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Abstract

Background: Acute myeloid leukaemia is the most common acute leukaemia in adults with increasing
incidence, and despite major advances relapse is still a major concern. Assessing the response to therapy by
determination of blast morphology is not sufficient to predict relapse in AML patients. Given its applicability to
the majority of patients, FCM provides a powerful, independent prognostic factor to individualize therapy in AML
patients.

Materials and methods: This study was conducted on 50 Egyptian adult AML patients. They were at day 28
post induction/post consolidation. FCM on bone marrow samples using FITC, PE, PC labelled CDs and a panel of
antibodies tailored to each patient is used to assess MRD.

Results: Using a cut off value of 0.01% to assess MRD, 32% of patients had negative MRD and 68% had a
positive MRD. In 58% of patients, lineage infidelity was used, CD19 was the most common marker used in 62% of
patients while CD7 was used in 31% and CD56 was used in 7%. 73% of cases with positive MRD had apparently
normal initial cytogenetics while 62% of negative MRD cases had t (8; 21). Collectively, 100% of MRD-ve cases are
still in remission after 6 months of therapy while 61.8% of cases with positive MRD relapsed. MRD was in the lower

range in cases with remission (0.545) and a higher range (0.44) in relapsed cases.

Conclusion: Our results indicate that measurement of MRD after induction/consolidation therapy provides a
powerful prognostic factor for outcome in patients with AML.

Keywords: Minimal residual disease; Acute myeloid leukaemia; Flow
cytometry; Bone marrow; Transplantation; Cytogenetics

Introduction

AML represents 80% of acute leukemias in adults and is the most
common acute leukemia in this group of patients [1]. In 2015, over 20
thousand new cases were diagnosed and over 10000 patients succumb to
the disease [2]. The incidence of AML increases with age, reaching 12.2
cases per 100 thousand population in people over 65 years. Advances
in the understanding of the biology of the disease and treatment have
improved the outcome for younger patients. Yet, the prognosis in the
elderly who account for the main bulk of new cases remains poor [3].
Even with modern treatment options, nearly 70% of patients 65 years or
older will die within 1 year of diagnosis [4].

Despite major advances in understanding the molecular
pathogenesis of AML, evaluation of the bone marrow morphology
remains the standard method to assess treatment response in clinical
care and in the clinical trial setting, and is used to guide decisions of
allogeneic transplantation. However, determination of blast percentage
alone by light microscopy is hindered by limited sensitivity [5].

Although, conventional cytogenetics are undoubtedly important
in the prognosis and risk stratification of AML, they require the
presence of metaphase cells and hence, low sensitivity [6]. Interphase
FISH improves sensitivity by approximately 10 fold compared with
conventional cytogenetics.

It has been shown that FISH is more reliable than BM morphology
for defining complete response. However, FISH cannot be performed in
all patients and is only informative in cases with a known cytogenetic
abnormalities that is detectable by a specific FISH probe [7].

Given these problems in using BM morphology to accurately assess
remission status, there is accumulating evidence that detection of
subclinical levels of leukemia (MRD) using MPFC or molecular-based
strategies provides powerful independent prognostic information to
help developing an individualized approach to treatment.

The aim of this study was to determine the value of MRD monitoring
by FCM in adult acute myeloid leukemia patients post induction/
consolidation in order to determine efficacy of treatment, monitor
remission status of the patient and predicting impending relapse.

Patients and Methods

This study was conducted on fifty Egyptian adult AML patients
recruited from Ain-Shams University Hospitals, department of clinical
hematology. They were at day 28 post induction/post consolidation.
The study was carried on during the period from November 2015 till
July 2016. Informed consent was obtained from all patients according
to declaration of Helsinki.
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Inclusion criteria
1) Patients included will be 18 years old or more.

2) No other malignancy.

3) No prior chemotherapy or radiotherapy. 4) No medical
contraindications

Exclusion criteria

1) Patients with coexisting organ failure.

2) Bi-phenotypic acute leukemia .
All subjects underwent the following:

I.  Laboratory investigations at initial diagnosis

1. Bone marrow aspiration and examination of Leishman-stained
BM smears

2. Flow cytometric Immunophenotyping (IPT): Flow cytometric
IPT was performed on Coulter Navios-5-color flow cytometer
(Coulter, Electronics, Hialeah, FL, USA), on BM samples using a
standard acute leukemia panel of MoAb for all patients.

3. Initial cytogenetics (conventional cytogenetics in all patients
and FISH for known AML cytogenetic abnormalities in selected
patients).

II. Laboratory investigations post-induction/post-consolidation:

1. Complete blood counts (CBC) using Sysmex (X5-500i) (Sysmex .
Cooperation, Cope, Japan), with examination of Leishman-
stained PB smears.

2-BM aspiration on day 28 of induction or consolidation of
treatment were obtained from all patients for

a. Examination of Leishman-stained BM smears: BM samples.

» Morphological complete remission was defined by the presence .
of less than 5% blast cells in the BM.

« Patients with partial remission were identified by the presence of
>5% blast cells, with typical morphology of myeloblasts. .

b. FITC, PE, ECD, PC5 and PC7 labeled anti-CDs were used to
evaluate MRD on blast cells gated on CD45 in all hematologically .
remitted patients. The choice of monoclonal antibodies used was
tailored in each subject according to the original panel.

Choice of the panel of CD markers for each patients

o We created individualized MRD panel for each of our patients
according to their initial CD markers (at diagnosis)

o The CD markers that we chose for each patient compromised
common CDs for all patients like CD 45

o In addition to extra CDs tailored according to the original
pattern at diagnosis to make sure we capture leukemia associated .
immunophenotype (LAIP) as possible

« we used leukemia-associated immunophenotype (LAIP) which
included lineage-infidelity (cross-lineage lymphoid markers
expression on myeloblasts) in the initial diagnostic samples of
patients then we documented the persistence or disappearance
of these LAIP after treatment.

« Thesecond approach in LAIP isasynchronous antigen expression

e.g. (co-expression of early markers like CD34 or CD117 with
more mature markers).

Sampling for IPT

Two mL PB samples were obtained on ethylenediamine tetra-
acetic acid, dipotassium salt (K-EDTA) in vacutainer tubes
(final concentration of 1.5 mg/mL) for CBC.

0.2 mL BM aspirate was obtained; smears were prepared and
stained with Leishman's stain for morphological examination.

One mL BM aspirate samples were obtained on K -EDTA in
vacutainer tubes for flow cytometric IPT.

Flow cytometric IPT

FCM IPT of BM samples was done using Coulter Navios flow
cytometer (Coulter, USA). A panel of MoAbs was used which
included CD19, CD20, CD10, HLADR, CD38, CD34 and TdT.
All MoAbs were supplied by Beckman Coulter (Fullerton, CA,
USA). CD20, HLADR and TdT antibodies were fluorescein
isothiocyanate (FITC) labeled while CD19, CD10, CD38 and
CD34werelabeled by phycoerythrin (PE). Phycoerythrin-cyanine
5 (PC5) labeled CD45 was used for gating the hematogones. An
additional panel was constructed for individual cases according
to the initial panel at diagnosis. Special emphasis was made to
include aberrant markers and leukemia associated phenotypes
e.g. CD19, CD7, CD56 expression on myeloblasts.

FITC and PE conjugated anti-Ig G1 were used as specific isotype
matched controls for the used monoclonal antibodies.

BM aspirate samples were processed on the same day of sample
collection. They were counted using Sysmex Cell Counter and
the total leucocyte count was adjusted to be around 5.0 x 10°/L
using phosphate buffered saline (8.5 g NaCL, 1.07 g Na,HPO,,
0.39 g NaH PO -2H,0).

100 pL of adjusted sample were aliquoted in the control tube as
well as each sample tube and then 20 uL of each MoAbD or its
isotype matched control were added.

The control and test tubes were incubated for 15 minutes at
room temperature, protected from light.

After incubation, 1-2 mL of ammonium chloride-based
erythrocyte lysing solution (82 g ammonium chloride, 10 g
potassium bicarbonate, 0.37 g disodium EDTA) were added to
every tube. Tubes were vortexed then analyzed using Coulter
Epics XL flow cytometer (Coulter, Electronics, Hialeah, FL,
USA).

Interpretation of IPT patterns

CD45/side scatter gating strategy was adopted in the current
study. Gating on blast cells was done in the region of dim CD45
and low side scatter.

At least 100,000 or more events were gated for each sample.

In initial flowcytometry results; Cells were considered positive
for a marker when>20% of the cells expressed that marker except
for CD34 where expression by 10% of the cells was sufficient to
confirm positivity.

In MRD detection, limit of detection (LOD) was set according to
values proposed in recent literature. Our instrument was set to
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detect even one in 1000.000 cells.
Patient induction and consolidation chemotherapy

» ALL Patients received induction chemotherapy with 3+7
chemotherapy using cytarabine 200 mg//m*/d continuous
intravenous infusion for 7 days with doxorubicin 25 mg/m*/d
for 3 days followed by consolidation chemotherapy with high-
dose Ara-C 2-3 g/ m* IV over 3 hours every 12 hours on days 1,
3, 5 for four cycles.

Patients follow up (up to 6 months)

» All patients were followed up clinically and laboratory to
determine whether they are in remission or relapsed. Bone
marrow aspiration was done to all patients every 28 hours
through follow up period.

Statistical Analysis

Data were collected, revised, coded and entered to the Statistical
Package for Social Science (IBM SPSS) version 20. The quantitative
data with parametric distribution were presented as mean, standard
deviations and ranges while with non parametric distribution were
presented as median with inter-quartile ranges (IQR) and also the
qualitative data were presented as number and percentages. Chi-square
test was used to compare between groups with quantitative data and
Fisher exact test were used instead of chi square test only when the
expected count in any cell found less than 5. The comparison between
two independent groups with quantitative data and parametric
distribution was done by using Independent t-test. While comparison
between two independent groups with quantitative data and non-
parametric distribution was done by using Mann-Whitney test.
Spearman correlation coefficients were used to assess the correlation
between two quantitative parameters in the same group. Receiver
operating characteristic curve (ROC) was used to assess the best cut
off point with its sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and area under curve (AUC). The
confidence interval was set to 95% and the margin of error accepted was
set to 5%. So, the p-value was considered significant as the following:

p>0.05: Non significant, p<0.05: Significant, p<0.01: Highly
significant.

Results

This study was conducted on fifty Egyptian adult AML patients
recruited from Ain-Shams University Hospitals, department of
internal medicine, clinical hematology unit, Cairo, Egypt. They were
at day 28 post induction/post consolidation. The most common
AML type encountered in our study was AML M2 detected in 30%
of patients followed by AML MO detected in 28% of patients (Figure
1). While the most common cytogenetic abnormality was apparently
normal cytogenetic in 58% of cases followed by t (8; 21) in 28% of cases,
(Figure 2) there is statistically significant correlation between the fate
of cases (remission or relapse) and the diagnosis as 51.7% of cases in
remission had AML (M2) and more than 66% of relapsed cases had
AML (MO) (p-value <0.001). A significant correlation between the
fate of cases and history (primary or on top of MDS) exists as 100% of
cases in remission had 1ry disease and around 47% of relapsed cases
was secondary to MDS (p-value 0.000) (Table 1). And there is highly
statistically significant difference between the fate of cases and the
initial cytogenetics as 100% of relapsed cases had normal cytogenetics

O Sub classification of AML cases

30%

30% - 28%
25%
20%
15%
10%

4%
5% 2%

0%

Figure 1: Distribution of the studied group as regard the diagnosis.

initial cytogenetics

M normal
Ht(8;21)
t(15;17)

M Trisomy 8

Figure 2: Distribution of the studied group as regard initial cytogenetics.

and 48.3% of cases in remission had positive translocation t(8;21)
(p-value 0.000) (Table 2).

MRD was measured in 60% of cases post-induction and in 40%
of cases post-consolidation. The number of cases with Negative MRD
is 32% and 68% had Positive MRD with consideration that the cut oft
value of MRD is 0.01%.

In 58% of patients Lineage infidelity was used, CD 19 was the most
common marker used in 62% of this group, CD7 in 31% and CD56 was
7% (Table 3).

In 100% of cases CD45 had been used, CD13 in 78% of cases, CD19
in 36% and 18% used CD7 to detect MRD (Table 4).

There is statistically significant difference between MRD result and
initial cytogenetic as 73.5% of cases with positive MRD had apparently
normal initial cytogenetics and more than 62% of cases with negative
MRD had Translocation t(8;21) (p-value 0.001). 100% of MRD negative
cases are still in remission and 61.8% of cases with positive MRD
relapsed with highly statistically significant p-value (0.001) (Table 5).

There is statistically significant correlation between fate of AML
cases and MRD level post-induction as 100% of relapsed cases had
a positive MRD (p-value 0.004). There is statistically significant
correlation between fate of cases and MRD level post-consolidation
as 100% of relapsed cases had a positive MRD and 60% of cases in
remission had negative MRD (p-value 0.011) (Table 6).
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. Fate Chi-square
Sub classification of AML cases — Total
Remission Relapsed X2 P-value
N 0 14 14
MO
% 0.00% 66.70% 28.00%
N 0 1 1
M1
% 0.00% 4.80% 2.00%
N 0 2 2
M1-2
% 0.00% 9.50% 4.00%
M2 N 15 0 15
% 51.72% 0.00% 30.00%
55.664 <0.001*
M3 N 7 0 7
% 24.14% 0.00% 14.00%
N 1 0 1
M3-4
% 3.45% 0.00% 2.00%
M4 N 1 0 1
% 3.45% 0.00% 2.00%
M5 N 5 4 9
% 17.24% 19.00% 18.00%
History
) N 29 11 40
Primary
% 100.00% 52.40% 80.00%
20.976 0.000*
N 0 10 10
On top of MDS
% 0.00% 47.60% 20.00%
Table 1: Correlation between the fate of cases (remission, relapse) and the diagnosis, type of AML.
Fate .
Initial Cytogenetics Remission Relapsed Chi sxcluare P-value
No. % No. %
Normal cytogentics 8 27.6% 21 100.0%
+ve translocation t(8;21) 14 48.3% 0 0.0%
- 27.463 0.000**
+ve translocation t(15;17) 5 17.2% 0 0.0%
Trisomy 8 2 6.9% 0 0.0%
Table 2: Correlation between the fate of cases (remission, relapse) and initial cytogenetics.
Lineage infidelity
N %
Negative 21 42.00
Positive 29 58.00
Positive Lineage infidelity
N %
CD 19 18 62.00
CD7 9 31.00
CD 56 2 7.00
Total 29 100.00

Table 3: Distribution of the studied group as regard lineage infidelity and most common markers used for lineage infidelity.

Marker used N %
CD45 50 100.00
CD117 17 34.00
CD13 39 78.00
CD33 24 48.00
CD34 24 48.00
CD19 18 36.00

CD7 9 18.00
CD64 4 8.00
CD11b 2 4.00
HLA-Dr 8 16.00
MPO 2 4.00
CD56 2 4.00

Table 4: Distribution of the studied group as regard the markers used for MRD detection.
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MRD .
) - — Chi-square
Variables Negative Positive Total
N % N % N % X2 P-value
Negative 4 25.00% 25 73.50% 29 58.00%
. Translocation t(8;21) 10 62.50% 4 11.80% 14 28.00%
Initial cyto - 15.936 0.001
Translocation t(15;17) 2 12.50% 3 8.80% 10.00%
Trisomy 8 0 0.00% 2 5.90% 2 4.00%
Remission 16 100.00% 13 38.20% 29 58.00%
Fate 14.597 0.001*
Relapsed 0 0.00% 21 61.80% 21 42.00%
Table 5: Correlation between MRD results and initial cytogenetics, fate of cases (remission and relapsed).
Fate
Variables Remission Relapsed Chi square P-value
No. % No. %
i X Negative 10 52.60% 0 0.00%
MRD result post-induction — 8.684 0.004*
Positive 9 47.40% 11 100.00%
o Negative 6 60.00% 0.00% 8.571
MRD result post-consolidation — 0.011*
Positive 4 40.00% 10 100.00% FE#
Table 6: Correlation between fate of cases (remission and relapse) and MRD result post induction and post consolidation.
Fate
. T T-test
Variables Remission Relapsed
Mean * Mean * SD t P-value
MRD 0.545 + 0.277 0.446 + 0.581 -2.287 0.027*

Table 7: Relation between MRD level and fate of cases (remission and relapsed).

There is statistically significant correlation between fate of AML
cases and MRD as MRD had lower range in cases with remission (0.545)
and higher range (0.446) with cases in relapse by using unpaired t-test
(p-value 0.027) (Table 7).

Discussion

Previous research groups had found aberrant expression of cell
surface antigens on leukemic blasts; these antigenic alterations are
referred to as leukemia-associated immunophenotype (LAIP) and are
the basis of immunologic MRD detection.

A study done by Al-Mawali et al. found that asynchronous
expression of antigens usually seen at distinct stages of myeloid
maturation (co-expression of early antigens such as CD34 and CD117
with more mature antigens such as CD15 or CD 65), as well as cross-
lineage antigen expression of lymphoid markers on myeloblasts
(lineage-infidelity) represent the most common LAIPs encountered
using five-color flowcytometry [8]. Identification of these LAIPs in the
initial diagnostic sample of the patient then using MFC to document
the persistence or disappearance of the LAIPs is a possible approach to
monitor the minimal residual disease [9].

In our study, Lineage infidelity was used in 58% of patients, CD19
was the most common marker used in 62% of this group, CD7 in 31%
and CD56 in 7%. This is in accordance with a study done by Liu et
al. that show that the cross-lineage antigen and asynchronous antigen
expression were the most frequent aberrant phenotypes. CD7, CD19
and CD56 expressing on CD34+ cells were major cross-lineage antigen
[10]. Furthermore, In a pilot study by Mehta et al. to standardize MRD
estimation in AML by flow cytometry at a cancer center in India on
a 46 patients of AML, The commonest LAIP illustrated was the cross
lineage infidelity in 78% of their patients, In their cohort they showed
that the cross-lineage expression of CD56 was 43% and CD 4 was 36%.
In their study they used seven combinations, each containing five

antibodies, with CD34 and CD45 as backbone [11]. In accordance, in
our study CD45 markers was considered the backbone marker from
start onwards, and this was the base of other previous experience as
in Van Dongen [12] and Gaipa [13]. In addition CD19, CD20, CD10,
HLADR, CD38, CD34 and TdT Were (FITC) labeled while CD19,
CD10, CD38 and CD34 were labeled by (PE). (PC5) labeled CD45 was
used for gating the hematogones.

One of the drawbacks of the approach of LAIP is that the
immunophenotypic aberrancies of leukemic myeloblasts are not always
stableatrelapse,a phenomenon referred toas ‘immunophenotypicshift’.
In a study by Langerbrake et al. they found that the immunophenotype
by flow cytomety differed at relapse by at least one antigen than that at
presentation and that most cases showed an immature phenotype at
relapse and that 72% of cases showed a gain of markers associated with
lineage immaturity. This antigenic shift was observed in 88% of cases
in their study [14]. So, the panel of antibody used for MRD monitoring
should not be restricted to immunophenotype at presentation.

Second, access to initial samples may be unavailable and the
construction of MRD panel that is individual for each patient may be
difficult for some laboratories. So, a difference of normal approach
which relies on using a healthy control bone marrow samples and
studying characteristic sequential pattern of antigen expression for
each lineage is delineated and the aberrant myeloblasts is detected by
deviation from this normal pattern [15].

The ideal threshold level for positivity of MRD and timing
of measurement in AML has not been established, and given the
complexity of the disease, a single cut-off and timing for MRD could
not be universally applied to all patients.

In our study, using a threshold of 0.01, the number of cases with
negative MRD is 32% and 68% had positive MRD. In 60% of patients,
MRD was used post-induction while in the remaining 40% it is used
post-consolidation.
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Our study showed that MRD positive case was highly susceptible
to relapse than MRD negative cases as 100% of MRD negative cases
after follow up for 6 months are still in remission and 61.8% of cases
with positive MRD relapsed (p=0.001). When divided, MRD measured
post-induction showed that 52.6% of cases in remission were MRD-
ve and 100% of relapsed cases were MRD+ve, while MRD measured
post-consolidation showed that 60% of cases in remission were MRD-
ve and again 100% of relapsed cases were MRD+ve. This comes in
concomitance with data shown by Kohnke et al. who found that The
5-year RFS was 16% for MRD-positive patients and 43% for patients
with no evidence of residual disease (p<0.001). And this is in addition
to other known risk factors as initial cytogenetic as 48.3% of cases in
remission had Translocation t(8;21) and 100% of relapsed cases had
normal karyotyping (intermediate risk) [16]. In accordance, 62.5% of
MRD-ve cases in our study had t (8; 21) and 73.5% of MRD +ve cases
had apparently normal cytogenetics.

In our study, the mean MRD level was lower in patients in
remission (0.545) compared to relapse patient (0.446) with statistically
significant difference (p-value 0.027). However, lack of MRD may not
predict maintenance of remission and while the presence of MRD may
identify patients at increased risk of relapse, its absence has not been
correlated with maintenance of remission.

Conclusion and Future Perspectives

As mentioned above, there have been contradictory findings
regarding the most prognostically significant time point for
measurement of MRD (that is, end of induction, end of consolidation,
before or post SCT). However, what has consistently been shown is
that when MRD is measured at almost any time point, its presence is
correlated with an increased risk of relapse and worsened survival. In
essence, MRD detection techniques must be sensitive enough to detect
a low level of residual leukemic blasts. Al-Mawali et al. found that
in a 54 AML patients using a five-color flow cytometry a minimum
sensitivity of 10*was reached independent of the aberrant event tested
and that the technique was highly reproducible [9].

A future perspective is MRD measurement at the time of allogeneic
HSCT for AML patients is a powerful, independent predictor of
adverse outcome post-transplant and that MRD monitoring post-
transplant gives prognostically relevant information. However, it is
unclear how MRD status measured at the time of transplant and later
on after transplant could determine therapeutic decisions either by
giving additional therapy to decrease tumor load before transplant
or by using minimized immune-suppression to optimize GVL or
withdrawal of immune-suppression to prevent relapse in patients
with persistent MRD positivity post-transplant although currently
data from controlled prospective trials are still missing. Thus, MRD
detection provides a powerful, independent prognostic predictor of
adverse outcomes both in AML patients receiving chemotherapy or
in the transplant setting however, further studies are needed in the
transplant patients.
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