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ABSTRACT

Introduction: Haematological malignancies (HMs) are a rare and diverse group of

malignancies accounting for 9% of cancers globally. These group of malignancies differ by

age, sex, subtypes, morphology and geography. The burden and the patterns of diversity of

HMs is poorly understood in low and middle-income countries including Kenya.

Aim: To analyse the time trends of incidence of haematological malignancies in Kenya by

broad subtypes from 2000–2013 and to compare differences in trends of HMs between

Nairobi and Uasin Gishu counties for the period 2007-2013.

Methods: A retrospective study including all HMs for all ages and sex diagnosed in the

period of 2000-2013. Information used was from two population based cancer registries;

Eldoret and Nairobi cancer registry. Crude incidence rates were directly standardized with

the world population to obtain the age-standardized rates (ASR). Sex rate ratios (SRR) and

incident rate ratios (IRR) were then calculated to compare the number of excess cases

between sexes and counties. Ms Excel and STATA13 software were used to conduct a time

trend analysis of haematological malignancies by broad subtypes of non-Hodgkin lymphoma

(NHL), Hodgkin lymphoma (HL), myeloma and leukaemia. Using the estimated annual

percentage change (APC), increase or decrease in trends of HMs was determined.

Results: In Kenya, the mean age at diagnosis for all HMs was 32 years. NHL was the most

commonly diagnosed HM in Kenya accounting for 43.6% of the cases. The main basis of

diagnosis for NHL and HL cases was by cytology while for myeloma and leukaemia was by

histology. A male excess was noted in the NHL, myeloma and leukaemia cases with an

exemption of a female excess in the HL cases. Trends in incidence of HMs in Kenya

increased by 9.8% with the myeloma subtype contributing greatly to the observed increase.

By counties, Uasin Gishu county reported a higher number of HM cases per 100000 than

Nairobi county (Uasin Gishu-97.6 per 100000 and Nairobi-69.9 per 100000). On the

contrary, Nairobi marked a higher increase in trends of HMs than Uasin Gishu county.

Conclusion: Trends of haematological malignancies are increasing in Kenya and special

attention needs to be given to these under-reported group of malignancies. Finally, this study

does support the dire need for a national cancer registry in the country.
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INTRODUCTION

1.1 Background Information

Global cancer statistics of 2012 indicated that 14.1 million cancer cases and 8.2 million

cancer deaths occurred in the world. 57% of new cancer cases and 65% of cancer deaths were

reported to have occurred in low and middle-income countries (Ferlay et al. 2013). So far

according to the estimates, the burden of cancer is expected to increase especially in the low

and middle-income countries where 82% of the world population reside (Jemal et al., 2011,

Torre et al., 2015).

The observed increasing burden of cancer is of great concern to Africa due to; its aging and

growing population, increased prevalence of risk factors due to economic growth and

industrialization and exposure to certain infectious agents associated with cancer (Parkin et

al., 2014). Despite these, factors such as limited and competing resources, communicable

diseases and a lack of awareness on the current and future economic burden of cancers

continue to contribute to the low priority given to cancers in Africa and more especially

haematological cancers (Parkin et al., 2014).

NCDs account for half of all hospital admissions and 55% of all hospital deaths in Kenya.

Cardiovascular diseases, cancer, diabetes and chronic pulmonary obstructive diseases are the

most common NCDs (MOH,2012). Cancer ranks as the third killer disease following

infectious and cardiovascular diseases. Approximately, 28,000 incident cases of cancer and

22,000 cancer deaths (7% of the total mortality) are reported annually. Three out of five

cancer cases reported are diagnosed at an advanced stage.

1.2 Epidemiology of Haematological Malignancies

HMs are a rare and diverse group of cancers accounting for 9% of all cancers. They originate

from immunological cells of the lymphoid and myeloid tissue. Unlike other cancers, HMs

have the ability to transform and progress into other HM forms making it difficult to

diagnose in resource scarce settings (Smith et al., 2011). HMs also differ by age, gender,

subtype and morphology across geographic regions (Parkin et al., 2014; Sant et al., 2010;

Smith et al., 2011). There are four main groups of HMs; leukaemia, Hodgkin lymphoma

(HL), Non-Hodgkin lymphoma (NHL) and multiple myeloma (ML) (Ferlay et al., 2013).

The incidence of HMs varies by regions with developed countries such as Europe and the US

recording ≥8 per 100,000 for NHL and developing countries in Asia and Africa recording

incidences of ≤5 per 100,000 for NHL (IARC, 2008). On the contrary, in Africa there is an
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exemption of high incidences of certain subtypes of NHL, specifically the endemic Burkitt’s

lymphoma (BL) and Human immunodeficiency virus (HIV)-associated NHL. The incidence

of HL is lower than the incidence of NHL in the US, Europe, Africa and Asia. The highest

incidence of leukaemia was reported from US (8.6 per 100,000) followed by Europe (7.2 per

100,000) and Asia (3.9 per 100,000) (Table 1)

Globally, in the group of HMs, leukaemia records the highest mortality rates of 3.4/100,000

followed by NHL (2.5/100,000). The highest mortality in both sexes due to NHL, HL,

leukaemia and MM was reported from Africa, the Caribbean (LAC) and Europe respectively

(Figure 1).

Table 1. Age-standardized incidence rate/100,000 of haematological malignancies by regions

REGION Hodgkin
Lymphoma

Non-Hodgkin
Lymphoma

Multiple
Myelom

a

Leukaemi
a

Women
Europe 2.0 5.9 2.1 5.6
US 2.2 10.2 3.0 7.2
Oceania 1.7 9.4 2.7 6.4
Asia 0.4 2.7 0.7 3.3
Africa 0.7 3.8 0.9 2.6
World 0.7 4.1 1.2 3.9

Men
Europe 2.3 8.8 3.2 8.7
US 2.7 14.6 4.3 10.5
Oceania 2.0 13.3 4.2 10.5
Asia 0.7 4.2 1.0 4.6
Africa 1.1 5.5 1.1 3,4
World 1.1 6.0 1.7 5.6
Both sexes
Europe 2.2 8.5 3.0 7.2
US 2.5 12.3 3.6 8.6
Oceania 1.8 11.3 3.4 8.4
Asia 0.6 3.4 0.8 3.9
Africa 0.9 4.6 1.0 3.0
World 0.9 5.1 1.5 4.7
Source: GLOBOCAN 2012

1.3 Aetiology of Haematological Malignancies

Over 2 million cancer cases are attributable to infections of which 80% are from developing

countries. The Sub-Saharan region accounts for 33% of these cases (De Martel et al., 2012).

Infectious agents can only account for 10% of the HMs globally leaving 90% of HMs
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unaccounted for (Zur Hausen 2009). Several subsets of leukaemia and lymphoma have been

linked to Epstein-Barr virus (EBV), Human Immunodeficiency virus (HIV), Hepatitis B and

C virus, Human T-cell lymphotropic virus-1 and Human Herpesvirus-8 (Herzog et al., 2012;

Molyneux et al., 2012). The prevalence and distribution of these infectious agents determine

the prevalence and incidence of HMs subtypes in the region.

In low and middle income countries, 90% of children and 60% of adults with HL are EBV

positive in contrast with 40% observed in adults in developed countries (De Martel et al.,

2012). Endemic BL (a sub-type of NHL) which is more common in children in low and

middle income countries of the equatorial region where malaria is endemic, has an EBV

prevalence of approximately 95% in diagnosed BL cases (Parkin, 2006).

HIV has an immunosuppressive nature which increases the susceptibility of developing NHL

to be 60 – 77 times higher in HIV infected persons (Chihara et al., 2014; Torre et al., 2015)

while the risk of developing HL and leukaemia in immunosuppressed individuals increases

by 10 – 15% compared to the general population (Sadrzadeh et al., 2012; zur Hausen, 2009).

In Sub-Saharan Africa, where 68% of global HIV cases exist, HIV-related NHL and HL is

highly predominant unlike in the US and Japan where the prevalence of HIV is as low as

0.40% and 0.01-0.02% respectively (Chihara et al., 2014). In NHL and HL cases the HIV

prevalence has been found to range between 30% and 70% (Gopal et al. 2012). The most

common subtypes of NHL associated with HIV is the DBCL-diffuse B-cell lymphoma (75%),

Burkitt's lymphoma (25%) and T-cell lymphoma (1 – 3%) (Sadrzadeh et al., 2012).

In a nested-case control study in the US, HCV infection was associated with 1.5 – 5.0 fold

risk of Burkitt's lymphoma and DBCL (Anderson et al., 2008). In Egypt, where the

prevalence of hepatitis C is high, high incidence of NHL have been recorded (Herzog et al.,

2012). Herpesvirus-8, also known as the Kaposi sarcoma virus, is associated with the rare

pleural effusion lymphoma while Helicobacter pylori with a rare gastric lymphoma known as

mucosa associated with the lymphoid tissue (MALT) lymphoma (Zur Hausen, 2009).

According to a world cancer report (IARC, 2008) patients with a primary cancer who had

been treated with chemotherapy and radiotherapy had a 20.0 -40.0 fold higher risk of

developing secondary acute myeloid leukaemia.

HTLV-1, which is strongly associated with the aggressive form of T-cell malignancy known as

adult T-cell lymphoma/leukaemia (ATLL), is common in the Caribbean Islands, parts of

Japan, Central and South America and Central and South Africa (Iwanaga et al., 2012;

Shirley et al. 2013). Japan have an annual incidence of 60.0 per 100,000 ATLL cases
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amongst HTLV-1 infected individuals with a higher prepondence of 1.4 amongst males than

females. Chihara et al. (2014) found that Japan had a higher incidence of ATLL than US in a

comparison study on the incidence and trend of haematological malignancies in the two

countries.

Table 2. Infections associated with haematological malignancies

Infectious Agent Malignancy Broad subtype of

HM

Source

EBV Burkitt's lymphoma

Hodgkin's lymphoma

NHL

HL

(Molyneux et al., 2012)

(Parkin, 2006)

HHV8

HTLV-1

HIV

Primary effusion

lymphoma

Adult T-cell

Lymphoma(ATL)

Diffuse B-cell lymphoma

NHL

NHL

NHL

(Sadrzadeh et al.,

2012)

(Iwanaga et al., 2012)

(Engels, 2007)

HCV NHL NHL (Anderson et al., 2008)

Helicobacter pylori Gastric MALT lymphoma (Engels, 2007)

Plasmodium

falciparum

Endemic Burkitt's

lymphoma

NHL (Molyneux et al., 2012)

EBV = Epstein Barr virus, HHV-8 = Herpesvirus 8, HTLV-1 = Human T-cell lymphotropic virus and

HCV = Hepatitis C virus

1.4 Age and sex factors

Age and sex differences are defining factors in increasing the risk of contracting

haematological malignancies in an individual. A high male pre-dominance in the majority of

HMs as evidenced in most studies strikes a strong association of sex differences and

susceptibility to these cancers(Babatunde, Amiwero, Olatunji, & Durotoye, 2008; Cartwright,

Gurney, & Moorman, 2002; Herzog et al., 2012). According to the World cancer report of

2008, men in almost all age groups have a 1.5-2 fold higher incidence of Non-Hodgkin’s

lymphomas (NHL) and leukaemia´s than females. Cartwright, Gurney, and Moorman

(2002) observed a 2-5 fold male excess at ages 40, 60 and 70 years in CLL cases in England

and Wales whereas a population study in Malawi reported a higher age standardized

incidence rate of 2.5 in males to 1.7 in females of NHL(Msyamboza et al., 2012). Few
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exceptions where female preponderance is higher were found in cases of CLL and MM in a

case study in Nigeria (Babatunde, Amiwero, Olatunji, & Durotoye, 2008; Omoti, Nwannadi,

Obieche, & Olu-Eddo, 2012) .

In a study by Herzog et al. (2012), incidence rates of NHL, Hodgkin’s lymphoma(HL) and

leukaemia in the Nile Delta in Egypt was reported to have increased with increase in age. In

children, HMs are recorded to be the most dominant cancers. Acute lymphoblastic

leukaemia (ALL) is the most common in developed countries(Mostert et al. 2012)accounting

for almost 80% of all cancers in patients below 20 years of age (Rodriguez-Abreu et al.

2007). Countries like the USA record a high annual ALL incidence rate of 2.7-7.7 cases per

100,000 in children aged 0-15 years(Wood et al. 2011) whereas low incidences of ALL have

been reported in African children(Mostert et al. 2012). In the Sub-Saharan region, endemic

Burkitt's lymphoma (BL) is a more common type of NHL comprising 90% of lymphoma

diagnosis in children(Molyneux et al. 2012). A high incidence of 3.0-7.0 cases per 100,000 in

children is estimated in Equatorial African countries(Naresh et al., 2011) . Subtypes of

leukaemia such as acute myeloid leukaemia (AML), chronic myeloid leukaemia (CML) and

HL occur in adults ≥20 years while Chronic lymphoblastic leukaemia (CLL) and Multiple

myeloma (MM) are more predominant in elderly patients presenting at 70 years (Babatunde

et al., 2008; Rodriguez-Abreu, Bordoni, & Zucca, 2007; Tenge, Kuremu, Buziba, Patel, &

Were, 2009). In addition, the complexity of certain HMs such as AML marked by higher

risks of earlier death in the older patients increases with age as reported by Appelbaum

(2006). Population age distribution structure and life expectancy determine the distribution

pattern of HMs. Areas with a low life expectancy and a largely younger population are likely

to experience clustering of certain haematological malignancies at an earlier age in

comparison to high income countries that have a higher life expectancy(Mulwa-Babu et al.

2013).

Differences in the distribution of HMs amongst ethnic groups signify genetic make-up as a

key factor in developing certain HMs. A study on migrant populations in England noted a

marked increase of incidence in Hodgkin's lymphoma and DLBCL amongst the Pakistani

population in comparison to the British Whites. The results of the study also demonstrated a

2-3 fold increased risk of plasma cell leukaemia amongst the black and a 40 times higher risk

of Adult T-cell lymphoma/leukaemia (ATLL) in the Black Caribbean’s in comparison to the

British Whites(Shirley et al., 2013)

1.5 Clinical Diagnosis of HMs
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According to the WHO classification of hematopoietic and lymphoid tissues, HMs are

classified by clinical, morphological, immunophenotypic and genetic features (Vardiman,

2010). This modes of classification are routinely used in high-income settings but are not

available in most low and middle-income countries due to lack of or few hematopathologists,

immunohistochemistry facilities and other supportive investigations, poor histological and

cytological preparations of specimen and outdated techniques such as over-reliance on fine

needle aspiration cytology (FNAC) and manual preparation of biopsies to diagnose and

classify HMs (Naresh et al., 2011).

1.6 Situation Analysis of Management of Cancers in Kenya

Limited supportive care, concentration of resources to the urban areas and high costs of

management of HMs add to the endless list of challenges faced by Sub-Saharan Africa amidst

increasing burden of HMs (Gopal et al., 2012). These factors could also be contributory to

the scarcity of HM data in the Sub-Saharan region.

The incidence of cancer has been increasing in Kenya over the years. Currently, cancer is the

third biggest cause of death in Kenya after infectious and cardiovascular diseases. Despite

this increasing trend in cancer incidence and death, Kenya is poor equipped to manage

cancer. At present, there are two main referral centres, Kenya National Hospital and Moi

Teaching and Referral Hospital, where cancer patients can be treated with some services like

radiotherapy being avialable in only one hospital countrywide. Moreover, there are only 4

radiation centres (Kenyatta National Hospital, MP Shah, Aga Khan and the Nairobi hospital)

all in the capital city, Nairobi. Kenyatta National Hospital (KNH) being the only public

facility offering radiotherapy in Kenya is overwhelmed with a long waiting list of cancer

patients referred to its facilities from other counties. It also has equipment that is outdated

and incapacitated to serve the increasing number of cancer patients.

This coupled with poor data on the magnitude of cancer in Kenya has contributed to the

increasing trends. There have been attempts to focus attention to cancer in the country over

the last half a decade. The Kenyan government has enacted a Cancer Prevention and Control

Act (2012) which establishes a National Cancer Institute – a body responsible for cancer

control, prevention and surveillance. With the Act in place, a National guidelines for Cancer

control strategies 2011-2016, Cancer management 2013, Palliative care 2013 and

prevention and management of cervical, breast and prostate cancer 2012 have been

developed to ensure uniform treatment and management of cancers. In addition, the Kenya
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Health Policy 2014-2030 has highlighted the need to stop and reverse the rising burden of

NCDs in Kenya.

The National Cancer Institute is expected to develop a national cancer registry which the

country has been lacking to document cancer cases and improve management and control of

cancer. In the meantime, the country relies on the Nairobi Cancer Registry (NCR) and the

Eldoret Cancer Registry (ECR) based at Kenya Medical Research Institute (KEMRI)

headquarters in Nairobi and Moi Teaching and Referral Hospital (MTRH) in Eldoret for data

on cancer. The two population-based registries cover approximately 10% of the population of

Kenya. They have both contributed greatly towards providing Kenyan cancer data to IARC

(Korir, 2014). However, cancer registries are absent in 45 of the 47 counties of Kenya

indicating an underestimation of cancer burden. There are plans though to establish regional

cancer registries (Korir, 2014).

Furthermore, even with the additional cancer treatment centres and registries, the country

faces a severe shortage of skilled human resources to offer cancer treatment and maintain

the registries. The country has 4 radiation oncologists, 6 medical oncologists, 3 oncology

nurses and 4 paediatric oncologists in the public health sectors and who are all situated in

Nairobi. Moreover, there are no training facilities for cancer specialists, there are inadequate

and outdated diagnostic facilities, weak referral procedures for cancer patients, lack of public

awareness on cancer signs and symptoms, high cost of cancer treatment and a lack of clear

set budget for cancer programmes including other NCDs by the government.

1.7 Problem Statement

There is poor documentation and reporting of cancer cases in Kenya. There are only two

cancer registries that report haematological malignancies making it a highly under-reported

group of cancers. In addition, there are no countrywide studies on haematological

malignancies focussing on all age-groups and the different sub-types of HMs. This study of

incidence and time trends of diseases is critical in the development of knowledge on causes

of disease (Parkin, 2006). It is therefore important to establish the burden and pattern of

diversity of the HMs in Kenya to necessitate the provision of relevant data for planning and

developing programmes for management.

1.8 Objective of the Study
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The primary aim of this study is to analyse the time trends of incidence of haematological

malignancies in Kenya by broad subtypes recorded by the ECR and NCR from 2000–2013.

The secondary objectives of the study are:

● To determine the annual trends in incidence of HM by subtypes, age-group and sex for

the period 2000-2013 in Kenya

● To compare differences in annual trends in incidence of HM by subtypes, age-groups and

sex for the period 2007-2013 between Uasin Gishu and Nairobi County

● To establish the most common methods of diagnosis of haematological malignancies

● To identify the most common HMs by subtypes, age-groups and sex

17



MATERIALS AND METHODS

2.1 Study Area

Kenya is a lower-middle income country in the Sub-Saharan region of Africa with a

population of 38,610,097 (KNBS, 2010). It has an annual population growth rate of 2.4%

with 46% of the population living below the poverty line. Administratively, Kenya is divided

into 47 semi-autonomous counties as illustrated in figure 1 (KNBS, 2015; MOH, 2014). The

national government is charged with the mandate of developing national health policies and

the management of national referral health facilities while the county government is

responsible for the affairs of healthcare service delivery at the county level and allocation of

county resources (MOH, 2014).

This study focuses on two of the 47 counties – Uasin Gishu and Nairobi. These two countries

host the two main teaching and referral hospitals in the country as well as the only

population based cancer registries.
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Figure 2. Current map of Kenya with the 47 administrative units (counties)

Source: www.opendata.go.ke

2.1.1 Uasin Gishu County

Uasin Gishu county is located in the midwest of Kenya's Rift Valley. Eldoret is its

administrative capital. It is made of 3 constituencies and covers an area of 3345 km
2

with

476 km
2

forest cover. It has a population of 894,179 in 202,291 households with 448,994

males and 445,185 females. Approximately 38% of the population is urban with 0-14 years

age group being a majority of the county’s population structure at 42% (KNBS, 2013).

Figure 3. Population structure of Uasin Gishu County as of 2009 census

Source: (www.inequalities.sidint.net)
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Figure 4. Map of Uasin Gishu County

Source: (www.inequalities.sidint.net)

2.1.2 Nairobi County

Nairobi is a cosmopolitan county covering an area of 10,323 km
2

with a population density of

304 per km
2 (

Figure 5). It has a population of 3,138,369 (men=1,605,230 and

female=1,533,139) and houses the main capital and administrative city of Kenya (Eston,

2013). The working age population of 15-64 years constitutes 68.0% of the entire population

(Figure 4).

Figure 5. Population structure of Nairobi County as of 2009 census (www.inequalities.sidint.net)

Figure 6. Map of Nairobi County

Source: (www.inequalities.sidint.net)

2.2 Data Sources

20
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The haematological malignancies incidence data were obtained from the two main

population-based cancer registries in Kenya – Eldoret and Nairobi cancer registries. Both

registries cover approximately 50% of the population of Kenya and have adopted the WHO

International classification of oncological diseases (ICD-O-3) for coding HMs. Data entry

and management is done using CANREG-5, a software developed by IARC capable of

checking for duplicates.

In addition, both registries record the patient socio-demographics characteristics including

age, sex, address and ethnicity, and information on date of incidence, source of diagnosis,

basis of diagnosis, primary site of cancer, morphology and behaviour (benign or malignant)

of tumour. Moreover, information on treatment of cancer and survival data are not recorded.

Cancer-related deaths are not well accounted for due to poor death certification system

(Buziba, 2016). Furthermore, information on concurrent diseases provided is of HIV/AID

and it is poorly recorded adding to the difficulty of determining the real cause of death or in

providing information on associated diseases to HMs. The completeness of the registries is

still unknown as no completeness studies have been conducted at the moment.

2.2.1 Eldoret Cancer Registry (ECR)

Eldoret cancer registry (ECR) is located at the haematology and blood transfusion

department of Moi University School of Medicine at the Moi Teaching and Referral Hospital

(MTRH), Uasin Gishu County (Tenge et al., 2009). ECR is the oldest cancer registry in the

country having been established in 1999. All cancer records including haematological

malignancies are stored in the registry. The registry is managed by a pathologist and three

registrars who abstract information from the hospital records department, pathology

department, in-patient wards, hospice and death registries (Tenge et al., 2009). The registry

covers the Western and Rift Valley regions of Kenya consisting of approximately 40% of the

Kenyan population(Tenge et al. 2009). Data for the period 2000-2013 was used in the

analysis of country specific trends in HMs. More so, 2007-2013 HM data on Uasin Gishu

county was obtained from this registry for county specific comparisons in incidence.

2.2.2 Nairobi Cancer Registry (NCR)

The Nairobi cancer registry (NCR) was established in 2001 as a project of the

Non-Communicable Diseases Research Programme of Kenya Medical Research Institute

(KEMRI). It is situated at the pathology and oncology research unit at the KEMRI Centre of

Clinical Research in Nairobi (Korir et al., 2014). It consolidates cancer data through active

case findings from governmental and private hospitals, diagnostic laboratories, the Nairobi

hospice and death certificates. Trained registrars retrieve and abstract data from medical
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records, radiotherapy units, haematological and histology laboratories, outpatient clinics,

imaging units, autopsy reports and the hospice (Korir et al., 2015). It records all cancer cases

of residents of Nairobi county. The registry defines residents of Nairobi as individuals who

have lived or worked in Nairobi for more than 6 months. Therefore, other county resident

cases referred for treatment or visit Nairobi are excluded from the registry (Korir Anne,

2014). NCR started collecting HMs data in 2007 and thus all data from then to 2013 is used

in this study.

2.2.3 Kenya Population Data

The population data was obtained from the 1999 and 2009 population census (KNBS, 2015).

Population census data was recorded according to constituencies/districts by age and sex.

The population of the districts within the two counties was summed up to provide the

population estimates of the two counties in 1999 and 2009 respectively. To calculate the

annual inter-census estimates for 2000-2013 for Kenya and 2007-2013 for Uasin Gishu and

Nairobi counties, the sex and age-based annual population growth rate was used (Korir et al.,

2015). The population data was then used as denominators to calculate overall, sex-specific

and age-specific incidence rates for haematological malignancies.

2.3 Study Design and Population

A retrospective study including all HMs (ICD-O-3 morphology code 9590-9989) for all ages

and sex diagnosed over the 14-year period (2000-2013) was conducted in Kenya. Data from

the two cancer registries and population registry was used to examine the trends in

haematological cancers in Kenya. A total of 3644 cases of haematological malignancies were

recorded in both registries. Nairobi cancer registry had 556 cases of HMs while Eldoret had

3088 cases. Of all the cases in both registries, 1 set of duplicate and 12 cases of records with

unknown address (county of residence) were dropped remaining with 3631 cases used in the

final analysis. Nairobi and Uasin Gishu counties were selected for comparison between a

highly urban area and a mixed urban-rural set-up in Kenya on the basis that the two counties

had the majority of the HM cases, hosted both the two main cancer registries and

government teaching and referral health facilities in the country.

2.4 Study Variables

2.4.1 Independent Variables

The following variables were obtained for analysis:

Age of the patient at the time of diagnosis was recorded in years. It was then categorized into

7 age groups of 0-14, 15-24, 25-34, 35-44, 45-54, 55-64 and 65+. Ages 14 years and below are
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the paediatric/childhood group as defined by IARC in international incidence of childhood

cancers volume 3 (iicc.iarc.fr).

Ethical codes provided by the ECR and the NCR were used to group individuals into the

first six major ethnical groups of Kenya according to 2009 census i.e. Kikuyu, Luhya,

Kalenjin, Luo, Kamba and Kisii. Other smaller ethnical groups were categorised into

“Kenyan indigenous” to include any other Kenyan ethnical group who are natives. The

Asians, Europeans and other foreigners of African and non-African descent who are not

natives of Kenya comprised the “Others” group.

Sex: Defined as either male or female

Address: Postal address of residence of the patient. This was used to identify the code and

county of residence of cases registered in the registries.

Year of incidence: Taken as the year of first diagnosis

Basis of diagnosis: These re-examination techniques used to confirm/diagnose the

malignancies. They are coded according to the IARC system basis of diagnosis.

Primary site/topography: Describes the site of origin of the malignancy and is coded

according to the third edition of ICD-O.

Histology/morphology: Describes the cell type of the malignancy and is coded according

to the third edition of ICD-O.

Behavioural description and code: Defined as the characteristic of the tumour which

could be either malignant or benign. Only malignant cases were included in the analysis

(behaviour code 3).

Ethnicity: defined as ethnic tribes of the patients whose cases are recorded in the registries

e.g. Kikuyu, Luo, and Kamba.

Concurrent diseases: Diseases that occur alongside the HMs that could be associated or

cause more complications.

2.4.2 Dependent Variables

Morphological codes of HMs were used to group the malignancies into four major subtypes

of NHL, HL, Myeloma and Leukaemia as described by IARC. Using the IARC basis of

diagnosis codes applied by the two registries, methods of diagnosis were classified into

“death certification only, clinical only, clinical investigations, specific tumour markers,
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cytology, histology of a metastasis, histology of a primary tumour and Unknown (see table 3

in the appendix section).

2.7 Statistical Analysis

First, a descriptive analysis on the distribution of broad-subtypes of HMs by sex, age-group,

ethnicity, county, basis of diagnosis and registry was done. A 95% confidence interval was

used to determine the significance of outcomes.

Crude incidence rate is simply the number of new cancer cases divided by the population at

risk in a given time period (See figure 7 part I). Annual age and sex-specific incidence rates

were calculated using the number of cases of haematological malignancies in each of the 7

age categories as the numerator and corresponding age-group and sex-specific country and

county populations as the denominators (Herzog et al., 2012) - Figure 7 part II. The crude

rate was then multiplied by 100,000 to obtain the number of HM cases per 100,000 per

year.

𝑖) 𝑐𝑟𝑢𝑑𝑒 𝑟𝑎𝑡𝑒 = 𝑛𝑒𝑤 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑀 𝑐𝑎𝑠𝑒𝑠 𝑖𝑛 2011
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑟𝑖𝑠𝑘 2011  

𝑖𝑖) 𝐴𝑔𝑒 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐 𝑐𝑟𝑢𝑑𝑒 𝑟𝑎𝑡𝑒 (𝑑
𝑖
) = 𝑛𝑒𝑤 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑀 𝑐𝑎𝑠𝑒𝑠 𝑖𝑛 𝑖𝑡ℎ𝑎𝑔𝑒−𝑔𝑟𝑜𝑢𝑝

𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑠𝑖𝑧𝑒 𝑎𝑡 𝑟𝑖𝑠𝑘 𝑖𝑛 𝑖𝑡ℎ 𝑎𝑔𝑒 𝑔𝑟𝑜𝑢𝑝 

Age is considered to be a risk factor for cancer therefore, the crude rate is influenced by the

age-structure of the population. This makes crude rate an unsuitable measure of comparison

between two different populations(Boniol & Heanue 2013)

In order to ensure comparison of results with other countries and between Uasin Gishu and

Nairobi counties, age and sex-specific crude rates were directly age-standardized using the

Segi-Doll world standard population which was slightly modified to suit the age-group

composition of the study(Bray & Ferlay 2007). Using the standard world population,

age-specific weights were calculated as proportions of the overall standard population

(Formulae iii below). The weights were then multiplied by the calculated age- specific rates

to obtain the age-standardized incidence rates (ASR) which was expressed as HM cases per

100000 per year (Formulae iv below). The overall annual ASR was obtained by summing up

the individual age-group specific ASRs (Formulae v).

𝑖𝑖𝑖) 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑤𝑒𝑖𝑔ℎ𝑡𝑠(𝑊
𝑖
) = 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑖𝑡ℎ 𝑔𝑟𝑜𝑢𝑝 𝑖𝑛 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

𝑇𝑜𝑡𝑎𝑙 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡ℎ𝑒 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛

                  𝑖𝑣) 𝐴𝑆𝑅
𝑖

=  𝑑
𝑖

* 𝑊
𝑖
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                 𝑣) 𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝐴𝑆𝑅 =
𝑖

∑ 𝐴𝑆𝑅
𝑖

Where i represents each age group

The incident rates were then compared by sex and counties using sex rate ratios (SRR) and

incident rate ratios (IRRs) calculated from estimated ASRs.

                𝑣𝑖) 𝑆𝑒𝑥 𝑟𝑎𝑡𝑒 𝑟𝑎𝑡𝑖𝑜 = 𝐴𝑆𝑅 𝑖𝑛 𝑚𝑎𝑙𝑒𝑠
𝐴𝑆𝑅 𝑖𝑛 𝑓𝑒𝑚𝑎𝑙𝑒𝑠

               𝑣𝑖𝑖) 𝐼𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑟𝑎𝑡𝑒 𝑟𝑎𝑡𝑖𝑜 =
𝐴𝑆𝑅 𝑜𝑓 𝑟𝑒𝑔𝑖𝑜𝑛 𝐴

𝑈𝑎𝑠𝑖𝑛 𝐺𝑖𝑠ℎ𝑢 𝑐𝑜𝑢𝑛𝑡𝑦
 

𝐴𝑆𝑅 𝑜𝑓 𝑟𝑒𝑔𝑖𝑜𝑛 𝐵
𝑁𝑎𝑖𝑟𝑜𝑏𝑖 𝑐𝑜𝑢𝑛𝑡𝑦

Plotting of the calculated overall annual ASRs against the years gave a graph on trends of all

and specific HMs by broad subtypes. Furthermore, change in trends were quantified by

estimating the annual percentage change (APC) in age-standardized incidence rates.

Data analysis was carried out using STATA 13 and Microsoft Excel™.

2.8 Ethical Approval to utilize haematological malignancies data

from Eldoret and Nairobi cancer registry

The use of registry data on haematological cancers was approved by the office of ECR and

NCR based at the Department of haematology and blood transfusion of MTRH and KEMRI

respectively. An official letter stating confidentiality of released data was signed for both

registries. In addition, only the patient identification number was requested and not the

names so as to ensure confidentiality of the patients.
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RESULTS

3.1 Characteristics of patients diagnosed with Haematological

Malignancies in Kenya.

Table 1, 2 and 3 in the appendix provide a summary of annual HM cases identified in the

ECR and NCR registries by sex and age group. Table 3 provides a list of HMs subtypes by

their morphological codes, morphological description and their respective ICD-O codes as

they appear in the registries.

Table 4 below shows the total number and percentage of registered incident cases of

haematological malignancies by broad subtypes in Kenya for the period 2000-2013 by

selected features such as sex, age group, ethnicity, county, basis of diagnosis and cancer

registry. Fifty-nine percent of the cases were recorded among males while 41.2% among

females. The mean and median ages at diagnosis for both male and females were 32 and 28

years. A third of the cases were among children aged 0-14 years while 13.3% of the cases were

among those aged 15-24 years, 42.5% among adults aged 25-64 years and 11.2% among the

old population aged 65 years and above.

By ethnic groups, 43.0% of the cases belonged to the Kalenjin group, 23.1% were Luhya,

10.2% were Luo and 9.9% were Kikuyu. On the basis of diagnosis, 53.0% of the incident

cases were diagnosed on the basis of cytology, 38.4% by histology of a primary tumour, 4.2%

clinically and 3.2% by death certification only.
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Table 4. Distribution of haematological malignancies registered in Kenya for the period 2000-2013
by sex, age group, ethnicity, and province, basis of diagnosis and cancer registry

Variable Non-Hodgkin
lymphoma %

(95% CI)

Hodgkin
lymphoma%

(95% CI)

Myeloma%
(95% CI)

Leukaemia%
(95% CI)

Total
[%]

Total [%] 1583 [43.6] 406 [11.2] 274 [7.6] 1368 [37.7] 3631 [100]
Sex
Male 61.2 (58.7-63.5) 59.2 (54.4-63.9) 58.8 (52.8-64.5) 56.0 (53.4-58.6) 2136 [58.8]
Female 38.8 (36.5-41.3) 40.8 (36.1-45.6) 41.2 (35.5-47.2) 44.0 (41.4-46.6) 1495 [41.2]
Age group
Mean age (years) 28 26 55 32 32
Median
age(years)

24 22 55 28 28

0-14 40.1 (37.7-42.5) 31.5 (27.2-36.2) 2.9 (1.5-5.7) 31.4 (29.0-33.9) 1200 [33.1]
15-24 10.7 (9.2-12.3) 25.1 (21.1-29.6) 1.5 (0.5-3.8) 15.1 (13.3-17.1) 482 [13.3]
25-34 10.5 (9.1-12.2) 15.0 (11.9-18.8) 3.3 (1.7-6.2) 12.4 (10.7-14.2) 406 [11.2]
35-44 12.3 (10.7-14.0) 12.1 (9.2-15.6) 10.9 (7.8-15.2) 8.0 (6.7-9.6) 383 [10.6]
45-54 9.3 (8.0-10.9) 8.4 (6.0-11.5) 31.0 (25.8-36.0) 10.6 (9.1-12.3) 412 [11.4]
55-64 8.7 (7.4-10.2) 3.4 (2.1-5.7) 23.0 (18.4-28.4) 9.4 (7.9-11.0) 343 [9.5]
65+ 8.4 (7.1-9.9) 4.4 (2.8-6.9) 27.4 (22.4-33.0) 13.1 (11.4-15.0) 405 [11.2]
Ethnicity
Kikuyu 9.9 (8.5-11.5) 18.4 (14.9-22.5) 4.0 (2.2-7.1) 8.6 (7.2-10.2) 361 [9.9]
Luhya 27.4 (25.2-29.7) 17.4 (14.1-21.4) 25.2 (20.4-30.7) 19.2 (17.2-21.4) 837 [23.1]
Kalenjin 34.4 (32.1-36.8) 34.4 (29.9-39.2) 55.8 (49.9-61.6) 52.8 (50.2-55.4) 1561 [43.0]
Luo 12.8 (11.3-14.5) 10.8 (8.1-14.2) 6.5 (4.2-10.2) 7.7 (6.4-9.2) 369 [10.2]
Kamba 2.1 (1.5-2.9) 3.4 (2.0-5.7) 0.4 (0.0-2.6) 2.0 (1.4-2.9) 74 [2.0]
Kisii 5.0 (4.0-6.2) 5.2 (3.4-7.8) 2.9 (1.5-5.7) 2.8 (2.1-3.9) 147 [4.1]
Kenya indigenous 4.5 (3.6-5.7) 4.2 (2.6-6.6) 3.6 (2.0-6.7) 3.5 (2.7-4.6) 146 [4.0]
Others 3.9 (3.0-4.9) 6.1 (4.2-8.9) 1.5 (0.5-3.8) 3.4 (2.5-4.5) 136 [3.8]
County
Nairobi 16.3 (14.6-18.2) 35.0 (30.5-39.8) - 11.4 (9.8-13.2) 556 [15.3]
Uasin Gishu 30.2(28.0-32.5) 27.3 (23.2-31.9) 29.6 (24.4-35.2) 30.0 (27.7-32.5) 1081 [29.7]
Basis of Diagnosis
Death
certification only

3.0 (2.3-4.0) 1.2 (0.5-2.9) 4.0 (2.2-7.1) 4.5 (3.5-5.7) 125 [3.4]

Clinical only 0.6 (0.3-1.2) 0.2 (0.0-1.7) 1.8 (0.8-4.3) 0.4 (0.2-0.9) 21 [0.6]
Clinical
investigations

6.6 (5.5-7.9) 2.5 (1.3-4.5) 3.6 (1.9-6.7) 2.0 (1.4-2.9) 152 [4.2]

Specific
tumour markers

0.1 (0.0-0.4) - - 0.1 (0.0-0.6) 3 [0.1]

Cytology 30.2 (28.0-32.5) 23.1 (19.3-27.4) 69.0 (63.2-74.2) 85.0 (83.0-86.8) 1924 [53.0]
Histology of a
metastasis

0.0 (0.0-0.4) - - - 1 [0.0]

Histology of a
primary tumour

59.0 (56.6-61.4) 72.7 (68.2-76.8) 20.4 (16.1-25.6) 7.9 (6.6-9.4) 1393 [38.4]

Cancer Registry
ECR* 83.7 (81.8-85.5) 65.1 (60.3-69.6) 1.0 (- -) 88.7 (86.9-90.3) 3076 [84.7]
NCR* 16.3 (14.5-18.2) 34.9 (30.4-39.7) - 11.3 (9.7-13.1) 555 [5.3]
*Eldoret cancer registry(ECR) and Nairobi cancer registry(NCR)
%=Percentage
N.B. All values are rounded off to the nearest one decimal value
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3.2 Distribution of characteristics 0f diagnosed cases by Broad

Subtypes of Haematological Malignancies.

The most common HM group registered was the Non-Hodgkin lymphoma (43.6%),

leukaemia (37.7%), Hodgkin lymphoma (37.7%) and the least was the myeloma (7.6%). A

higher incident rate was observed among males in all broad subtypes of HM with the highest

being 61.2% in NHL. In females, the highest incident case (44%) was observed in leukaemia.

Forty per cent of all NHL cases were reported among children aged 0-14 years. Hodgkin

lymphoma was mainly recorded among those aged 0-14, 15-24 and 25-34 years with a

proportion of 31.5%, 25.1% and 15.0% respectively. Adults aged 45-54 years made up 31.1%

of the myeloma cases followed by the elderly (aged 65 years and above) at 27.4%. In the

leukaemia group, ages 0-14, 15-24, 25-34 and 65+ were 314%, 15.1%, 12.4% and 13.1%

respectively. Majority of the cases in all HM broad subtypes belonged to the Kalenjin ethnic

group followed by Luhya except in the HL group where the second majority of the cases

belonged to the Kikuyu group (18.4%).

Uasin Gishu had a greater proportion of NHL (30.2%), myeloma (29.6%) and leukaemia

(30.0%) cases compared to Nairobi. On the other hand, a majority of the patients with HL

(35.0%) resided in Nairobi in comparison to 27.3% of cases in Uasin Gishu.

Cytology was the main diagnostic technique used in 85% and 69% of leukaemia and

myeloma cases. Histology of a primary tumour formed the basis of diagnosis of 72.7% and

56% of HL and NHL cases (Table 4 above).

3.3 National Age-Standardized Incidence Rates (ASR)

Overall, the age standardized incidence rate (ASR) per 100,000 population per year of all

HMs in Kenya for the period 2000-2013 was estimated at 12.2 for both sexes. NHL and

leukaemia accounted for the highest ASR of 5.0 and 4.6 respectively. Myelomas and HL

accounted for the least ASR with 1.3 and 1.1 per 100,000 population per year respectively.

On the other hand, among males, NHL had the highest ASR of 6.4, leukaemia 5.3, myeloma

2.4 while HL was the lowest with an ASR of 1.4. Among females, leukaemia had an estimated

ASR of 4.1 per population per year, NHL at 3.9, HL at 3.3 and the least was myeloma at 1.1

per 100,000 population per year. In both sexes, males had a higher ASR than females in all

the broad subtypes of HM except in HL where females recorded a higher ASR of 3.3 per

100000 population per year in comparison with 1.40 per population per year of male (Figure

7 below).
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Figure 7. Incidence rates of HMs by broad subtypes and sex in Kenya: 2000-2013

Children aged 0-14 and adults aged 55-64 years in males had the highest ASR of 1.6 and 1.2

per 100,000 populations per year respectively. Male children and old adults had the highest

incidence of leukaemia of 1.2 and 0.9 per 100,000 per population per year while adults aged

35 – 44 years had the lowest incidence at 0.4 per 100000 populations per year in leukaemia.

Myeloma was highest among old adults aged 65+ years.

Among the females, highest incident rates for NHL, HL, myeloma and leukaemia were 0.9,

0.2, 0.4 and 0.8 per 100,000 populations per year in ages 0-14, 15-24, 45-54 and 55-64

respectively. The high incidence rates for each HM subtype are noted by high peaks in the

specific age-groups as seen in figure 11.

Table 5. Calculated crude incidence and Age-standardized rates of haematological malignancies in
Kenya: 2000-2013

All haematological
malignancies

Non-Hodgkin
lymphoma

Hodgkin
lymphoma

Myeloma Leukaemia

YEAR
Crude
Rate ASR

Crude
Rate ASR

Crude
Rate ASR

Crude
Rate ASR

Crude
Rate ASR

2000 0.40 0.51 0.21 0.22 0.04 0.04 0.02
0.0
3 0.13 0.21

2001 0.45 0.54 0.23 0.25 0.05 0.06 0.03
0.0
4 0.14 0.20

2002 0.51 0.60 0.25 0.28 0.04 0.04 0.03
0.0
6 0.19 0.23

2003 0.69 0.79 0.32 0.31 0.07 0.08 0.05
0.1
0 0.25 0.29

2004 0.44 0.50 0.19 0.20 0.05 0.05 0.02
0.0
3 0.18 0.23

2005 0.54 0.66 0.27 0.26 0.03 0.03 0.04
0.0
8 0.20 0.27
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2006 0.46 0.56 0.25 0.27 0.05 0.06 0.05
0.1
0 0.13 0.18

2007 0.68 0.85 0.33 0.42 0.10 0.10 0.03
0.0
6 0.21 0.25

2008 0.66 0.84 0.28 0.34 0.07 0.07 0.04
0.0
8 0.25 0.33

2009 0.91 1.24 0.33 0.50 0.11 0.11 0.05
0.1
1 0.41 0.51

2010 0.90 1.16 0.40 0.48 0.13 0.14 0.08
0.1
4 0.30 0.40

2011 0.88 1.16 0.28 0.40 0.10 0.11 0.06
0.1
2 0.22 0.32

2012 1.15 1.46 0.45 0.55 0.11 0.12 0.11
0.2
1 0.48 0.58

2013 1.03 1.34 0.39 0.51 0.10 0.09 0.09
0.1
7 0.46 0.56

Overall 9.70 12.20 0.31 4.99 0.07 1.11 0.05
1.3
4 0.26 4.55

APC (%) 9.78 8.93 14.59 24.99 11.81
Crude rate= per 100,000 population

ASR (W)= World age-standardized rate per 100,000
APC= Average annual percentage change

%= Percentage

3.4 Trends in Age-Standardized Rates

Table 5 highlights the trends in age standardised rates of the HMs. All HMs in Kenya

recorded a 9.8% annual increase in trend over the study period of 2000-2013. The myeloma

group had the highest increase followed by HL, leukaemia then NHL (APC= 25.0%, 14.6%,

11.8% and 8.9% respectively).

Stratification by sex indicated a large difference in the change in trend of HMs. Despite

higher ASR for HL in females, the APC increase for HL in males was 12 times higher than in

females. In myeloma, females had a 2.5 times higher annual percentage increase than males

(44.5% vs. 17.6% respectively). The NHL where males had a higher ASR than females, a

slightly higher increase in NHL in females (APC=11.4%) than males (APC= 10.0%) was

observed (Table 6). Unlike NHL and myeloma, a higher increase in incidence of leukaemia

was observed amongst males than females (APC= 13.6% and 11.6% respectively).
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Figure 8. Trend in incidence of haematological malignancies in Kenya: 2000-2013

Table 6. Age-standardized incidence rates (ASR) and annual percentage change (APC) in incidence
of HMs by sex in Kenya 2000-2013

Year NHL HL Myeloma Leukaemia
Male Female Male Female Male Female Male Female

2000 0.29 0.16 0.06 0.20 0.09 0.01 0.23 0.20
2001 0.29 0.20 0.11 0.18 0.13 0.01 0.22 0.17
2002 0.30 0.26 0.07 0.19 0.08 0.07 0.31 0.16
2003 0.42 0.20 0.09 0.23 0.17 0.09 0.35 0.25
2004 0.23 0.17 0.05 0.22 0.10 0.04 0.27 0.18
2005 0.32 0.27 0.02 0.20 0.11 0.07 0.32 0.22
2006 0.33 0.17 0.04 0.20 0.20 0.06 0.20 0.16
2007 0.50 0.34 0.16 0.25 0.19 0.03 0.34 0.17
2008 0.43 0.26 0.13 0.23 0.15 0.06 0.31 0.34
2009 0.69 0.33 0.13 0.26 0.21 0.10 0.63 0.41
2010 0.63 0.42 0.19 0.25 0.15 0.15 0.45 0.36
2011 0.55 0.41 0.15 0.29 0.20 0.15 0.39 0.37
2012 0.72 0.37 0.10 0.29 0.30 0.13 0.59 0.57
2013 0.65 0.36 0.11 0.25 0.33 0.11 0.64 0.49
ASR 6.36 3.91 1.40 3.26 2.41 1.08 5.25 4.05
APC
(%)

9.95 11.36 28.08 2.32 17.59 44.50 13.58 11.53

SRR 1.63 2.33* 2.23 1.30
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SRR= sex rate ratio= ASR in males/ASR in females
*= cases where females had a higher ASR than males

3.5 County Age-standardized Incidence Rates

In table 7, Uasin Gishu County had a higher ASR of 97.6 per 100,000 population per year for

all HMs than Nairobi County of 69.9 per 100,000 population per year making the risk of

HMs 1.4 times higher in Uasin Gishu than Nairobi. Overall, Uasin Gishu had a higher ASR

for HMs in all age groups except in the ages 55-64 where Nairobi reported the highest ASR of

25.0 compared to 20.0 of Uasin Gishu County – Figure 8 below. By observation, incidence of

HMs in both counties appeared to increase with age from ages 15 years and above with a

slight decline of 0.1 and 0.4 per 100000 population per year in ages 65+for Uasin Gishu and

Nairobi county respectively.

By age group and sex, in Uasin Gishu, highest incidence of NHL, HL, myeloma and

leukaemia in males were recorded in age group 0-14, 0-14, 55-64 and 55-64 respectively. In

female’s age groups 35-44, 45-54, 55-64 and 65+ had the highest ASR in the order of NHL,

HL, myeloma and leukaemia. In Nairobi, highest ASR in males for NHL, HL and leukaemia

were recorded in age groups 65+,0-14 and 65+ while in females 55-64, 45-54 and 65+

respectively (Figure 9).
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Figure 9. Age-standardized incidence rates of all haematological malignancies in Nairobi and Uasin
Gishu counties: 2007-2013

Figure 10. Age and sex- specific age-standardized incidence rates of broad subtypes of
haematological malignancies in Nairobi county in Kenya: 2007-2013

3.6 County Sex-Specific Age-Standardized Incidence Rates and

Sex Ratios.

In Uasin Gishu, the males recorded the highest ASR in NHL (ASR=48.7 per 100,000) and

leukaemia (ASR=39.8 per 100,000). Females had the highest ASR in the leukaemia group

(ASR=35.9 per 100,000). Males in Nairobi county also recorded the highest ASR in NHL

(ASR=20.3 per 100,000). A high ASR of 13.3 per 100,000 in females was recorded in NHL.

This differed from that of Uasin Gishu where the highest ASR in females was recorded in the

leukaemia group (See table 9 and 10)

In both counties, there was an overall male dominance in all HMs subtypes as indicated by

the calculated male to female sex rate ratios. County specific estimated values on sex rate

ratios of HMs are represented in table 9 and 10.

3.7 County Sex- Specific Trends in Incidence Rates by Broad

Haematological Malignancy Subtypes
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County trends in annual incidence rates differed greatly with Nairobi County having a

104.7% annual increase of all HMs for the period 2007-2013 in comparison to 6.6% annual

increase of Uasin Gishu County over the same period –table 8 below.

Stratification of County trends by sex and broad HM subtypes, revealed the largest increase

in incidence of HMs in males of Uasin Gishu county to be in the myeloma group (APC=

38.9%) while in females was in leukaemia (APC=44.5%). In Nairobi County, the highest

increase in incidence amongst males and females was recorded in the leukaemia group

(Male=18.3% and Female=79.2%). A notable decline in incidence of 7.62% and 1.32% in HL

amongst males in both Uasin Gishu and Nairobi County respectively was observed. Another

difference in trends in both counties was that while incidence of NHL amongst females in

Uasin Gishu increased by 40.2%, in Nairobi County, the NHL incidence amongst females

declined by 15.8% over the period 2007-2013. Comparison on trends in incidence of

myeloma was not carried out as there were no cases of myeloma registered in Nairobi

County.
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Table 7. Age standardized incidence rates and incident rate ratios (IRR) for haematological
malignancies in Uasin Gishu and Nairobi Counties: 2007-2013

Year All HMs NHL HL Myeloma Leukaemia
UG NRB UG NRB UG NRB UG NRB UG NRB

2007 7.81 5.63 3.74 3.73 1.61 0.78 1.82 0.00 2.46 1.12
2008 11.51 3.07 3.76 1.79 1.73 0.64 1.08 0.00 6.58 0.64
2009 17.43 4.78 6.80 3.23 1.29 0.57 1.33 0.00 8.34 0.99
2010 19.71 43.09 8.78 2.47 1.12 0.66 2.66 0.00 7.78 1.45
2011 20.32 3.95 9.65 1.82 1.55 1.02 2.41 0.00 8.23 1.10
2012 12.18 5.19 5.32 2.23 0.79 1.04 0.83 0.00 4.67 1.92
2013 8.64 4.20 3.63 1.71 0.34 0.64 0.96 0.00 3.07 2.36
OASR 97.60 69.91 41.68 16.98 8.43 5.36 11.10 0.00 41.14 9.57
IRR 1.40 2.45 1.57  - 4.30

Table 8. Annual percentage change (APC %) in age-standardized incidence rates for haematological
malignancies in Uasin Gishu and Nairobi counties in Kenya

Year All HMs NHL HL Myeloma Leukaemia
UG NRB UG NRB UG NRB UG NRB UG NRB

2007-0
8

47.4 -45.5 0.5 -52.0 7.3 -18.0 -40.6 0.0 167.5 -43.0

2008-0
9

51.4 55.7 80.7 80.1 -25.
4

-11.5 23.1 0.0 26.7 55.0

2009-1
0

13.1 801.5 29.2 -23.7 -12.
7

16.5 99.8 0.0 -6.8 46.7

2010-1
1

3.1 -90.8 9.9 -26.1 38.4 54.2 -9.6 0.0 5.9 -23.9

2011-1
2

-40.1 31.4 -44.
9

22.6 -49.
4

1.5 -65.7 0.0 -43.3 74.2

2012-1
3

-29.1 -19.1 -31.
8

-23.4 -56.
2

-38.8 16.1 0.0 -34.2 22.9

Overall 6.6 104.7 6.2 -3.2 -14.
0

0.6 3.3 0.0 16.6 18.9

All values of APC are presented as percentages.

Table 9. Annual crude rates, age-standardized rates, annual percentage change (APC) and overall
sex rate ratios (SRR) for each haematological malignancy subtype for Uasin Gishu County

Year NHL HL Myeloma Leukaemia
 Male Female Male Female Male Female Male Female
2007 4.87 1.88 1.22 1.29 2.89 0.57 1.49 1.27
2008 5.75 1.75 2.14 0.58 0.62 1.61 4.87 5.50
2009 7.69 7.26 1.10 0.81 2.62 1.39 9.12 4.76
2010 10.3

0
5.30 1.43 0.85 2.14 3.33 8.63 7.66

2011 9.77 6.26 1.27 2.50 3.14 2.32 6.72 8.51
2012 7.07 2.91 0.81 0.15 1.13 1.66 5.17 5.31
2013 3.30 3.94 0.30 0.41 1.85 1.16 3.77 2.95
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Overall CR 38.3
1

22.46 9.65 5.07 6.03 5.15 30.67 25.01

Overall ASR 48.7
4

29.29 8.28 6.59 14.39 12.03 39.78 35.96

APC (%) -0.07 40.20 -7.62 38.47 38.85 31.07 33.73 44.45
SRR 1.66 1.26 1.20 1.11

Table 10. Annual crude rates (CR), age-standardized rates (ASR), annual percentage change (APC)
and overall sex rate ratios (SRR) for each haematological malignancy subtype for Nairobi County

Year NHL HL Myeloma Leukaemia
 Male Female Male Female Male Female Male Female
2007 3.50 4.07 1.15 0.40 0.00 0.00 1.74 0.35
2008 1.92 1.64 0.84 0.52 0.00 0.00 0.98 0.20
2009 4.94 1.36 0.54 0.64 0.00 0.00 0.73 1.27
2010 3.09 1.77 0.69 0.62 0.00 0.00 1.36 1.60
2011 1.81 2.05 1.03 1.01 0.00 0.00 0.91 1.34
2012 2.39 1.87 1.17 0.91 0.00 0.00 1.89 2.05
2013 2.68 0.55 0.73 0.52 0.00 0.00 2.59 2.13
Overall CR 9.72 6.19 4.57 4.06 0.00 0.00 5.40 4.10
Overall ASR 20.33 13.31 6.14 4.62 0.00 0.00 10.20 8.94
APC (%) 11.11 -15.75 -1.37 8.55 0.00 0.00 18.33 79.21
SRR 1.53 1.33 0.00 1.14
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(a)

(b)

(c)

(d)

Figure 11. Trends in incidence of (a) Non-Hodgkin’s lymphoma, (b) Hodgkin’s lymphoma (c)
Myeloma and (d) Leukaemia in Kenya: 2000-2013 by sex
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(a)

(b)

(c)

(d)

Figure 12. Age-standardised incidence rates of (a) Non-Hodgkin’s lymphoma (b) Hodgkin’s
lymphoma (c) Myeloma and (d) Leukaemia by sex and age-group
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DISCUSSION

4.1 Main Findings

To the best of our knowledge, this is the first study on the burden of haematological

malignancies by broad subtypes in Kenya. The study evaluated the incidence and trends of

HMs in Kenya using HMs data from two population based cancer registries in Kenya and

showed their differences in incident rates and trends between two counties, Nairobi and

Uasin Gishu Counties. The incidence rate of haematological malignancies in this study were

found to be similar to GLOBOCAN 2012 estimates except the incidence rate of leukaemia.

Table 11. Age-standardized incidence rates of haematological malignancies in Kenya as compared
to GOLOCAN 2012 country estimates

ASR (w) per 100000

HM Kenya(study) Kenya(GLOBOCAN)

NHL 5.0 4.8

HL 1.1 1.1

Myeloma 1.3 1.8

Leukaemia 4.6 3.9

Unlike the high income countries, incidence of HMs in Kenya seems to be higher in the

younger population as indicated by a lower mean age at diagnosis in NHL (28 years), HL (26

years) and leukaemia (32 years). However, the mean age is still lower compared to studies in

similar settings such as Ilorin, Nigeria, where NHL and HL mean age at diagnosis were 43.8

and 33.3 years (Babatunde et al. 2008). In another study by Hossain (2014) in Bangladesh,

HMs were also found to affect the younger population indicated by an overall median age at

diagnosis of 42 years, this was higher in comparison with the median age of 28 years in

Kenya. This can be contributed by the fact that the age-structure of Kenya is that of a young

population of which 0-14 years consist of 43% of the entire population. This could lead to a

probable predisposition of risk factors associated with HMs at an earlier age.

In both males and females, the highest rate of NHL was recorded in age group 0-14 with a

second peak in 55-64 years in males and 45-54 years in females. The 0-14 years, formed

33.1% of diagnosed HM cases which was the highest of all age groups, therefore the high

incidence could have been contributed by a high proportion of the Burkitt’s lymphoma

subtype in children (13.6% of NHL cases in the study) which is endemic in equatorial Africa

and amongst the commonly diagnosed NHL in children (Molyneux et al. 2012). In a study by

Naresh (2011) on lymphomas in Sub-Saharan Africa, DLBL, another form of NHL was found
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to be predominant in adults of median age of 50 years. This subtype could have contributed

to the second peak observed in older adults.

Besides age, sex of an individual is known to be a risk factor in the contracting of most HMs.

Most studies on HMs in Europe, United States and Nigeria have indicated a male

predominance which are in agreement with the findings of this study on NHL, myeloma and

leukaemia in Kenya (Cartwright et al. 2002; Geyer & Jacobson 2002; Omoti et al. 2012; Sant

et al. 2010; Rodriguez-Abreu et al. 2007).

In addition, it was also found that the incidence of HMs varied with regions while comparing

Uasin Gishu and Nairobi counties with the lowest rate reported in Nairobi (Table 7). As

regards NHL, HL, myeloma and leukaemia, the highest incidence rates were in Uasin Gishu

county.

By sex, there was a male excess in all HMs in both counties except for the unreported

myeloma cases in Nairobi where data was not recorded. The male predominance has been

associated with predisposition of occupational carcinogenic agents such as benzene and I, 3

Butadiene used in solvent, fuel, plastic and rubber companies. These occupations are known

to be male dominated (IARC 2008). Other factors such as hormonal and genetic differences

in men and women have been suggested to contribute to sex differences in HMs (Omoti et al.

2012; Park et al. 2012; Sant et al. 2010). The female excess noted in HL group in Kenya is in

contrast with the stated studies although in a study in the Nile delta of Egypt, HL in age

group 65-74 and leukaemia in 50-64 was found to have a higher incidence in females than

males (Herzog et al. 2012).

Rising incidence over time and geographical differences in the incidence and mortality of

HMs globally has been attributed to increasing population growth and age, better diagnostic

instruments, the AIDS epidemic, distribution of major risk factors, adoption of

cancer-associated behaviours such as smoking and alcohol drinking and a change in the

classification systems of HMs. Socio-economic factors including poor access to health

facilities, poverty and occupation have also been associated with the marked disparity in the

incidences and mortality due to HMs. Additional factors such as increased age of

childbearing in women and low parity have also been associated with increasing incidence of

HL in women in developing countries (Huh, 2012; Torre et al., 2015).

In Kenya, an overall increase in change of incident rates of HMs was noted with the males

being responsible for the overall increase in HL while females contributed greatly to the

overall increase in incidence of myelomas – Figure 10, table 5 and 6. Such increase can be
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attributed to improved awareness on cancer, improvement in diagnostic techniques and

changes in the classification of haematological malignancies (Chihara et al. 2014). County

comparisons indicated that NHL incidence in Nairobi has been decreasing by 3.3% while in

Uasin Gishu a rise of 6.2% was noted. HL trends have otherwise remained relatively stable in

Nairobi while a large decline of 14% was estimated in Uasin Gishu county. For the leukaemia

group, an increasing trend in incidence was observed in both counties with a slightly higher

increase in Nairobi. These observed differences in trends in counties of Nairobi and Uasin

Gishu are a clear indication that differences in geographical factors result in the differences

in patterns of HMs incidence. Variation in the population structure -Figure 3 and 5- where

Uasin Gishu has a higher child population compared to Nairobi could explain the high

incidence of NHL in the 0-14 year age group observed in Uasin Gishu. More so, variation in

ethnic distribution, diagnostic techniques and environmental factors could have also

contributed to the observed difference in ASRs and trends in regions.

In a study by De Martel et al. ( 2012) on the global burden of cancers attributable to

infections, 32.7% of cancer cases in Sub-Saharan Africa are attributable to infections. EBV

has been associated with the majority of cases of Burkitts’s lymphoma – a subtype of NHL.

Naresh et al. ( 2011) in a case study on lymphomas in Sub-Saharan Africa found that 78% of

BL and 14% of DLBL cases were diagnosed with an EBV association. Malaria, caused by the

parasite Plasmodium falciparum is known to increase the risk of endemic BL. This is further

supported by a study in Tanzania where a low incidence of BL in Mwanza was attributed to

the region having a lower prevalence of malaria (Aka et al. 2012). In a demographic survey

on indicators of malaria in Kenya, a notable decline of malaria prevalence was concluded

although in endemic regions around Lake Victoria and Western Kenya, the prevalence of P.

falciparum still remains as high as 27-40%. Uasin Gishu is located in the highlands of Kenya

where seasonal malaria prevalence can be as high as 10-20% as indicated in Kenya’s malaria

operational plan 2014. The seasonal high prevalence of malaria in Uasin Gishu could be the

probable contributor to the increase in trends of NHL in the county contrary to Nairobi

which is located in the low endemic regions.

HIV, through immunosuppression, is strongly associated with an increased risk of NHL – an

AIDS-defining cancer and HL – a non-AIDS defining cancer (Chihara et al. 2014; Sasco et al.

2010). In a strength of evidence study in Kenya, 69.0% of cancer cases amongst which were

NHL and HL were found to be associated with HIV (Korir et al. 2014). In the high income

countries, decline in NHL incidence has been linked to increased coverage of Antiretroviral

therapy (ART)(Sasco et al. 2010), a factor that could be explanatory to the observed declining
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NHL incidence in Nairobi where ART coverage in adults is 92%. On the other hand, increase

in trends in incidence of NHL nationally and in Uasin Gishu county could also partly be

explained by increase in the survival rates of HIV infected persons due to accessibility to

ARTs, thus lengthening the duration of immunosuppression and the advancement of

clinically evident NHL and HL (Wabinga et al. 2014).

Suggested association between increase in trends of malignant lymphomas with lifestyle and

dietary changes (Chihara et al. 2014) could be an area to research on in Kenya since,

according to a recent survey report on risk factors to NCDs in Kenya, it was found that 94%

of the country’s population consume less than five servings of fruits per day (MOH 2015).

4.2 Strengths and Limitations

The strengths of these studies are that it is the first of its kind in Kenya and therefore

highlights the gap in country and county specific data to guide cancer policies and decision

making processes in Kenya.

ECR and NCR are located in the regions that host the two main government referral health

facilities in Kenya. Most of the cases are referred to these facilities and therefore cases

captured by the registries are representative of the Kenyan population. In terms of studying

trends in HMs, ECR data provided a suitable time span of 14 years to observe the patterns in

incidence of HMs. In addition, the fact that the ECR registry does not restrict its cases to

residence of Uasin Gishu only but also captures cases of residents of surrounding counties is

an added advantage in that the cases captured are representative of 40% of the Kenyan

population(Tenge et al. 2009) while NCR cases are representative of approximately 10% of

the country’s population.

Despite the strengths of the study, there are a number of limitations to the study. First, there

are a limited number of comparison studies used in this study due to scarce research articles

on the trends in incidence of HMs within the country and in the Sub-Saharan region.

Majority of the studies are from high income nations such as Europe, Korea and the United

States. Second, the lack of a national cancer registry in Kenya resulted in the use of data from

only two regional registries to estimate the national burden of HMs. This might have

underestimated the true burden of haematological malignancies in Kenya. The use of ECR

data fr0m 2000-2013 and that of NCR from 2007-2013 in estimating national incidence of

HMs, could have given an impression of an increase in the number of cases since 2000-2006

data was unavailable for Nairobi. Third, the absence of myeloma cases from Nairobi county

calls for interpretation of the study results with caution as national myeloma cases are
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dependent on cases registered by the ECR which is representative of the western region of

Kenya. Fourth, information on concurrent diseases are useful in identifying possible agents

or diseases that predispose one to certain HMs. This data especially that of HIV was poorly

documented in both ECR and NCR despite HIV incidence being well recorded nationally.

Korir (2014) in a clinical strength of evidence study established that it was possible to

register AIDs information during the process of abstraction of cancer information from

clinical data at no extra cost. Fifth, uncoordinated coding of addresses of districts and ethnic

groups of patients by both registries posed a challenge in the categorization of districts into

counties and tribes into larger ethnic groups. Lastly, information on treatment and

mortalities due to these malignancies could not be provided as ECR does not collect data on

these variables. NCR on the other hand does not take into account mortality data while

treatment information is poorly documented.

4.3 Policy Implication

The national rise in incidences of HMs draws concern over these under-reported group of

malignancies. The increasing incidence of NHL amidst the declining prevalence in malaria in

children and HIV calls for further research and review on the effect of communicable disease

programmes in cancer prevention.

Myeloma according to the study, is a disease of old age and its large increase in incidence

could be associated with a growing aging population in Kenya. It is therefore paramount that

this group of malignancies are included in the national cancer control plans and their

consideration be given as much effort as other types of cancers.

Marked differences in incidence and trends of HMs in Nairobi and Uasin Gishu county was

identified in the study. Nairobi county reported a lower incidence than Uasin Gishu but a

higher overall increase in trends of these malignancies. These marked differences are an

indication that cancer burden differs amongst regions within the country. Therefore,

implementation of county specific strategies are relevant in the management of these

malignancies as well as other cancers. In addition, establishment of individual county cancer

registries funded by the county governments is necessary in ensuring that the true burden of

these malignancies are established.

Coordination of registries in Kenya on coding of current variables, proper documentation of

concurrent diseases as well as addition of treatment and socioeconomic variables such as

occupation, education and religion will not only improve the quality of data but also enable
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research on association of HMs and socio-economic factors. This to a greater extent will

generate new insight into future trends of these malignancies.

4.4: Future studies

The female predominance in Hodgkin’s lymphoma in Kenya is contrary to the norm of male

predominance in all HMs. Therefore, further studies on prevalence and incidence of HL by

specific subtypes will be relevant in terms of explaining the observed findings.

Due to the diversity of these malignancies, further studies on the distribution of HMs in

Kenya by WHO subtypes taking into account differences in risk factors will be relevant in

understanding the mechanisms of these diseases.

The lack of myeloma cases in Nairobi also warrants further investigations considering that

Nairobi hosts a majority of the cancer diagnostic facilities.
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CONCLUSION

In Kenya, the most commonly diagnosed HM is the non-Hodgkin’s lymphoma and the most

common method of diagnosis is based on cytology. Trends of haematological malignancies

are increasing in Kenya and special attention needs to be given to these under-reported

group of malignancies. The observed differences between Nairobi and Uasin Gishu county

gives a clear picture of variations in cancer burdens within the country. Therefore there is an

inevitable need for evidenced based research to aid in tailoring cancer intervention

programmes based on county specific burdens thus reducing wastage of resources. Finally,

this study does support the dire need for a national cancer registry in the country.
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APPENDIX 1

Table 1: Cases of Haematological Malignancies Recorded in Kenya in the period 2000-2013
Stratified by sex

CIDENCE

01 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total

42 62 39 50 52 72 64 84 101 90 123 108 969
8 12 8 4 7 28 23 25 34 26 21 25 240
2 10 2 6 13 8 9 12 14 19 33 24 161
40 45 36 38 26 46 48 95 70 60 109 109 766
92 129 85 98 98 154 144 216 219 195 286 266 2136

37 40 25 45 32 48 40 45 57 63 68 64 614
4 11 7 6 6 13 9 19 16 26 25 17 166
6 7 3 6 7 3 6 9 17 16 14 14 113
20 34 25 31 19 30 47 64 51 61 92 90 602
67 92 60 88 64 94 102 137 141 166 199 185 1495

6 159 221 145 186 162 248 246 353 360 361 485 451 3631
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Table 2: Cases of haematological malignancies in each age-group recorded in Kenya in the period
2000-2013.

NCIDENCE
ogical
ies in each

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

kin
a

              

24 40 43 65 38 49 53 42 33 30 52 45 60 60
8 9 9 10 7 12 6 10 16 4 15 19 27 17
11 5 5 8 4 10 7 13 9 11 27 15 27 15
10 5 5 5 3 9 3 21 19 23 24 21 28 18
2 4 7 5 5 2 2 11 9 21 18 27 9 26
1 5 5 5 2 6 7 15 8 19 16 9 20 20
5 3 5 4 5 7 6 8 10 21 6 17 20 16
61 71 79 102 64 95 84 120 104 129 158 153 191 172

ymphoma               
3 4 1 8 7 3 5 12 7 18 9 19 11 21
5 3 4 3 3 5 5 9 7 9 16 11 13 9
1 3 3 3 2 1 1 8 6 8 10 4 8 3
1  3 4 0 1 1 6 8 5 8 3 5 4
1 2 0 3 2 0 5 3 0 3 3 6 2 3
0 2 1 0 1 0 0 0 0 1 2 1 4 2
1 0 0 2 0 1 1 0 0 0 2 8 3 0
12 14 12 23 15 11 18 38 28 44 50 52 46 42
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NCIDENCE
ogical
cies in each

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

              
0 2 0 0 0 0 3 0 0 0 1 2 0 0
2 1 0 1 0 0 0 0 0 0 0 0 0 0
0 0 1 1 0 2 1 0 1 0 1 0 0 2
0 0 1 4 0 2 1 0 0 3 4 5 8 2
1 1 1 3 3 2 8 4 7 4 11 14 15 11
0 2 1 4 0 4 5 3 2 10 3 5 8 16
3 2 4 4 2 4 1 3 5 4 11 9 16 7
6 8 8 17 5 14 19 10 15 21 31 35 47 38

a               
7 11 17 20 17 12 7 30 28 50 40 37 77 77
5 7 14 21 11 11 6 13 18 19 13 18 27 24
5 3 8 11 13 15 11 4 6 32 10 12 23 16
3 7 5 4 3 8 5 9 12 10 12 11 7 14
4 4 6 11 5 9 6 8 6 7 17 19 18 25
8 4 2 1 5 7 9 6 8 18 13 11 20 16
7 7 8 11 7 7 1 6 17 23 16 13 29 27
39 43 60 79 61 69 45 76 95 159 121 121 201 199
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Table 3. IARC-IARC Basis of Diagnosis codes

Code Description Criteria
0 Death Certificate Only Information provided is from a death certificate
Non-Microscopic
1 Clinical Diagnosis made before death, but without any of

the following (2-7)
2 Clinical investigation All diagnostic techniques, including x-ray,

endoscopy, imaging, ultrasound, exploratory
surgery, and autopsy, without a tissue diagnosis

4 Specific tumour marker Including biochemical and/or immunological
markers that are specific for a tumour site

Microscopic
5 Cytology Examination of cells from a primary or secondary

site, including fluids aspirated by endoscopy or
needle; also includes the microscopic examination
of peripheral blood and bone marrow aspirates.

6 Histology of a metastasis Histologic examination of tissue from a metastasis,
including autopsy specimens.

7 Histology of a primary
tumour

Histologic examination of tissue from primary
tumor, however obtained, including all cutting
techniques and bone marrow biopsies; also includes
autopsy specimens of primary tumor.

9 Unknown

Source: www.iarc.com.fr
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Table 4: List of haematological cancers and their specific morphological codes as recorded by the
ECR and NCR population-based cancer registries.
Morphological Code Morphology ICD10 CODE
9590 Malignant lymphoma,Nos C859
9591 Malignant lymphoma, non-hodgkin,NOS C859
9596 Composite Hodgkin and non-Hodgkin lymphoma C857
9650 Hodgkin lymphoma,NOS C819
9651 Hodgkin lymphoma, lymphocyte-rich C810
9652 Hodgkin lymphoma, mixed cellularity, NOS C812
9653 Hodgkin lymphoma, lymphocyte depletion,NOS C813
9654 Hodgkin lymphoma, lymphocyte depletion, diffuse fibrosis C813
9659 Hodgkin lymphoma, nodular lymphocyte predominance C810
9661 Hodgkin granuloma C817
9663 Hodgkin lymphoma, nodular sclerosis,NOS C811
9665 Hodgkin lymphoma, nodular sclerosis,grade1 C811
9667 Hodgkin lymphoma, nodular sclerosis,grade2 C811
9670 Malignantlymphoma,smallBlymphocytic,NOS C830
9671 Malignant lymphoma,lymphoplasmacytic C838
9675 Malignant lymphoma, mixed small and large cell, diffuse C838
9680 Malignant lymphoma,largeB-cell,diffuse,NOS C833
9684 Malignant lymphoma,largeB-cell,diffuse,immunoblastic,NOS C834
9687 Burkitt lymphoma,NOS C837
9689 Splenic marginal zone B-cell lymphoma C838
9690 Follicular lymphoma,NOS C829
9695 Follicular lymphoma,grade1 C827,C820
9698 Follicular lymphoma,grade3 C822
9709 CutaneousT-celllymphoma,NOS C845
9714 Anaplastic large cell lymphoma-cell and Null-cell type C845
9727 Precursor-cell lymphoblastic lymphoma,NOS C835
9731 Plasmacytoma,NOS C902
9732 Multiple myeloma C900
9733 Plasma cell leukaemia C901
9734 Plasmacytoma,extramedullary(not-occurring in bone) C902
9800 Leukemia,NOS C959,C951
9801 Acute leukemia,NOS C950
9823 B-cell-chronic lymphocytic-leukaemia/small lymphocytic lymphoma C911
9826 Burkitt cell leukemia C910
9832 Prolymphocytic leukemia,NOS C913
9835 Precursor cell lymphoblastic leukemia,NOS C910
9840 Acutemyeloidleukemia,M6type C920
9860 Myeloid leukemia,NOS C929
9861 Acute myeloid leukemia,NOS C920
9863 Chronic myeloid leukemia,NOS C921
9866 Acute promyelocyticleukemia,t(15;17)(q22;q11-12) C924
9867 Acute myelomonocytic leukaemia C925
9872 Acute myeloid leukaemia, minimal differentiation C920
9874 Acute myeloid leukaemia with maturation C920
9891 Acute monocytic leukaemia C930
9931 Acute panmyelosis with myelofibrosis C945
9945 Chronic myelomonocytic leukemia,NOS C927
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