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ABSTRACT

Objective: The aim of the present study was to determine the patterns of leukemia in Northern Saudi Arabia.
Methodology: This was a retrospective descriptive study conducted in King Khalid hospital, Hail, Kingdom of Saudi
Arabia (KSA) including records of leukemia from 2008 to 2016. Results: The overall Crude Incidence Rate (CIR)
of leukemia was 7.45 per 100.000 person-year, including patients diagnosed with different patterns of leukemia in
Northern Saudi Arabia. The mean age of patients was 45.4 years with a minimum of 5 years and a maximum of 107
vears old. Around 43 (59%) were males and 30 (41%) were females. Conclusion: The incidence rates of leukemia are
relatively higher in Northern Saudi Arabia, with an increase of all subtype.
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INTRODUCTION

Leukemia is hemopoietic cancer that encompasses various biological distinctive subcategories. Leukemia has diverse
geographical differences with inconsistent disease presentation and outcomes. Inconsistency might be linked to
the local health system and possible etiological factors comprising gene environmental interfaces [1]. Leukemia is
classified into many subtypes including acute myeloid leukemia (AML), chronic myeloid leukemia (CML), acute
lymphoid leukemia (ALL), chronic lymphoid leukemia (CLL), lymphoblastic leukemia and many other precursors
associated leukemia subtypes [2-4].

Many risk factors have been implicated to the etiology of leukemia. Exposure to radiation has been linked to an
increased risk of ALL, AML and CML [5,6]. Genetic alterations such as in neurofibromatosis and Down syndrome
were found to be associated with lymphoblastic leukemia and AML in children [5].

Environmental and occupational exposure to chemicals such as benzene and its associated products has been associated
with an increased risk of adults’ AML [7,8]. Maternal, as well as, the initial years of life has been associated with
an elevated risk for the development of ALL [8]. Obesity parental drug use, parental alcohol use and a history of
hematological cancers are also risk factors for developing leukemia [9-11].

In recent years there has been an increase in the incidence rates of leukemia, particularly among central area (Riyadh),
Eastern region, and Northern region (in which this study exists) [12]. The analysis of cancer epidemiology in Saudi
Arabia has significant differences in different regions [13,14], which might be attributed to the variations in the co-
existence of etiological factors. As a result, the analysis of cancer incidence in Saudi Arabia validated significant
differences according to gender, age, and regions of the KSA. Thus, the aim of the present study was to determine the
patterns of leukemia in Northern Saudi Arabia.
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PATIENTS AND METHODS

This was a retrospective descriptive study conducted in King Khalid hospital, Hail, Kingdom of Saudi Arabia (KSA)
during the period from October 2016 to March 2017. Full coverage of data regarding leukemia was retrieved from
the hospital, including records of leukemia from 2008 to 2016. The obtained data were filled in standard form prior to
the filling on SPSS sheet for analysis. The most important parameters filled in the form were age, sex, diagnosis, and
tumor markers expression.

Ethical Consent

The study was approved by the ethical committee at the College of Medicine, University of Hail. This in addition to
an agreement letter was taken from King Khalid hospital authority.

Statistical Analysis
Data were analyzed using SPSS software version 16. The p-value<0.05 was considered statistically significant.
RESULTS

All over patterns of leukemia by age, sex, and clinic-pathological characteristics, during the period from 2008 to 2016,
included 73 (Crude Incidence Rate (CIR)=7.45 per 100.000 person-year) patients diagnosed with different patterns
of leukemia in Northern Saudi Arabia. The mean age of patients was 45.4 years with a minimum of 5 years and a
maximum of 107 years old. Around 43 (59%) were males and 30 (41%) were females.

Overall, AML accounted for 12.3% of the cases (n=9; IR=1.0); CML, 19.2% (n=14; IR=1.6); ALL, 23.3% (n=17,
IR=1.9); CLL, 11% (n=8; IR=0.89); leukemia unspecified 31.5% (n=23; IR=2.6); myeloid non-specified, 1.3% (n=1;
IR=11); lymphoblastic non-specified, 1.3% (n=1; IR=11).

IR of AML was 14% higher among males vs females 10%; IR of CML was 26.7% higher among females vs 14%
among males; IR of ALL, was similar for both sex 23.3%; leukemia unspecified males vs females was 60.9% vs 30%
with a male predominance noted in most groups (Table 1 and Figure 1).

Table 1 Types of leukemia by sex

Types of Leukemia Males Females Total
AML 6 3 9
CML 6 8 14
ALL 10 7 17
CLL 5 3 8
Leukemia un-specified 14 9 23
Myeloid non-specified 1 0 1
Lymphoblastic non-specified 1 0 1
Total 43 30 73
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Figure 1 Proportions of the types of leukemia by sex
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Higher age-specific IR of AML was 77.8% (31-40 years); CML, 35.7% (41-60 years); ALL, 58.8% (<18 years);
leukemia un-specified, 26% (<18 years) (Table 2 and Figure 2).

Table 2 Types of leukemia by age

Types of Leukemia <18 years 19-30 years 31-40 years 41-60 years 61-75years 76+ years Total
AML 1 1 6 1 0 0 9
CML 0 2 2 5 3 2 14
ALL 10 1 2 2 2 0 17
CLL 0 1 0 0 3 4 8
Leukemia un-specified 6 5 3 5 2 2 23
Myeloid non-specified 0 1 0 0 0 0 1
Lymphoblastic non-specified 0 0 0 0 1 0 1

Total 17 11 13 13 11 8 73
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Figure 2 Proportions of the types of leukemia by age

The highest IR of leukemia was in years 2010 and 2016, the IR was 16.4%, trailed by years 2011, 2009, 2014 and
2015 revealing 15%, 12.3%, 11%, and 9.6%, in that order as shown in Figure 3.
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Figure 3 Types of leukemia by incidence rates by years

The tumor markers expression in different types of leukemia is summarized in Table 3. Tumour markers testing was
available for 30 samples. Higher expression rates were seen with CD19, 13.3% (n=4; found among AML, CML, ALL
and CLL, one positive expression in each type). CD10 expression was realised in 10% (n=3; AML, ALL, leukaemia
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unspecified, one positive in each). CD22 expression was realised in 10% (n=3; AML, ALL, leukaemia unspecified,
one positive in each). Other markers have exposed positive expression of <6.7%, as referred to in Table 3.

Table 3 Leukemia types by tumor markers

Marker AML CML ALL CLL  Leukemia unspecified Myeloid non-specific | Lymphoblastic non-specific | Total
CD5 0 0 0 2 0 0 0 2
CD10
CD15
CD19
CD20
CD22
CD25
CD33
CD34
CD35
CD45
CD56
CD58
CD66
CD117
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Normal discharge was executed for the majority of patients 56% (n=41; including leukemia unspecified 29.3%, CML
and ALL 19.5%, CLL 17%, AML 9.8%) (Table 4). Discharge against medical advice (DAMA) was indorsed for
28.8% (n=21; including leukemia unspecified 42.9%, CML 23.8%, ALL 19%, AML 9.5%) (Table 4). About 11%
of the patients were transferred to other oncology centers and approximately 4% of the patients died, as indicated in
Table 4.

Table 4 Outcomes by leukemia types

Leukemia types DAMA Normal discharge Transferred Died Total
AML 2 4 2 1 9
CML 5 8 0 1 14
ALL 4 8 4 1 17
CLL 1 7 0 0 8
Leukemia unspecified 9 12 2 0 23
Myeloid non-specific 0 1 0 0 1
Lymphoblastic non-specific 0 1 0 0 1
Total 21 41 8 3 73
DISCUSSION

Knowledge of patterns of leukemia in a burdensome geographical area may predict etiologic hypotheses for disease
control and effectual management. The overall incidence rate of leukemia in this series is relatively higher from other
reports from Saudi Arabia. A study described the incidence of leukemia from 2001 to 2008, reported the highest
incidence rate from Riyadh (5.2 per 100.000 for males) followed by Eastern and Northern (study area) regions at 4.5
per 100.000 males. The highest overall incidence rate among females (4.5 per 100.000) was found in Najran (Southern
region) [12]. Reference to these former statistics, the present findings (7.45 per 100.000) sign posts an incessant boost
in the epidemiology of leukemia in Saudi Arabia in over-all and Northern in particular.

The leading leukemia subtype in Northern Saudi Arabia was ALL (23.3% with IR=1.9). Although there is a lack
of data regarding leukemia subtypes from Saudi Arabia individual studies have buoyed up a predominance of ALL
over the other subtypes [15-17]. Likewise, it was reported that ALL is most common leukemia subtype among
children under 15 years worldwide [18,19]. Many factors may have a direct or indirect link to the etiology of ALL
in Saudi Arabia. Obesity, which is a risk for ALL is melodramatically growing in Saudi Arabia, particularly among
the younger population because of the cumulative custom of unhealthy fast food, as suggested by a study from Saudi
Arabia [20,21]. With the scarcity of studies pertaining to the etiology of ALL from Saudi Arabia, the genetic and
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clinical features, as well as, treatment outcome is analogous to what is seen in western countries [22,23]. In this study,
ALL was more common among males compared to females. Similar results were previously reported [15]. Likewise,
the bulk of the cases were ascertained amongst the younger population, which was in line with published data [15].

The present study ranked the CML (19.2%) as a second leukemia subtype after ALL. The global incidence of CML
is ranging from 7% to 20% of all leukemia cases with a median age of presentation at 45-55 years [24,25]. Limited
literature was reported from Saudi Arabia in this regard [26]. CML was predominantly realized at age range 41-
60 years. Though CML can be perceived in all age groups studies have publicized greater incidence rates among
relatively elder population [27,28].

AML (12.3% (n=14; IR=1.0)) ranked as a third leukemia subtype after ALL and CML in this series. It was well
recognized that AML is the commonest leukemia in adults [29]. Infections during childhood through adulthood, in
addition to several genetic and environmental factors, have been linked to the etiology of AML [30,31]. Reports from
Saudi Arabia have suggested similar risk valuation and clinical outcomes of AML equated to those in the western
world [32,33]. Although AML can occur in all age groups, in the present study it was more frequently seen in patients
at age range 31-40 years [34].

A number of cases of non-specified leukemia (31.5%) were reported in the present study. These cases may conceal
phenomenal genetic mutations, which might further be ascribed to diverse etiology.

To foretell the genetic orientation and subsequent disease management, leukemia’s markers were done for a group of
patients. The greatest expression was noticed with CD19. Most of leukemias and lymphomas with B-lineage possess
CD19 as a surface antigen [35]. Chimeric antigen receptor modified T-cells against CD19 have potent anti-leukemic
activity [36]. CD10 and CD22 ranked the second expressed markers in this study. It was found that most of ALL cases
positively express CD10 marker [37]. Anti-CD10 monoclonal antibodies can be used to cure acute leukemia [38]. On
the other hand, CD22 (a B-lineage antigen) is considered a principal therapeutic target for ALL [39].

The outcome of patients seemed to be scrupulous with the view of the findings in this study designating felicitous
overall management of the disease. Although the present study has exploited important information for future
management of leukemia in northern Saudi Arabia but has some limitations, including its retrospective setting.

CONCLUSION

The incidence rates of leukemia are relatively higher in Northern Saudi Arabia, with increasing of ALL subtype.
Presence of ample integer of unspecified leukemia obliges the necessity for more investigations to recognize whether
there are rare previously unreported genotypes.

DECLARATIONS
Conflict of Interest

The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publication of
this article.

REFERENCES

[1] Miranda-Filho, Adalberto, et al. “Epidemiological patterns of leukaemia in 184 countries: a population-based
study.” The Lancet Haematology, Vol. 5, No. 1, 2018, pp. 14-24.

[2] Vardiman, James W., et al. “The 2008 revision of the World Health Organization (WHO) classification of myeloid
neoplasms and acute leukemia: rationale and important changes.” Blood, Vol. 114, No. 5, 2009, pp. 937-51.

[3] Druker, Brian J., et al. “Activity of a specific inhibitor of the BCR-ABL tyrosine kinase in the blast crisis of
chronic myeloid leukemia and acute lymphoblastic leukemia with the Philadelphia chromosome.” New England
Journal of Medicine, Vol. 344, No. 14, 2001, pp. 1038-42.

[4] Davis, Amanda S., Anthony J. Viera, and Monica D. Mead. “Leukemia: An overview for primary care.” Am Fam
Physician, Vol. 89, No. 9, 2014, pp. 731-38.

[5] Bhatia, S. “Epidemiology of leukemia and lymphoma.” Current Opinion in Hematology, Vol. 6, No. 4, 1999,
pp- 201-04.

164



Elasbali, et al. Int J Med Res Health Sci 2019, 8(1): 160-166

[6] Yoshinaga, Shinji, et al. “Cancer risks among radiologists and radiologic technologists: review of epidemiologic
studies.” Radiology, Vol. 233, No. 2, 2004, pp. 313-321.

[7] Khalade, Abdul, et al. “Exposure to benzene at work and the risk of leukemia: a systematic review and meta-
analysis.” Environmental Health, Vol. 9, No. 1, 2010, p. 31.

[8] Buffler, Patricia A., et al. “Environmental and genetic risk factors for childhood leukemia: appraising the
evidence.” Cancer Investigation, Vol. 23, No. 1, 2005, pp. 60-75.

[9] Lichtman, Marshall A. “Obesity and the risk for a hematological malignancy: leukemia, lymphoma, or
myeloma.” The Oncologist, Vol. 15, No. 10, 2010, pp. 1083-1101.

[10]Jin, M. W., et al. “A review of risk factors for childhood leukemia.” European Review for Medical and
Pharmacological Sciences, Vol. 20, No. 18, 2016, pp. 3760-64.

[11] Diller, Lisa. “Adult primary care after childhood acute lymphoblastic leukemia.” New England Journal of
Medicine, Vol. 365, No. 15, 2011, pp. 1417-24.

[12] Alghamdi, Ibrahim G., et al. “The incidence of leukemia in Saudi Arabia. Descriptive epidemiological analysis
of data from the Saudi Cancer Registry, (2001-2008).” Saudi Medical Journal, Vol. 35, No. 7, 2014, pp. 674-83.

[13] Bazarbashi, Shouki, Haya Al Eid, and Joan Minguet. “Cancer incidence in Saudi Arabia: 2012 data from the
saudi cancer registry.” Asian Pacific Journal of Cancer Prevention, Vol. 18, No. 9, 2017, p. 2437.

[14]Jastaniah, Wasil, et al. “Treatment results in children with myeloid leukemia of Down syndrome in Saudi Arabia:
A multicenter SAPHOS leukemia group study.” Leukemia Research, Vol. 58,2017, pp. 48-54.

[15] Al-Sweedan, Suleimman, et al. “Factors determining the outcome of hematopoietic stem cell transplantation
in patients with acute lymphoblastic leukemia at King Faisal Specialist Hospital and Research Center, Riyadh,
Saudi Arabia.” Journal of Pediatric Hematology/Oncology, Vol. 39, No. 1, 2017, pp. 33-37.

[16] Alabdulwahab, Amal S., et al. “The dana farber consortium protocol for the treatment of adolescents and young
adults with acute lymphoblastic leukemia: a single institution experience in Saudi Arabia.” Clinical Lymphoma
Mpyeloma and Leukemia, Vol. 17, No. 5, 2017, pp. 320-25.

[17] Yacoub, Haitham Ahmed, et al. “New haplotypes of the ATP synthase subunit 6 gene of mitochondrial DNA are
associated with acute lymphoblastic leukemia in Saudi Arabia.” Asian Pacific Journal of Cancer Prevention, Vol.
15, No. 23, 2014, pp. 10433-38.

[18] National Cancer Institute. “SEER Cancer Statistics Review, 1975-2010.” Bethesda, 2013, Section 28, https://
seer.cancer.gov/archive.

[19] National Cancer Institute. “SEER Cancer Statistics Review, 1975-2010.” Bethesda, 2013, Section 29, https://
seer.cancer.gov/archive.

[20]SS, M. Alqgarni. “A review of prevalence of obesity in Saudi Arabia.” Journal of Obesity and Eating Disorders,
Vol. 2, No. 2, 2016.

[21] Aldhafiri, Fahad, et al. “Obesity and metabolic syndrome in adolescent survivors of standard risk childhood acute
lymphoblastic leukemia in Saudi Arabia.” Pediatric Blood and Cancer, Vol. 59, No. 1, 2012, pp. 133-37.

[22] Al-Sudairy, Reem, et al. “Clinical characteristics and treatment outcome of childhood acute lymphoblastic
leukemia in Saudi Arabia: A multi-institutional retrospective national collaborative study.” Pediatric Blood and
Cancer, Vol. 61, No. 1, 2014, pp. 74-80.

[23] Aljamaan, Khaled, et al. “Low frequency of ETV6-RUNXI, t 12; 21) in Saudi Arabian pediatric acute
lymphoblastic leukemia patients: Association with clinical parameters and early remission.” Asian Pacific
Journal of Cancer Prevention, Vol. 16, No. 17,2015, pp. 7523-27.

[24]Redaelli, Alberto, et al. “Clinical and epidemiologic burden of chronic myelogenous leukemia.” Expert Review
of Anticancer Therapy, Vol. 4, No. 1, 2004, pp. 85-96.

[25]Frazer, Rachel, Alexandra E. Irvine, and Mary Frances McMullin. “Chronic myeloid leukaemia in the 21*
century.” The Ulster Medical Journal, Vol. 76, No. 1, 2007, p. 8.

165



Elasbali, et al. Int J Med Res Health Sci 2019, 8(1): 160-166

[26] Alenzi, Faris Q., et al. “Cellular and molecular responses of Saudi chronic myeloid leukaemia patients to imatinib,
Sti-571, pp. ten year experience.” Journal of Ayub Medical College Abbottabad, Vol. 24, No. 2,2012, pp. 122-28.

[27] Granatowicz, Austin, et al. “An overview and update of chronic myeloid leukemia for primary care
physicians.” Korean Journal of Family Medicine, Vol. 36, No. 5, 2015, pp. 197-202.

[28] Giles, Francis J., et al. “Impact of age on efficacy and toxicity of nilotinib in patients with chronic myeloid
leukemia in chronic phase: ENEST1st subanalysis.” Journal of Cancer Research and Clinical Oncology, Vol.
143, No. 8, 2017, pp. 1585-96.

[29]De Kouchkovsky, 1., and M. Abdul-Hay. “Acute myeloid leukemia: a comprehensive review and 2016
update.” Blood Cancer Journal, Vol. 6, No. 7, 2016, p. e441.

[30] Crump, Casey, et al. “Perinatal risk factors for acute myeloid leukemia.” Furopean Journal of Epidemiology, Vol.
30, No. 12, 2015, pp. 1277-85.

[31]Puumala, Susan E., et al. “Epidemiology of childhood acute myeloid leukemia.” Pediatric Blood and Cancer, Vol.
60, No. 5, 2013, pp. 728-33.

[32]Jastaniah, Wasil, et al. “Clinical characteristics and outcome of childhood de novo acute myeloid leukemia in
Saudi Arabia: A multicenter SAPHOS leukemia group study.” Leukemia Research, Vol. 49, 2016, pp. 66-72.

[33]Jastaniah, Wasil, et al. “Clinical characteristics and outcome of childhood de novo acute myeloid leukemia in
Saudi Arabia: A multicenter SAPHOS leukemia group study.” Leukemia Research, Vol. 23,2018, pp. 316-23.

[34] Braess, Jan. “Akute myeloische Leukdmie.” DMW-Deutsche Medizinische Wochenschrift, Vol. 141, No. 24,
2016, pp. 1748-51.

[35]LeBien, Tucker W., and Thomas F. Tedder. “B lymphocytes: how they develop and function.” Blood, Vol. 112,
No. 5, 2008, pp. 1570-80.

[36] Wei, Guoqing, et al. “CD19 targeted CAR-T therapy versus chemotherapy in re-induction treatment of refractory/
relapsed acute lymphoblastic leukemia: results of a case-controlled study.” Annals of Hematology, Vol. 97, No.
5,2018, pp. 781-89.

[37]1Gong, X.Y., et al. “Clinical features and prognosis in CD10 (-) pre-B acute lymphoblastic leukemia.” Zhonghua
Xue ye Xue za Zhi, Vol. 38, No. 1, 2017, pp. 17-21.

[38] Wang, Ling-zhen, et al. “Muramyl dipeptide and anti-CD 10 monoclonal antibody immunoconjugate enhances
anti-leukemia immunity of T lymphocytes.” Apmis, Vol. 124, No. 9, 2016, pp. 800-04.

[39] Shah, Nirali N., et al. “Characterization of CD22 expression in acute lymphoblastic leukemia.” Pediatric Blood
and Cancer, Vol. 62, No. 6, 2015, pp. 964-69.

166



