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Background and objectives: Myeloid leukemias (MLs) are clonal stem cell disorders
affecting myeloid lineage cells. Advances in cytogenetic and molecular studies partially dis-
closed the mystery about risk factors and pathophysiology of MLs. Regarding incidence, risk
factors, response to treatment, and overall survival of patients, research showed differences
among different countries. However, the Western registry data are the basis for the documented
description of MLs in medical textbooks. This research aimed to study MLs in Middle Eastern
health centers. Egypt has the highest population in the Middle East; furthermore, 96.6% of the
population is native Egyptians; accordingly the study focused on Egypt.

Patients and methods: Data of 468 patients with MLs were collected from hospital
records at two big tertiary health centers. They were grouped into group 1 (chronic myeloid
leukemia, CML) and group 2 (acute myeloid leukemia, AML); the latter was subgrouped
into 2a (primary AML) and 2b (secondary AML).

Results and conclusions: The median age of patients was 43 years; males predominate in
group 2a and females in groups 1 and 2b. 37.2% of group 1 patients were treated with
Gleevec. Hematopoietic stem cell transplantation was planned for only 5% of group 2 and
18% relapsed. Of groups 1 and 2 patients, 25% and 12%, respectively, stopped follow up,
and 15% and 35% died. ORR and overall survival were 53%, 27% and 7%, 0.4% for groups
1 and 2, respectively. Conclusively, this study showed a young age of ML patients, with
female predominance in CML, and poor outcome. This reflected racial, ethnic and risk factor
differences in incidence of MLs.
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Introduction
Myeloid leukemias (MLs) are a heterogeneous group of disorders in which
a leukemogenic event disrupts normal hematopoietic stem cell differentiation and
enhances its proliferation. These events target myeloid lineage-derived cells and spare
the lymphoid lineage cells. Leukemogenesis of MLs was found variable from one
subtype to the other; therefore, the exact pathophysiology of MLs is a mystery.'?
Chromosomal translocations producing a new chimeric protein with novel functions
play an important role in the pathogenesis of MLs, as well as activating mutations such as
nucleophosmin gene mutation which offers a proliferative advantage to cells.”
According to the WHO, MLs include acute myeloid leukemia (AML), chronic
myeloid leukemia (CML), chronic eosinophilic leukemia and the hypereosinophilic
syndrome, biphenotypic leukemia and myeloid sarcomas (extramedullary MLs). In
addition, the WHO designed a specific term for ML in patients with Down syndrome
(ML-DS), which is an erythromegakaryoblastic leukemia in a patient < 5 years old.*®
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Research found that the variability of MLs extending
from the underlying etiology to incidence and clinical pre-
sentation. The unique characteristic of MLs is uncontrolled
proliferation of white blood cells (WBCs), with overproduc-
tion of immature forms. These cells could aggregate in
blood vessels resulting in organ dysfunction in a clinical
condition called leukostasis, which is mainly due to hyper-
viscosity and abnormally shaped WBCs.”!® Moreover, the
clinical presentation of extramedullary affection is markedly
variable; erythematous eruptions could proceed develop-
ment of ML by as long as one year in a condition known
as aleukemic leukemia cutis.''

Accurate diagnosis and classification of MLs requires
the integration of clinical assessment, peripheral blood
analyses, bone marrow aspirate and/or biopsy, immuno-
phenotyping, cytogenetic and molecular analyses. In addi-
tion, immunohistochemistry and tissue biopsies with
specific stains play an important role in diagnosing ML
and differentiating them from lymphoid neoplasm.'?

Recent advances in understanding the pathophysiology
of MLs led to the emergence of effective targeted thera-
pies; furthermore, the treatment of certain types of MLs
could be tailored for each patient. Bone marrow transplan-
tation (BMT) is the hope for many cases with relapsed
disease."*'* This recent approach in the management of
MLs is mainly based on cytogenetic and molecular ana-
lyses, which are unavailable in many centers worldwide.

The documented worldwide description of incidence,
clinical picture, response to treatment, outcome, and survi-
val probability of MLs was mainly dependent on Western
registry data.'>'® This study aimed to study MLs in Middle
Eastern health centers.

Patients and Methods

A total of 468 patients with MLs were included in the study.
They were retrospectively recruited from patients who were
referred and treated at the departments of Internal Medicine
and Clinical oncology at Assiut University Hospital (AUH)
and the Department of Medical Oncology at South Egypt
Cancer Institute (SECI) in the period from January 2007 to
November 2011. In order to obtain a proper sample size,
another group of patients were collected from the Clinical
Hematology Unit at AUH in the period from December
2011 to June 2016. SECI and AUH are tertiary healthcare
centers located in Upper Egypt and provide highly specia-
lized medical services to approximately eight Governorates
of Egypt, including Assiut, El Minya, Sohag, Luxor, Al

Wadi Al Jadeed, Qena, and Aswan and to some extent
Red Sea Governorates, as shown in Figure 1.

Patients were grouped into group 1 (CML group), and
group 2 (AML). Group 2 was further subdivided into
group 2a (de-novo AML) and group 2b (secondary AML).

Sociodemographic, clinical, and data concerned with
diagnosis, treatment, therapeutic responses and overall
survival (OS) were gathered from patients’ hospital
records. Hand-written records were reviewed for older
cases from 2007 to 2011; from 2012 to 2016, data were
retrieved from computer-based records.

Each patient was included in the study once, even if
they was admitted more than one time. Different records
for each patient were reviewed to obtain data concerned
with response to treatment and OS. Accordingly, a patient
diagnosed as CML and transformed to AML during fol-
low-up was included in group 1, as CML in blastic trans-
formation. Those who first presented to our center as AML
secondary to CML were included in group 2b as secondary
AML with CML considered a preleukemic disorder.
Patients who were referred from AUH to SECI were also
included once in the study according to first record.

Analysis of the collected data was done with SPSS
software, version 17 (SPSS Inc., Chicago). Descriptive
data were presented as median, mean and standard devia-
tion (SD) if it is quantitative or as percentages for qualita-
tive variables. The chi-square test was used to estimate
association between qualitative variables. The one-way ana-
lysis of variance was used to differentiate between the three
groups. Kaplan—Meier analysis of survival was used to
asses OS. P value <0.05 was considered significant.

The study was consistent with the Declaration of
Helsinki for medical research. Furthermore, the study
protocol was approved by the board sections of the con-
cerned departments and then by the research ethical
committee at Faculty of Medicine, Assiut University.
Prior permission of the head of the department was
obtained before handling patients’ records. However,
patients’ written informed consents to review their med-
ical records was not required by the approving ethics
committees, as that would be inappropriate due to the
retrospective nature of the study, where a considerable
proportion of patients stopped follow-up, died, or were
living in distant governorates. Confidentiality was
insured, when dealing with patients’ records, by substi-
tuting patients’ names with research codes and introdu-

cing data into a personal computer.
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Lower Egypt

Upper Egypt
Lower Nubia

Figure | Geographic area of the study, from El Minya Governorate in the North to Aswan in the south together with Al Wadi Al Jadeed (El Karaga) in the west and Red Sea

in the east.

Results

Table 1 and Figure 2 showed demographic characteristics of
the study patients, revealing that 43 years was the median age
of the study patients and nearly one-third of patients were in the
age range 41-50 years; other peaks were in ranges 21-30 and
51-60 years, the latter for group 1 only. Interestingly,
a considerable proportion (15.3%) of AML patients were
students whose ages ranged from 17 to 20 years. Another
astonishing finding was that females constituted 71.8% of
secondary AML. Male predominance was obvious in de-
novo AML, while female predominance was in CML and
secondary AML; and the male to female ratios were 1.4, 0.8,
and 0.4 in order.

Most of the study patients were from Assiut governorate,
56.2% and 66.1% for groups 1 and 2, respectively. Figure 3
shows the distribution of the study patients over nine gover-
norates of Egypt; one patient was from Alexandria, which is
not in the geographic area of the study. As seen in Table 1,
patients mostly lived in rural areas.

The most common preleukemic disorder in group 2b
patients was CML followed by myelodysplastic syn-
drome (MDS) and lastly myelofibrosis (MF), as shown
in Figure 4. Nearly 3/4 of group 1 patients were in
chronic phase. FAB M4, followed by M2 and MI,
then M3 were the most prevalent FAB subtypes in
group 2 patients as in Figure 5.
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Table | Demographic Characteristics of Myeloid Leukemia Patients at SECl and AUH in the Period from January 2007 to December

2016 (Total Number = 468)

Variable Group | (n=226) Group 2 (n=242) Group 2a (n=203) Group 2b (n=39) P Value
Demographics Age (years) 0.901
Mean * SD 43.08+15.25 39.32+14.61 39.37x14.69 39.05+14.38
Range 16-80 17-75 17-75 18-70
Median 43.5 43.0 43.0 40.0
Gender <0.001*
Male 102 (45.1%) 130 (53.7%) 119 (58.6%) Il (28.2%)
Female 124 (54.9%) 112 (46.3%) 84 (41.4%) 28 (71.8%)
M/F ratio 0.8 1.2 1.4 0.4
Residence 0.70
Urban 90 (39.8%) 106 (43.8%) 90 (44.3%) 16 (41.0%)
Rural 136 (60.2%) 136 (56.2%) 113 (55.7%) 23 (59.0%)
Occupation 0.11
Housewife 119 (52.7%) 86 (35.5%) 65 (32.0%) 21 (53.8%)
Employed 21 (9.3%) 49 (20.2%) 45 (22.2%) 4 (10.3%)
Farmer 33 (14.6%) 50 (20.7%) 44 (21.6%) 6 (15.4%)
Unemployed 51 (22.6%) 20 (8.3%) 17 (8.4%) 3 (7.7%)
Student 2 (0.9) 37 (15.3%) 32 (15.8%) 5(12.8)

Notes: Group | = CML, group 2 = AML, group 2a = de-novo AML, and group 2b = secondary AML. One-way analysis of variance and the chi-square tests were used for analyses.

"' means statistically significant.

Table 2 shows treatment modalities for myeloid leukemia
cases in both SECI and AUH in the period from January
2007 to December 2016. It showed that only one-third or
more of CML patients treated with tyrosine kinase inhibitors
(TKIs) in the form of gleevec in 37.2% and dasatinib in one
patient only, while 52% of patients were treated with hydro-
xyurea as first line. Of AML patients, 13.6% received con-
solidation therapy after induction and 12.8% were treated
with low-dose ara-C.

Figure 6 reveals that approximately 53% and 27% were
the ORR for groups 1 and 2, respectively, where patients
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Figure 2 Age groups of the study patients. Group | = CML patients (n= 226) and
group 2 = AML patients (n = 242).

were disease-free until the end of the study. On the other
hand, a considerable proportion of patients died during the
study period (15% and 35% for groups 1 and 2, respec-
tively). It is noticeable that the fate of more than one-third
of group 2 (AML) patients was unknown due to cessation
of treatment (20%), referral to SECI (10%), and discharge
on request (5%), whereas of group 2 (CML) patients only
12% stopped follow-up, and only one patient was missed.
Relapse was a problem in group 2 patients (18%), and
only 5% of patients were planned for stem cell transplan-
tation (SCT); however, data on whether the procedure was

70.00% -
60.00% 17 |

50.00% 1~

40.00% -

30.00% -

20.00% - Mo
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Figure 3 Distribution of the study patients over nine Governorates of Egypt.
Group | = CML patients (n= 226) and group 2 = AML patients (n = 242).
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MDS
5%

Figure 4 Pleukemic disorder of group 2 patients.
Abbreviations: CML, chronic myeloid leukemia; MDS, myelodysplastic syndrome;
MF, myelofibrosis.

80% 70% 60% S0% 40% 30% 20% 10% 0%

Figure 5 Distribution of leukemia phases and subtypes among the study patients.
The upper panel showed subtypes of group 2 patients and the lower panel is phases
of group | patients.

Abbreviations: CP, chronic phase; AP, accelerated phase; BT, blastic transforma-
tion phase.

done or not, response rate or occurrence of any complica-
tions were unavailable.

Table 3 and Figure 7 show the OS of group 1 patients;
nearly two-thirds of patients were censored, and the 5-year
OS was 7%; 1.3% (three patients only) were still living
and continued follow-up for > 10 years. The longest OS
was 12 years and 9 months, and there was no statistically
significant difference in survival between male and female
patients with a mean value 63.8 months.

Table 4 and Figure 8 show the OS of group 2 patients.
Again, there was no significant difference in survival
between male and female patients. The mean OS was
31.5 months and the longest OS was 5 years, which was
observed in only one patient (0.4%). More than three-
fourths of patients were censored.

Discussion
MLs are the type of leukemias that affect WBCs except
lymphocytes; red blood cells and platelets can also be

Table 2 Treatment Modalities for Myeloid Leukemia Patients at
SECI and AUH in the Period January 2007-December 2016
(Total Number = 468)

Type of Treatment Frequency | Percent

Group | Hydroxyurea 119 52.7
Gleevec 84 37.2
Others 22 9.7
Dasatinib | 0.4
Total 226 100.0

Group 2 [ 3/7 Induction 139 574
Induction and consolidation | 33 13.6
Others 13 5.4
Low-dose ara-c 31 12.8
Vesanoid 26 10.7
Total 242 100.0

Notes: Group | = CML patients, group 2 = AML patients. “Others” for group |
patients included interferon therapy, treatment of transformation, and for group 2
included supportive treatment, planning for BMT.

affected. Chromosomal translocations and activated muta-
tions offer proliferative advantages to leukemic cells and
hinder apoptosis. Peripheral blood analysis, bone marrow
aspirate/biopsy, flow cytometry and cytogenetic studies are
crucial for the diagnosis of MLs.*'*!7 This work aimed to
study MLs in Middle Eastern health centers.

The results of the current study revealed a median age
MLs (43 years) and female predominance was obvious for
the CML group, most of whom were housewives. The vast
majority of patients were from Assiut governorate, rural
areas and most of them were farmers and unemployed
or low socioeconomic class.

These results were contradictory to some Western studies.
In Europe, the first case of ML was detected in a 63-year-old
male patient. According to Cancer Research UK, the peak age
range for MLs is 85-89 years and females comprised 45% and
44% of CML and AML cases, respectively; similar findings

s Relapse
DF
e (essation oftt
==
]
e
=

Discharge on request
Plannedfor SCT
Referredto SECI

Died

DF
s Stopfollow up
Died
1 Missing
60.00% 50.00%  40.00%  30.00% 20.00% 10.00%  0.00%

Figure 6 Outcome of the study patients. The lower and upper panels showed
outcome of groups | and 2, respectively.

Abbreviations: DF, disease-free; SCT, stem cell transplantation; SECI, South Egypt
Cancer Institute.
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Table 3 Overall Survival of Group | Patients

Patient Sex Total N Number of Events Censored Mean OS Log Rank (Mantel-Cox) P-Value
N Percent

Male 102 34 68 66.7 73.339

Female 124 47 77 62.1 60.948 0.057 0.8l1

Overall 226 8l 145 64.2 63.844

Note: Estimation is limited to the largest survival time if it is censored.
Abbreviation: OS, overall survival time.

were proved by other European studies.'® ' In USA during
20002002, the incidence of AML in those <65 years old was
1.8 per 100,000 persons, while in persons aged >65 years it was
17 per 100,000 persons.*> Similar results were obtained in
Canada; AML is therefore primarily a disease of later
adulthood.** The distribution of the proportion of prevalent
cases of all leukemias in the UK shows that 42.8% of patients
are >65 years age. Furthermore, patients newly diagnosed with
AML were found to have a median age of 65 years. AML is
rarely diagnosed before the age of 40 years; thereafter, the
incidence increases progressively with age.”> According to
SEER cancer statistics in the period from 1975 to 2009, the
median age of AML patients at diagnosis was 66—71 years
0ld** When considering CML there was a discrepancy
between clinical trials and cancer registry data regarding the
median age of CML patients at presentation, where it was 50
years in the former and 10 years older in the latter.*’

On the contrary, our results were consistent with the
results of studies in other Middle Eastern countries; how-
ever, male predominance was aberrant in those studies. An
exception is a study that was done in United Arab

Emirates and reported female predominance in AML.**>?

Patient sex
~MMale
7Female
~+-Male-censored

0.8+ —+—Female-censored

(=
3
1

Cum Survival
o
b

T T T

o_
R
8
3
8
&

OS in months

Figure 7 Kaplan—Meier survival analysis of group | patients.

These differences between Western registry data and the
results of the current study could not be explained by differ-
ences in diagnosis and data recording; rather, they reflect
a true difference in risk factors. Another logical explanation
is the shorter life expectancy of Middle Eastern people com-
pared with the Western people. Furthermore, elderly
Easterners used to receive care from other family members,
unlike Westerners who have to take care of themselves, rely
on paid caregivers, or reside in homes for the elderly. These
social circumstances make elderly Western people complain
more compared with Eastern people.*® Another possible but
serious explanation is the deficient knowledge of our patients
regarding hematological cancers. In our society, diagnosis
with leukemia is associated with fear of untreatable, fatal
diseases, and that chemotherapy worsens a patient’s condi-
tion. Accordingly, elderly patients refuse referral to tertiary
health centers and prefer to die in peace.***> The latter
assumption was reaffirmed by the obvious distribution of
the vast majority of patients at Assiut Governorate where
AUH and SECI present. The last explanation would be the
possibility of ethnic differences in incidence of MLs.*®

As it was indicated in this work, social circumstances
and knowledge about MLs of our population judge their
behavior in seeking medical advice. In addition, the lim-
ited resources in healthcare centers delay diagnosis and
treatment of these patients. Accordingly, we assumed that
even prolongation of the life expectancy of people living
in developed countries will not change the demographic
characteristics of ML patients.

The obvious female predominance, in this study,
observed in group 1 and group 2b was consistent with
202526 These

females were mostly housewives who lived in rural areas.

other studies and contradictory to others.

In Egypt, farmers’ wives used to raise birds such as ducks,
chickens, geese and pigeons, they feed them and clean their
living places with pesticides and insecticides, and accord-
ingly they keep them near to their houses. Furthermore,
farmers used to store insecticides and chemical fertilizers

submit your manuscript

430

Dove

Journal of Blood Medicine 2019:10


http://www.dovepress.com
http://www.dovepress.com

Dove Khaled et al
Table 4 Overall Survival of Group 2 Patients
Gender Total N Number of Events Censored Mean OS Log Rank (Mantel-Cox) P-Value
N Percent
Male 130 15 15 88.5 29.595
Female 112 22 90 80.4 26.089 1.106 0.293
Overall 242 37 205 84.7 31.494

Note: Estimation is limited to the largest survival time if it is censored.
Abbreviation: OS, overall survival time.

in a room within their homes. These living circumstances
showed longer exposure of a housewife to these hazardous
chemicals. These findings denoted that environmental pol-
lution is the most important risk factor for MLs in our
patients. This was contradictory to Western studies, where
exposure to radiation and prior chemotherapy are the most
important risk factors for MLs.>’>° On the other hand, our
findings reaffirmed the findings of Kachuri et al., who
concluded increased incidence of hematopoietic malignan-
cies among agricultural workers and attributed this to over-
exposure to hazardous chemicals.*’

Unlike other studies CML was the most prevalent
preleukemic disorder in our patients.”° This could be
related to differences in registration of data.

In this study only 37.6% of group 1 patients were treated
with TKIs. This was not the case in many Western centres,
where TKIs are the mainstay of treatment for CML patients.
This difference could be explained by the results of previous
study where cost, side effects, and incompliance were the
main drawbacks of TKIs in our patients.*' Many researchers
found that nearly 89% is the remission rate of patients with
CML treated with TKIs.* In this study only 53% of CML
patients achieved remission, these differences were because

Gender
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Figure 8 Kaplan—Meier survival analysis of group 2 patients.

the current study did not focus on TKIs. When considering
group 2 patients only, 13.7% received consolidation therapy,
more than half were treated with 3/7 induction alone.
Moreover, the outcome of a considerable proportion of the
study patients was unknown, mainly due to patient incom-
pliance when presented with cessation of treatment, cessation
of follow-up and earlier discharge from the hospital.
Assessment of the reasons for incompliance was difficult
due to the retrospective nature of the study. Nevertheless, it
was apparent from patient characteristics that the main etiol-
ogy of incompliance is deficient knowledge and awareness of
their disease, treatment plan and expected prognosis.

Although SECI and AUH offer health services to people
of Upper Egypt without expense or with minimal fees, many
of our patients who achieved complete remission did not
receive HSCT. This could be attributed to many reasons,
the most important being unavailability of matched donors,
as stem cell banking from volunteered donors is not available
in our locality. Furthermore, HSCT is based on governmental
coverage of expenses and requires a lengthy administrative
procedure; most of our patients developed complications
during this period and died either from bleeding or intractable
infections. Another important reason is the limited number of
transplantation centers in our locality.*

Visser and colleagues assessed incidence and survival of
myeloid neoplasms in Europe, and found the 5-year OS for
patients with CML was 62%, and 19% for AML.* This was
markedly higher than in our study, 7% and 0.4%, respectively.
These differences may be mainly due to irregular follow-up of
our patients where more than three-fourths were censored.
Why did our patients not follow-up regularly? Again, the
answer would be related to their socioeconomic circumstances
that were mentioned before, besides the bad reputation of
chemotherapy or even BMT in our patients.*’

Conclusions
The results of this study showed a younger median age at
presentation of patients with MLs in our centers compared

Journal of Blood Medicine 2019:10
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with other studies. Furthermore, the study as proven that

chemical and environmental pollution could be major risk

factors for MLs in Middle Eastern centers, compared to sec-

ondary leukemia after chemotherapy or exposure to radiation

in Western ones. Furthermore, this study proved ethnic and

racial differences in incidence of MLs. In respect to manage-

ment, MLs still carry poor prognosis in our locality, which was

mainly apparent for AML patients.

In light of this study, we recommended further wide-scale

prospective studies to uncover ML risk factors in our region.

Additionally, mass health education programs about MLs

have to be delivered to the population about risk factors of

MLs, encouraging early diagnosis and avoiding underrecord-

ing. These programs aimed to improve the image of che-

motherapy and give hope to patients in light of recent

advances on treatment. Another aim was to encourage nor-

mal subjects to donate stem cells and help AML patients who

achieved complete remission.

Also we recommended revision of cultivation techni-

ques in our society, particularly preservation and utiliza-

tion of insecticides and fertilizers.
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