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ABSTRACT

Background: Noncommunicable diseases (NCDs) like cancer are posing a challenge in the health system especially in low- and middle-
income countries (LMICs). In South Africa, cancer is under-reported due to the lack of a comprehensive cancer surveillance system. The 
limited knowledge on the extent of cancer burden has led to inaccurate allocation of public health resources. The aim of this study was to 
describe cancer incidence and spatial distribution of cancer cases seen at 3 main public oncology facilities in KwaZulu-Natal.

Methods: In this retrospective study, cases of cancer observed from year 2015 to 2017 were extracted from medical records. The crude 
incidence rate was estimated for the total cancer cases and for different type of cancer reported over that period. Age-standardised inci-
dence rates (ASR) per 100 000 was calculated per year using age groups and sex according to the district population data of KwaZulu-
Natal. The comparisons of cancer diagnosed incidences were made between 11 districts using the ASR. Choropleth spatial maps and 
Moran’s Index were used to assess the ASR cancer spatial distribution along with geographical patterns among the districts. One sample 
chi-square test was used to assess the significant increase/decrease over time.

Results: The study lost numerous cases due to incompleteness. A total of 4909 new cases were diagnosed with cancer during 2015 to 
2017, 62% of which were female. Both uMgungundlovu and eThekwini districts had the highest ASR among district municipalities of Kwa-
Zulu-Natal for both male and female (83.6 per 100 000 per men year for men, 158.2 per 100 000 women per year, and 60.1 per 100 000 men 
per year and 96.9 per 100 000 women per year, respectively). Random distribution of reported cancer cases in KwaZulu-Natal was observed 
with a high concentration being in and around 2 metropolitan districts. Spatial variation showed a significant difference from year to year 
between the districts with the random spatial distribution. Overall, there was a significant decline of cancer incidences observed from 2015 
to 2017 (P < .05) in the province.

Conclusion: The overall cancer incidence in the study shows that female cancers (breast and cervical) are still on the rise and still need 
to be given priority as they were most prevalent in KwaZulu-Natal. Spatial analysis (choropleth maps) was used to show a pattern of higher 
concentration of cancer incidence in the north-western parts of the province.
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Background
The International Agency for Research on Cancer (IARC) 
estimated the global burden of cancer at 18.1 million new cases 
and 9.6 million deaths in 2018.1 The report further estimated 
that about 1 049 800 (5.8%) of all the new cancer cases were 
from Africa,1 and this is an increase from 847 000 new cases 
observed in 2012.1,2 Several countries in Africa provide suffi-
cient data to be used to estimate national incidences while 
some such as South Africa, the accuracy of cancer data remains 
a huge challenge, and the reported incidence is not used to esti-
mate the burden of cancer in the country.3

Low- and middle-income countries (LMICs) including 
South Africa are experiencing increased migration to urban 

areas and uptake of western practices4,5 that led to many risk 
factors including changes in lifestyle,6 behavioural factors such 
as unhealthy diets, use of tobacco,7 lack of physical activity,8 
and risky reproductive behaviours.3 In addition, HIV/AIDS 
epidemic and prevalent oncogenic infections have a significant 
contribution to the rise of cancer burden.9

The increasing concern for environmental issues and their 
relation to the health of individuals has sparked an increase in 
the use of spatial epidemiology methods to this relationship.10,11 
The commonly used spatial techniques for health research 
include disease mapping, distance calculations, spatial aggrega-
tion, clustering, spatial smoothing, and spatial regression.12,13 
Measuring the true spatial heterogeneity and quantifying  
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disease burden can be achieved by using disease mapping to 
summarise spatial variation of disease risk.10

The current South African cancer registry is pathology-
based resulting in it having a limitation in providing geograph-
ical cancer estimations for different areas in the country.14 This 
shortcoming has led to the inaccurate allocation of public 
health resources for different populations.15 The aim of the 
study was to determine incidence and spatial distribution of 
cancers over period of 3-years (2015-2017) attended in 3 main 
oncology public hospitals.

Materials and Methods
Study area and design

The study area was the province of KwaZulu-Natal, the second 
most populated province in South Africa, with an estimated pop-
ulation of 11.3 million.16 The province is further divided into 10 
municipality districts and 1 metropolitan as shown in Figure 1.

This retrospective study was a 3-year (2015-2017) medical 
records review observing cancer incidence from 3 public hospi-
tals providing oncological services in KwaZulu-Natal namely 
Addington hospital and Inkosi Albert Luthuli Central hospital 
(IALCH) situated in eThekwini Metropolitan municipality 
and Greys hospital in uMgungundlovu municipality.

Data collection

Medical records of cancer patients who were attended to in the 
oncology clinics of the 3 facilities between January 1, 2015 and 
December 31, 2017, were identified, and relevant information 
was extracted from them using standardised hard copy form/
tool. The data extracted were classified into different sections 
namely (1) demographics, (2) clinical symptoms presented by 
the patient, (3) diagnosis as per laboratory report, and (4) risk 
factors that are reported by the patient. The information col-
lected were the hospital details (hospital identifier, name of 

Figure 1.  The map of KwaZulu-Natal with subdivisions of municipalities.17
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referring hospital, name of receiving hospital, date of initial 
encounter at the oncology department), demographics of the 
patient (sex, date of birth, age at diagnosis if documented, race, 
area of residence at a district/magisterial level), self-reported 
risk factors (smoking status and long-term disease); and clini-
cal/laboratory diagnosis details. Cancer confirmation methods 
that included different clinical methods (X-ray and computer-
ised tomography [CT] scan) and laboratory tests (blood tests 
and histopathology/cytology) were also documented.

Data management

Abstracted data were captured onto Redcap database and then 
exported to Microsoft Excel for management. Disease diagno-
sis was coded according to the International Classification of 
Disease (ICD-10), excluding codes from D03 to D48 which 
are diseases not classified as malignant.18 The age was catego-
rised into 5-year age groups except for lower age bands merged 
to 0 to 14 and upper bands of over 80 years fused to one age 
band.

The data set had missing observations on several essential 
variables. Mitigations were taken to avoid extensive data loss by 
introducing imputation measures for sex and age variables. Out 
of the 131 cases which were not sex specified, 48 of the cases 
were assigned sex based on the type of cancer presented pro-
vided that the cancer was unique for the specific sex. The age at 
diagnosis was generated using the date of birth alongside the 
date of diagnosis, and where the date of birth was missing, we 
used age recorded in the medical records. This resulted in the 
imputation of age for 290 cases, and for the rest of the missing 
age observations (n = 69), we used a mean computed from 
existing data. The remainder of the cancer cases with missing 
information on these 2 variables were omitted from the 
database.

One hundred and sixty-three (163) cases were duplicates, 
and 10.6% (n = 811) were diagnosed outside the study’s time 
scope and, therefore, were dropped from the data set. We fur-
ther excluded 1784 cases that had at least one incomplete or 
missing observation in variables of interest, 907 cases had miss-
ing date of diagnosis, 150 cases had incomplete type of diagno-
sis and 306 cases had missing residential information. Finally, 
we excluded 93 cases of nonmelanoma (C43).

Data analysis

After cleaning data on Microsoft Excel, it was exported to 
STATA version 1519 for data analysis. Descriptive statistics 
were used to summarise the data and describe distribution by 
socio-demographic characteristics. We used population statis-
tics requested from the country’s official vital statistics institu-
tion, Statistics South Africa (Stats SA), to calculate incidence 
of cancer in the province over the 3-year period (2015-2017). 
The population at risk was estimated using the census data of 
2015, 2016, and 2017 by sex and 5-year age group (except for 

0- to 14-year and over 80-year bands). To estimate the age-
standardised incidence rate (ASR), the world standard popula-
tion structure was used as reference population, and ASR were 
presented as number of cancer cases per 100 000 persons. After 
computing different ASR for the different age bands of each 
cancer, we summed them to achieve the overall ASR for the 
different districts.

Chi-square test and trends test were used to evaluate the 
statistical significance of the average annual change of cancer 
incidence (P value < .05 was considered significant). Spatial 
and temporal analyses of ASRs across the 11 districts were per-
formed using Arc GIS software package 10.6 (Esri, Redlands, 
CA,USA).20 Thematic mapping was the best suit for the study, 
as the residency information collected was documented at the 
district level. Global Moran’s index (Moran’s I)12,21 was used to 
determine the presence of spatial autocorrelation. Trends of 
cancer incidence between years were tested using time trend 
analysis and a significant change was when P < .05.

Results
Over the 3-year period (2015-2017), 4909 cancer cases were 
diagnosed, treated, and/or managed in the 3 public hospitals 
(IALCH, Addington, and Greys), providing oncology services 
in KwaZulu-Natal were eligible for inclusion in the analysis. 
Of the total number of cancer cases, females were more than 
males (3054 and 1855, respectively). The mean (SD) age of the 
patients at diagnosis was 52.9. Most (44%) cases were between 
the ages of 50 to 69 years old. The mean (SD) age of cases was 
slightly younger in males (52.6 [SD]) than females (53.5 [SD]).

Tables 1 and 2 show the number of cancer cases stratified by 
primary site, age group, and sex, together with the total fre-
quency, crude rates, and ASRs. During 2015 until 2017, 44 
types of cancers were recorded ranging from oral cavity (C00-
C08) to leukaemia (C91-C95) in the 3 health facilities. The 
total crude incidence rate and ASR were calculated accord-
ingly. The crude incidence rate was 11.8; ASR 48.6 per 100 
000 men and 17.8; ASR 83.9 per 100 000 women in the prov-
ince. When trend test was used, there was a significant decline 
in cancer incidences observed in these 3 health institutions 
from 2015 to 2017 (P < .05) [data not shown].

Figure 2 shows a random geographical spread of seen cancer 
incidence in KwaZulu-Natal. Higher spatial concentrations 
were marked in and around eThekwini and uMgungundlovu 
municipalities, where the 3 referral (Addington, IACLH, and 
Greys) hospitals are located. Temporal trends over the 3 years 
show that uMkhanyakude consistently had the lowest inci-
dence rate (2015: 73, 2016: 55, and 2017: 22). For uThungulu 
(rural district situated in the north-eastern region) and Ugu 
(predominantly rural situated in the south coast), a decline was 
noted over the 3 years (from 114 to 36 cancer incidences), 
whereas Amajuba (rural district situated in the north western 
region) and uMzinyathi (urbanised district situated in the 
north-central areas of KZN) had an increase over time. Some 
districts such as iLembe (rural district situated in east coast 
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region) had a low incidence for 2015 to 2016 and increased in 
2017. When tested for randomness with Moran’s Index, a ran-
dom geographical distribution was found for all cancers, and it 
was noticed that the northern districts of the province seem to 
have lower ASR of cancer throughout the 3 years (Figure 2).

Female cancers (cervical and breast) ranked highest in can-
cer incidence in the 3 facilities over the 3-year period (2015-
2017), and most of these cases were in 50- to 54-year age band 
(Table 2). The spatial variation of cervical and breast cancer 
shows urban municipality (uMgungundlovu) to have a high 
ASR of 43.8 per 100 000 and 35.5 per 100 000, respectively. 
However, the lowest rates were observed in rural municipalities 
for cervical cancer were in Zululand; 11.4 per 100 000 and for 
breast cancer in uMkhanyakude; 2.3 per 100 000 (Figures 4 
and 5).

Kaposi sarcoma was more common in males than females 
across the province with the highest incidence rates observed in 

the 35 to 39 age range. Figures 3 and 4 illustrate that the high-
est ASRs of Kaposi sarcoma for both males and females were 
observed in uMkhanyakude (17.5 per 100 000 persons per year 
and 11.9 per 100 000 persons per year) followed by uMgun-
gundlovu (9.3 per 100 000 persons per year and 11.3 per 100 
000 persons per year). The lowest incidence rates were observed 
in uMzinyathi (2.1 per 100 000 males per year and 3.3 per 100 
000 females per year). Figures 5 and 6 provide geographical 
variation and the spread of the top cancers by sex.

The only exclusive male cancer in the top 5 of the cancers 
was prostate cancer, and the highest rate was observed in 
Amajuba district (ASR of 8.6 per 100 000) and lowest in Ugu 
(ASR of 0.1 per 100 000) (Figure 4).

Discussion
Our study established a decrease in the estimated overall ASR 
over the 3-year period both in males and females. Even though 

Figure 2.  Spatial distribution of crude cancer incidence in the province of KwaZulu-Natal expressed as the number of cancer cases per year: (A) 2015, 

(B) 2016, and (C) 2017.
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Figure 3.  Top-5 female cancers by age-standardised incidence rate per 100 000 persons by district, 2015 to 2017.
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Figure 4.  Top-5 male cancers by age-standardised incidence rate per 100 000 persons by district, 2015 to 2017.

a random spatial distribution of cancer among the districts of 
the province was observed, high levels of cancer reported in 
urban districts and low levels of cancer reported in the districts 
that are mainly rural.

The incidence rates of cancer reported in our study are lower 
than the national estimates reported by the South African 
National Cancer Registry (NCR) in 2014 for both males and 
females (131.16 and 137.84 per 100 000, respectively), and this 
could be that the results of this study are an estimation of one 
province over the 3-year study period using data from public 
hospitals only. There may be changes as there are no recent can-
cer estimates in the country, but NCR does not stratify the 

results by province therefore making difficult to compare at the 
provincial level.22 Our findings on standardised incidence rates 
are also lower in comparison to Bray et al1 results showing for 
both males and females in Southern Africa having (230.5 per 
100 000 and 196.1 per 100 000, respectively).

Missing data are problematic especially in epidemiologic 
studies.23 The study lost a sufficient number of data due to 
incomplete or missing observations in variables of interest. 
Imputation merges were taken to minimise further loss of data. 
The results of the study may not show a true reflection of 
malignant cancers which are more aggressive as cancer patients 
may succumb to cancer while in the process of localising the 

Figure 5.  Male top cancers by districts of KwaZulu-Natal: (A) Kaposi sarcoma, (B) lung, (C) colorectal, (D) prostate, and (E) oral cavity cancer.
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disease resulting to incomplete diagnosis. The shortcoming 
demonstrates the cracks in the health system from timely diag-
nostic procedures and treatment as well as complete documen-
tation of all-important information. It was noted in the 
manuscript that the focus was on medical records of cancer 
patients who were seen in the oncology departments of the 3 
facilities. It was realised upon data collection that paediatric 
patients and patients with blood-related cancers were referred 
or seen at special clinics and not all of them were seen at the 
oncology department. These cancers are not well represented 
in the study.

Our findings demonstrate substantial decline of cancer 
cases in the 3 hospitals over time (3-year period). In 2017, the 
provincial Department of Health in KZN initiated another 
cancer treatment site that caters to the management of breast 
and cervical cancer patients in Ngwelezane, the Northern part 
of the province24; therefore likely resulting in low number of 
cases from that area having presenting in the 3 health facilities. 
Preventive campaign strategies such as hepatitis B and human 
papillomavirus virus (HPV) vaccination programmes that are 
part of the Extended Programme of Immunisation and policies 
on breast and cervical cancer that are carried out by the govern-
ment and nonprofitable organisations may have also influenced 
the decline of cancer incidence over time.25-27 Based on this 

study, breast and cervical cancers were leading cancers in 
KwaZulu-Natal, and this trend is similar to the global cancer 
data presented in the Global Cancer Incidence, Mortality, and 
Prevalence (GLOBOCAN) report (2018) that shows Africa 
having these 2 cancers leading in incidence and mortality.1,28

The ASR for both males and females displayed a high 
degree of cancer distribution among magisterial districts of the 
province, with high levels found in mainly urban areas of the 
province. A study conducted in KwaZulu-Natal by Scott et al 
suggested that socio-economic factors could be the reason for 
inconsistency in cancer distribution because of the difference 
in accessibility to cancer care facilities.13,29 Another likely fac-
tor contributing to the high concentration of patients residing 
in districts that are largely urban is that patients from remote 
areas often use an address of a relative or friend that lives 
around the health facilities, therefore, leading to the elevation 
of cancer incidences around the 3 hospitals.13,30 Furthermore, 
the lack of cancer awareness, interventions, and proper surveil-
lance systems in rural settings may affect the trends and distri-
bution of cancer locally and nationally.27,29

Colorectal cancer and Kaposi sarcoma were the most com-
mon cancers for both sexes. Colorectal cancer cuts across as the 
third leading cancer and was more prevalent in urban areas 
(uMgungundlovu and eThekwini); however, in comparison to 

Figure 6.  Female top cancers by district of the KwaZulu-Natal province: (A) cervical, (B) breast, (C) Kaposi sarcoma, (D) colorectall, and (E) female 

genital, other.
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national statistics, it was the fourth leading for men and not in 
the top 10 cancers for females in 2014.28 The province of 
KwaZulu-Natal has a consistent high prevalence of HIV in 
South Africa which could be the reason for the high incidence 
of Kaposi sarcoma.27,31,32 UMkhanyakude, the rural district 
with the highest incidence rate of Kaposi sarcoma, is sur-
rounded by multiple borders with large areas that are socio-
economically deprived; ultimately this becoming one of the 
reasons behind the population being susceptible to HIV/AIDS 
and eventually having high cases of Kaposi sarcoma according 
to the results of the study.33,34

This study provides information on incidence of cancer seen 
3 major public oncology facilities in the province over time and 
their geographical distribution. To avoid major loss of data, we 
managed to incorporate stringent measures such as imputation. 
In most north-west regions of KZN with low population den-
sity, cancer incidence trend was increasing, and it is expected 
that the cancer ASR will rise even more in the future adoption 
of westernisation increasing ageing population. Cancer-
preventive initiatives can be informed by the findings especially 
with the high incidence rate of cervical and breast cancer in the 
province.

A limitation of the study was evident in the underestima-
tion of some cancers (blood cancers) as a result of barriers 
affecting patients accessing health systems. Data collected in 
the study was primarily from oncology departments in public 
hospitals, whereas other facilities or private hospital data were 
not included. Although the goal of the study was to show spa-
tial variation of cancer in the province, it rather provides a 
geography of accessibility of cancer treatment.

Conclusion
The overall cancer incidence in the study shows that female 
cancers still need to be given a priority as they were that most 
prevalent with cervical and breast cancer at the top in the prov-
ince of KZN. Other common cancers such as colorectal and 
oral cavity require further research to better understand and 
inform cancer policies. Health policymakers need to prioritise 
the development and implementation of comprehensive cancer 
control programmes which include population-based cancer 
registries that are vital to providing complete quality data as a 
measure towards producing realistic estimates.
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