BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

y6uAdoo Aq paraalold 1senb Aq 20z ‘0T IUdy uo /wod" g uadolwg//:dny woij papeojumoq "2z0z Yo4elN 9T Uo 22.950-T20z-uadolwag/oeTT 0T s paysignd isuy :uado NG


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Transitions from Infection-Related to Lifestyle-Related
Cancer Burden in Kampala, Uganda: Projection of the Future

Cancer Incidence up to 2030

Journal:

BMJ Open

Manuscript ID

bmjopen-2021-056722

Article Type:

Original research

Date Submitted by the
Author:

24-Aug-2021

Complete List of Authors:

Asasira , Judith ; National Cancer Center, Cancer Control and Population
Health; Uganda Cancer Institute, Directorate of Research and Training
Lee, Sanghee ; National Cancer Center, Cancer Control and Population
Health

Tran , Thi Xuan Mai; National Cancer Center, Cancer Control and
Population Health

Mpamani, Collins; Uganda Cancer Institute, Directorate of Research and
Training

Wabinga, Henry; Makerere University, Department of Pathology,
Kampala Cancer Registry

Jung, So-Youn; National Cancer Center

Chang, Yoon Jung

Park, Yikung; Washington University School of Medicine in Saint Louis,
Division of Public Health Sciences, Department of Surgery

Cho, Hyunsoon; National Cancer Center, Cancer Control and Population
Health

Keywords:

EPIDEMIOLOGY, Health policy < HEALTH SERVICES ADMINISTRATION &
MANAGEMENT, Epidemiology < ONCOLOGY, ONCOLOGY

SCHOLARONE™
Manuscripts

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Aq parosiold 1senb Ag +z0z ‘0T Iudy uo jwoo fwg uadolway/:dny woly pspeojumod "2z0z YaJeN 9T Uo ZZ/950-TZ0z-uadolwag/9eTT 0T S paysignd 1siy :uadO (NG


http://bmjopen.bmj.com/

Page 1 of 23

oNOYTULT D WN =

BMJ Open

BM)

I, the Submitting Author has the right to grant and does grant on behalf of all authors of the Work (as defined
in the below author licence), an exclusive licence and/or a non-exclusive licence for contributions from authors
who are: i) UK Crown employees; ii) where BMJ has agreed a CC-BY licence shall apply, and/or iii) in accordance
with the terms applicable for US Federal Government officers or employees acting as part of their official
duties; on a worldwide, perpetual, irrevocable, royalty-free basis to BMJ Publishing Group Ltd (“BMJ”) its
licensees and where the relevant Journal is co-owned by BMJ to the co-owners of the Journal, to publish the
Work in this journal and any other BMJ products and to exploit all rights, as set out in our licence.

The Submitting Author accepts and understands that any supply made under these terms is made by BMJ to
the Submitting Author unless you are acting as an employee on behalf of your employer or a postgraduate
student of an affiliated institution which is paying any applicable article publishing charge (“APC”) for Open
Access articles. Where the Submitting Author wishes to make the Work available on an Open Access basis (and
intends to pay the relevant APC), the terms of reuse of such Open Access shall be governed by a Creative
Commons licence — details of these licences and which Creative Commons licence will apply to this Work are set
out in our licence referred to above.

Other than as permitted in any relevant BMJ Author’s Self Archiving Policies, | confirm this Work has not been
accepted for publication elsewhere, is not being considered for publication elsewhere and does not duplicate
material already published. | confirm all authors consent to publication of this Work and authorise the granting
of this licence.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


https://authors.bmj.com/wp-content/uploads/2018/11/BMJ_Journals_Combined_Author_Licence_2018.pdf
http://creativecommons.org/
http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Original Research

Transitions from Infection-Related to Lifestyle-Related Cancer Burden in Kampala,

Uganda: Projection of the Future Cancer Incidence up to 2030

Judith Asasira, MPH!2, Sanghee Lee, MPH!, Thi Xuan Mai Tran, PhD!, Collins Mpamani,
MPH?, Henry Wabinga, MD, PhD3, So-Youn Jung, MD, PhD#, Yoonjung Chang, MD PhD!>,
Yikung Park, ScD®, Hyunsoon Cho, PhD!7-*

! Department of Cancer Control and Population Health, Graduate School of Cancer Science and Policy,
National Cancer Centre, Goyang, Republic of Korea

2Uganda Cancer Institute, Kampala, Uganda

3 Kampala Cancer Registry, Department of Pathology, Makerere University, Kampala, Uganda

4 Centre for Breast Cancer, Research Institute and Hospital, National Cancer Centre, Goyang, Republic
of Korea

> National Cancer Survivorship Centre, National Cancer Control Institute, National Cancer Centre,
Goyang, Republic of Korea

¢ Division of Public Health Sciences, Department of Surgery, Washington University School of
Medicine, St. Louis, MO, United States of America

" Division of Cancer Registration and Surveillance, National Cancer Control Institute, National Cancer

Centre, Goyang, Republic of Korea

*Correspondence:

Hyunsoon Cho, PhD

Department of Cancer Control and Population Health

National Cancer Centre Graduate School of Cancer Science and Policy
323, llsan-ro, llsandong-gu, Goyang, 10408 Republic of Korea
E-mail: hscho@ncc.re.kr

Tel.: +82-31-920-2970

ORCID ID: 0000-0002-3261-3114

Keywords: Cancer incidence, Cancer surveillance, Cancer burden, Projections, Kaposi

sarcoma; non-Hodgkin's lymphoma; Cervix; Breast; Prostate

1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 2 of 23


mailto:hscho@ncc.re.kr
http://bmjopen.bmj.com/

Page 3 of 23

oNOYTULT D WN =

BMJ Open

ABSTRACT

Objective. In Uganda, infection-related cancers have made the greatest contribution to the
cancer burden in the past; however, the burden from lifestyle-related cancers has been
increased recently. Using the Kampala Cancer Registry data, we projected the incidence of top
five cancers, namely, Kaposi sarcoma (KS), cervical, breast, and prostate cancer, and non-
Hodgkin's lymphoma (NHL) in Uganda.

Setting. Uganda.

Main outcome measure. Cancer incidence data from 2001-2015 was used and projected to
2030. Population data was obtained from the Uganda Bureau of Statistics. Age-standardised
incidence rates (ASR) 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 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 females. The ASR of prostate cancer was estimated to increase from 41.6 to 60.5
per 100,000 males. 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- and middle-income countries. This change in the
cancer spectrum, from infection-related to lifestyle-related, yields another challenge to cancer
control programs in resource-limited countries. Forthcoming cancer control programs should
include a substantial focus on lifestyle-related cancers, while infectious disease control

programs should be maintained.
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STRENGTHS AND LIMITATIONS OF THIS STUDY

This study used the most recent cancer data available from Kampala Cancer Registry, and
to our knowledge, this is the first study that predicts the future cancer incidence in Uganda.
It was projected that there would be a rapid shift in the profile of common cancers in the
next decade, including a continued decrease in the incidence of KS and NHL, and a
substantial increase in the incidence of breast and prostate cancer.

Change in the cancer spectrum projected from this study yields another challenge to cancer

control programmes in Uganda: cancer control programs should include a substantial focus

on lifestyle-related cancers, while infectious disease control programs should be maintained.

A drawback of our projection is that the projection model did not incorporate changes in
risk factors due to the limited information available in Uganda and other African countries.

Hence, future studies in this regard are warranted.
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INTRODUCTION

Cancer incidence and mortality are increasing worldwide.! 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- and middle-income countries.?> Analysis from recent cancer surveillance data
shows a gradual increase in the overall incidence of cancer in both sexes in Uganda.?

The growing cancer-related burden in low and middle-income countries may be due to
rising obesity rates, increasing sedentary lifestyles, dietary factors, and persistent carcinogenic
infections. These countries share a concurrent burden of infection- and lifestyle-associated
cancers.’ ¢ Infection due to human immunodeficiency virus (HIV) and other viruses are well-
established risk factors for cancer in Sub-Saharan Africa.” In Uganda, infection-related cancers,
including Kaposi sarcoma (KS), cervical cancer, and non-Hodgkin's lymphoma (NHL), have
been the cancers with the highest incidence in the past.® ® However, recent statistics reported
an increase in the incidence of breast and prostate cancers due to changes in lifestyle-related
risk factors.® ° Given the assumption that the transition in cancer-related lifestyle risk factors
will persist, it is crucial to quantify the future cancer burden attributable 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.’” 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.
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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®, published in the
International Agency for Research on Cancer report on Cancer Incidence in Five Continents.!0
Observed and projected population data was obtained from the Uganda Bureau of Statistics.
The World Health Organization standard world population 2000-2025 was used for age-
standardization.
Statistical analysis
First, age-standardized incidence rates (ASR) and trends over the observed period were
estimated.!” 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 leveling
off exponential growth was used to predict the future incidence, as recommended by Moller et
al.'>1% Data were aggregated into three observed 5-year periods (2001-2005, 20062010,
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 categorized the population
into five-year age groups from 0—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 previously!'? 1>, 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.

Additionally, we performed joinpoint regression, using a segmented regression model

in which the regression functions were constrained to be continuous at the joinpoints,'® and
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compared results with the results from the age-period-cohort model. The joinpoint model
incorporated 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.

RESULTS

Kaposi sarcoma and non-Hodgkin's lymphoma

During 2016-2030, the number of new KS cases was projected to decrease by 22.6% (19.9%
in males, 17.6% in females) (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 males aged 35-39
years and females aged 30-34 years (Figure 2). Similarly, the incidence rate of NHL was
expected to decrease 2-fold (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).

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 1,781 by 2030, a 35.3% increase
compared to 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 females aged 55 to 74 years (Figure 2).
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Table 1. Observed and projected number of cancer cases, incidence rate, and percentage change o

he top five cancers in Kampala,

Uganda, 2011-2015 and 20262030 g
o
2011-2015 (Observed) 2026-2030 (Projected) § Percentage changes
Cancer type Sex O\Z:érall Due to Due to
(ICD-10 Code) Cases? Crude® ASRP Cases? Crude’ ASRP (%)c risk population
= change (%)? change (%)¢
KS (C46) Both 1,328 10.8 16.4 1,028 6.6 10.4 2—122.6 —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 7.6 317.6 —45.6 28.0
NHL (C83) Both 392 3.2 54 246 1.6 3.2 %37.3 —64.5 27.2
Male 219 3.8 5.9 144 1.9 3.1 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 1,316 20.2 60.5 1,781 21.4 66.1 %35.3 7.4 28.0
Breast (C50) Female 831 12.8 37.6 1,310 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

Abbreviations: ICD, International Statistical Classification of Diseases; ASR, Age-standardised rate; KS, @posz sarcoma, NHL, Non-Hodgkin

lymphoma
@ Number of cancer cases of the five years

‘0T |ud

b Crude rates and ASRs were expressed as per 100,000 (Standardize population: standard world population g/HO 2000-2025)
¢ Overall percent change in the projected cases of the period 2026—2030 compared to the observed cases of tﬁe period 2011-2015.

4 Percentage change in the projected cases due to changes in the risk of each cancer site
¢ Percentage change in the projected cases due to changes in the size and age structure of the population.
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Breast and prostate cancers

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 substantially to 48.4 per 100,000
females per year by 2030, with an expected 1,310 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
change in the population structure. The incidence rate was predicted to increase in all age
groups older than 40 years (Figure 2).

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 20262030
(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 concentrated in men aged 50+ years (Figure 2).

Sensitivity analysis

Additionally, we performed joinpoint regression, and compared results with the findings from
the age-period-cohort model. We extrapolated the ASRs based on the latest trend from the
joinpoint regression. 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 (Table 2).
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Table 2. The Age Standardized Rates by Nordpred and Joinpoint regression

9T U0 ZZ/950-TZ0Z-uadolwg;

Cancer type Model Observed/Fitted ASRs Projected ASRs
(ICD-10 Code) 2001-2005 2006-2010 2011-2015 201632020 2021-2025 2026-2030
KS (C46), both male and female Nordpred? 29.6 25.1 16.4 1%3 10.6 10.4
Joinpoint? 28.4 29.0 19.9 153 7.6 4.7
KS (C46), male Nordpred? 34.1 32.3 214 1634 14.5 14.5
Joinpoint® 32.1 34.6 26.2 157 9.4 5.6
KS (C46), female Nordpred? 25.8 18.6 11.6 8@ 7.8 7.6
Joinpoint® 24.2 23.6 14.1 8%; 5.1 3.1
NHL (C83), both male and female Nordpred? 7.6 8.2 54 49 34 3.2
Joinpoint® 5.1 8.9 6.3 435 3.2 2.3
NHL (C83), male Nordpred? 9.1 9.5 5.9 4? 33 3.1
Joinpoint 7.8 7.0 6.2 586 5.0 4.4
NHL (C83), female Nordpred? 6.3 6.9 5.1 40 3.8 3.7
Joinpoint® 7.0 9.9 6.9 49) 2.4 1.4
Cervical (C53) Nordpred? 52.6 56.0 60.5 6%7 65.8 66.1
Joinpoint® 51.7 55.1 58.8 63.§7 66.8 71.2
Breast (C50) Nordpred? 33.2 35.2 37.6 4@6 44.1 48.4
Joinpoint® 31.8 343 37.0 39;8 42.9 46.2
Prostate (C61) Nordpred? 41.6 52.2 54.2 5%8 55.5 60.5
Joinpoint® 42.8 475 52.8 587 65.2 725

Abbreviations: ICD, International Statistical Classification of Diseases; ASR, Age-standardized rate; KS, Kgposi sarcoma; NHL, Non-Hodgkin
c

lymphoma

@ Observed ASRs and projected ASRs from Nordpred regression model for each five-year period
b Joinpoint regression model was fitted using annual data from 2001-2015 and projected up to 2030. Only
vear of each period (2001, 20006, 2011, 2016, 2021, 2026) were presented.
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DISCUSSIONS
In this study, we projected incidence of top five cancers in Uganda using the recent data of
Kampala Cancer Registry. The ongoing changes in the population structure, the transitions in
the living environment, and the extent to which the government's efforts to combat cancer will
jointly determine future cancer trends in Uganda. 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: Kaposi sarcoma, non-Hodgkin's lymphoma

The decreasing incidence rate of AIDS-related KS and NHL, particularly a substantial
decrease in the KS incidence rate, provides indirect evidence of the success of national efforts
to control infectious diseases, especially HIV infection.!'® 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 incidence!®-?! and the risk
of KS and NHL.??
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.!” A previous study reported that the average increase in Kampala's cervical cancer
incidence rate was 1.5% over 25 years.* 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

implemented, but screening in Uganda has remained erratic or opportunistic. The uptake of
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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.* 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 prevalence of obesity and physical inactivity in Uganda and other
African countries, are likely to drive significant changes in future cancer statistics.?* 23
Currently, more than 80% of females with breast cancer in Uganda present with advanced
disease, which accounts for the poor prognosis and low survival rate.?® 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.

The incidence of prostate cancer has been the most prevalent cancer type in Ugandan
males since 199627, 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
20262030 (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 males aged 50+ years (Figure 2). A previous study suggested that the
increase in prostate cancer incidence might be attributable to increased awareness, readiness to
perform prostatectomy for urinary symptoms in older males, and histological examination of
operative biopsies.* 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.?®
Limitation

It should be noticed that in our projection, the age-period-cohort model assumes that

past trends will continue in the future, which may not be accurate in some cases. Another
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drawback of our projection is that the projection model did not incorporate 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 factors changes and the impact of cancer prevention efforts would be a valuable
complement to this study.

Directions For Future Cancer Surveillance Towards Cancer Control Program

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 westernized
lifestyle changes. The rising burden of prostate and breast cancer emphasizes the primary
prevention to focus on behaviors, 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 programs and an effective screening program to detect preinvasive cases might be
needed in future cancer surveillance and control program in Uganda.

Secondary prevention on early detection, with focusing on detect early-stage breast
cancer cases, is likewise required. In Uganda, secondary prevention for breast cancer has been
enhanced through increased awareness 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 outreaches so that all people get
a chance of being screened. Screening methods have improved from self-exam to ultrasound
and then mammography. Increase of activism of survivorship where survivors willingly teach
other women and increased funding from various cancer societies and organizations have also

boosted early detection and good outcomes.® Prostate cancer has exhibited increasing trends in
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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 detects cases that
may not otherwise have been seen in one's lifetime.® 2

To reduce the growing burden of cancer the government of Uganda has put in place
some cancer control programs at a national level. One example is establishing a Community
Program, also called the Comprehensive Cancer Program, that takes the lead in primary cancer
prevention and early detection in Uganda. The program aims to reduce cancer risk by
increasing access to cancer prevention services through mass media for cancer awareness,
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
prostate cancer, were also conducted.’? However, there is limited funding for this program, so

some remote and hard-to-reach areas are not outreached.

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
anew trend emerging in low- and 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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Figure legends

Figure 1. Current and future age-standardised rates of the five most common cancers in
Uganda

(A) Observed and predicted trends in the Kaposi sarcoma, non-Hodgkin's lymphoma, and

cervical cancer; (B) Observed and predicted trends in breast and prostate cancer.

Figure 2. Current and future age-specific incidence rates of the five most common cancers

in Uganda
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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 been 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 2001-2015 was used and projected to
2030. Population data was obtained from the Uganda Bureau of Statistics. Age-standardised
incidence rates (ASR) 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 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 females. The ASR of prostate cancer was estimated to increase from 41.6 to 60.5
per 100,000 males. 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- and middle-income countries. This change in cancer
spectrum, from infection-related to lifestyle-related, yields another challenge to cancer control

programs in resource-limited countries. Forthcoming cancer control programs should include

2
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a substantial focus on lifestyle-related cancers, while infectious disease control programs

should be maintained.

Strengths and limitations of this study

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

The prediction was based on long-established cancer registry data in Uganda.

Results were based on the age-period-cohort model, 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 other

cancer sites are needed in future studies.
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INTRODUCTION

Cancer incidence and mortality are increasing worldwide.! 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- and middle-income countries.?> Analysis from recent cancer surveillance data
shows a gradual increase in the overall incidence of cancer in both sexes in Uganda, with an
overall increase in age-adjusted rates of 25% in the period of 2011-2015 compared to the period
of 1991-1995.3 4 Even though the most commonly registered cancer over the 25-years period
was Kaposi sarcoma, these studies further suggested an increase in prostate, breast and cervix
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 and middle-income countries may be due to
rising obesity rates, increasing sedentary lifestyles, dietary factors, and persistent carcinogenic
infections. These countries share a concurrent burden of infection- and lifestyle-associated
cancers.’ ¢ Infection due to human immunodeficiency virus (HIV) and other viruses are well-
established risk factors for cancer in Sub-Saharan Africa.” In Uganda, infection-related cancers,
including Kaposi sarcoma (KS), cervical cancer, and non-Hodgkin's lymphoma (NHL), have
been the cancers with the highest incidence in the past.? ® However, recent statistics reported
an increase in the incidence of breast and prostate cancers due to changes in lifestyle-related
risk factors.? 8 Given the assumption that the transition in cancer-related lifestyle risk factors
will persist, it is crucial to quantify the future cancer burden attributable 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.” 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
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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®, published in the
International Agency for Research on Cancer report on Cancer Incidence in Five Continents °.
Observed and projected population data was obtained from the Uganda Bureau of Statistics
which provided the estimates by gender and 5-year age groups. The population pyramids of
years 2014 and 2030 was described in Supplementary Figure 1. The World Health Organization
standard world population 2000-2025 was used for age-standardization.

Statistical analysis

First, age-standardized incidence rates (ASR) and trends over the observed period were
estimated.!® 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.''"13 Data were aggregated into three observed 5-year periods (2001-2005, 20062010,
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 categorized the population
into five-year age groups from 0—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 previously!'! 4. The percentage changes in the

corresponding two periods were apportioned to the contributions of cancer risk and population
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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 (for example,
increasing elderly population and prostate cancer).!! 14

Additionally, we performed joinpoint regression, using a segmented regression model
in which the regression functions were constrained to be continuous at the joinpoints,'> and
compared results with the results from the age-period-cohort model. The joinpoint model
incorporated 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. There was no patient or public
involvement in this study. All analyses were conducted using the R software version 3.6.1 (R

Foundation for Statistical Computing), with a two-sided type I error and an alpha value of 0.05.

RESULTS

Kaposi sarcoma and non-Hodgkin's lymphoma

During 2016-2030, the number of new KS cases was projected to decrease by 22.6% (19.9%
in males, 17.6% in females) (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 males aged 35—
39 years and females aged 30-34 years (Figure 2). Similarly, the incidence rate of NHL was
expected to decrease 2-fold (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
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showed a decreasing trend in both observed and projected study periods, and the peak age

group was 3-40 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 1,781 by 2030, a 35.3% increase
compared to 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 females aged 55 to 74 years (Figure 2). Cervical cancer
cases are expected to increase across all age groups and there were more cases among women

aged 30 to 54. (Figure 3)

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 substantially to 48.4 per
100,000 females per year by 2030, with an expected 1,310 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
change in the population structure. The incidence rate was predicted to increase in all age
groups older than 40 years (Figure 2). The number of breast cancer cases are expected to
increase across all age groups and more cases are predicted among women aged 30 to 55 years.

(Figure 3)
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2 Table 1. Observed and projected number of cancer cases, incidence rate, and percentage change ofghe top five cancers in Kampala,
5 Uganda, 2011-2015 and 20262030 iy
6 >
; 2011-2015 (Observed) 2026-2030 (Projected) § Percentage changes
9 Cancer type Sex O\Z:érall Due to Due to
:(1) (ICD-10 Code) Cases? Crude® ASRP Cases? Crude’ ASRP (‘NV ) risk population
12 go change (%)? change (%)¢
13 KS (C46) Both 1,328 10.8 16.4 1,028 6.6 10.4 2—122.6 —49.8 27.2
. Male 777 133 214 623 8.4 145 2199 —46.3 26.4
16 Female 551 8.5 11.6 454 5.5 7.6 317.6 —45.6 28.0
" NHL (C83)  Both 392 3.2 5.4 246 1.6 3.2 3373 645 272
19 Male 219 3.8 59 144 1.9 3.1 1%34.4 —60.9 26.4
2 Female 173 2.7 5.1 119 1.4 3.7 2310 —59.0 28.0
22 Cervical (C53) Female 1,316 20.2 60.5 1,781 21.4 66.1 %35.3 7.4 28.0
;i Breast (C50) Female 831 12.8 37.6 1,310 15.7 48.4 %57.7 29.7 28.0
25 Prostate (C61) Male 600 10.3 54.2 800 10.9 60.5 %33.4 7.0 26.4
26 Abbreviations: ICD, International Statistical Classification of Diseases; ASR, Age-standardised rate; KS, @posz sarcoma, NHL, Non-Hodgkin
;; lymphoma E
29 @ Number of cancer cases of the five years 5
30 b Crude rates and ASRs were expressed as per 100,000 (Standardize population: standard world population g/HO 2000-2025)
31 ¢ Overall percent change in the projected cases of the period 2026—2030 compared to the observed cases of tﬁe period 2011-2015.
32 4 Percentage change in the projected cases due to changes in the risk of each cancer site Z
gi ¢ Percentage change in the projected cases due to changes in the size and age structure of the population. §
35 2"
36 &
37 g
38 =
39 §
40 2
41 =
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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 concentrated in men aged 50+ years (Figure 2). More cases were observed among men
aged 60 and above and the number of cases is 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 joinpoints,
representing the year in which the most plausible trend changes occurred in cancer incidence.
We extrapolated the ASRs based on the latest trend from the joinpoint 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).
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2 Table 2. The Age Standardized Rates by Nordpred and Joinpoint regression %
5 2
? Cancer type Model Observed/Fitted ASRs 5 Projected ASRs
8 (ICD-10 Code) 2001-2005 2006-2010 2011-2015 201632020 2021-2025 2026-2030
9 KS (C46), both male and female Nordpred? 29.6 25.1 16.4 1%3 10.6 10.4
10 Joinpoint? 28.4 29.0 19.9 153 7.6 4.7
}; KS (C46), male Nordpred® 34.1 32.3 21.4 164 14.5 14.5
13 Joinpoint® 32.1 34.6 26.2 157 9.4 5.6
14 KS (C46), female Nordpred? 25.8 18.6 11.6 855 7.8 7.6
12 Joinpoint® 24.2 23.6 14.1 855 5.1 3.1
17 NHL (C83), both male and female Nordpred? 7.6 8.2 54 49 34 3.2
18 Joinpoint® 5.1 8.9 6.3 435 3.2 2.3
;g NHL (C83), male Nordpred? 9.1 9.5 5.9 4%3 3.3 3.1
py Joinpoint 7.8 7.0 6.2 586 5.0 4.4
22 NHL (C83), female Nordpred? 6.3 6.9 5.1 40 3.8 3.7
23 Joinpoint® 7.0 9.9 6.9 420 2.4 1.4
;2’ Cervical (C53) Nordpred? 52.6 56.0 60.5 6%17 65.8 66.1
26 Joinpoint® 51.7 55.1 58.8 6x7 66.8 71.2
27 Breast (C50) Nordpred? 33.2 35.2 37.6 4@6 44.1 48.4
2 Joinpoint® 31.8 343 37.0 3¢:8 42.9 46.2
30 Prostate (C61) Nordpred? 41.6 52.2 54.2 528 55.5 60.5
31 Joinpoint® 42.8 47.5 52.8 587 65.2 72.5
gg Abbreviations: ICD, International Statistical Classification of Diseases; ASR, Age-standardized rate; KS, Kiéposi sarcoma, NHL, Non-Hodgkin
32 lymphoma 2
35 @ Observed ASRs and projected ASRs from Nordpred regression model for each five-year period o
36 b Joinpoint regression model was fitted using annual data from 2001-2015 and projected up to 2030. Only j%tted and projected ASRs of the first
37 vear of each period (2001, 20006, 2011, 2016, 2021, 2026) were presented. %
38
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40 2
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DISCUSSION
In this study, we projected incidence of top five cancers in Uganda using the recent data of
Kampala Cancer Registry. The ongoing changes in the population structure, the transitions in
the living environment, and the extent to which the government's efforts to combat cancer will
jointly determine future cancer trends in Uganda. 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: Kaposi sarcoma, non-Hodgkin's lymphoma

The decreasing incidence rate of AIDS-related KS and NHL, particularly a substantial
decrease in the KS incidence rate, provides indirect evidence of the success of national efforts
to control infectious diseases, especially HIV infection.!'® 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 incidence!”!? and the risk
of KS and NHL.?° 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 the 2016.%! 22
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.2®> A previous study reported that the average increase in Kampala's cervical cancer
incidence rate was 1.5% over 25 years.* 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
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implemented, 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.* 24

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 prevalence of obesity and physical inactivity in Uganda and other
African countries, are likely to drive significant changes in future cancer statistics.?> 26
Currently, more than 80% of females with breast cancer in Uganda present with advanced
disease, which accounts for the poor prognosis and low survival rate.?’” 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.

The incidence of prostate cancer has been the most prevalent cancer type in Ugandan
males since 1996428, 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
20262030 (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 males aged 50+ years (Figure 2). A previous study suggested that the
increase in prostate cancer incidence might be attributable to increased awareness, readiness to
perform prostatectomy for urinary symptoms in older males, and histological examination of
operative biopsies.* 2° Thus, the implementation of prostate-specific antigen screening in

Uganda could have also contributed to the increased detection of new cases in recent years.?’
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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 International Agency
for Research on Cancer. Therefore, its data has been published in all Cancer Incidence in Five
Continents recent volumes °. However, it should be noted that despite the increase in the annual
number of cases, data quality indicators, including percentage of morphologically verified and
death certificate only cases, have remained relatively low over time. Despite these drawbacks
in data quality, data from Kampala Cancer Registry still has its 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 join point regression !5, 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 joint point 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 incorporate 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 factors changes
and the impact of cancer prevention efforts would be a valuable complement to this study. In
addition, the most recent cancer statistics of Uganda® indicates that oesophagus and liver
cancers have surpassed Non-Hodgkin lymphoma cancer and were among the most commonly
diagnosed cancers. Thus, trends in these cancer sites are needed in future research to provide a

more comprehensive cancer burden prediction of Uganda.
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Directions For Future Cancer Surveillance Towards Cancer Control Program

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 westernized
lifestyle changes. The rising burden of prostate and breast cancer emphasizes 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 programs and an effective screening program to detect preinvasive cases might be
needed in future cancer surveillance and control program in Uganda.

Secondary prevention on early detection, with focusing on detect early-stage breast
cancer cases, is likewise required. In Uganda, secondary prevention for breast cancer has been
enhanced through increased awareness 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 outreaches so that all people get
a chance of being screened. Screening methods have improved from self-exam to ultrasound
and then mammography. Increase of activism of survivorship where survivors willingly teach
other women and increased funding from various cancer societies and organizations have also
boosted early detection and good outcomes.? 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 detects cases that

may not otherwise have been seen in one's lifetime.> 3!
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To reduce the growing burden of cancer the government of Uganda has put in place
some cancer control programs at a national level. One example is establishing a Community
Program, also called the Comprehensive Cancer Program, that takes the lead in primary cancer
prevention and early detection in Uganda. The program aims to reduce cancer risk by
increasing access to cancer prevention services through mass media for cancer awareness,
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
prostate cancer, were also conducted.’? However, there is limited funding for this program, so
some remote and hard-to-reach areas are not outreached.

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
anew trend emerging in low- and 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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Figure legends

Figure 1. Current and future age-standardised rates of the five most common cancers in
Uganda

(A) Observed and predicted trends in the Kaposi sarcoma, non-Hodgkin's lymphoma, and
cervical cancer; (B) Observed and predicted trends in breast and prostate cancer.

Figure 2. Current and future age-specific incidence rates of the five most common cancers
in Uganda

Figure 3. Current and future age-specific number of cases of the five most common

cancers in Uganda
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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 been 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 2001-2015 was used and projected to
2030. Population data was obtained from the Uganda Bureau of Statistics. Age-standardised
incidence rates (ASR) 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 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 females. The ASR of prostate cancer was estimated to increase from 41.6 to 60.5
per 100,000 males. 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- and middle-income countries. This change in cancer
spectrum, from infection-related to lifestyle-related, yields another challenge to cancer control

programs in resource-limited countries. Forthcoming cancer control programs should include

2
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a substantial focus on lifestyle-related cancers, while infectious disease control programs

should be maintained.

Strengths and limitations of this study

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

The prediction was based on long-established cancer registry data in Uganda.

Results were based on the age-period-cohort model, 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 other

cancer sites are needed in future studies.
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INTRODUCTION

Cancer incidence and mortality are increasing worldwide.! 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- and middle-income countries.?> Analysis from recent cancer surveillance 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 to
the period of 1991-1995.3 Even though the most commonly registered cancer over the 25-years
period was Kaposi sarcoma, these studies further suggested an increase in prostate, breast and
cervix 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 and middle-income countries may be due to
rising obesity rates, increasing sedentary lifestyles, dietary factors, and persistent carcinogenic
infections. These countries share a concurrent burden of infection- and lifestyle-associated
cancers.’ ¢ Infection due to human immunodeficiency virus (HIV) and other viruses are well-
established risk factors for cancer in Sub-Saharan Africa.” In Uganda, infection-related cancers,
including Kaposi sarcoma (KS), cervical cancer, and non-Hodgkin's lymphoma (NHL), have
been the cancers with the highest incidence in the past.* ® However, recent statistics reported
an increase in the incidence of breast and prostate cancers due to changes in lifestyle-related
risk factors.*® Given the assumption that the transition in cancer-related lifestyle risk factors
will persist, it is crucial to quantify the future cancer burden attributable 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.” 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
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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 was obtained from the Uganda Bureau of Statistics which provided the
estimates by gender and 5-year age groups. The population pyramids of years 2014 and 2030
was described in Supplementary Figure 1. The World Health Organization standard world
population 2000-2025 was used for age-standardization.
Statistical analysis
First, age-standardized incidence rates (ASR) and trends over the observed period were
estimated.’ 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.!%-!> 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 categorized the population into five-year age groups from 0—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

previously'? 13, The percentage changes in the corresponding two periods were apportioned to
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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. 1013

Additionally, we performed joinpoint regression, using a segmented regression model
in which the regression functions were constrained to be continuous at the joinpoints,'4 and
compared results with the results from the age-period-cohort model. The joinpoint model
incorporated 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 version 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

Kaposi sarcoma and non-Hodgkin's lymphoma

During 2016-2030, the number of new KS cases was projected to decrease by 22.6% (19.9%
in males, 17.6% in females) (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 males aged 35—

39 years and females aged 30-34 years (Figure 2). Similarly, the incidence rate of NHL was
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expected to decrease 2-fold (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 3-40 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 1,781 by 2030, a 35.3% increase
compared to 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 females aged 55 to 74 years (Figure 2). Cervical cancer
cases are expected to increase across all age groups and there were more cases among women

aged 30 to 54. (Figure 3)

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 substantially to 48.4 per
100,000 females per year by 2030, with an expected 1,310 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 are expected to increase across all age

groups and more cases are predicted among women aged 30 to 55 years. (Figure 3)
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; 2011-2015 (Observed) 2026-2030 (Projected) § Percentage changes
9 Cancer type Sex O\Z:érall Due to Due to
:(1) (ICD-10 Code) Cases? Crude® ASRP Cases? Crude’ ASRP (‘NV ) risk population
12 go change (%)? change (%)¢
13 KS (C46) Both 1,328 10.8 16.4 1,028 6.6 10.4 %22.6 —49.8 27.2
. Male 777 133 214 623 8.4 145 2199 —46.3 26.4
16 Female 551 8.5 11.6 454 5.5 7.6 317.6 —45.6 28.0
" NHL (C83)  Both 392 3.2 5.4 246 1.6 3.2 3373 645 272
19 Male 219 3.8 59 144 1.9 3.1 1';*34.4 —60.9 26.4
2 Female 173 2.7 5.1 119 1.4 3.7 2310 —59.0 28.0
22 Cervical (C53) Female 1,316 20.2 60.5 1,781 21.4 66.1 %35.3 7.4 28.0
;i Breast (C50) Female 831 12.8 37.6 1,310 15.7 48.4 %57.7 29.7 28.0
25 Prostate (C61) Male 600 10.3 54.2 800 10.9 60.5 %33.4 7.0 26.4
26 Abbreviations: ICD, International Statistical Classification of Diseases; ASR, Age-standardised rate; KS, @posz sarcoma, NHL, Non-Hodgkin
;; lymphoma E
29 @ Number of cancer cases of the five years 5
30 b Crude rates and ASRs were expressed as per 100,000 (Standardize population: standard world population g/HO 2000-2025)
31 ¢ Overall percent change in the projected cases of the period 2026—2030 compared to the observed cases of tﬁe period 2011-2015.
32 4 Percentage change in the projected cases due to changes in the risk of each cancer site Z
gi ¢ Percentage change in the projected cases due to the population growth. §
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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 concentrated in men aged 50+ years (Figure 2). More cases were observed among men
aged 60 and above and the number of cases is 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 joinpoints,
representing the year in which the most plausible trend changes occurred in cancer incidence.
We extrapolated the ASRs based on the latest trend from the joinpoint 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).
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5 2
? Cancer type Model Observed/Fitted ASRs 5 Projected ASRs
8 (ICD-10 Code) 2001-2005 2006-2010 2011-2015 201632020 2021-2025 2026-2030
9 KS (C46), both male and female Nordpred? 29.6 25.1 16.4 1%3 10.6 10.4
10 Joinpoint? 28.4 29.0 19.9 153 7.6 4.7
}; KS (C46), male Nordpred® 34.1 32.3 21.4 164 14.5 14.5
13 Joinpoint® 32.1 34.6 26.2 157 9.4 5.6
14 KS (C46), female Nordpred? 25.8 18.6 11.6 855 7.8 7.6
12 Joinpoint® 24.2 23.6 14.1 855 5.1 3.1
17 NHL (C83), both male and female Nordpred? 7.6 8.2 54 49 34 3.2
18 Joinpoint® 5.1 8.9 6.3 435 3.2 2.3
;g NHL (C83), male Nordpred? 9.1 9.5 5.9 4%3 3.3 3.1
py Joinpoint 7.8 7.0 6.2 586 5.0 4.4
22 NHL (C83), female Nordpred? 6.3 6.9 5.1 40 3.8 3.7
23 Joinpoint® 7.0 9.9 6.9 420 2.4 1.4
;2’ Cervical (C53) Nordpred? 52.6 56.0 60.5 6%17 65.8 66.1
26 Joinpoint® 51.7 55.1 58.8 6x7 66.8 71.2
27 Breast (C50) Nordpred? 33.2 35.2 37.6 4@6 44.1 48.4
2 Joinpoint® 31.8 343 37.0 3¢:8 42.9 46.2
30 Prostate (C61) Nordpred? 41.6 52.2 54.2 528 55.5 60.5
31 Joinpoint® 42.8 47.5 52.8 587 65.2 72.5
gg Abbreviations: ICD, International Statistical Classification of Diseases; ASR, Age-standardized rate; KS, Kiéposi sarcoma, NHL, Non-Hodgkin
32 lymphoma 2
35 @ Observed ASRs and projected ASRs from Nordpred regression model for each five-year period o
36 b Joinpoint regression model was fitted using annual data from 2001-2015 and projected up to 2030. Only j%tted and projected ASRs of the first
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DISCUSSION
In this study, we projected incidence of 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 (Supplementary 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: Kaposi sarcoma, non-Hodgkin's lymphoma

The decreasing incidence rate of AIDS-related KS and NHL, particularly a substantial
decrease in the KS incidence rate, provides indirect evidence of the success of national efforts
to control infectious diseases, especially HIV infection.!> 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 incidence!¢-'® and the risk
of KS and NHL.!'? 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 the 2016.202!
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.2> A previous study reported that the average increase in Kampala's cervical cancer
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incidence rate was 1.5% over 25 years.? 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
implemented, 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.? 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 prevalence of obesity and physical inactivity in Uganda and other
African countries, are likely to drive significant changes in future cancer statistics.?* 23
Currently, more than 80% of females with breast cancer in Uganda present with advanced
disease, which accounts for the poor prognosis and low survival rate.?® 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.

The incidence of prostate cancer has been the most prevalent cancer type in Ugandan
males since 19963 %7, 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
20262030 (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 males aged 50+ years (Figure 2). A previous study suggested that the
increase in prostate cancer incidence might be attributable to increased awareness, readiness to

perform prostatectomy for urinary symptoms in older males, and histological examination of
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operative biopsies.> 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.?8

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 International Agency
for Research on Cancer. Therefore, its data has been published in all Cancer Incidence in Five
Continents recent volumes 2°. However, it should be noted that despite the increase in the
annual number of cases, data quality indicators, including percentage of morphologically
verified and death certificate only cases, have remained relatively low over time. Despite these
drawbacks in data quality, data from Kampala Cancer Registry still has its 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 join point regression '4, 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 joint point 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 incorporate 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 factors changes

and the impact of cancer prevention efforts would be a valuable complement to this study. In
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addition, the most recent cancer statistics of Uganda®® indicates that oesophagus and liver
cancers have surpassed Non-Hodgkin lymphoma cancer and were among the most commonly
diagnosed cancers. Thus, trends in these cancer sites are needed in future research to provide a
more comprehensive cancer burden prediction of Uganda.

Directions For Future Cancer Surveillance Towards Cancer Control Program

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 westernized
lifestyle changes. The rising burden of prostate and breast cancer emphasizes 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 programs and an effective screening program to detect preinvasive cases might be
needed in future cancer surveillance and control program in Uganda.

Secondary prevention on early detection, with focusing on detect early-stage breast
cancer cases, is likewise required. In Uganda, secondary prevention for breast cancer has been
enhanced through increased awareness 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 outreaches so that all people get
a chance of being screened. Screening methods have improved from self-exam to ultrasound
and then mammography. Increase of activism of survivorship where survivors willingly teach
other women and increased funding from various cancer societies and organizations have also
boosted early detection and good outcomes.* Prostate cancer has exhibited increasing trends in

incidence in Uganda over the years, and many strategies have been put in place to prevent its
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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 detects cases that
may not otherwise have been seen in one's lifetime.* 3!

To reduce the growing burden of cancer the government of Uganda has put in place
some cancer control programs at a national level. One example is establishing a Community
Program, also called the Comprehensive Cancer Program, that takes the lead in primary cancer
prevention and early detection in Uganda. The program aims to reduce cancer risk by
increasing access to cancer prevention services through mass media for cancer awareness,
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
prostate cancer, were also conducted.’? However, there is limited funding for this program, so
some remote and hard-to-reach areas are not outreached.

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
anew trend emerging in low- and 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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Figure legends

Figure 1. Current and future age-standardised rates of the five most common cancers in
Uganda

(A) Observed and predicted trends in the Kaposi sarcoma, non-Hodgkin's lymphoma, and
cervical cancer; (B) Observed and predicted trends in breast and prostate cancer.

Figure 2. Current and future age-specific incidence rates of the five most common cancers
in Uganda

Figure 3. Current and future age-specific number of cases of the five most common

cancers in Uganda
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