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Abstract

Background: Hematogons (HGs) are normal bone marrow cells; that may reflect the quality of the bone marrow
response to chemotherapy. Many studies have focused on the role of HGs in acute leukemia.

Methods: A total of 65 patients with nonpromyelocytic AML, in first complete remission were enrolled in this
study, and four color flow cytometry was used to quantify Hematogones. We identify the HGs detectable group as
those who had more than or equal to 0.01% HGs in bone marrow aspirated sample.

Results: HGs were detectable in 25 patients' marrow samples, and they were significantly associated with
cytogenetic risk (p=0.01). After a median followup of 17.6 months, patients with detectable HGs had better DFS and
OS than those with undetectable levels (p=0.013 and <0.001; respectively) and only 3 patients with detectable HGs
in marrow remission samples experience relapse. On multivariate analysis, the HG 20.01% is an independent
predictive value for DFS (p<0.0001), and OS (p<0.007), but number of chemotherapy cycles to achieve CR and poor
cytogenetic had significant prognostic effect on DFS but not on OS, we can conclude that AML patients in first
complete remission with HGs 20.01% have better DFS and OS.

Conclusions: We can conclude that AML patients in first complete remission with HGs 20.01% have better DFS

and OS.
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Introduction

Acute myeloid leukemia (AML) patient outcomes remain
heterogeneous, and the prognosis of AML patients can be estimated
based on disease-related and patient-specific factors, such as karyotype
abnormalities [1]. Despite these risk factors, the prognosis of patients
within each AML subgroup remains heterogeneous and new
prognostic tools are needed to assess the risk of relapse [2].

As Hematogones (HGs) are normal B-lymphocyte precursors that
are present in bone marrow of healthy persons [3], their biological
significance were in their role in hematopoieses with some considering
Hematogones to be undifferentiated hematocytyoblast [4].

Hematogones (HGs) were first described as lymphoid appearing
cells that were in the sternal aspirates of children undergoing
evaluation for an assortment of neoplastic, congenital, infectious and
autoimmune disease [5].

They are reported to occur in large numbers in some healthy infants
and young children and in a variety of the disease in adults [6]. More
prominent especially in the regeneration phase following
chemotherapy or bone marrow transplantation and were frequently
increased in patients with cytopenias of various etiology as
myelodysplastic syndrome [7]. In which their increase in numbers may
cause problem in diagnosis due to their morphological features

commonly sharing with neoplastic lymphoblast of ALL and
lymphoblastic phase of lymphoma [8].

By flowcytometry, Hematogones (HGs) have been characterized
into several stages using CD10, CD 19, CD20, CD22, CD34 and CD38
[9], so HGS are often identified by 4-color flowcytometry with co-
expression of CD10-CD19 and low intensity CD45 expression.

In order to evaluate the role of HGS level as a new prognostic tool,
we conducted this prospective study in AML patients in complete
remission to assess their impact on disease free survival and overall
survival.

Patients and Methods

From January 2012 to April 2013, a total of 65 consecutive
responding non-promyelocytic patients with AML in first complete
remission [10], were enrolled in this study. Patients were admitted to
Medical Oncology Department and Clinical Pathology Department, at
Zagazig University Hospitals-Egypt. Informed consent was obtained
from each patient, the research was conducted in accordance with the
1964 Helsinki Declaration after approval of Zagazig University
Institutional review board (IRB). The patients were classified according
to their standardized cytogenetic risk subgroups [11]. Samples were
obtained by bone marrow (BM) aspiration after hematologic recovery
after chemotherapy. All of the patients were treated with Anthracyclin
and Ara-C induction chemotherapy schedules; hematogon was
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extracted after induction chemotherapy from BM samples from
patients in CR according to Cheson et al. [10]. Haematological
complete remission (HCR) is defined as peripheral blood lacking blasts
and <5% blasts in BM (according to FAB classification), in addition, no
immunophenotypical evidence of residual leukaemia was detected by
flow

cytometry. Relapse was defined by flow cytometry as the appearance
of circulating leukaemia cells or more than 5% blasts in BM [12].

Flow cytometric method

In this prospective study, 4 color flowcytometry was used to
quantify Hematogones as a percent of total event in consecutive
marrow specimen after hematological recovery after chemotherapy.
For the assessment of percent and meanflourcent intensity of
Hematogones we used two panels of 4 colour combination that were;
CD19 PE, CD10 FITC, CD20 Percp, CD45 APC and CD38PE,
CD10FITec, CD22 PerCP, CD45 APC, CD45APC, CD34PE,
CDIOFIITC, CD33Percp, for each sample up to 300.000 cells were
acquired and according to plot of side scatter scale versus CD45 stain
our data were visualized. The data were collected using FAcscaliber,
Bectou-Dickinson BD, and San Diego, USA). Distinct cell populations
(Clusters) were identified based on combination of low intensity CD45
expression and CD10/CD19 expression is indicative of HGs; the
sensitivity cut off was 0.01% [9]. We determine the HG positive group
as those had more than or equal to 0.01% HGs in bone marrow
aspirated sample. Each specimens event clusters were considered
positive or negative compared with the degree of fluorescence of the
same specimen stained with isotype control antibody.

Statistical analysis

Disease free survival (DFS) was calculated from complete remission
(CR) to disease relapse and overall survival (OS) was calculated from
diagnosis till death or last follow up. Survival was plotted with Kaplan-
Meier curves, and the data for the various groups were compared with
a log-rank test. Multivariate analysis was performed by Cox model
after the proportional hazard assumption was checked. P value less
than 0.05 was considered to be statistically significant. All statistical
analysis was performed using IBM SPSS software version 20 (Chicago,
IL, USA).

Results

The baseline characteristics of the 65 patients who were included in
the study are summarized in Table 1.

Sixty five non-promyelocytic AML were included of which, 39 were
male and 26 were female, with male to female ratio was 1.4:1, with a
median age of 47 years (18-65), all of the patients received anthracyclin
and ara-c (3 and 7 protocol as sandaled treatment for AML patients, 2
and 14 for older patients or poor performance status.

Thirty seven patients (56.9%) responded after 1 cycle, 26 patients
(40.7%) responded after 2 cycles and only 3 patients (3.1%) respond
after 3 cycles. Two patients underwent allogeneic hematopoietic stem
cell transplantation (3%). Twenty five patients (38.5%) had detectable
HGs in the bone marrow remission samples after induction therapy.
The median and mean percentages of total HGs were 0% (range,
0.00-0.53) and 0.086% (SD +0.138), respectively. With 19 patients
(67%) of them of less than 60 years. No detectable HGs were found in

40 patients’ bone marrow samples (30 patients (75%) were less than 60
years).

Flow-cytometric analysis of BM specimen of HGs was shown in
Figure 1.

Twenty two patients (88%) with detectable HGs had favorable or
intermediate risk cytogenetics, that was significantly different from
patients with undetectable HGs, in whom 26 patients (65%) had
favorable or intermediate risk cytogenetics (p=0.01; Figure 2).

After a median follow-up time of 17.6 months, 38 patients (58.5%)
relapsed, and the median DFS was 14 months, only 3 relapsed patients
had positive HGs in marrow remission samples. Death occurred in
29% of the patients (19/65); median OS was not reached, while mean
OS was 21.4 months

Patients with detectable HGs had better OS and DFS than those
with undetectable levels (p=0.013 and <0.0001; respectively; Figures 3
and 4).

Univariate analysis indicated that the number of chemotherapy
cycles required to achieving complete remission, and the standardized
cytogenetic risk subgroups and HGs percentage were independent
prognostic factors for DFS and OS (Table 2).

According to multivariate Cox model, the HGs >0.01% is an
independent predictive value for DFS (p<0.0001), and OS (p<0.007).
While, number of chemotherapy cycles to achieve CR, and poor
cytogenetic had significant prognostic effect on DFS but not on OS
(Table 2).

HematogEaca = 3.08%

o

Figure 1: Flowcytometric analysis of BM specimen Hematogones.
A: Hematogones with low CD34 and CD38 expression; B:
Hematogones with low CD19 low CD10 expression.
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Figure 2: Association between Hematogones and cytogenetics.
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Figure 4: Overall-survival according to Hematogones status.
Figure 3: Disease-free survival according to Hematogones status.

Patients characteristics No. Percentage (%)
Age

<60 years 49 75.4%
>60 years 16 24.6%
Sex

Male 39 60%
Female 26 40%
FAB Classification

MO 3 4.6%
M1 12 18.5%
M2 22 33.8%
M4 14 21.5%
M5 8 12.3%
M6 4 6.3%
Undifferentiated 2 3.1%
Cytogenetic

Favorable 18 27.7%
Intermediate 30 46.2%
Poor 13 20%
Failed 4 6.2%
No. of chemotherapy cycles to achieve complete remission
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1 37 56.9%
2 26 40.7%
3 2 3.1%
Hematogons
>0.01 25 38.5%
<0.01 40 61.5%
Table 1: Shows patients characteristics.
DFS
Prognostic factors Univariate analysis Multivariate analysis
HR 95% CI P
Age 0.297 0.68 0.325-1.42 0.3
Hematogons = 0.01% <0.001 2.3 3.12-33.3 < 0.0001
Leucoytosis 0.166 0.58 0.29-1.16 0.125
No. of chemotherapy cycles to achieve CR <0.0001 0.318 0.07-1.4 < 0.0001
Cytogenetics
Favorable <0.0001 0.799 0.245-2.610 0.710
Intermediate 1.225 0.400-3.752 0.722
Poor 6.024 1.774-20.4 0.004
0os
Prognostic factors Univariate analysis Multivariate analysis
HR 95% CI P
Age 0.152 0.513 0.2-1.3 0.162
Hematogons = 0.01% 0.013 1.6 1.2-22.9 0.007
Leucoytosis 0.136 2.134 0.766-5.944 0.147
No. of chemotherapy cycles to achieve CR 0.002 0.218 0.017-2.790 0.241
Cytogenetics
Favorable <0.0001 0.605 0.68-5.375 0.652
Intermediate 1.468 0.243-8.868 0.676
Poor 3.741 0.653-21.422 0.138

Table 2: Impact of prognostic factors on disease-free survival and overall survival.

Discussion

Despite high remission rate in acute myeloid leukemia (AML) after
chemotherapy, relapse of the underlying disease remains a major
challenge and one of the most frequent causes of treatment failure. The
major prognostic parameters with regard to relapse of AML are the
response to induction chemotherapy and the genetic abnormalities of
the malignant cells [13]. In our study, we assessed if monitoring bone

marrow HGs in AML patients following induction chemotherapy can
be used as a prognostic factor. We used four color flow-cytometry for
detection of HGs. HGs were detected in 38.64% of our patients
compared to 46% reported by Sylvain et al. [2] and 57.7% by Zheng et
al. [14]. This difference may be due to larger number of patients
included in their studies.
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Although the quantity of B-cell precursors decreases with age, HGs
were identified in 37.5% of our patients older than 60 years, median
age of 47 years (18-65), with no statistically significant differences
between the age groups (P>0.5). This is matched with Kern et al. [15]
and Sylvain et al. [2].

In discordance with our results, Zheng et al. [14] reported a
statistically significant decrease in HGs was observed when comparing
older age categories. This difference may be due to including pediatric
patients and only 92/292 samples were collected from patients older
than 50 years.

Also we did not find significant association between HGs
percentages and gender or AML subtypes (p=0.3 and 0.4, respectively)
which is similar to results of Zheng et al. [14].

In our study there was significant association between detectable
HGs percentages and cytogenetic risk (p=0.01) which is in agreement
with study by Zheng et al. [14] and Pereira et al. [16].

Only 3 of our patients (12%) with detectable HGs in marrow
remission samples had relapse. However, Zheng et al. [14] reported
that 36.7% with detectable HGs experienced relapse with Significant
differences in HGs percentages were detected between complete
remission and relapse categories (P =0.028).

After a median follow-up time of 17.6 months, univariate and
multivariate analysis of prognostic factors indicated that HGs status is
a prognostic factor for both DFS and OS.

Zheng et al. [14] reported a median follow-up time was 28 months
for all patients, patients who had more than 0.1% of HGs in their bone
marrow had a higher median leukaemia-free survival (LFS) (24.75 vs.
9.5, P<0.001) and OS (25.3 vs. 10.75, P<0.001), compared with patients
who had <0.1% of HGs in their bone marrow.

Because of significant differences in HCR (Hematological Complete
Remission) between the group containing >0.1% of HGs and those
containing <0.1% of HGs, they chose 0.1% of HGs as the cut-off level
to investigate survival differences (0.1% as a cutoff point of HGs
percentage is different from ours and previously reported data which
displayed that HGs level more than 0.01% was an independent
prognostic factor for AML patients after the first induction
chemotherapy), Also through their univariate analysis; HGs, risk
stratification and leucocytosis at the time of diagnosis all contributed
to OS and LFS, whereas age is unrelated to both. Chemotherapy cycle
is one prognostic factor for LFS but not for OS. Cox analysis indicated
that HG presence was independently associated with a longer LFS but
was not associated with OS.

Also Sylvain et al. [2] reported patients who had HG levels more
than 0.01% had a significantly better median LFS (29.2 vs 11.7 months;
P=0.001) and overall survival

(Not reached vs. 23.5 months; P=0.011). According to Cox analysis,
a HG level more than 0.01% was an independent predictor of LFS
(HR=0.5; 95% confidence interval, 0.28-0.90; P<0.03) when age,
leucocytosis, the number of chemotherapy cycles, and the standardized
cytogenetic and molecular risk subgroups were controlled for. Cox
analysis indicated that HG presence was independently associated with
alonger LFS but not with OS.

This difference of results may be due to larger number of patients
included in their studies or due to different patient's characteristics.

Conclusion

We found that HGs more than 0.01% in bone marrow after
induction therapy was associated with decreased risk of relapse and
increased survival, and usage of 4 color flow cytometry for detection of
HGs is simple, rapid and suitable method for clinical screening mainly
in developing countries.
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