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Abstract
Bone marrow samples from 84 adult patients with acute myeloid leukemia (AML) were analyzed using flow
cytometry after induction days 14 and 28 for regular minimal residual disease panels and leukemia stem cell
panels (CD34/CD123/CD45CD38 and CD90/CD133/CD45/CD33). Leukemia stem cell overexpression was
associated with poor survival of patients with AML. Expression of CD123D/CD34L, CD34D/CD38L/CD123D,
and CD133D/CD33L and minimal residual disease are sensitive predictors of the clinical course of AML.
Background: Acute myeloid leukemia (AML) evolves from neoplastic transformation of stem cell disease termed
“leukemia stem cells” (LSCs). An unsatisfactory response to AML therapy is determined by the presence of minimal
residual disease (MRD). The predominance of LSCs might anticipate sustained MRD results. The present study aimed
to demonstrate the effect of LSCs on MRD at induction days 14 and 28 on overall survival (OS) and disease-free
survival (DFS) and to compare LSC expression with MRD status. Patients and Methods: A total of 84 patients
with de novo adult AML underwent testing using LSC panels for CD38/CD123/CD34/CD45 and CD90/CD133/CD45/
CD33 and different regular MRD panels. Results: At day 14 after induction, the high expression of CD123 and CD133
had adverse effects on both OS and DFS (P ¼ .004 and P � .001 and P � .001 and P � .001, respectively). Greater
expression of CD34þ/CD38�/CD123þ resulted in unfavorable OS and DFS (P � .001 for both). Both CD34þ/CD38
�/CD123þ and CD34�/CD38þ/CD123þ expression at day 14 after induction had an adverse effect on DFS only (P <

.001 and P ¼ .029, respectively). On multivariate analysis, CD133 expression and MRD status were independent
prognostic parameters (hazard ratio [HR], 2.3; 95% confidence interval [CI], 1.2-4.4; P ¼ .015; and HR, 2.9; 95% CI,
1.0-7.9; P ¼ .041). At day 28 after induction, MRD and increased CD123þ/CD34�, CD34þ/CD38�/CD123þ, CD133þ/
CD33� expression were associated with inferior OS (P ¼ .016, P ¼ .0035, P¼ .0.002, and P ¼ .002, respectively). MRD
and high expression of CD34þCD123þ, CD133þ/CD33�, CD34þ/CD38�/CD123þ were associated with inferior DFS
(P < .001, P ¼ .002, P < .001, P < .001, respectively). On multivariate analysis, only CD133þ/CD33� expression was
the independent prognostic factor (HR, 3.1; 95% CI, 1.5-6.7; P ¼ .003). Conclusions: Estimation of LSC expression is
a sensitive indicator of the response to therapy in adult patients with AML and might be a better prognosticator than
the findings from regular MRD panels.
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Introduction
Acute myeloid leukemia (AML) is most frequent acute leukemia

in adults and has an aggressive clinical course. AML evolves from a
clonally expanded pool of malignant hematopoietic stem cells
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(HPSCs) termed “leukemia stem cells” (LSCs).1,2 The response to
treatment and the determination of subsequent relapse is moni-
tored by the detection of minimal residual disease (MRD).3 The
dormant persistence of LSCs is thought to be clue to the presence
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Table 1 Hematologic Parameters for 84 Patients With Adult
Acute Myeloid Leukemia

Parameter Value

Total leukocyte count, �109/L

Mean � standard deviation 54.0 � 61.0

Median (range) 30 (1.0-290)

Hemoglobin, g/dL

Mean � standard deviation 7.5 � 2.1

Median (range) 7.0 (3.3-15)

Platelet count, �109/L

Mean � standard deviation 57.7 � 38.3

Median (range) 44.9 (9.0-157)

Peripheral blood blasts, %

Mean � standard deviation 45.0 � 30

Median (range) 40.0 (0-97)

Bone marrow blasts, %

Mean � standard deviation 54.0 � 27.0

Median (range) 60.0 (20-96)

FAB classification

M0 2 (2.4)

M1 29 (34.5)

M2 30 (35.7)

M4 16 (19)

M5 6 (7.2)

M7 1 (1.2)

Cytogenetics

Favorable 27 (32.2)

Normal 55 (65.4)

Not available 2 (2.4)

FLT3-ITD

Wild 43 (51.2)

Mutant 14 (16.7)

Not tested 27 (32.1)

Abbreviation: FAB ¼ French-American-British.
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LSCs in Adult AML
of MRD. This can be elucidated by the sharing properties of
HPSCs and LSCs, such as niche protection with relative quies-
cence and resistance to apoptosis. LSCs mostly contain
CD34þCD38� with almost exclusive discriminating markers, such
as CD133, CD123, CLL1, CD44, CD90, CD96, and CD47.4

These observations led us to hypothesize that a high frequency
of LSCs after therapy would be associated with high MRD fre-
quency. Although multiple MRD panels were added to detect the
treatment response, AML heterogeneity and phenotypic shifts can
result in misinterpretation of the clinical course of AML. Thus,
because the presence of MRD has been shown to have a strong
prognostic impact, the frequency of LSCs might be a better
prognostic indicator.4-6 Therefore, we investigated the frequency of
LSC expression and MRD status in 84 patients with AML at day
15 and 28 after induction.

Patients and Methods
Only patients with de novo adult AML were enrolled in the

present study. Patients with acute promyelocytic leukemia were
excluded. Of the 84 included patients, 51 were men and 33 were
women, with an age range of 17 to 70 years (median, 31.1 years).
All the patients had presented to the medical oncology department
of the National Cancer Institute, Cairo University from September
2012 to October 2014. The institutional review board approved the
present study, and all the patients provided written informed con-
sent. AML was diagnosed according to standard methods, including
blood test, bone marrow aspirate, cytochemistry as indicated,
immunophenotyping, cytogenetics, and molecular genetic findings.
Immunophenotyping was performed using 3- and 4-color mono-
clonal antibodies (mAb) panels and analyzed using the Coulter
Navios Flow Cytometer (Beckman Coulter, Miami, FL). At diag-
nosis, mAb combinations were used to define the leukemia-
associated immune phenotypes (LAIPs). This step served to define
a leukemia phenotypic fingerprint to be used in the follow-up
samples. At least 2 mAb combinations were used to minimize the
pitfalls resulting from phenotypic switches. LAIPs were selected
according to cross-lineage antigen expression (eg, expression of
lymphoid antigens on myeloid blasts or vice versa) and asynchro-
nous antigen expression (eg, coexpression of antigens that corre-
sponded to different maturation stages). The potential panels
included the following: CD7/CD34/CD45/CD13, CD34/CD19/
CD45/CD33, CD34/NG2/CD45/CD33, CD34/CD135/CD45/
CD33, CD34/CD2/CD45/CD33, CD64CD117/CD45/CD33,
CD7/CD117/CD45/CD13, CD34/CD19/CD45/CD13, CD4/
CD135/CD45/CD33, and MPO/Cy CD13/CD45/Cy CD22.
Concomitantly, we assessed the LSCs using 2 mAb panels: CD38/
CD123/CD34/CD45 and CD90/CD133/CD45/CD33. The
selected MRD panels and LSC panels were both run at the diagnosis
and on days 14 and 28 after induction. For MRD, the cutoff
was < 0.1%.7 For LSCs/HPSCs, no standard cutoff has been
determined. Accordingly, the median value for each characterized
population was used as the cutoff. We identified the expression of
each combination of LSCs using the prism function of the Naviose
Cytometer (Beckman Coulter).

The treatment protocol was 3 þ 7 in accordance with Fer-
nandez et al8 (< 60 years: cytarabine: intravenously [IV]:
200 mg/m2/d continuous infusion day 1 to 7 [total dose/cycle
nical Lymphoma, Myeloma & Leukemia Month 2020
¼ 1400 mg/m2]. Daunorubicin: IV: 45 mg/m2/d IV bolus days
1, 2, and 3). The response criteria for AML were evaluated ac-
cording to Cheson et al.9 The mean � standard error follow-up
period was 6.7 � 0.8 months (median, 3.5 months).

Statistical Analysis
Data management and statistical analysis were performed using

the SPSS, version 21. The numerical data were summarized using
the mean � standard deviation or the median and range. Cate-
gorical data were summarized as percentages. Correlations between
the different markers and other hematologic parameters were
determined using Pearson’s correlation test. The Kaplan-Meier
method was used to estimate the overall survival (OS) and
disease-free survival (DFS) rates, and comparisons between the
different prognostic factors were performed using the log-rank test.
The OS rates were calculated from the date of diagnosis to the date
of death from any cause. Living patients and patients lost to follow-
up were censored at the last known date they were alive. DFS was
calculated from the date of remission to the date of progression,
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relapse, or death, whichever occurred first. Patients without pro-
gression or relapse and who were still alive were censored at the last
assessment. The significant variables were entered into the Cox
proportional hazards model. All P values were 2-sided. P values <
.05 were considered to indicate statistical significance.

Results
The present study included 84 adult patients with newly diag-

nosed AML, including 51 men (60.7%) and 33 women (39.3%),
with an age range of 17 to 70 years (mean, 33.4 � 11.9 years;
median, 31.1 years). The hematologic, cytogenetic, and molecular
genetic findings are presented in Table 1.

Effect of MRD and LSC/HPSC Frequency at Day 14 on
Survival

Positive MRD and expression of various LSC/HPSC markers
(CD123, CD123þ/CD34, CD34þ/CD38�/CD123þ, CD133, and
CD133þCD33�) had a negative influence on the OS of the patients
(Table 2 and Figure 1). In addition, positive MRD and different com-
binations of LSCs/HPSCs (CD123,CD123þ/CD34,CD34þ/CD38�/
CD123þ, CD34�/CD38þ/CD123þ, CD133, and CD133þCD33�)
had an unfavorable effect on DFS (Table 3 and Figure 2).

On univariate analysis, greater MRD and expression of all LSCs/
HPSCs at day 14 had adverse effects on DFS (Figure 2). However,
Table 2 Effect of Minimal Residual Disease and Leukemia/Hematop
Patients With Acute Myeloid Leukemia

Parameter

Overall Survival

n (%) Duration,

MRD

<0.1 20 (26.6) 13.4 � 2.0

�0.1 55 (73.4) 5.7 � 0.8

CD123

<6.0 32 (42.6) 10.6 � 1.5

�6.0 34 (45.4) 5.2 � 0.9

CD123þ/CD34

<0.1 20 (26.6) 13.7 � 2.4

�0.1 46 (61.4) 5.4 � 0.8

CD34�/CD38þ/CD123þ

<0.1 10 (13.4) 14.0 � 2.4

�0.1-1 20 (26.6) 5.9 � 1.1

>1.0 36 (48) 6.6 � 1.0

CD34þ/CD38�/CD123þ

�0.1 21 (28) 13.2 � 2.2

>0.1 45 (60) 5.2 � 0.8

CD133

<6.0 30 (37.5) 12.0 � 1.4

�6.0 32 (40) 4.5 � 0.8

CD133þ/CD33�

�0.1 23 (39) 12.7 � 1.7

>0.1 30.5 (52) 5.3 � 1.0

Abbreviations: CI ¼ confidence interval; MRD ¼ minimal residual disease.
aData presented as mean � standard error (median).
bStatistically significant (P < .05).
on multivariate analysis, only 2 parameters retained statistical sig-
nificance: MRD (hazard ratio [HR], 3.8; standard error [SE], 0.511;
95% confidence interval [CI], 1.4-10.2; P ¼ .01) and CD133
expression (HR, 2.6; SE, 0.357; 95% CI, 1.3-5.2; P ¼ .007).

Correlation Among MRD, Clinical and Hematologic
Parameters, and LSC Frequency at Day 14

The presence of MRD at day 14 showed a strong positive
correlation with CD34þ/CD38�/CD123þ expression (r ¼ 0.892;
P � .001) and CD123 expression (r ¼ 0.770; P � .001), a
moderate positive correlation with CD133 (r ¼ 0.653; P � .001),
and a fair positive correlation with CD123þ/CD34� (r ¼ 0.391;
P ¼ .001) and peripheral blood blasts (r ¼ 0.255; P ¼ .037;
Figure 3).

Effect of MRD and LSC/HPSC Frequency at Day 28 on
Survival

The presence of MRD and expression of CD123þ/CD34�,
CD34þ/CD38�/CD123þ and CD133þ/CD33� at day 28 after
induction were associated with poor OS (Table 4 and Figure 3). On
univariate analysis, higher expression of CD34þ/CD38�/CD123þ

and CD133þ/CD33� LSCs/HPSCs at day 28 had the most sig-
nificant effects on OS (P � .002), followed by MRD (P ¼ .016)
and CD123þ/CD34� (P ¼ .035; Figure 4). However, on
oietic Stem Cell Frequency at Day 14 on Overall Survival in Adult

95% CI P Valuea mo

<.001b

(12.8) 9.4-17.4

(2.9) 4.0-7.3

.004b

(10.0) 7.6-13.7

(2.4) 3.3-7.0

<.001b

(12.8) 8.9-18.4

(2.5) 3.6-7.1

.055

(13.0) 9.3-18.7

(5.0) 3.6-8.1

(3.0) 4.6-6.8

<.001b

(12.8) 8.9-17.6

(2.5) 3.5-7.0

<.001a

(13.0) 9.1-14.7

(1.8) 2.6-6.3

<.001a

(12.8) 9.2-16.2

(2.3) 3.3-7.3
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Figure 1 Effect of Minimal Residual Disease (MRD) and Leukemia/Hematopoietic Stem Cell Frequency at Day 14 on Overall Survival in
75 Patients With Adult Acute Myeloid Leukemia
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multivariate analysis, only CD133þ/CD33� expression retained
statistical significance (HR, 3.1; SE, 0.387; 95% CI, 1.5-6.7;
P ¼ .003).

The presence of MRD and the expression of CD123þ/CD34�,
CD34þ/CD38�CD123þ, and CD133þCD33� at day 28 were
associated with poor DFS (Table 5). On univariate analysis,
greater expression of MRD and CD34þ/CD38�/CD123þ and
CD133þ/CD33� HPSCs/LSCs at day 28 after induction had an
adverse effect on DFS (P � .001), followed by CD123þ/CD34�

expression (P � .002; Figure 4). On multivariate analysis, only
nical Lymphoma, Myeloma & Leukemia Month 2020
CD34þ/CD38�/CD123þ expression retained statistical signifi-
cance (HR, 6.5; SE, 0.499; 95% CI, 2.4-17.4; P � .001).

Correlation Between MRD and LSC/HPSC Frequency at
Day 28 After Induction

The presence of MRD at day 28 showed a positive correlation
with CD133 (r ¼ 0.653; P � .001), CD133þ/CD33� (r ¼ 0.547;
P � .001), CD123 (r ¼ 0.639; P � .001), CD123þ/CD34� (r ¼
0.653; P � .001), and CD34þ/CD38�/CD123þ expression (r ¼
0.685; P � .001).



Table 3 Effect of Minimal Residual Disease and Leukemia/Hematopoietic Stem Cell Frequency at Day 14 on Disease-free Survival in Adult Patients With Acute Myeloid Leukemia

Parameter

Disease-free Survival

95% CI P Valuen (%) Duration,a mo

MRD <.001b

<0.1 20 (26.6) 13.0 � 2.0 (12.8) 9.2-17.1

�0.1 55 (73.4) 4.5 � 0.8 (20) 2.9-6.2

CD123 <.001b

<6.0 32 (42.6) 10.3 � 1.6 (10.0) 7.1-13.4

�6.0 34 (45.4) 3.2 � 0.6 (1.5) 2.1-4.4

CD123þ/CD34� <.001b

<0.1 20 (26.6) 13.4 � 2.3 (12.5) 8.7-18.0

�0.1 46 (61.4) 4.1 � 0.9 (1.8) 2.5-5.6

CD34�/CD38þ/CD123þ .029b

<0.1 10 (13.4) 13.4 � 2.4 (12.5) 8.5-18.2

�0.1-1 20 (26.6) 4.5 � 0.8 (2.3) 2.8-6.2

>1.0 36 (48) 5.3 � 0.9 (2.0) 3.6-7.1

CD34þ/CD38�/CD123þ <.001b

�0.1 21 (28) 13.0 � 2.1 (12.5) 8.7-17.1

>0.1 45 (60) 4.0 � 0.8 (1.8) 2.3-5.6

CD133 <.001b

<6.0 30 (37.5) 11.1 � 1.6 (10.0) 7.9-14.2

�6.0 32 (40%) 3.0 � 0.6 (1.3) 1.8-4.2

CD133þ/CD33� <.001b

�0.1 23 (30.6%) 12.3 � 2.0 (12.5) 8.4-16.1

>0.1 39 (52%) 4.0 � 0.9 (1.5) 2.1-5.8

Abbreviations: CI ¼ confidence interval; MRD ¼ minimal residual disease.
aData presented as mean � standard error (median).
bStatistically significant (P < .05).
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Figure 2 Effect of Minimal Residual Disease (MRD) and Leukemia/Hematopoietic Stem Cell Frequency at Day 14 on Disease-free
Survival in 75 Patients With Adult Acute Myeloid Leukemia
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Discussion
In the present study, we examined the effect of LSCs and

MRD on the clinical course of patients with AML. The value of
MRD at days 14 and 28 after induction were evaluated against
other biological parameters, including patient age, gender, initial
total leukocyte count, hemoglobin level, platelet count, and
initial blast percentage in the bone marrow and peripheral blood.
However, no significant association was encountered with any of
nical Lymphoma, Myeloma & Leukemia Month 2020
the studied parameters, in line with the findings from other
studies.6,7,9-12

The European Leukemia Network MRD working party has
emphasized the role of MRD in the risk stratification of pa-
tients who might be candidates for preemptive therapeutic
protocols. Although we have confirmed the findings from
recent studies emphasizing the ultimate use of MRD in
detecting the outcomes of patients with leukemia, the use of



Figure 3 Effect of Minimal Residual Disease (MRD) and Leukemia/Hematopoietic Stem Cell Frequency at Day 28 on Overall Survival in
69 Patients With Adult Acute Myeloid Leukemia
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MRD detection has 2 main limitations.13-15 First, not all cases
will express a LAIP that can be used during follow-up. Second,
not all leukemia cells will contribute equally to the proliferative
status responsible for maintaining the malignant population
and subsequently leading to refractory disease or relapse. The
malignant cells are extremely heterogeneous, with only a frac-
tion of varying size in different patients responsible for initi-
ating and maintaining the leukemic population and resulting in
resistance to therapy and, later, to relapse.16,17 This cell pop-
ulation has now been recognized as leukemia stem cells. It has
been suggested that the detection of LSCs could reduce the
false-negative results when using MRD.6

Thus, we analyzed the association between the presence of MRD
and LSCs and the influence of using LSCs as surrogate marker for
evaluating the response to therapy. Our data showed a positive
correlation between the presence of MRD at days 14 and 28 after
induction and the expression of CD123 (r ¼ 0.770, P � .001 and
r ¼ 0.639, P � .001), CD123þ/CD34� (r ¼ 0.391, P ¼ .001 and
r ¼ 0.653, P � .001), CD34þ/CD38�/CD123þ (r ¼ 0.892,
P � .001 and r ¼ 0.685, P � .001), in agreement with the findings
from other studies.

Terwijn et al6 reported that combining the expression of
CD34þCD38� with the frequency of MRD, which reflect the
total neoplastic burden, revealed 4 patient groups with different
survival outcomes. First, within the total MRD group (n ¼ 64),
LSCþ patients (n ¼ 31) had a significantly poorer prognosis
than LSC� patients (n ¼ 33; P ¼ .01). Second, within the
LSCþ group, the patients without MRD, although having a
relatively poor prognosis, might have better outcomes than the
patients with MRD (P ¼ .04). The third group, the LSC�/
MRD� group, had a relatively good prognosis. Finally, the
fourth group, the LSCþ/MRDþ group, had a very poor prog-
nosis.6 In addition, Han et al18 reported that a greater propor-
tion of CD123þ/CD38�/CD34þ cells found in remission bone
marrow (ratio of CD34þCD123þ to CD34þ of > 0.83) was
associated with a greater risk of the presence of MRD in both
univariate (P ¼ .043) and multivariate (P ¼ .027) logistic
regression models.
Clinical Lymphoma, Myeloma & Leukemia Month 2020 - 7



Table 4 Effect of Minimal Residual Disease and Leukemia/Hematopoietic Stem Cell Frequency at Day 28 on Overall Survival in Adult
Patients With Acute Myeloid Leukemia

Parameter

Overall Survival

95% CI P Valuen (%) Duration,a mo

MRD .016b

<0.1 28 (40.5) 12.1 � 1.7 (12.3) 8.7-15.5

�0.1 41 (59.5) 7.2 � 1.2 (3.2) 4.7-9.6

CD123 .373

�2.3 25 (36.2) 10.6 � 1.5 (12.8) 7.6-13.6

>2.3 24 (34.7) 8.8 � 1.5 (5.0) 5.8-11.8

CD123þ/CD34� .035b

�1.0 25 (36.2) 12.0 � 1.7 (12.8) 8.5-15.4

>1.0 24 (34.7) 7.5 � 1.3 (4.8) 4.8-10.2

CD34�/CD38þ/CD123þ .116

<0.1 10 (14.4) 13.8 � 2.5 (13.0) 8.8-18.8

�0.1-1 26 (37.6) 7.8 � 0.9 (6.8) 5.9-9.7

>1.0 13 (18.8) 9.1 � 1.8 (14.3) 5.5-12.8

CD34þ/CD38�/CD123þ .002b

�0.1 19 (27.5) 14.1 � 2.4 (12.8) 9.4-18.8

>0.1 30 (43.4) 7.1 � 1.1 (4.8) 4.9-9.4

CD133 .117

<1.0 13 (18.8) 12.9 � 2.3 (12.8) 8.3-17.6

�1.0 34 (49.2) 8.8 � 1.2 (7.2) 6.5-11.1

CD133þ/CD33� .002b

�0.1 24 (34.7) 13.1 � 1.4 (13.0) 10.3-16

>0.1 22 (31.8) 6.8 � 1.4 (3.2) 3.9-9.6

Abbreviations: CI ¼ confidence interval; MRD ¼ minimal residual disease.
aData presented as mean � standard error (median).
bStatistically significant (P < .05).
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Many studies have highlighted the importance of different
LSC markers and their relationship to MRD.6,19-21 Roug et al20

have studied the issue of CD123 marker expression combined
with CD45 expression and the stem cell antigens CD34 and
CD117 as a multiparametric flow cytometry MRD tool.
Through spiked experiments and by testing in a prospective
patient cohort, they showed that this combination of mAbs
constitutes a simple, widely applicable multiparametric flow
cytometry MRD tool. High CD123 MRD levels after induction
was strongly predictive of relapse.20 In contrast, Bachas et al21

and Buccisano et al19 reported that the standard MRD panels
can fail to detect persistent LSCs after therapy, which could
explain the treatment failure in patients with otherwise MRD-
negative findings.

Using multivariate analysis for the effect of the presence of
MRD and LSC markers on OS and DFS at day 14 after induc-
tion, we found that the presence of MRD (HR, 2.9 and P ¼ .041;
and HR, 3.8 and P ¼ .01, respectively) and CD133 expression
(HR, 2.3 and P ¼ .015; and HR, 2.6 and P ¼ .007, respectively)
were independent prognostic factors. We found a positive cor-
relation between the presence of MRD and the expression of
CD133 (r ¼ 0.653; P � .001). Our finding is consistent with the
nical Lymphoma, Myeloma & Leukemia Month 2020
study by Jorgensen and Chen,22 who reported a positive corre-
lation between MRD and CD133 expression (r ¼ 0.653; P �
.001). Thus, a CD133þ phenotype in CD34� acute leukemia
should be considered with caution as a possible aberrant pheno-
type for MRD monitoring by flow cytometry in patients with
AML.22

Recent studies on the dynamics of LSCs have reported how
LSCs reinforce the microenvironment transformation process that
began with the preleukemic status promoting leukemic trans-
formation, resulting in a safe habitat for MRD and endorsing the
development of relapse. LSCs manipulate their milieu by altering
the vasculature, influencing the hypoxic state, competing with
normal stem cells, surrounding themselves with inflammatory cy-
tokines, interfering with the CXCL12 pathway, and adopting an
immune evasion mechanism.23-25

Conclusions
Stem cell enumeration, in particular CD133þ/CD33� and

CD34þ/CD38�/CD123þ, is a critical predictor of the clinical
course of adult patients with AML. Stem cell enumeration adds
to the value of MRD detection. Moreover, LSC detection could
replace the use of multiple costly MRD panels and overcome the



Figure 4 Effect of Minimal Residual Disease (MRD) and Leukemia/Hematopoietic Stem Cell Frequency at Day 28 on Disease-free
Survival in 69 Patients With Acute Myeloid Leukemia
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presence of antigenic shift. In addition, the present findings raise
the possibility of the use of targeted therapy for LSCs as po-
tential treatment. Thus, we recommend testing the value of
detecting LSCs in patients lacking LAIP as a detector of the
treatment outcome. Targeting LSCs might be the ultimate cure
of AML.

Clinical Practice Points

� LSCs have been reported to be a provocative initiator of leuke-
mia, resulting in maintenance of MRD after therapy and the
development of relapse.

� Bone marrow samples from 84 adult patients with AML were
analyzed using flow cytometry at days 14 and 28 after induction
for regular MRD panels and LSC panels CD34/CD123/
CD45CD38 and CD90/CD133/CD45/CD33.

� At day 14, high CD133 and CD123 expression were associated
with poor OS and DFS.

� Expression of CD34þ/CD38�/CD123þ and CD34�/CD38þ/
CD123 resulted in poor DFS.
� On multivariate analysis, CD133 expression and MRD status
were independent prognostic parameters (HR, 2.3; 95% CI, 1.2-
4.4; P ¼ .015; and HR, 2.9; 95% CI, 1.0-7.9; P ¼ .041).

� At day 28 after induction, combinations of LSCs (CD123þ/
CD34�, CD34þ/CD38�/CD123þ, CD133þ/CD33�,
CD34þCD123þ, and the presence of MRD were associated
with inferior OS and DFS (P < .05).

� On multivariate analysis, only CD133þ/CD33� expression was
the only independent prognostic factor (HR, 3.1; 95% CI, 1.5-
6.7; P ¼ .003).

� Combinations of LSCs, in particular, CD123þ/CD34�,
CD34þ/CD38�/CD123þ, and CD133þ/CD33�, are sensitive
indicators of the treatment outcome and survival status for pa-
tients with AML; thus, LSCs could be potential target thera-
peutic targets.
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Table 5 Effect of Minimal Residual Disease and Leukemia/Hematopoietic Stem Cell Frequency at Day 28 on Disease-free Survival in
Adult Patients With Acute Myeloid Leukemia

Parameter

Disease-free Survival

95% CI P Valuen (%) Duration,a mo

MRD <.001b

<0.1 28 (40.5) 11.8 � 1.7 (12.3) 8.5-15.2

�0.1 41 (59.5) 5.2 � 1.2 (2.1) 2.6-7.7

CD123 .154

�2.3 25 (36.2) 9.7 � 1.6 (8.4) 6.4-13.0

>2.3 24 (34.7) 7.8 � 1.9 (2.8) 4.0-11.6

CD123þ/CD34� .002b

�1.0 25 (36.2) 11.3 � 1.9 (12.5) 7.5-15.1

>1.0 24 (34.7) 5.5 � 1.5 (2.1) 2.6-8.5

CD34�/CD38þ/CD123þ .176

<0.1 10 (14.4) 12.8 � 2.6 (12.5) 7.6-18

�0.1-1 26 (37.6) 6.0 � 0.8 (5.5) 4.3-7.7

>1.0 13 (18.8) 5.6 � 0.9 (8.0) 3.7-7.5

CD34þ/CD38�/CD123þ <.001b

�0.1 19 (27.5) 13.7 � 2.3 (12.5) 9.2-18.3

>0.1 30 (43.4) 5.2 � 1.2 (2.3) 2.9-7.5

CD133 .087

<1.0 13 (18.8) 12.2 � 2.6 (10.0) 7.0-17.4

�1.0 34 (49.2) 7.7 � 1.5 (5.5) 4.6-10.8

CD133þ/CD33� <.001b

�0.1 24 (34.7) 12 � 1.9 (12.5) 8.3-15.7

>0.1 22 (31.8) 5.3 � 1.5 (2.0) 2.0-8.5

Abbreviations: CI ¼ confidence interval; MRD ¼ minimal residual disease.
aData presented as mean � standard error (median).
bStatistically significant (P < .05).
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