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Abstract 
In low- and middle-income countries, malignancies remain underreported due to lack of quality data. This study outlines the histopathological pattern of pediatric solid malignancies in children aged 0-15yrs at the largest referral hospital in Ethiopia. 
432 solid malignancies were evaluated. The most common malignancies were Lymphoma (21.8%), Retinoblastoma (19.4%), and Wilms tumor (13.9%). Burkitt lymphoma accounted for 2.1%, despite being the most reported pediatric malignancy in sub-Saharan Africa in published literature. Definitive diagnosis could not be made in 7% of cases, related to the lack of confirmatory testing. The study highlights the need for improvements in diagnostic capabilities in LMIC.
Purpose: Globally, 300,000-400,000 cases of childhood cancers are estimated to occur yearly. In low- and middle-income countries, where most children with cancer live, malignancies remain underreported due to lack of quality cancer registries and data. They also tend to be under-diagnosed due to limited access to facilities and insufficient infrastructure to support diagnosis and treatment. 
Patients and Methods: This study provides epidemiologic data on the histopathological pattern and demographic characteristics of pediatric solid malignancies in children 0-15yrs at Tikur Anbessa Hospital in Addis Ababa, Ethiopia between January 2016, and August 2020. 
Results: Within the study period, 432 solid malignancies were evaluated. Among the 401 cases that we were able to classify, the most common solid malignancies were Lymphoma (21.8%), Retinoblastoma (19.4%), and Wilms tumor (13.9%). Burkitt lymphoma accounted for 2.1% of cases, despite being the most reported pediatric malignancy in sub-Saharan Africa. Brain tumors (5.6%) and Neuroblastoma (0.5%) were reported less frequently.  Possibly due to detection biases, males were diagnosed more frequently than females (M: F=1.7), with the largest difference being in Lymphomas (M: F=3.5, p=0.001). 
Conclusion: In this report of pediatric cancer in Ethiopia, we saw similarities with other studies from Africa in terms of tumor types, age, and gender distribution, except for Burkitt lymphoma and neuroblastoma. This study highlights the need for improvements in diagnostic capabilities in low- and middle-income countries as many tumors may be under- or misdiagnosed.  Research and diagnosis of malignancies need to be expanded in Ethiopia to improve the wellbeing of children with cancer. 

Introduction 
[bookmark: _Hlk102406827]Each year, 300,000-400,000 children are estimated to develop cancer.1 This is probably an underestimate, since, in low- and middle-income countries (LMICs) malignancies remain underreported due to lack of cancer registries and clinical data. They tend to be under-diagnosed due to limited access to cancer care in many communities and insufficient capacity for diagnosis and treatment of cases.1,2 Social biases favoring religious and traditional healers over the formal health system, and high cost of management for children with cancer also impedes detection of cancers and subsequent management.3,4 Globally, there are tragic disparities in survival of children with cancer. The 5 year survival rate for children with cancer in high income countries (HICs) is 80% while it is as low as 20% in LMICs7, where 90% of the world’s children live8.
Childhood cancers are histologically and genetically very diverse. The international classification of cancers (ICCC-3) classify them based on histology and tissue of origin into 12 broad groups: leukemias, lymphomas and reticulo-endothelial tumors, Central nervous system (CNS) and spinal tumors, soft tissue tumors, Neuroblastoma, Retinoblastoma, renal tumors, hepatic tumors, bone tumors, germ cell tumors, malignant epithelial tumors, and unspecified malignant neoplasms.9 Tumor types may differ with ethnicity because of genetic makeup, living environment, and climate. The occurrence and type of tumors vary with age, the peak occurring at ages 0 to 5 years; their prevalence declines in the age group 8-10yrs. 10 Response to treatment is dependent upon early initiation, and success is limited for advanced and recurrent tumors. 

According to recent estimates, the top 3 pediatric tumors worldwide are Leukemias (25-30%), CNS tumors (20-25%) and Lymphomas (8-17%) respectively.5 However, there are differences by geographic region. In LMIC, tumors with relative ease of diagnosis and tumors showing specific and easily recognizable symptoms, like Wilms tumor or Retinoblastoma, get diagnosed predominantly.1 Data from 18 African countries showed the most common tumor types in Africa to be Lymphoma, Wilms tumor, Kaposi sarcoma, and Retinoblastoma.6 
A 2015 article on childhood cancer using data from 21 centers across 18 African countries showed the most common tumor types in Africa to be Lymphomas, Nephroblastoma/Wilms tumor, Kaposi sarcoma, and Retinoblastoma. The proportion of childhood tumors also showed significant regional variation. Out of all registered cancers, childhood cancers accounted for 1.4% in Ghana to 10% in Rwanda. Due to diagnosis difficulties and inadequate setups, reported childhood cancer incidence is lower in Africa than North America and Europe, where the age-standardized incidence rate is 182 and 150 cases per million respectively. 12
Reported childhood cancer incidence is lower in Africa at 84 cases per million than compared to North America and Europe, where the age-standardized incidence rate is 182 and 150 per million respectively.7

Ethiopia, the second most populous country in Africa, is located in east Africa with is located in east Africa withhas a population of more than 110 million.8 Little is known about the incidence of pediatric malignancies in the country. A population-based registry in the capital Addis Ababa alone showed 21,563 males and 42,722 females were diagnosed with cancer in 2015. A population-based registry estimated 64 285 cancer diagnosis in 2015. Of these, 3707 occurred in children younger than 16 years old. The top pediatric cancers were Leukemia, Non-Hodgkin’s lymphoma, Wilms tumor, and Retinoblastoma.9 
[bookmark: _Hlk102406902][bookmark: _Hlk111572996]An institution-based study in Addis Ababa showed prevalence of 0.8% for childhood cancers among 1270 children who visited its outpatient department in 4 months’ time. Leukemia was the most common malignancy followed by Wilms tumor.14 A study in Gondar, a regional city in Ethiopia, revealed similar pattern in occurrence of childhood tumors with hematologic malignancies predominating and followed by Wilms tumor and Neuroblastoma.10

Cancer prevention, diagnosis and treatment have not been regarded as a priority in Ethiopia since the health systems have previously concentrated on control of communicable diseases. The Federal Ministry of Health developed a national cancer control plan for Ethiopia in 2015 for the period of 2016-2020 with the aim of reducing the number of people who develop and die of cancer. The Strategic plan focuses on primary prevention and early detection of cancers, diagnosis, palliative care, cancer surveillance and research and coordination of cancer control activities. 15

The aim of this study is to provide baseline data on the histopathological pattern and demographic characteristics of pediatric solid malignancies through an analysis of all cases occurring in Ethiopia’s largest hospital over a period of 54 months. 
Methods 
The study was done at Addis Ababa University Hospital, Ethiopia’s largest teaching and specialty referral hospital. Histopathology reports from the Department of Pathology were reviewed for all cases of childhood malignant tumors in children aged 0-15ys in the period January 2016- August 2020. Reports where specific histologic diagnosis isn’t given, tumors were grouped under ‘unspecified neoplasms.’ Duplicate reports and tumour recurrences were excluded.  
All morphologic diagnoses were based on formalin fixed, paraffin embedded tissue sections stained with Haematoxylin and Eosin. Immunohistochemistry was not available. 
The study was done at Ethiopia’s largest teaching and referral hospital, Tikur Anbessa Specialized Hospital in Addis Ababa. The department annually receives around 10,000 surgical specimens, including malignant childhood solid tumors. We reviewed all the cases of childhood malignant tumors in children aged from 0-15ys in the period January 2016- August 2020. We extracted demographic data and histopathology diagnoses from the hard copy using a predefined data extraction sheet. Histologic diagnosis given on the reports were further categorized into groups according to international classification of childhood tumors. Pathology reports where specific histologic diagnosis is not given, tumors were grouped under ‘unspecified neoplasms.’ Duplicate reports and tumour recurrences were excluded.  
All the morphologic diagnosis and reports were based on formalin fixed, paraffin embedded tissue sections stained with Haematoxylin and Eosin. Names of patients or their biopsy/chart numbers was not extracted in the study to keep the confidentiality of the patients. Ethical approval and waiver of consent was acquired from the Department of Pathology, School of Medicine, College of Health Sciences, Addis Ababa University.  
Data were entered and analyzed using the software SPSS 26.0 (statistical Packages for social sciences). Results are presented as frequency and percentages. 
Results
During the study period, 40 681 biopsy specimens were reviewed. Of these 4421(10.9%) were paediatric biopsies. 432(9.8%) of the paediatric biopsies were of malignant solid tumours. Most new tumours were in children under the age of 5 years: 46.5% (201) of cases were 0-5 years old, 25% (108) were ages 6-10yrs and 28.5% (123) were ages 11-15years. 
Males accounted for most cases with 272 (63%) of the cases and females 160 (37%) of the cases with the ratio of M: F = 1.7. The most common childhood malignancies were Lymphoma 94(21.8%), Retinoblastoma 83(19.4%) and Wilms tumor 60 (13.9%). Rhabdomyosarcoma 32(7.4%), Malignant round cell tumor 30(6.9%), Osteosarcoma 26(6%), Nasopharyngeal carcinoma 20 (4.6%), Pilocytic astrocytoma 13(3%), and Ewing Sarcoma 12(2.8%) were also documented. (Table 1 and Table 2)
The most common childhood malignant solid tumor diagnosed was Lymphoma 94(21.8%) (Table 2). Hodgkin lymphoma was the predominant type of lymphoma, accounting for 62.8 % (59) of all lymphoma cases. About half of the Hodgkin lymphoma cases were of mixed cellularity histologic variant. Non-Hodgkin lymphoma was seen in 35 cases and the majority were high grade lymphoma, not otherwise specified (Table 3). 
The second most common malignancy was Retinoblastoma 83(19.4%) followed by Wilms tumor with 60 (13.9%) of the total cases. Rhabdomyosarcoma 32(7.4%), Malignant small round cell tumor 30(6.9%), Osteosarcoma 26(6%), Nasopharyngeal carcinoma 20 (4.6%), Pilocytic astrocytoma 13(3%), and Ewing Sarcoma 12(2.8%) were also documented. Frequency of tumors and their respective histologic types are described in table 2 and table 3. 
The top three tumors for children aged 0-5years were Retinoblastoma 78 (38.8%), followed by renal tumors 46 (22.9%) and Lymphoma 22 (10.9%). For age group 6-10years, Lymphomas 36 (33.3%), soft tissue tumors and extraosseous sarcomas 16(14.8%) and renal tumors 12 (11.1%) were most common. Lymphoma was the most frequent tumor for 11-15year old group followed by epithelial neoplasms 31 (25.2%) and bone tumors 27 (21.9%) (Supplemental Table 1).  
Higher number of males were diagnosed in all major tumor types including Lymphoma, Retinoblastoma, renal tumors, and soft tissue tumors. This difference was statistically significant in Lymphoma with 78% were male and 22% were female (p=0.001). The sex differences in different tumor types are given in table 4.
The anatomic locations of solid tumors are included in Figure 1. The most common tumor observed in the lymph node was Lymphoma, followed by metastatic Nasopharyngeal carcinoma and Undifferentiated carcinoma. The overwhelming majority of tumors in the kidney were Wilms tumor with one case of Immature teratoma. In the soft tissues, Rhabdomyosarcoma was the most common tumor, followed by undifferentiated small round blue cell tumors and other high-grade sarcomas, respectively. Osteosarcoma was the most common tumor observed in the bone, followed by Ewing sarcoma. Immature teratoma was also documented commonly in the sacrococcygeal bone. 
In the eyes, Retinoblastoma was frequently observed. For 70 out of 83 Retinoblastoma cases laterality was reported. The left eye was involved in 41, right eye in 25 and bilateral Retinoblastoma occurred in 4 cases. Rhabdomyosarcoma and undifferentiated small round blue cell tumors were recorded as the 2nd and 3rd most common tumors in the eyes. The most common malignant tumor seen in the brain was Pilocytic astrocytoma 13 (3%) followed by Medulloblastoma 8(1.9%). 

Higher number of males were diagnosed in all major tumor types. This difference was statistically significant in Lymphoma with 78% male and 22% female (p=0.001).
31 cases had non-definite diagnosis reports. 27 cases were reported as malignant round cell tumor and 4 cases as high-grade undifferentiated malignant tumor.
Discussion
In this review of 432 tumors, the top three tumors were Lymphomas, Retinoblastomas, and renal tumors. The findings showed similarities to studies done in Africa9,10 specifically in terms of tumor types, age and sex distribution.  The pattern of childhood malignant solid tumors observed in Ethiopia’s largest hospital showed many similarities to studies done in India16, Nigeria17and Ethiopia3,10 specifically in terms of tumor types, age and sex distribution. Differences were also observed with Burkitt lymphoma, the most common childhood cancer in sub-Saharan Africa, representing only 2.1% of total cases. 
Solid tumors were diagnosed more in males than in females, which is similar with other studies in Africa. The reasons for these differences are largely unexplained. Some studies suggest chromosomal and genetic differences, physiologic and metabolic differences. Since childhood cancers do not have well established risk factors, it is difficult to determine whether the existing differences are due to biologic properties of the tumors.11 In low resource settings, childhood cancer incidence is not reliably recorded and appropriately registered and can be even more difficult to determine the causes for the difference. The likely explanation in developing countries is socioeconomic reasons in which boys are more likely to go to health facilities, get diagnosed and registered.4 Survival after childhood cancer diagnosis also tends to favor be higher in boys than girls. 12 
In this review, the predominant malignant solid tumor was Lymphoma. This finding is in line with studies done in in Sudan, Ivory Coast, and Tunisia other African countries.4,13,14 However, in contrast to previous studies in sub-Saharan Africa, where Burkitt lymphoma is the dominant type, our study shows Hodgkin lymphoma as the most common. Despite the high prevalence of EBV infection in both malaria endemic and non-endemic areas, previous studies have also noted the paucity of Burkitt lymphoma in Ethiopian children.15,16 Early exposure to infection and certain genetic and environmental causes have been proposed as an explanation. Further study is required to reason out the relatively lower presentation of Burkitt lymphoma in Ethiopian children. Moreover, it can be difficult to ascertain the true prevalence of Burkitt lymphoma since conclusive diagnosis of the entity is rare and often diagnosed just as ‘high grade lymphoma’. 
The second common tumor was Retinoblastoma 83(19.4%). In Nigeria, it was recorded as the most common  individual tumor after Burkitt lymphoma and showing an increasing trend due to improvement of ophthalmologic services and identification of cases.10 Retinoblastoma is reported to be relatively more common malignant tumor in Asian and African as compared to European countries.
The second common malignant solid tumor was Retinoblastoma 83(19.4%). In Nigeria, it was recorded as being the most common individual tumor after Burkitt lymphoma and showing an increasing trend due to improvement of ophthalmologic services and identification of cases. Retinoblastoma is reported to be relatively more common malignant tumor in Asian and African as compared to European countries. 16,17,27,28
Wilms tumor was the third common tumor. This is consistent with studies worldwide that put Wilms tumor in the top three of common childhood tumors.16,17,21,29  Rhabdomyosarcoma was the most common soft tissue tumor reported.  Among the histologic types, only embryonal and alveolar variants were reported.

Consistent with other reports from African countries, brain tumors were not as prevalent as those reported in high resource settings. This is likely due to the lack of neuroimaging facilities required for diagnosis, low autopsy rate to identify cases, and frequent misdiagnosis as infectious conditions.17 Hepatoblastoma, an embryonal tumor of the liver and considered the second most common cause of childhood cancer in Asian countries, was reported less frequently in children seen at our facility. 32 Further investigation is required to see if these inconsistencies are associated with biological differences,  differences in risk factor exposures, or difficulties in diagnosis.33
Even though Neuroblastoma is a common childhood malignant solid tumor globally, we found 2, accounting for only 0.5% of cases. The difficulty in making the diagnosis of Neuroblastoma on histology alone may be the reason so few definitive diagnoses were made. Previous studies have also noted lower proportion of Neuroblastoma among childhood cancer in sub-Saharan Africa, accounting for about 3% to 5% of all childhood cancers.18 However, most cases in black children tend to present with metastasis and have poor prognosis. 35
Definitive diagnosis was unable to be made in 31(7%) of patients likely reflecting lack of diagnostic resources in LMICs. Specific diagnosis in cases of tumors showing round blue cell morphology was particularly difficult in the absence of confirmatory tests such as immunohistochemistry, highlighting the need for improved diagnostic capacity. Despite the challenges, pathologists were able to make conclusive diagnosis in most cases through combination of clinical presentation, anatomic site of the tumors and specific features on H&E histomorphology, highlighting the importance of a multidisciplinary approach to diagnosis. However, the lack of confirmatory tests, like immunohistochemistry, may have also led to misdiagnoses in some cases. A limitation of this study is that cancers diagnosed using radiology or cytology could have been missed as our study focused on histopathologic findings.  Although this is a hospital-based study and cannot represent the prevalence of each cancer types nationally, it can give an indication of childhood cancer burden in Ethiopia. It also highlights the need enhance diagnostic capabilities in LMICs. 

In conclusion the pattern of pediatric malignant solid tumors observed in this study is comparable to studies seen in other parts of Africa regarding sex proportion, anatomic site, and morphology of these tumors, except for lower proportion of Burkitt lymphoma. There were also very few cases of Neuroblastoma. The reasons for this difference need to be evaluated with further studies. 
This study also exposed the relevance and need of advanced diagnostic studies such as immunohistochemistry. Almost 10% of the cases had a non-definitive diagnosis.  If these cases were to be reevaluated with immunohistochemistry a more definite diagnosis would have been made and appropriate treatment could be administered. In addition, childhood cancers diagnosed using radiology or cytology could have been missed in this review. Although this is a hospital-based study and cannot represent the prevalence of each cancer types nationally, it can give an indication of childhood cancer burden in Ethiopia. It also highlights the need to further investigate and understand the diagnosis pattern of malignancies in Africa. 
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TABLE 1 Frequency of solid tumors in Tikur Anbessa Hospital (Jan 2016-Aug 2020) grouped according to International Classification of Childhood cancers. 
	International classification of childhood cancers (ICCC) group
 
	Frequency
	Percent %

	Lymphomas and reticuloendothelial neoplasm
S
	94
	21.8

	Central nervous system, intracranial and intraspinal neoplasms
	24
	5.6

	Neuroblastoma and other peripheral nerve cell tumors
	2
	0.5

	Retinoblastomas
	83
	19.2

	Renal tumors
	60
	13.9

	Hepatic tumors
	3
	0.7

	Malignant bone tumors
	38
	8.8

	Soft tissue and other extraosseous sarcomas
	48
	11.1

	Germ cell, trophoblastic tumors, neoplasms of gonads
	7
	1.6

	Other malignant epithelial neoplasms and malignant melanomas
	42
	9.7

	Other unspecified neoplasms
	31
	7.2

	Total 
	432
	100













TABLE 2 Frequency of pediatric solid tumors in Tikur Anbessa hospital (Jan 2016-Aug 2020) based on histology diagnosis.
	Morphologic diagnosis 
	Frequency 
	Percent (%)

	1. Lymphomas and reticuloendothelial neoplasms

	Hodgkin lymphoma 

	Classic HL, NOS
	5
	1.2

	Classic HL, nodular sclerosis 
	18
	4.2

	Classic HL, mixed cellularity 
	26
	6.0

	Classic HL, lymphocyte rich
	5
	1.2

	Classic HL, lymphocyte depleted
	1
	0.2

	Nodular lymphocyte predominant HL
	4
	0.9

	Non-Hodgkin lymphoma 

	High grade NHL, NOS
	22
	5.1

	Burkitt lymphoma
	9
	2.1

	Diffuse large B-cell lymphoma
	4
	0.9

	2. CNS, intracranial and intraspinal neoplasms

	Pilocytic astrocytoma 
	13
	3

	Medulloblastoma, NOS
	3
	0.7

	Classic medulloblastoma 
	2
	0.5

	Desmoplastic medulloblastoma
	3
	0.7

	Gliosarcoma
	1
	0.2

	Anaplastic oligodendroglioma
	1
	0.2

	Anaplastic ependymoma
	1
	0.2

	3. Neuroblastoma and other peripheral nerve cell tumors

	Neuroblastoma 
	2
	0.5

	4. Retinoblastomas

	Retinoblastoma
	83
	19.4

	5. Renal tumors

	Nephroblastoma

	Risk unspecified
	13
	2.8

	Low risk, type unspecified
	3
	0.7

	Completely necrotic NB
	1
	0.2

	Intermediate risk, type unspecified
	10
	2.3

	epithelioid type
	2
	0.5

	stromal type
	4
	0.9

	mixed type
	14
	3.2

	regressive type
	12
	2.8

	High risk, Blastema type
	1
	0.2

	6. Hepatic tumors

	Fetal Epithelial hepatoblastoma 
	2
	0.5

	Undifferentiated embryonal sarcoma 
	1
	0.2

	7. Malignant bone tumors

	Osteosarcoma 

	Conventional high-grade Osteosarcoma
	25
	5.8

	Periosteal osteosarcoma 
	1
	0.2

	High grade sarcoma
	1
	0.2

	Ewing sarcoma 
	8
	1.9

	Malignant small round blue cell tumor
	3
	0.7

	8. Soft tissue and other extraosseous sarcomas

	Rhabdomyosarcoma, NOS
	4
	0.9

	Embryonal Rhabdomyosarcoma
	23
	5.3

	Alveolar Rhabdomyosarcoma
	5
	1.2

	Ewing sarcoma 
	4
	0.9

	High grade sarcoma, NOS
	7
	1.6

	Myxofibrosarcoma
	2
	0.5

	Extraskeletal Chondrosarcoma
	1
	0.2

	Epithelioid sarcoma 
	1
	0.2

	Alveolar soft part sarcoma
	1
	0.2

	9. Germ cell, trophoblastic tumors, neoplasms of gonads

	Immature teratoma 
	6
	1.4

	Germinoma 
	1
	0.2

	10. Other malignant epithelial neoplasms and malignant melanomas

	Nasopharyngeal carcinoma (NPC)

	Non- keratinizing NPC
	1
	0.2

	Undifferentiated NPC
	19
	4.4

	Others 

	Mucoepidermoid carcinoma 
	4
	0.9

	Adenoid cystic carcinoma 
	3
	0.7

	Squamous cell carcinoma 
	2
	0.5

	Papillary carcinoma 
	2
	0.5

	Undifferentiated carcinoma 
	11
	2.5

	11. Other unspecified neoplasms

	Malignant small round blue cell tumor 
	27
	6.3

	High grade undifferentiated malignant tumor 
	4
	0.9


HL indicates Hodgkin lymphoma; NHL, Non-Hodgkin lymphoma; NOS, not otherwise specified; and NPC, Nasopharyngeal carcinoma. 










