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Article info Abstract

Original: 20/05/2023 In 2016, 1 out of 3 cancer patients aged less than 20 years old were diagnosed with
Revised: 28/08/2023 leukemia. Globally, leukemia is the most common malignancy in children and teenagers.
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Published online: This study aimed to determine leukemia cases' morbidity and mortality rates and their
20/12/2023 distribution in different areas of Sulaimani, Iraq, for seven years. This retrospective study
is based on the Hospital Information System children's leukemia data from January 2015
to January 2022 at the Hematology Department, Hiwa Oncology/Hematology Hospital,
Sulaimani, Iraq, using a Cox regression model (Cox, 1972). In 616 recorded children
leukemia cases during seven years, 549(89.1%) of them were alive, and only 67(10.9%)
died. The majority were male, aged between 5-10 years. Nearly 222(36%) of the patients
had A+ blood group, followed by 210(34.1%) O+ blood group, while the minority was AB-
group. The study result shows that age, and blood group, were risk factors for increasing
leukemia chances by Exp (-0.074) =0.929. Leukemia morbidity risessignificantly with age,
and leukemia's morbidity rate increases gradually with time. While mortality was
decreased. Depends on the forecasting for the next 10 years. Both ALL and AML were common
malignancies among diagnosed children.
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Introduction

The most popular life-threatening cancer in children is leukemia which represents nearly 1/3 of pediatric
malignancies caused by an abnormal propagation of immature blasts and leukocytes [1]. This cancer can be
either acute which occurs abruptly or chronic which takes an extended period [2]. In pediatric leukemias, age is
considered the most significant prognostic factor. Almost 30% of children with leukemias are diagnosed
under 15 years old, although it is more fatal in children aged one week - 14 years [3]. Generally, the
prevalence of leukemia increases with age, and 1 in 70 patients might develop leukemia during their
lifetime, especially in children <10 years [4].

About 3800 children are diagnosed with acute lymphocytic leukemia (ALL) and rare cases with acute
myelocytic leukemia (AML). ALL can occur at any age, but it is more common in children aged 2-5 years,
while AML is more common in teenage (15-19 years) [5]. In addition, ALL more commonly affects males,
especially in Caucasians and Hispanics with poor prognosis, than females [6]. About 85% of pediatric
ALL is of B-precursor origin, and 15% is T-cell derived [7].

The diagnosis of childhood leukemia includes cytochemistry, immunophenotyping, karyotyping, FISH,
and molecular genetics in the bone marrow tissues. However, a specific diagnosis can be made on blood
samples when the patient's state avoids a bone marrow aspiration [7]. Unfortunately, childhood leukemia
is well underdiagnosed in some countries, especially in south Asia and sub-Saharan Africa [8].
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Currently, leukemia treatment choices are chemotherapy, chimeric antigen receptor (CAR) therapy, and
hematopoietic stem cell transplantation (HSCT). In addition, minimal residual disease (MRD) is also
recommended to measure therapeutic effectiveness and the possibility of relapse. Consequently, children
with ALL have >80% chance of complete cures [9].

Regarding the growth rate of pediatric leukemia in Iraq the incidence was found to be 31.1% or 3.56 per
100000 children in Basrah [10] and another study in Sulaimani revealed a greater occurrence of leukemia
in males (4.1%) than females (3.6%), especially in teenagers aged <15 years with elevated annual
incidence rate (3.4%). The latter group also found that ALL is the most common type of leukemia, with
44% in all cases, followed by chronic myeloid leukemia (CML) (20% of all leukemia incidences), chronic
lymphoblastic leukemia (CLL: 18%), and then AML (17%) [11]. It was documented in Erbil and Duhok
that hematological malignancies were the predominant form of cancer in children and adolescents,
exhibiting a higher occurrence among male children compared to females [12].

The association between epidemiological factors such as age, gender, race, geographic position, and
numerous childhood hematological cancers are well addressed. However, the relationship between blood
groups and blood cancers is unknown. Therefore, if the risk factors of hematological cancers are identified
for various blood groups, it could aid as a main selection help to determine high-risk communities [ 13].
Thus, this study aims to assess leukemia cases' morbidity and mortality rates and their distribution in
different areas of Sulaimani depending on seven years of reported leukemia data at Hiwa hospital.

Materials and Methods

Patients and study design

In this retrospective study, a total of 616 recorded leukemia cases aged 1 week to 19 years during 7 years
who visited the Hematology Department at Hiwa Oncology/Hematology Hospital, Sulaimani, Iraq was
studied. The data regarding age, gender, residency, blood group, stage of disease, and the most common
types of leukemia.

Ethical approval

The study protocol was revised by Scientific Committee and approved by the Ethical Committee at the
Department of Nursing, Sulaimani Polytechnique University/Sulaimani, Irag. Permission was secured
from the Sulaimani Cancer Control Division, a central hub for cancer-related information and evidence
under the Directorate of Health (DoH). This clearance allowed for the retrieval of data from electronic
records, specifically the Hospital Information System (HIS), followed by subsequent statistical analysis.

Statistical analysis

The Cox regression model is commonly used in medical research. The Cox-PH model is a well-recognized
statistical technique for exploring the relationship between a patient's survival and several explanatory
variables, as it offers an estimation of the effect of treatment on survival after modification for other
explanatory variables. If the new model has a significant baseline decrease, it indicates that the new model
explains more variance in the outcome and is an improvement. Changing the chi-square from the previous
step is the difference between the —2 log-likelihood of the model being scored in the last step and the
current step. Ho: explanatory variables are incorporated in the model and Hi: explanatory variables are
not contained in the model.

Results

Of 616 admitted children with leukemia cases to Hiwa hospital from January 2015 to January 2021,
549(89.1%) of them were alive, and 67(10.9%) died. About 38(56.7%) of the leukemic patients were alive
after their first admission for 1-6 months, and the minority were alive for only >30 months. Approximately
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296 (48.1%) patients were aged 5-10 years, 252(40.9%) were aged >10 years, and only 68(11%) were 1-
4 years. Male patients were 380(61.7%), and females were 236(38.3%). Nearly 222(36%) of the patients
had an A+ blood group, 213(34.6%) had O+, and only 3(0.5%) had an AB- group. Around 530(86%)
patients had outpatient treatment, and only 86(14%) had inpatient treatment (Table 1).

Table 1: Descriptive variables of the study samples.

\Variable Item Frequency Percent
Patient Alive (0) 549 89.1
Death (1) 67 10.9
Time (Month) 1-6 38 56.72
7-12 12 17.91
18-24 7.0 10.45
25-30 5.0 7.46
>30 5.0 7.46
Total 67 100
Age (Year) 1-4 68 11.0
5-10 296 48.1
>10 252 40.9
Mean+SD 0.897 ~10 + 4.32
Gender Male (1) 380 61.7
Female (2) 236 38.3
Blood group A+ (1) 222 36.0
A- (2) 10 1.6
B+ (3) 102 16.6
B- (4) 15 2.4
O+ (5) 213 34.6
O- (6) 18 2.9
AB+ (7) 33 5.4
IAB- (8) 3.0 0.5
Location of treatment |Inpatient (1) 86 14.0
Outpatient (2) 530 86.0
Total 616 100.0

Table 2 on omnibus tests of model coefficients demonstrates a significant result obtained by the chi-square
test, which means that the explanatory variables are inserted in the model. Furthermore, the -2 Log likelihood
decreased by 21.645 before adding the explanatory variables, while in this study, the -2 Log likelihood was
increased to 416.089 after adding the explanatory variables. The significance value of less than 0.05 indicates
that the current model output performs the null model. As mentioned, models which the data fit well will have

higher likelihoods than models which the data do not fit well.

Table 2: Omnibus tests of cox model coefficients

Omnibus Tests of Model Coefficients
-2 Log Change from Previous Step Change from Previous
Likelihood Overall (score) Block
Chi-square P-value Chi-square P-value Chi-square P-
Df Df Df | value
416.089 | 21.645 5.0 ]0.001 20.212 5.0 0.001 20.212 | 5.0 | 0.001
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Table 3 assess whether explanatory variables such as (age, gender, blood group and place of treatment) have
a significant or non-significant impact on morbidity and mortality of leukemia. Additionally, a positive
coefficient signifies a poorer prognosis, while a negative coefficient suggests a protective effect associated
with the respective variable. The value of explanatory age, gender, blood group and location of treatment were
(-0.074, -0.019, -0.147 and 0.736) then there was a statistically significant negative effect (age, and Blood
group) on the morbidity and mortality of leukemia because the results of the p-value was less than alpha 0.05,
and also there was no statistically significant effect (gender) on the morbidity and mortality of leukemia
(p<0.05).

Table 3: Variables in the equation for cox regression

Predictor B SE Wald Df |P-value [Exp(B) 95% CI for Exp(B)

Lower Upper
Age -0.074 0.033 4.985 1 1(0.026% 0.929 0.871 0.991
Gender -0.019 0.253 0.006 1 10.940 0.981 0.598 1.611
Blood group -0.147 0.072 4.089 1 10.043* 0.864 0.749 0.996
Location of treatment 0.736 0.306 5.775 1 [0.016* 2.089 1.145 3.808

*: Significant difference

Table 4 indicates that the probability of survival times of patients constantly changed until the duration of
survival reached 180 days, where the probability of survival for them is 0.25, and the probability of survival
in 360 days is 0.15, while this probability in 540 days is 0.07. The probability of survival is 0.07 for 720 days.
Also, we found that the survival rates have increased in the earlier stage of the disease (Figure 1).

Table 4: Life table analysis.

Interval Start  [Number Cumulative Proportion SE of Cumulative Proportion
Time (day) Entering Surviving at End of Surviving at End of Interval
Interval Interval

0.0 67 0.43 0.06

180 29 0.25 0.05

360 17 0.15 0.04

540 10 0.07 0.03

720 5 0.07 0.03

900 5 0.06 0.03

1080 il 0.00 0.00

Table 5 indicated that in 2015, there were 68 cases of leukemia; the majority of them were alive (89.71%), and
only 10.29% were dead. There was increased morbidity throughout the timeline, while mortality was
decreased. Regarding the forecasting for the next 10 years’ future output, time morbidity will be higher
compared to the last seven years; however, mortality will decrease (Table 5, Figure 2).
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Figure 1: The survival rate of leukemia patients that increased in the earlier time of the disease.

Table 5.: Forecasting test for morbidity and mortality of leukemia in 17 years’ time from 2015-2032.

200

400

600

time

800

1,000

1,200

Year Died Alive Total
No. % No. %
2015 7 10.29 61 89.71 68
2016 12 15.58 65 84.42 77
2017 11 13.92 68 86.08 79
2018 9 11.54 69 88.46 78
2019 12 11.11 96 88.89 108
2020 7 9.46 67 90.54 72
2021 9 6.82 123 93.18 132
Total 67 10.88 549 89.12 616
2022 8 6.10 120 93.90 128
2023 7 5.12 135 94.88 142
2024 7 4.28 152 95.72 159
2025 6 3.58 171 96.42 177
2026 6 2.99 192 97.01 198
2027 6 2.49 216 97.51 222
2028 5 2.07 243 97.93 248
2029 5 1.73 273 98.27 278
2030 4 1.44 308 98.56 312
2031 4 1.19 346 98.81 350
2032 4 0.99 389 99.01 393
Total 62 2.38 2545 97.62 2607
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Figure 2: Morbidity and mortality of leukemia from 2015-2032.

Discussion

In recent years, there has been significant progress in educating people about how to protect themselves from
hematological malignancies, especially through lifestyle changes. However, in 2015, thousands of people
migrated from other cities in Irag to Sulaimaniyah due to civil war, political issues, and economic disturbances
in their respective areas. This migration might be positively linked to the increase in the incidence of pediatric
leukemia in this city.

Following the overthrow of the Iragi regime in 2003, there was a rapid transformation in the way of life for
the Kurdish population. This transformation had an impact on cancer patterns and occurrences within
Kurdistan. The use of various chemical weapons of mass destruction in three devastating wars in Irag may
have contributed to environmental contamination and an increase in cancer rates, notably a significant rise in
hematological malignancies. Unfortunately, there is limited published data available that provides insights into
specific cancer types in Kurdistan, despite the Eight Years Cancer Registration in Sulaimaniyah Province-
Kurdistan-Iraq [11].

Over the span of seven years, the annual proportion of documented childhood leukemia cases in Sulaimaniyah
experienced a modest rise, increasing from 89.7% to 93.18%. Concurrently, the mortality rate showed a
decline, dropping from 10.29% to 6.82%. This observation aligns with the results of studies assessing leukemia
prevalence in various Iragi provinces. Specifically, in 2006, the prevalence of leukemia in Sulaymaniyah
province was 2.97 per 100,000 inhabitants, and it increased to 3.57 per 100,000 inhabitants in Iraq between
2006 and 2014, signifying a significant rise [14].

Nevertheless, these findings contrast with another study suggesting that the incidence of childhood leukemia
has remained oddly stable over the past two decades in Nordic countries like Sweden, Denmark, Norway,
Finland, and Iceland [15, 16]. Similarly, a study conducted in Costa Rica between 2000 and 2014 indicated
that the incidence rate of childhood leukemia has not significantly changed over time [17]. However, these
results are in agreement with research conducted in India [18, 19] and a study in the USA, which noted a
notable increase in ALL incidences among Hispanic White children [20].Furthermore, in this study, most
patients belong to the age group 5-10 years (close to half of the total), <1/2 patients were aged >10 years, and
only 11% belonged to the 1-4 years’ age group. These results agreed with the findings of another descriptive
study conducted in Iraq [22] and in the USA [17], which found that a higher percentage of their samples were
aged 1-10 years. Regarding the gender of the patients, males were more affected by leukemia than females,
which is in line with other studies conducted in different countries. Instantly, the mechanism behind this
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concern is not fully clear but might be because sex-specific hormones such as estrogen protect leukemia cells
or might be related to mutations of certain genes located on the X chromosome [22].

The present study demonstrated that the number of reported leukemia between 2015-2021 is affected and
correlated to some factors, especially ABO blood grouping. These outcomes are not supported by research
conducted in Baghdad, Irag, which found no significant association between ABO blood grouping and diverse
independent variables with childhood AML [23]. However, another study in Diyala, Irag, approved that
childhood leukemia rate was directly related to age, gender, and blood group, with most recorded cases
recorded in the age group 1-5 years. Additionally, it was indicated that blood group O and RhD positive are
risk factors for the incidence of ALL in children, and group AB and RhD negative children seemed to be less
susceptible [24]. Furthermore, it was found that 36% of the patients had an A+ blood group, followed by O+
(34.6%), and the minority was an AB- (0.5%). These findings are close to the results of the case-control study
in Iran, which found that the highest percentage of the sample was O+ blood groups, and the fewest rate was
AB+ [25].

The descriptive variables of this study found that around 549(89.12%) of the patients were alive and only
67(10.88%) died during 7 years. These findings agreed with the results of another study, which found the five-
year relative survival rate for leukemic children to be 69.8% [27]. Similarly, a study in the USA found a
survival rate to be 90% [21], and another study in Brazil experienced almost twofold better survival rates for
leukemia patients [26]. These high rates of survival might be related to an early diagnosis, enhanced conditions
for treatment, socioeconomic status, awareness, and stage of the disease [28. 29].

This study also found that ALL is the leading and most common type of leukemia in children, followed by
AML, in which 28 cases were diagnosed as leukemia in both genders in 2015, while only 20 cases were
diagnosed in 2016. As a percentage, ALL remains on the top of leukemia cases, although the number of cases
is decreased. These findings agreed with the outcomes of a study conducted in Erbil, Iraq, which found that
88.9% of childhood leukemia are ALL, followed by AML [30].

Additionally, most participants (86%) were treated in outpatient, and only 14% were in inpatient treatment.
Following the diagnosis of ALL, each patient undergoes a three-phase chemotherapy regimen: Induction Phase
(1 month): During this initial phase, patients are required to stay in the hospital continuously for one month to
receive daily treatment as inpatients. Consolidation Phase (1 to 6 months): In this phase, which spans from 1
to 6 months, patients receive treatment as outpatients. There is no need for them to stay in the hospital. They
come in weekly and monthly for their treatments. Maintenance Phase (from 6 years to the end of treatment,
which varies for girls and boys, typically around 2.2 years for girls and 3.2 years for boys, following the
UKALL protocol): Similar to the consolidation phase, patients in the maintenance phase receive treatment in
outpatient.

These findings are connected to the assessment of a patient's condition at a later point, aligning with a study
conducted in Erbil. This study revealed that most individuals in the sample with ALL were diagnosed during
the advanced time of the disease. Consequently, Urgent measures are required to tackle the factors that are
leading to the increased occurrence of cancer in these two areas within the Kurdistan Regional Government
(KRG) [30].

According to the forecasting test for the next 10 years' future output and depending on the previous 7 years of
the recorded data, the study expected and projected the trend until 2032. The study found morbidity is going
to be higher compared to the last 7 years; however, the mortality rate is going to decrease. For instance, in
2015, there were 68 cases of leukemia; the majority of them were alive (89.71%), and only 10.29% were dead.
While in 2032, the morbidity of leukemia among children and teens will rise from 128 newly diagnosed cases
to 393 cases, while, fortunately, the mortality rate will significantly drop from 6.1% to 0.99%.

Conclusions

We realized that most patients were males in the middle to late childhood. The study also displays the rate of
new leukemia cases and their distribution in Sulaimani. The findings showed that the leukemia rate decreased
significantly with age, while its morbidity increased with time. Besides, the study indicates that ALL and AML
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are the most common malignancies among children. Therefore, the present study recommends an early
detection of disease through the implementation of some routine screening tests. Additionally, this study
suggests the improvement of lifestyle and awareness of illness by the family, such as avoiding exposure to
unnecessary radiation, smoking, alcohol consumption during pregnancy, and eating a healthy diet. Thus, future
interventional studies are needed to enhance the leukemia child's quality of life.
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