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ABSTRACT
Objectives  In Uganda, infection-related cancers have 
made the greatest contribution to cancer burden in the 
past; however, burden from lifestyle-related cancers has 
increased recently. Using the Kampala Cancer Registry 
data, we projected incidence of top five cancers, namely, 
Kaposi sarcoma (KS), cervical, breast and prostate cancer, 
and non-Hodgkin’s lymphoma (NHL) in Uganda.
Design  Trend analysis of cancer registry data.
Setting  Kampala Cancer Registry, Uganda.
Main outcome measure  Cancer incidence data from 
2001 to 2015 were used and projected to 2030. Population 
data were obtained from the Uganda Bureau of Statistics. 
Age-standardised incidence rates (ASRs) and their trends 
over the observed and projected period were calculated. 
Percentage change in cancer incidence was calculated 
to determine whether cancer incidence changes were 
attributable to cancer risk changes or population changes.
Results  It was projected that the incidence rates of KS 
and NHL continue to decrease by 22.6% and 37.3%, 
respectively. The ASR of KS was expected to decline 
from 29.6 per 100 000 population to 10.4, while ASR 
of NHL was expected to decrease from 7.6 to 3.2. In 
contrast, cervical, breast and prostate cancer incidence 
were projected to increase by 35.3%, 57.7% and 33.4%, 
respectively. The ASRs of cervical and breast were 
projected to increase up to 66.1 and 48.4 per 100 000 
women. The ASR of prostate cancer was estimated to 
increase from 41.6 to 60.5 per 100 000 men. These 
changes were due to changes in risk factors and 
population growth.
Conclusion  Our results suggest a rapid shift in the profile 
of common cancers in Uganda, reflecting a new trend 
emerging in low/middle-income countries. This change in 
cancer spectrum, from infection-related to lifestyle-related, 
yields another challenge to cancer control programmes 
in resource-limited countries. Forthcoming cancer control 
programmes should include a substantial focus on 
lifestyle-related cancers, while infectious disease control 
programmes should be maintained.

INTRODUCTION
Cancer incidence and mortality are 
increasing worldwide.1 The global burden of 

cancer is predicted to rise to nearly 22 million 
cases and 13 million deaths by 2030, with the 
major burden on low/middle-income coun-
tries.2 Analysis from recent cancer surveil-
lance data shows a gradual increase in the 
overall incidence of cancer in both sexes in 
Kampala, Uganda, with an overall increase 
in age-adjusted rates of 25% in the period 
of 2011–2015 compared with the period of 
1991–1995.3 Even though the most commonly 
registered cancer over the 25-year period was 
Kaposi sarcoma (KS), these studies further 
suggested an increase in prostate, breast and 
cervical cancers in Uganda.3 4 Thus, studies 
to predict and quantify the future burden of 
these cancer sites are needed.

The growing cancer-related burden in low/
middle-income countries may be due to rising 
obesity rates, increasing sedentary lifestyles, 
dietary factors and persistent carcinogenic 
infections. These countries share a concur-
rent burden of infection-associated and 
lifestyle-associated cancers.5 6 Infections due 
to HIV and other viruses are well-established 

Strengths and limitations of this study

	► Using the most recent available data of the Kampala 
Cancer Registry, this study projected the future bur-
den of the most common cancers in Uganda.

	► The prediction was based on long-established can-
cer registry data in Uganda.

	► Results were based on the age–period–cohort mod-
el, which is a well-known long-term prediction of 
cancer incidence.

	► Our projection model did not incorporate changes in 
risk factors due to the limited information available 
in Uganda and other African countries.

	► This study only assessed the current top five cancer 
sites in Uganda, and thus assessment of other can-
cer sites will be needed in future studies.
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risk factors for cancer in sub-Saharan Africa.7 In Uganda, 
infection-related cancers, including KS, cervical cancer 
and non-Hodgkin’s lymphoma (NHL), have been the 
cancers with the highest incidence in the past.4 8 However, 
recent statistics reported an increase in the incidence of 
breast and prostate cancers due to changes in lifestyle-
related risk factors.4 8 Given the assumption that the tran-
sition in cancer-related lifestyle risk factors will persist, it 
is crucial to quantify the future cancer burden attribut-
able to this transition.

Prediction of the future cancer burden is an essential 
cancer surveillance effort for planning services, policy, 
research, resource allocation, and to help establish cancer 
surveillance and control programmes.7 Further, it informs 
future primary prevention strategies and research focus. 
However, to the best of our knowledge, the future cancer 
burden in Uganda has not been studied previously. Thus, 
this study was conducted to project the future incidence 
of the top five cancers in Uganda, namely, KS, cervical, 
breast and prostate cancer, and NHL, to provide estimates 
crucial for planning future cancer surveillance systems.

MATERIALS AND METHODS
Data sources and manipulation
We obtained cancer incidence data from the Kampala 
Cancer Registry (2001–2015), a population-based registry 
covering Kampala and Kyadondo county.8 Observed 
and projected population data were obtained from the 
Uganda Bureau of Statistics which provided the estimates 
by gender and 5-year age groups. The population pyra-
mids of years 2014 and 2030 were described in online 
supplemental figure 1. The WHO standard world popula-
tion 2000–2025 was used for age standardisation.

Statistical analysis
First, age-standardised incidence rates (ASRs) and trends 
over the observed period were estimated.9 To estimate 
the projected incident cases and incidence rates, we 
used the Nordpred R-package, an age–period–cohort 
model developed by the cancer registry of Norway. A 
Poisson regression model with a power-link function for 
levelling off exponential growth was used to predict the 
future incidence, as recommended by Moller et al.10–12 
Data were aggregated into three observed 5-year periods 
(2001–2005, 2006–2010, 2011–2015) and three projected 
5-year periods (2016–2020, 2021–2025 and 2026–2030). 
In order to maintain consistency with the population 
census data, we categorised the population into 5-year 
age groups from 0 to 4 years to 70–74 years and 75+ years.

To determine whether cancer incidence changes 
were attributable to cancer risk changes or population 
changes, we calculated the percentage change in cancer 
incidence over the last observed (2011–2015) and last 
projected periods (2026–2030), as described previ-
ously.10 13 The percentage changes in the corresponding 
two periods were apportioned to the contributions of 
cancer risk and population structure change to help 

to determine whether changes in incidence are due to 
changes in cancer risk or due to population change. The 
‘cancer risk change’ indicates changes in cancer profiles 
due to the changes in specific cancer-related risk factors 
(for example, HPV vaccination and cervical cancer). The 
change in cancer burden due to ‘population change’ 
indicates the increase/decrease in cancer cases due to an 
increase/decrease in the population.10 13

Additionally, we performed joinpoint regression, using 
a segmented regression model in which the regression 
functions were constrained to be continuous at the join-
points,14 and compared results with the results from the 
age–period–cohort model. The joinpoint model incorpo-
rated joinpoints, representing the year in which the most 
plausible trend changes occurred in cancer incidence. In 
order to project the future incidence, we extrapolated 
the ASRs based on the latest trend from the joinpoint 
regression.

All analyses were conducted using the R software 
V.3.6.1 (R Foundation for Statistical Computing), with a 
two-sided type I error and an alpha value of 0.05.

Patient and public involvement
There was no patient or public involvement in this study.

RESULTS
KS and NHL
During 2016–2030, the number of new KS cases was 
projected to decrease by 22.6% (19.9% in men, 17.6% 
in women) (table 1). The decrease in new KS cases was 
primarily attributable to changes in risk factors (49.8%). 
Both crude and ASRs were predicted to decrease. The 
ASR of KS was expected to decline from 29.6 per 100 000 
population in 2001–2005 to 10.4 per 100 000 by 2030 
(figure 1). The projected KS incidence rate was highest 
in men aged 35–39 years and women aged 30–34 years 
(figure  2). Similarly, the incidence rate of NHL was 
expected to decrease twofold (from 7.6 to 3.2 per 100 
000), and the number of new cases was projected to 
decrease by 37.3% (figure 1 and table 1). The number 
of KS and NHL cases showed a decreasing trend in both 
observed and projected study periods, and the peak age 
group was 30–40 years in both genders (figure 3).

Cervical cancer
We found that the burden of cervical cancer will remain 
high in the next decade in Uganda. The number of 
new cases was projected to increase to 1781 by 2030, a 
35.3% increase compared with the 2011–2015 period 
(table  1). The ASR of cervical cancer was projected to 
increase from 52.6 to 66.1 per 100 000 population by 2030 
(figure 1). The incidence rate is expected to increase and 
peak among women aged 55–74 years (figure 2). Cervical 
cancer cases are expected to increase across all age 
groups and there were more cases among women aged 
30–54 years (figure 3).
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Breast cancer
The incidence of breast cancer was 37.6 per 100 000, 
with 831 cases in the years 2011–2015. According to our 
projection, its burden is expected to increase substan-
tially to 48.4 per 100 000 women per year by 2030, with 
an expected 1310 new cases between 2026 and 2030 
(table 1). In Uganda, female breast cancer was predicted 
to exceed 48 per 100 000 population per year by 2030 
(figure  1). The incidence was predicted to increase by 
approximately 57.7%, of which 29.7% will be attributable 
to change in risk factors, and 28.0% will be attributable to 
the population growth. The incidence rate was predicted 
to increase in all age groups older than 40 years (figure 2). 

The number of breast cancer cases is expected to increase 
across all age groups and more cases are predicted among 
women aged 30–55 years (figure 3).

Prostate cancer
Likewise, the projection model predicted that prostate 
cancer incidence will increase by 33.4% between 2011–
2015 and 2026–2030. The number of new prostate cancer 
cases was reported as 600 in 2011–2015 and is predicted to 
increase to 800 new cases in 2026–2030 (table 1). The ASR 
was estimated to increase 1.5-fold from 41.6 per 100 000 
per year to 60.5 per 100 000 per year over the study period 
(figure 1). The increased prostate incidence rate will be 

Table 1  Observed and projected number of cancer cases, incidence rate and percentage change of the top five cancers in 
Kampala, Uganda, 2011–2015 and 2026–2030

Cancer type
(ICD-10 code) Sex

2011–2015 (observed) 2026–2030 (projected) Percentage changes

Cases* Crude† ASR† Cases* Crude† ASR†
Overall 
(%)‡

Due to risk 
change (%)§

Due to population 
change (%)¶

KS (C46) Both 1328 10.8 16.4 1028 6.6 10.4 −22.6 −49.8 27.2

Male 777 13.3 21.4 623 8.4 14.5 −19.9 −46.3 26.4

Female 551 8.5 11.6 454 5.5 7.6 −17.6 −45.6 28.0

NHL (C83) Both 392 3.2 5.4 246 1.6 3.2 −37.3 −64.5 27.2

Male 219 3.8 5.9 144 1.9 3.1 −34.4 −60.9 26.4

Female 173 2.7 5.1 119 1.4 3.7 −31.0 −59.0 28.0

Cervical (C53) Female 1316 20.2 60.5 1781 21.4 66.1 35.3 7.4 28.0

Breast (C50) Female 831 12.8 37.6 1310 15.7 48.4 57.7 29.7 28.0

Prostate (C61) Male 600 10.3 54.2 800 10.9 60.5 33.4 7.0 26.4

*Number of cancer cases of the 5 years.
†Crude rates and ASRs were expressed as per 100 000 (standardised population: standard world population WHO 2000–2025).
‡Overall per cent change in the projected cases of the period 2026–2030 compared with the observed cases of the period 2011–2015.
§Percentage change in the projected cases due to changes in the risk of each cancer site.
¶Percentage change in the projected cases due to the population growth.
ASR, age-standardised rate; ICD, International Statistical Classification of Diseases; KS, Kaposi sarcoma; NHL, non-Hodgkin's lymphoma.

Figure 1  Current and future age-standardised rates (ASRs) of the five most common cancers in Uganda. (A) Observed and 
predicted trends in Kaposi sarcoma, non-Hodgkin’s lymphoma and cervical cancer; (B) observed and predicted trends in breast 
and prostate cancer.
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concentrated in men aged 50+ years (figure  2). More 
cases were observed among men aged 60 years and above, 
and the number of cases will be expected to continually 
increase in the future across all age groups (figure 3).

Sensitivity analysis
Additionally, we performed joinpoint regression and 
compared results with the findings from the age–period–
cohort model. The joinpoint model incorporated join-
points, representing the year in which the most plausible 
trend changes occurred in cancer incidence. We extrap-
olated the ASRs based on the latest trend from the join-
point regression. Findings from the main analysis and 
joinpoint regression were consistent with an increase in 
the incidence rate of prostate, breast and cervical cancers, 
and a decreased incidence rate of KS and NHL (table 2).

DISCUSSION
In this study, we projected the incidence of the top five 
cancers in Uganda using the recent data of the Kampala 
Cancer Registry. The ongoing population growth, the 
transitions in the living environment and the extent to 

which the government’s efforts to combat cancer growth 
will jointly determine future cancer trends in Uganda. 
Even though the population distribution in Kampala, 
Uganda is projected to remain constant (online supple-
mental figure 1) in the next decade, the population 
size is expected to increase. This population growth was 
reflected in our projection, and thus, our findings suggest 
that the burden of cancer might be attributable to the 
growing population, particularly in the young age groups. 
To our knowledge, this is the first study that predicts the 
future cancer incidence in Uganda. We predicted that the 
incidence rate of breast, prostate and cervical cancers will 
increase, and KS and NHL incidence rates will decrease. 
Moreover, we found that the major shift in the incidence 
of the top five cancers in Uganda is mainly attributable 
to changes in the incidence rates of cancer-related risk 
factors.

Decreasing burden in infection-related cancers: KS and NHL
The decreasing incidence rate of AIDS-related KS and 
NHL, particularly a substantial decrease in the KS inci-
dence rate, provides indirect evidence of the success of 

Figure 2  Current and future age-specific incidence rates of the five most common cancers in Uganda.
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national efforts to control infectious diseases, especially 
HIV infection.15 In Uganda, many health interventions, 
including the early initiation of antiretroviral therapy, 
have been implemented to lower the risk of infectious 
diseases, leading to a significant decrease in the HIV 
incidence16–18 and the risk of KS and NHL.19 As a result, 
Uganda is one of the countries that has managed to curb 
down the growing burden of HIV infection. There has 
been a drastic decrease in the prevalence rates of HIV 
infections from 30% in the 1990s to 6.5% in 2016.20 21

Remaining burden of cervical cancer due to growing 
population
Cancer of the cervix uteri has been the most common 
cancer in Ugandan women since the 1950s.22 A previous 
study reported that the average increase in Kampala’s 
cervical cancer incidence rate was 1.5% over 25 years.3 We 
found that the burden of cervical cancer will remain high 
in the next decade. The number of new cervical cancer 
cases was predicted to increase due to female population 
growth, indicating that a strategic plan for cervical cancer 
prevention and screening is needed. A cervical cancer 

screening programme has been proposed to be imple-
mented, but screening in Uganda has remained erratic 
or opportunistic. The uptake of cervical screening is low, 
and some screening modalities, such as Pap smears, are 
unavailable in some rural areas due to a lack of financial 
commitment.3 23

Emerging burden of lifestyle-related cancers: breast and 
prostate cancers
Lifestyle changes, such as older age at the first birth, 
reduced parity, alcohol use, smoking, and increased prev-
alence of obesity and physical inactivity in Uganda and 
other African countries, are likely to drive significant 
changes in future cancer statistics.24 25 Currently, more 
than 80% of women with breast cancer in Uganda present 
with advanced disease, which accounts for the poor prog-
nosis and low survival rate.26 Given the substantial burden 
of breast cancer projected and the late presentation, the 
national cancer control plan should focus on prevention 
and early detection of breast cancer, making greater use of 
clinical breast examination and screening programmes.

Figure 3  Current and future age-specific number of cases of the five most common cancers in Uganda.
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The incidence of prostate cancer has been the most 
prevalent cancer type in Ugandan men since 1996,3 27 and 
the study results predict that the burden of this cancer 
will continue to increase. The projection model predicted 
that prostate cancer incidence would increase by 33.4% 
by 2030. The number of new prostate cancer cases was 
expected to increase to 800 in 2026–2030 (table 1). The 
ASR was estimated to increase 1.5-fold from 41.6 per 
100 000 per year to 60.5 per 100 000 over the study period 
(figure 1). The increased prostate incidence rate will be 
concentrated in men aged 50+ years (figure 2). A previous 
study suggested that the increase in prostate cancer inci-
dence might be attributable to increased awareness, read-
iness to perform prostatectomy for urinary symptoms 
in older men and histological examination of operative 
biopsies.3 28 Thus, the implementation of prostate-specific 
antigen screening in Uganda could have also contributed 
to the increased detection of new cases in recent years.28

Strengths and limitations
This study was, to our knowledge, the first study to predict 
the future cancer burden in Uganda. Data quality of the 
Kampala Cancer Registry has been qualified by the Inter-
national Agency for Research on Cancer. Therefore, its 
data have been published in all Cancer Incidence in Five 
Continents recent volumes.29 However, it should be noted 
that despite the increase in the annual number of cases, 

data quality indicators, including percentage of morpho-
logically verified and death certificate-only cases, have 
remained relatively low over time. Despite these draw-
backs in data quality, data from Kampala Cancer Registry 
still have their strong point as the longest standing 
registry in Africa. Thus, projection of cancer burden from 
this cancer registry might help provide evidence on the 
cancer burden of Uganda and other African countries. 
Another strong point of this study is that we performed 
joinpoint regression,14 and compared results with the 
results from the age–period–cohort model as a sensitivity 
analysis. Findings from both approaches were consistent 
with an increase in the incidence rate of prostate, breast 
and cervical cancers, and a decreased incidence rate of 
KS and NHL.

There are several limitations of this study. First, it 
should be noticed that in our projection, both the age–
period–cohort model and joinpoint regression assume 
that past trends will continue in the future, which may 
not be accurate in some cases. Another drawback of our 
projection is that the projection model did not incorpo-
rate changes in risk factors due to the limited information 
available in Uganda and other African countries. Hence, 
future studies in this regard are warranted. A modelling 
approach to explicitly assess cancer risk factor changes 
and the impact of cancer prevention efforts would be 

Table 2  The age standardised rates by (ASRs) Nordpred and joinpoint regression

Cancer type
(ICD-10 code) Model

Observed/fitted ASRs Projected ASRs

2001–2005 2006–2010 2011–2015 2016–2020 2021–2025 2026–2030

KS (C46), both male and female Nordpred* 29.6 25.1 16.4 12.3 10.6 10.4

Joinpoint† 28.4 29.0 19.9 12.3 7.6 4.7

KS (C46), male Nordpred* 34.1 32.3 21.4 16.4 14.5 14.5

Joinpoint† 32.1 34.6 26.2 15.7 9.4 5.6

KS (C46), female Nordpred* 25.8 18.6 11.6 8.8 7.8 7.6

Joinpoint† 24.2 23.6 14.1 8.5 5.1 3.1

NHL (C83), both male and female Nordpred* 7.6 8.2 5.4 4.0 3.4 3.2

Joinpoint† 5.1 8.9 6.3 4.5 3.2 2.3

NHL (C83), male Nordpred* 9.1 9.5 5.9 4.2 3.3 3.1

Joinpoint† 7.8 7.0 6.2 5.6 5.0 4.4

NHL (C83), female Nordpred* 6.3 6.9 5.1 4.0 3.8 3.7

Joinpoint† 7.0 9.9 6.9 4.0 2.4 1.4

Cervical (C53) Nordpred* 52.6 56.0 60.5 63.7 65.8 66.1

Joinpoint† 51.7 55.1 58.8 62.7 66.8 71.2

Breast (C50) Nordpred* 33.2 35.2 37.6 40.6 44.1 48.4

Joinpoint† 31.8 34.3 37.0 39.8 42.9 46.2

Prostate (C61) Nordpred* 41.6 52.2 54.2 52.8 55.5 60.5

Joinpoint† 42.8 47.5 52.8 58.7 65.2 72.5

*Observed ASRs and projected ASRs from Nordpred regression model for each 5-year period.
†Joinpoint regression model was fitted using annual data from 2001 to 2015 and projected up to 2030. Only fitted and projected ASRs of the 
first year of each period (2001, 2006, 2011, 2016, 2021, 2026) were presented.
ICD, International Statistical Classification of Diseases; KS, Kaposi sarcoma; NHL, non-Hodgkin's lymphoma.
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a valuable complement to this study. In addition, the 
most recent cancer statistics of Uganda30 indicate that 
oesophagus and liver cancers have surpassed NHL and 
were among the most commonly diagnosed cancers. 
Thus, trends in these cancer sites will be needed in future 
research to provide a more comprehensive cancer burden 
prediction of Uganda.

Directions for future cancer surveillance towards cancer 
control programme
Our findings might be helpful for cancer surveillance 
and planning the allocation of resources for future 
cancer control. Results from our projection suggest that 
the risk of cancer in Uganda is driven by increases in the 
incidence of cancers associated with westernised life-
style changes. The rising burden of prostate and breast 
cancers emphasises the primary prevention to focus on 
behaviours, health awareness and the importance of 
healthy lifestyle-related modification, such as physical 
activities, diet and reducing adiposity. While infectious-
related cancers, including KS and NHL, have gradually 
decreased, cancer of the cervix is expected to increase 
in both new cases and rates. Thus, prevention of cervical 
cancer through vaccination programmes and an effective 
screening programme to detect pre-invasive cases might 
be needed in future cancer surveillance and control 
programmes in Uganda.

Secondary prevention on early detection, focusing 
on detecting early-stage breast cancer cases, is likewise 
required. In Uganda, secondary prevention for breast 
cancer has been enhanced through increased aware-
ness and increased screening and early detection efforts. 
However, screening is opportunistic, mainly in nature. The 
Uganda cancer institute has put in more effort by sending 
health workers to different regions for outreach so that 
all people get a chance of being screened. Screening 
methods have improved from self-examination to ultra-
sound and then mammography. Increase of activism of 
survivorship where survivors willingly teach other women 
and increased funding from various cancer societies and 
organisations have also boosted early detection and good 
outcomes.4 Prostate cancer has exhibited increasing 
trends in incidence in Uganda over the years, and many 
strategies have been put in place to prevent its rampant 
escalation. There has been an increase in prostate cancer 
awareness and screening. Uganda has adopted the use 
of prostate-specific antigens in screening, which detect 
cases that may not otherwise have been seen in one’s life-
time.4 31

To reduce the growing burden of cancer, the govern-
ment of Uganda has put in place some cancer control 
programmes at a national level. One example is estab-
lishing a Community Program, also called the Compre-
hensive Cancer Program, that takes the lead in primary 
cancer prevention and early detection in Uganda. The 
programme aims to reduce cancer risk by increasing 
access to cancer prevention services through mass 
media for cancer awareness and outreach. In addition, 

hospital-based health education on cancer risk factors, 
prevention, early detection measures, and screening for 
the leading cancers, including cervical, breast, and pros-
tate cancers, were also conducted.32 However, there is 
limited funding for this programme, so some remote and 
hard-to-reach areas are not reached.

CONCLUSION
In summary, the study found that substantial changes 
in the burden of cancers are likely to occur during the 
next decade due to a transition from infection-related to 
lifestyle-related cancers. Our results suggest a rapid shift 
in the profile of common cancers in Uganda, reflecting 
a new trend emerging in low/middle-income countries. 
This change in the cancer spectrum, from infection-
related to lifestyle-related, yields another challenge for 
both cancer surveillance to capture the burden as well as 
cancer control programmes in resource-limited countries.
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