Outcome in Adult Acute
Lymphoblastic Leukemia. Clin Onc Jr. 2002; 20 (4):
1094-1104.

26- Koh N, Park M, Kim BE, et al. Prognostic significance
of minimal residual disease detected by a simplified
flow cytometric assay during remission induction
chemotherapy in children with acute lymphoblastic
leukemia. Korean J Pediatr. 2010; 53: 957-964.

27- Coustan-Smith E, Sancho J, Behm FG, et al. Prognostic
importance of measuring early clearance of leukemic
cells by flow cytometry in childhood acute lympho-
blastic leukemia. Blood. 2002; 100: 52-58.

28- Cave H, Van Der Werfften Bosch J, Suciu S, et al.
Clinical significance of minimal residual disease in
childhood acute lymphoblastic leukemia. European
Organization for Research and Treatment O Cancer-
-Childhood Leukemia Cooperative Group. N Engl J
Med. 1998; 339: 591-598.

29- Coustan-Smith E, Behm FG, Sanchez J, et al. Immu-
nological detection of minimal residual disease in
children with acute lymphoblastic leukaemia. Lancet.
1998; 351: 550-554.

30- Van Dongen JJ, Seriu T, Panzer-Grumayer ER, et al.
Prognostic value of minimal residual disease in acute
lymphoblastic leukaemia in childhood. Lancet. 1998;
352: 1731-1738.

31- Campana D. Minimal residual disease in acute lym-
phoblastic leukemia. Hematology Am Soc Hematol
Educ Program. 2010; 2010: 7-12.

32- Giebel S, Stella-Holowiecka B, Krawczyk-Kulis M.
Status of minimal residual disease determines outcome
of autologous hematopoietic SCT in adult ALL. BM
Transpl. 2010; 45: 1095-1101.

33- Holowiecki J, Krawczyk-Kulis M, Giebel S, et al.
Status of minimal residual disease after induction
predicts outcome in both standard and high-risk Ph-
negative adult acute lymphoblastic leukaemia. The
Polish Adult Leukemia Group ALL 4-2002 MRD
Study. Br J Haematol. 2008; 142: 227-237.

34- Sanchez J, Serrano J, Gomez P. Clinical value of
immunological monitoring of minimal residual disease
in acute lymphoblastic leukaemia after allogeneic
transplantation. Br J Haematol. 2002; 116: 686-694.

Azza M. Kamel, et al. 7


	B.1

