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Abstract

Background and objectives: Leukemia is a common childhood cancer, constituting more than 25% in many pop-
ulations. The most frequent type of childhood leukemia is acute lymphoblastic leukemia. The aim of this study is
to describe the annual incidence, rate and demographics of acute childhood leukemia and their patterns in Duhok,
Kurdistan - Iraq, in the period from 2009 to 2018. Methodsit is a retrospective study that was conducted at Heevi
Pediatric Teaching Hospital in Duhok. A total of 198 patients, who were diagnosed as new cases of acute leukemia and
were less than 15 years of age in the past ten years (from 2009 to 2018), were included in this study. Demographic
data and the presenting hematological values of acute leukemia, based on cytomorphologic characteristics of bone
marrow leukemic blast cells, were studies. Results: Childhood acute leukemia represented about 40 % of the total
percentage of cancers among children in Duhok. It was more predominant in boys (53.5%) than in girls (46.5%). The
cases peaked at 2-10 years cohort (69.2%). The number of cases ranged from 17 cases in 2009 to 15 cases in 2018
and reached a peak of 31 cases in 2016. The most prevalent type of leukemia was Acute Lymphoblastic Leukemia
(ALL) (161 cases, 81.6%), followed by Acute Myeloid Leukemia (37 cases, 18.4%). The overall annual incidence rate
was 2.0 cases /100,000 per year. The yearly incidence rates of leukemia were 1.3 — 2.4 cases /100,000. The highest
incidence rate was in Duhok center (2.4 cases /100,000) and Zakho (2.3 cases /100,000); however, the least incidence
rate was in Amedi (1.3 cases /100,000). The incidence of ALL appears to be nearly fourfold higher than the incidence
of Acute Myeloid Leukemia in different areas of Duhok. Conclusions: It was found that childhood acute leukemia had
lower prevalence in Duhok, and the clinical hematological features were similar to that of other studies.
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I ntroduction

Acute leukemia is a heterogeneous entity of cancer, which
results from clonal proliferation blasts (either lymphoblasts
or myeloblasts) and infiltrates different tissues. There are
different types of leukemia with various demographic and
geographical distributions. Acute Lymphoblastic Leukemia
(ALL) constituted about 80% of leukemia in children aged
0 - 15 years'. The incidence of childhood leukemia shows
higher rates in resource-rich countries, ranging from 4.0
to 4.4 per 100,000/year? (e.g., 4.0 cases per 100,000 chil-
dren among industrialized western European countries)®
however, the incidence is lower in less-developed coun-
tries (e.g., 0.9 case per 100,000/year in Vietnam)>.

In developed countries, the precursor B-cell subtype con-
stitutes about 80% of ALL, therefore, it is responsible for
the peak of incidence in early childhood and the obvious

variation of childhood leukemia among different popu-
lations*5. The second most common type of leukemia in
childhood is Acute Myeloid Leukemia (AML) In Europe, AML
constitutes about 20% of childhood leukemia, and world-
wide, the incidence is stable with a range of 0.5-1 case
per 100,000/year'®. The cause of childhood leukemia, in
majority of cases, is unknown. In addition to the exposure
to ionizing radiation during pregnancy and after birth, the
genetic factor is a known suspected cause (2—3% of cas-
es are related with Down syndrome)®”. Infectious diseas-
es are possible to have a role in the cause of childhood
leukemia, especially ALL"2. Delayed exposure to infection
during early infancy could result in an abnormal response,
leading to the development of leukemia. Unidentified in-
fectious agent might be a rare specific response for leu-
kemia. The environmental carcinogens can modify the risk
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of genetic susceptibility® 1. There is a positive correlation be-
tween leukemia, particularly ALL with ecology, and increas-
ing socioeconomic condition''?, The causes for this are not
clear. The aims of this study are to describe the incidence,
pattern rate and demographic of acute childhood leukemia
and their patterns in Duhok, Kurdistan Region of Iraq.

Patients and methods

Duhok is the third province in the Kurdistan region of Iraq.
Heevi Pediatric Teaching Hospital is the main hospital for
children in Duhok and the only available source of informa-
tion. Heevi hospital had started data collection in 2009, and
there were no accurate leukemia data record before.

This is a record study of 198 unselected childhood acute
leukemia patients, aged 0 day-15 years, who were diag-
nosed in January 2009 - December 2018.

The diagnosis was based on blood film morphology of blast
cells in peripheral blood and/or bone marrow, typed by the
French-American-British (FAB) criteria. In the first two years,
cytochemical test was used for confirmation; after that, all
the cases were confirmed and classified by Immuno-phe-
notyping procedure. Cytogenetic and molecular facilities
were performed for many cases, but were not included in
the study. Standard criteria were used to diagnose leukemia.
It was divided into ALL, with further division into subtypes
B- or T- ALL, AML, and chronic leukemia, which was not in-
cluded in the study and are very rare during childhood (only

2 cases of chronic myeloid leukemia and no cases of chron-
ic lymphocytic leukemia were diagnosed during the period).
Data concerning age, sex, area of residence, socioeconomic
status, the presenting clinic-hematological findings, mor-
phological subtypes and the annual incidence rate for ge-
ographical distribution were also determined and analyzed.
The work was approved by the ethics committee of college
of medicine — university of Duhok. All analyses were car-
ried out with the Statistical Package for the Social Sciences
(SPSS) software (Version 15.0). Chi-square test was used for
categorical variables. Incidence data were reported for each
year by dividing the incidence by the population (aged 0-15
years) for each year, then multiplying by 100,000.

Results

There were 198 new cases of childhood acute leukemia,
with a median of 4.3 years and a range of 0 —15 years, reg-
istered in Duhok from 2009 to 2018. It represented about
40% of the total percentage of cancers among children in
Duhok. The number of cases ranged from 17 cases in 2009
to 15 cases in 2018, and reached a peak of 31 cases in
2016; the annual incidence is 20 cases per year. The data
showed that the incidence of leukemia was more in males
(53.5%) than in females (46.5%), with a ratio of 1.15:1. A
peak acute leukemia incidence was seen at the ages of
2-10 years (69.2%), Table 1.

Table (1):Demography of childhood acute leukemia occurrence in Duhok province from 2009-2018

Parameters Total No. No. of cases Annual rate per 100,000
of cases Per year Inhabitants

Total new cases 198 20 2.0

Types Cases

B-ALL 146 73.7 1.49

T-All 15 7.6 0.14

AML 37 18.7 0.37

Gender

Male 106 53.5 2.04

Female 92 46.5 1.77

Age (years)

<2 35 18.4 0.32
2-9 136 67.2 1.24

>10 27 14.4 0.25

Socio-economic No %

classes

Low 106 54

Medium 72 36

Good 20 10
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The diagnosis of patients throughout the years (31.8% in
spring, 26.7 % in summer, 21.2% in winter, and 20.2% in
autumn), according to the months, was the most frequent in
August (24 cases), and least frequent in February (10 cases).
The predominant type of acute leukemia in Duhok is ALL,
161 cases (81.6%), followed by AML, 37 cases (18.4%). The
subtypes of ALL (146 cases, 90.7%, are B-ALL, and 15 cas-
es, 9.3%, are T-ALL) were confirmed by immunophenotyping
study (flow cytometry procedure). The hematological tests
during diagnosis were as follow; mean Hb was 8.2 (+4.9)
with a range of 3.5-19.8 g/dL, and the WBC count ranged

from 0.7 to 749.2 x109/L, with a mean of 62.7 (+116.3).
The mean platelets of the newly diagnosed acute leukemia
were 71(x70) and the range was 6-434 x109/L. In 23.3 %
of B-ALL & 37.8% of AML cases, the WBC count were > 50
x109/L, but highest T-ALL cases (80%), the WBC count were
of > 50 x109/L, Table 2. The highest percentages of patients
who were 2-9 years had B-ALL (110 cases 75.3%), those
who were > 10 years had T-ALL (7 cases 46.7%), and those
who were < 2 years had AML (12 cases 32.5%), Table 2.
There were 3 cases of congenital acute leukemia, and in 16
cases the age of the patients was less than 1 year.

Table (2): Comparison of age and hematological parameters, between B-ALL, T-ALL and AML cases.

Characteristics B-lineage ALL T-lineage ALL AML p-value
(n=146) (n=15) (n=37)
No. % No. % No. %

Age years Mean +SD 5.1 +3.42 7.1+4.82 5.6+ 4.91 0.214
(range) (0.1-14) (0.8-14) (0.1-15)
< 2 21 14.4 2 13.3 12 325 < 0.001
2-9 110 75.3 6 40.0 17 459
>10 15 10.3 7 46.7 8 216

Hb Level Mean =SD 8.1+5.42 8.4 +1.76 8.4 +2.99 0.924
(range) (3.9-13.4) (5.8-11.5) (3.5-19.8)

g/dl <9 119 81.5 11 733 26 703 0.175
>9 27 18.5 4 26.7 11 29.7

WBC x10°/1 pean +SD 48.1+10.4.9 159.9 = 151.4 94.1 +132.2 0.001
(range) (0.7-746.2) (12.1-518) (0.7-495)
<50 112 76.7 3 20 23 622 0.001
> 50 34 233 12 80 14 378

PLTx10°/1 Mean +SD 68 + 66 57 + 378 91+ 92 0.181
(range) (6-434) (23-144) (12-383)
<50 49 336 8 53.3 22 595 0.149
> 50 97 66.4 7 46.7 15 405

There was a wide range of leukocyte counts at diagnosis, from very low to more than 700 x 109/L. In about 20% of chil-
dren with ALL, the leukocyte counts were more than 50,000 x109/L. The significance of FAB morphological criteria, L1 was
more than L2 in our patients, 68.3% and 27.9%, respectively. About the immunophenotyping classification of ALL, the most
common phenotype was common B-ALL (cB-ALL), which constituted 77.6% of the cases. In T cell phenotype, 9 cases (5.6
%) were cortical T-ALL (table 3). Regarding AML, the most frequent subtype was AML-M2, which was reported in 13 cases
(35.1%), and no cases of M6, M7 were found during the period of the study, Table 3.

Table (3): Lineage subtypes among childhood acute leukemia.

ALL pro common pre- mature pro pre- cortical mature Total
BALL BALL BALL BALL TALL  TALL TALL TALL
Count 10 125 5 6 2 3 9 1 161
% 6.2% 77.6% 3.1% 3.7% 1.3% 1.9% 5.6% 0.6% 100%
AML Mo M1 M2 M3 M4 M5 M6 M7 Total
Count 4 8 13 3 4 5 0 0 37
% 10.8% 21.6% 35.1% 8.1% 10.8% 13.5% 0 0 100%
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Childhood acute leukemia incidence rates in 91% of cases were reported in communities of low to medium socio-economic
status, and only 9% of the cases were of high socio-economic status. During the period of the study, from January 2009 to
December 2018, the annual incidence rate was 2.0 cases/100,000 per year, and the yearly incidence rates had a range of

1.3 — 2.4 cases /100,000, Figure 1.
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As observed in Figure 2, in different districts in Duhok, the ten years crude incidence rates showed that the highest inci-
dence rate was in the center of Duhok (2.4 cases per 100,000), followed by Zakho (2.3 cases per 100,000); however,
the least incidence rate was observed in Amedi (1.3 cases per100,000). The incidence of ALL appears to be nearly fourfold
higher than the incidence of AML in different areas of Duhok, Table 1.
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Feengre (2): Geographical distribution of childhoodphéeite leukemia average rates in various districts in Duhok (2009-2018)

Discussion

In Duhok, almost all childhood acute leukemia cases were
diagnosed and registered in Heevi pediatric teaching hospi-
tal, and then referred to Jeen Hematology Center, which is
responsible for the treatment of all childhood malignancies
in Duhok province. The data show that the rates of leukemia
in children aged 0 -15 years did not change during the peri-
od study; 198 cases of acute leukemia were diagnosed (20
cases per a year). In the present study, leukemia constitutes
about 40% of pediatric cancers in Duhok, while international
percentages show 35% in India and China, 33% in Germany,
30% in Ireland and France, and 27% in United States '>'4.

Regarding leukemia incidence in children in Duhok (2
per 100,000 per year), ALL and AML was 1.6 and 0.4 per
100,000 per year, respectively. The rate of leukemia
of children <15 years old has been estimated in
developed countries to be 4 per 100,000/year and in the
developing countries to be 2.5 per 100,000/year' . The
average annual rate of all types of childhood leukemia did
not noticeably rise in Duhok during the ten years of study,
except for the peak in 2014-2016 (2.1-2.4/100,000 per
year), which was due to displacement of a large number of
refugees from Mosul area after the outbreak of the Islamic
States in Iraq and Syria (ISIS).
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The age distribution of childhood leukemia in Duhok has a
peak between the ages of 2-9 years, the highest rates were
2-4 years (Mean 5.29 years, Median 4 years). Itis the same
in the United States and United Kingdom where the peak
incidence occurs between ages of 2-5 years "', In Mid-
dle East, a study showed that the mean, median and range
of age of children with ALL were 5.27, 4.27, and 0.2-14.5
years, respectively '°. The rates of childhood leukemia sub-
types (B-ALL, T-ALL, and AML) were not elevated and the
predominant type was common B-ALL. This distribution was
parallel to that studied in other countries'® 2. The gender
distribution ratio of boys to girls is 1.15:1, which is similar
to the United States where the ratio is 1.20:1. It has
also been observed that in many developing countries,
the incidence in boys is substantially higher than in girls in
all age groups, except in infants where the more predom-
inantly affected are females; these findings are almost uni-
versal??, The percentage of adolescent patients in our
study (>10 years) was slightly higher than that reported in
Saudi Arabia (13.5% vs.10.9%)3. Adolescents with ALL are
usually present with adverse features at diagnosis, including
T type ALL compare to B-ALL, higher presenting leukocyte
count compare to B-ALL (mean WBC 160 vs. 48x109/L) 2324,
In the current study, childhood leukemia incidence revealed
higher rates in the north of Duhok (Zakho) and the center of
Duhok, in comparison to the east of Duhok city (Amedi and
Akre). These two regions were exposed to great en-
vironmental pollution during recent decades. Zakho was ex-
posed to many environmental carcinogens, such as deplet-
ed uranium from the last war and aromatic hydrocarbons
(like benzene), which are known to be carcinogenic even at
low levels?5, The socio-economic statuses of our patients
were of different classes: low, medium, and high; 40%, 51%,
and 9%, respectively. There are some demographic studies
about the association between leukemia and socio-econom-
ic status, and most of these studies showed a weak relation-
ship between leukemia and high socio-economic status?”:2,
Seasonal difference in the study was not significant, and

there was no difference in the onset of the disease during
different seasons of the year. It's comparable to a study of
15,855 cases with childhood leukemia that failed to reveal
any proof of seasonality?®. Pallor, lymph node adenopathy
and splenomegaly were the common presenting features,

and they were seen in 68 %, 59 % and, 48%, respective-
ly, followed by bleeding tendency (30%) and hepatomegaly
(26%). This is in contrast to features found in Saudi Ara-
bia '°, and similar with findings in some Western countries
in which enlargement of spleen and liver of children with
ALL constituted (30-50%)*. We saw that some patients
were misdiagnosed as connective tissue disorder (Rheu-
matoid disorders), Immune Thrombocytopenia Purpura (ITP)
or anemia, and were given management accordingly. This
misdiagnosis is due to inappropriate assessment of certain
features of leukemia, such as fever, anemia, bleeding ten-
dency and joint pain. This causes delay in transfer of such
cases, disturbing treatment outcome and prognosis. The
descriptives of hematological findings were similar to other
studies; anemia and thrombocytopenia were most frequent
features of childhood acute leukemia®'. The percentage of
cases with a leukocyte count above 50x109/L was high-
er than that seen in Saudi Arabia (30.3% vs.16.6%)'°. The
presenting peripheral blood leukocyte count is an important
predictor of treatment outcome, with poor favor outcomes
as the leukocyte count increases32. The significance of
FAB morphological of L1 and L2 in this study was approxi-
mate to other studies, where L1 was the most frequent type
(67.9% - 84%)'®-3, By treating patients with more intensive
regimens, the FAB classification was not observed to be an
important prognostic variable®.

Conclusions

The patterns of childhood acute leukemia have the same
characters as previous studies. The result indicated a lower
annual incidence rate of childhood acute leukemia in Duhok.
Further studies, including genetic molecular study and ther-
apy related follow up, are important in order to create better
plans to deal with cancer.
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