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Cancer Risk Studies and Priority Areas for Cancer Risk
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Alfred Jatho™', Binh Thang Tran®$, Jansen Marcos Cambia’, Miisa Nanyingi* and Noleb
Mugume Mugisha'

Background: Research into aetiologies and prevention of the commonest cancers and implementation of
primary and secondary prevention can reduce cancer risk and improve quality of life. Moreover, monitor-
ing the prevalence of cancer risk factors in a specific population helps guide cancer prevention and early
detection efforts and national cancer control programming.

Objective: This article aims to provide the scope and findings of cancer risk studies conducted in Uganda
to guide researchers, health-care professionals, and policymakers.

Methods: Between November 2019 to January 2020, we searched peer-reviewed published articles in
Pubmed, EMBASE and Cochrane Library (Cochrane central register of controlled trials-CENTRAL). We fol-
lowed the recommendation of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
- the PRISMA. The primary focus was to identify cancer risk and prevention studies conducted in Uganda
and published in peer-reviewed journals from January 2000 and January 2020. We used key Boolean search
terms with their associated database strings.

Results: We identified 416 articles, screened 269 non-duplicate articles and obtained 77 full-text articles
for review. Out of the 77 studies, we identified one (1%) randomized trial, two (2.5%) retrospective
cohort studies and 14 (18%) case-control studies, 46 (60%) cross-sectional studies, five (6.4%) ecological
studies, three panel studies (4%) and six (8%) qualitative studies. Cervical cancer was the most studied
type of cancer in Uganda (23.4%, n = 18 studies), followed by lymphomas — both Hodgkin and Non-
Hodgkin sub-types (20.7%), n = 16 studies) and breast cancer (15.6%, n = 12 studies). In lymphoma
studies, Burkitt lymphoma was the most studied type of lymphoma (76%, n = 13 studies). The studies
concentrated on specific cancer risk awareness, risk perceptions, attitudes, uptake of screening, uptake of
human papillomavirus vaccination, the prevalence of some of the known cancer risk factors and obstacles
to accessing screening services.

Conclusion: The unmet need for comprehensive cancer risk and prevention studies is enormous in Uganda.
Future studies need to comprehensively investigate the known and putative cancer risk factors and
prioritize the application of the higher-hierarchy evidence-generating epidemiological studies to guide
planning of the national cancer control program.

Background

Cancer is the second leading cause of death worldwide,
with over 18 million new cases and 9.6 million cancer
deaths estimated to have occurred in 2018 [1]. By 2030,
it is projected that there will be approximately 26 million
new cancer cases and 17 million cancer deaths per year
[1]. Approximately 50% of all new cancer cases and 70%
of all deaths due to cancer worldwide occur in low- and
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middle-income countries and cancer burden in Africa is
estimated to double by 2030 [2].

In Uganda, 32,000 new cases and 21,000 deaths caused
by cancer occurred in 2018 and 56,238 people were living
with cancer by 2018 [2]. According to the Globocan can-
cer statistics report of 2018 [2], the top seven cancers in
Uganda — cancer of the cervix, KS, breast, prostate, NHL,
liver and esophageal — account for 70% of new cancer
cases. Late presentation that is estimated to stand at 80%
and limited access to diagnosis and treatment services
contribute to the high cancer death rate in Uganda.

The World Health Organization estimates that between
30-50% of all cancers are avoidable by preventing or
reducing exposure to cancer risk factors.

Therefore, based on the current cancer incidence [1], a
majority of the top seven cancers in Uganda, that account
for 70% of new cancer cases, can be prevented by modi-
fying their risk factors. Research into aetiologies of these
most common cancers and implementation of primary
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and secondary prevention can reduce the risk of carcino-
genesis and improve quality of life. Moreover, monitoring
the prevalence of cancer risk factors in a specific popu-
lation helps guide cancer prevention and early detection
efforts and national cancer control programming [3].

Objective
This review aimed to provide the scope of cancer risk
studies conducted in Uganda and their findings to guide
researchers and policymakers on the locally generated
evidence and perspectives on current priority cancer risk
appraisal.

Method

Between November 2019 and January 2020, we searched
peer-reviewed published articles in Pubmed, EMBASE and
Cochrane library (Cochrane central register of controlled
trials-CENTRAL), irrespective of years of publication. We
followed the recommendation of the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses — the
PRISMA. The primary focus was to identify cancer risk and
prevention studies conducted in Uganda and published in
peer-reviewed journals during January 2000 and January
2020.

Study Identification and Selection Procedure

We used the following Boolean search terms with their
associated database strings to identify literatures on can-
cer risk and prevention studies in Uganda: Uganda cancer
risk, cancer risk factors, cancer case control studies, cancer
cohort studies, cancer risk cross-sectional study, cancer
epidemiology, neoplasm risk, tumour risk, tumorigenesis,
carcinogens and carcinogenesis, and cancer prevention.

We further supplemented the search criteria to gener-
ate more published articles by using the ten most com-
mon types of cancer in Uganda and key risk factors in the
search terms: breast cancer, cervical cancer, prostate can-
cer, Kaposi sarcoma, human herpes virus 8, liver cancer,
esophageal cancer, lymphoma, leukaemia, blood cancer,
stomach cancer, gastric cancer, helicobacter pylori, colon
cancer, colorectal cancer, lung cancer, ovarian cancer,
human papilloma virus, HIV cancer, hepatitis B virus, hep-
atitis C virus, Epstein bar virus, tobacco smoking, alcohol
consumption, diet, nutrition and cancer, overweight, obe-
sity and cancer, physical activity, exercise and cancer, and
unhealthy lifestyles in Uganda.

Three cancer experts independently screened 416 titles
and abstracts of the identified articles to evaluate their rel-
evance to the study objective. A total of 269 non-duplicate
articles were assessed for eligibility, of which 77 full-text
articles that met the eligibility criteria were reviewed.

Findings

We identified 416 articles, screened 269 non-duplicate arti-
cles and obtained 77 full-text articles for review (Figure 2).
Out of the 77 articles, 71 were quantitative studies and six
were qualitative studies that used narrative strategies of
focus group discussions (FGDs) and key informant inter-
views (KIIs). The 77 eligible articles were published during
January 2000 through January 2020; a period of 20 years.
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Classification of Studies by Epidemiological Designs
Out of the 77 studies, we identified one (1%) randomised
trial, two (2.5%) retrospective cohort studies and 14(18%)
case-control studies as the highest on the epidemiological
ladder of evidence of original studies. The other studies
were 46 (60%) cross-sectional studies, five (6.4%) ecologi-
cal studies, three (4%) panel studies, and six (8%) qualita-
tive studies.

Scope of Studies by Cancer Sites

Out of the 77 studies on cancer risk and prevention con-
ducted in Uganda, most (61%, n = 47) investigated cervi-
cal, lymphomas, and breast cancers. Cervical cancer was
the most studied type of cancer in Uganda (23.4%, n =
18 studies), followed by lymphomas — both Hodgkin and
non-Hodgkin sub-types (20.7%), n=16 studies) — and
breast cancer (15.6%, n=12 studies). In the lymphoma
studies, Burkitt lymphoma was the most studied type of
lymphoma (76%, n = 13 studies).

The least studied types of cancer were Kaposi sarcoma
(5.1%, n = 4 studies), liver cancer (5.1%, n = 4 studies),
esophageal and gastrointestinal, excluding liver, cancer
(3.8%, n = 3 studies), prostate cancer (2.6%, n = 2 studies),
and conjunctival cancer (2.6%, n = 2 studies). The effect of
HIV on cancer development and progression constituted
7.8% (n = 6 studies) of the studies.

Studies that examined the prevalence of cross-cut-
ting risk factors of non-communicable diseases such as
tobacco smoking, alcohol consumption, and dietary fac-
tors accounted for 6.5% (n = 5 studies). Three studies
(4.0%) examined the trend in cancer incidence, one study
assessed anogenital warts (1.3%, n = 1 study), and one
study (1.3%, n = 1 study) developed breast and cervical
cancer awareness tools. The scope of these studies is sum-
marised in Box 1.

Findings of the Reviewed Studies
Cervical cancer
Regarding cervical health (Table 1), awareness about risk
factors among women is still low in Uganda, ranging from
about 40% to 80% [4-8]. The uptake of cervical cancer
screening is still low ranging from 7% in rural area and
30% in urban centres [9, 10—13]. Moreover, intention to
screen is very high, ranging between 60-90% [4, 9].
Prevalence of HPV among women is 60%, with the
high-risk HPV16 at 8.4%, HPV18 at 5.8%, HPV51 at 8.7%,
and HPV52 at 12.1% [14]. HPV-vaccination uptake in girls
aged 10 years is still low, ranging from 17-23% [15], yet
willingness of parents to vaccinate their daughters is high
(90%) [16] and school-grade approach to HPV vaccination
is more feasible than age eligibility [17]. In a randomised
trial that enrolled 544 women in the intervention group
and 488 women in the control group, the risk of high-risk
HPV was significantly lower in women with circumcised
sexual partners with incidence risk ratio 0f0.77(0.63-0.93)
compared to those with uncircumcised sexual partners
[18]. Financial difficulties and limited screening facilities
are obstacles to cervical cancer screening uptake [5, 19].
Functional health literacy assessment on cervical cancer
among women in Eastern Uganda found that the majority
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Box 1: Scope of the types and aims of cancer risk studies conducted in Uganda from January 2000 to January 2020.

No Type of cancer n (%)

Aims/scope of cancer risk and prevention studies done in Uganda from January 2000 to
January 2020

1 Cervical
18 (23.4%)

2 Lymphomas
16 (20.7%)

3 Breast
12 (15.6%)

4 Kaposi sarcoma
4(5.1%)

5 Esophageal and other
gastrointestinal,
excluding liver

3(3.8%)
6 Liver

4 (5.1%)
7 Prostate

2 (2.6%)

8 Conjunctival
2(2.6%)

9 HIV and cancer
6 (7.8%)

10  NCDs-cancer related risk
5 (6.5%)

11 Trend in cancer inci-
dence
3 (4.0%)

12 Anogenital
1(1.3%)

13 Breast & cervical aware-
ness tool
1(1.3%)

These studies assessed awareness about cervical cancer risk factors, perceptions and attitudes,
uptake of human papillomavirus (HPV) vaccination, sexual behaviour of the HPV-vaccinated and
non-vaccinated young girls, perceived barriers to cervical screening, knowledge and attitudes of
men about HPV, healthcare, patients’ factors and stage at diagnosis, self versus clinic-based col-
lection of HPV specimens for cervical screening.

Functional cervical health literacy, the intention of women to screen for cervical cancer, uptake
and correlates of cervical screening among HIV-infected women, uptake of cervical cancer
screening in rural communities, perceptions of community members on integration of cervical
screening in HIV clinics, and acceptability of cervical screening integration into immunization
clinics were also assessed.

These studies described the epidemiology of Epstein-Barr virus (EBV), prevalence of EBV, human
herpes virus 8 (HHV-8), and human immunodeficiency virus (HIV)-1 in B-cell non-Hodgkin
lymphoma, age-specific patterns of Burkitt lymphoma (BL) cases, malaria, and risk of endemic
Burkitt lymphoma (eBL) and factors associated with time to diagnosis of BL cases.

The next-generation sequencing (NGS) to detect B-cell receptor (BCR) gene rearrangements in
eBL, oral human herpes virus shedding kinetics, EBV viral load, and serology were investigated.

These studies investigated breastfeeding and breast cancer risk, impact of alcohol, effect of
knowledge on prevention, perceived barriers to early detection, role of high serum estradiol, role
of blood folate level, and risk of breast cancer by ER status. Breast self-examination practices, role
of family obligation, and stress on women's participation in preventive breast health services,
efficacy of mass self-breast screening, relationship between benign breast tumour (BBD) and
breast cancer, full-term pregnancy, and breast cancer risk were investigated.

These studies investigated the human herpes virus (HHV-8) DNA in plasma, characterized the
HHV-8 transcriptome, the HHV-8 gene expression in KS tumors for identification of candidate
biomarkers, and risk factors for HHV-8 DNA detection.

These studies determined the prevalence, trend, and distribution of gastrointestinal malignan-
cies and estimated the population attributable fraction of smoking and alcohol to esophageal
squamous cell carcinoma (ESCC) and characterized the burden of esophageal cancer.

These studies focused on the prevalence of hepatitis B virus (HBV) infection, its risk factors and
evaluated the prevention-behavioral intentions in regard to HBV and liver cancer.

These studies assessed the knowledge, attitudes, and practices of men regarding risk, prevention,
and screening for prostate cancer.

Factors associated with conjunctival cancer, determining if conjunctival squamous cell carcinoma
(CSCC) harbors human HPV DNA and if CSCC is associated with activation of epidermal growth
factor receptor (EGFR) signaling pathway were investigated.

These studies evaluated the association between anti-retroviral treatment (ART) and cancer
incidence, how HIV infection influences the presentation and manifestation of cancer, HIV
infection and stage of cancer at presentation for treatment. The role of HIV in cancer survival
and well-being of cancer patients, frequency of genital HSV shedding in HIV-seropositive versus
HIV-seronegative men and women were also evaluated.

These studies described the prevalence of risk factors for non-communicable diseases (NCDS),
including tobacco use and alcohol consumption in Uganda and assessed the willingness of
tobacco farmers to stop growing tobacco.

These studies described the trends of the commonest cancers in Uganda using data from
Kampala and Gulu population-based cancer registries.

This study assessed the risk factors of anogenital warts.

This study developed and validated breast and cervical cancer awareness assessment tool.

(96.8%) of the participants demonstrated limited level of =~ Lymphomas
functional cervical cancer literacy in five different domains  Among the lymphomas (Table 2), EBV viral is higher in
with a mean score of 42% [20]. BL compared to other NHL [21-23] and malaria is an



Jatho et al: Cancer Risk and Prevention Research in Uganda

Art. 78, page4 of 24

(‘pruod)

(L6'1-111) 8¥'L ude ye1dn UoIBUIIBA AJH UO UOIIEINPA JO [9AJ] 19YSIY JO 1994 09¥ [BUOI1293S-5S0I) [c1] 8107 e keSS 7T
%L9LL 93B12A0D 9 uoneudeA AdH jo aeidn 09 [BUOI123S-5S01D) [c1] 810Z ‘[B19 akYESY 1T
[013U02-958)

%09 dd usuIom Suowe AdH Jo DudeAdld /86 JOA0-SS01D) [F1] 8007 e BINURYE (0T

Buruas
1000 8Y'6 MOB 10} 10101pald Se paudaIds Uddq JoAd peY OUM dUOWOS SUIMOUY 006 [BUO11035-5501) [o1] 9107 10 OffOPN 61

Suruas
+00°0 ¥Z'9 Moe 10} 10301paid Se paIajjo aIe SIIAIIS SUIUIAIIS AIIYM SUIMOUY 006 [BUOI1035-5501) [o1] 9107 810 OffOPN 8L
1000 G8'/8 yoe BUIUIAIS 10§ 10101pald Se JIADE S IDIOM UI[BdH 006 [BUOI1293S-5S01) [o1] 9107 e OlGPN  ZL
%¥'06 uorodoid JI9JUED [BIIAIID JSUIESE SI91y3nep 113y} 91eUrddeA 01 Sulf[IM 006 [BUOI123S-5S01D) [¥] L10Z e OllopN 9L
%16 uontodold uone[ndod [e19uagd Ul UIIIS 03 UOIIUAU] 006 [BUOI1D3S-SS01D) [¥] L10Z 119 OllOPN  G1
%G'GT uonuodoid P9199JUI-A]H SUOWE SUIUIIIS J0J W} JO XIBT 861G [BUO11035-5501) [o1] £10T ‘[ 10 9zuakuem 1
%E0E 93B12A0D 9 Pa129uI-A[H Suowe axeidn SUIURIDS 861G [BUOI103S-5501) [o1] £10T [ 10 9zuakuepm €1
(86'7-09°1) 0T Mde DD JOYSU Y31y paAIadlad Y3m asoyl SUOWE UIDIIS 03 UOIIUIU] 914 [euonoas-ssor)  [6] G1OZ '[B 39 lunfnwoump 7|
(6'1-9€1) 91 dde J[nsa1 2A1R1sod Jo preljeun 3soy} SUowWe UaaIds 03 UOIIUAU[ 9§ [euonoas-ssol)  [6] GLOZ '[e 12 lunfnwoump [
(89'1-11'1) ¥'1 Mde “19upted [enXas Ym 9SOyl SUOWE UIDS 0} UONUAU] 9] [euonoas-ssol)  [6] G1OT '[e 12 lunfnwoum] QL
%1 uonodoid J9DUBD [BIIAIDD 10 PUIAIIS-IOAT  91¥ [BUOND3s-ss01)  [6] GLOT [ 12 un(nuwouimy, 6

Aouanuyje oy [opow uonenwiIs

%G/ 93BIA0D WINWIUIN ‘Burdures J1uI sNSI9A ADUAIDIJD UOII[[0I-§[9S AdH  — O[1eD) 9IUON [611] 107 '[e 32 sodwe) 8
(960 -80°0) LZ'0 ¥oe SISOUSeIP-21e] JO YSLI pUe UaIp[IYd [B2130[01q 6—G 61 [BUOI103S-5501) [S] 5107 '1e 10 BYEMI /
(€Lv-65€) 0€L yoe SISOUSEIP 31E] JO YSLI pUE [B1I2JO1 LT 61 [BUOI}D35-5501D) [s]Sloz B EYEMN 9
(¥9°07'85°1) §'S Joe SISOUSEIP 31e] JO YSLI PUe SAN[NOLJIp [EIDUBUL]  6F] [BUOI}I35-5501) []Gloz e eYeMN G
%0¥% uonodoid DD JO 10108 YSLI QU0 SB[ 18 MUY  00E [BUOI1035-5501) [£] 9007 ‘1e 12 eqRAINN ¥
%9/, uonodold DD JO ySU paAdIad 006 [BUOI103S-5501) [¥] 2107 '1e 10 eWIRNN €
%978 uornodold BpPUBS() UIDYLIOU Ul USWOM SUOWE S10308} S D)) JO a3pajmouy 8 [BUOI123S-5S01D) [61 ‘5] 10T '[B 10 BYEMIN 4

epuEs( UI9ISET Ul USWOM
%¥'79 uonJodoid Suoule DD JO aINSeawW dAIUAAId U0 1B 1€ JO A3pI|MOUY 006 [BUO11035-5501) [¥] 2107 "[e 10 eweyny !

(1D %S6) azIs

anjeA-d 9ZIS 134 JInseau 1294 101ey Jduwres sadfy Apmys Jeaf ‘sioyiny  oN

"0z0Z Atenue[ 03 0007 Alenue[ wolj epued( Ul pajonpuod SAIPNIs YSL JadUED [BIIAID JO SSUIpUL dAIIEIIUEND JO AlPwwng 1| J[qeL



Art. 78, pageb of 24

Jatho et al: Cancer Risk and Prevention Research in Uganda

*dno18 jonuo) = H) ‘dnoIS UOIIUIAIIU] = D] ‘[BAISIUI DUIPLUOD = ) TOIUED [EIIAID = D)) ‘Ol1e1 d)E1 DUIPDU] = YY] ‘013el Sppo paisnipe = YOe ‘o1l sppO = YO ‘onrel adusjerdld pajsn(pe = yde .

oo 00 MO BUIUIAIDS [BDIAID JO Ajiqeidande uo juawAojdwa Jo 1997 1£4S [BUO11D35-5501) [1z1] zloz B3R 1T 1€
100°0> oLt MO BUIUAIDS [BIIAIRD JO ANjIqeIdadde uo a8e Jo 1097 14§ [BUOI103S-5501) [t1z1] zloZ B3R IT  OT
‘paswN2INUN 01 patedwod s1auiled [BNXas paspWNIID D) 88
800°0 (£6'0-€90) LL0 Nl UM USWOM UI JOMO] ST UOIIJUI AdH YSH-YSIY JO dUapdU] ‘O] $16 [EL1} pasIwopuey [81]8107 [0 JameM 6T
%9'%C uontodoid o AdH JO pIB3Y 19A3 dABY OUM US| (09 [BUOI1235-5501) [0Z1] 8107 812 SASON 87
(80'8-067) ¥8'% ude ayerdn uoneumndea AdH uo Aljiqe[ieAe SUIDDBA AJH JO 134T 09% [BUOI}O35-SS01D) (1] 8107 e 10 okyesty LT
(z1z-z0°1) L¥'1L dde eidn uoreuIeA AdH UO S9Y2BaIIN0o ANUNWWOD JO 19317 09 [BUO11035-5501) [s1] 8107 e 1@ 9AYESIY 97
(z0'8-0S'1) L¥'E dde aye1dn uoIeUIDIBA AdH UO We3] Y3[eaH 38e[[IA JO 193Jd  09¥ [BUOI1035-5501) [c1] 8107 e 1@ 9AYESIY ST
(L1'Z-SI'1) SS'1 ude ‘9)e1dn UOIIBUIDIBA AdH UO DIAPE S 19XI0M YI[BaY JO 1034  09¥ [BUOI123S-5S01) [c1] 8107 e keSS T
(coL-0L1) 9v'E ude aye1dn uoneudeA AdH uo apninie aanisod Jo 19944 9% [BUOI123S-5S0I) [c1] 8107 ‘[B19 aAYESY €7
(12 %56) azis
anjeAd 9ZIS 13} aInseawl 12914 J010e Jduwres sadfy Apmys Jeaf ‘sioyny  oN



Jatho et al: Cancer Risk and Prevention Research in Uganda

Art. 78, page 6 of 24

(‘pruod)

(09L-10 ‘SIsougerp
d8Uuel) SYoIM 97 ueIpaiy 74 01 193UNOJUD Y3[eay IS| 01 ,Ae[op WISAS Yi[eay,, JO W} UBIPIN 78 [PUOIIDIS-SSOID) [6Z] 10z 1B @ 9pPPNG 0T
(6'6%1-L0 “I9JUNOJUD
Jsuey) YoM €'y uelpaN  Y3[eay 1s| 01 19 jo swordwAs 1s| wolj ,Ae[ap uerpiens, jo awi} UBIPI 78 [BUOIIIIS-SSOID) [6Z] 107 TB1@3pPNg 61
(LsT—€v
¥OI) SYoam 6°Z71L ueIpapy “14 jo sisouderp 01 ,Ae[op [€103, JO W} UBIPIN 78 [BUOIIIIS-SSOID) [6z] €10z 1B OpPNG 81
S[oJ3U0d
$£0°0 puaild puail,X ‘JUBLIBA G L 0Y¥A[D V dnoid 01 AJ1A110eal S3sed 199 06/ ‘S9sed €%€ Jonuod-ase)  [£z] 6107 B YoBIRd  LL
S[013U0D
L00°0 puaid puail X ‘utajold GVYAS eLI[e Jd 01 AYIAIIOBAI SISED g9 0SL ‘s9sed €y [onuod-ase)  [£zZ] 6107 (B YovYRA 91
S[013U0D
€00 (88°0-1%'0) 09°0 Moe ‘(LdIN}d) SUa311Uue paje1dosse BLIB[eW 2J9AS 03 AJIAIIDBI SASED g9 0G/ ‘sased €€ Jonuod-ase)  [£z] 6107 B YoByIdd Sl
$0°0 (0z-01)¥'1 ¥He ‘AIND Y3M S10BIUOD PJIYD JO3UNOA JO UOIIBI0SSY 6% Apnis [aued [zz1] 910z e BUED  P|
€00 (riz-z1)os dHe ‘AIND M BUIPI9JISE1q JO UONRDOSSY 143 Apris [sueq [zz1] 9107 e NUERD €]
100> (zzz—v ) L yHe ‘AT YHM UOIIJUI [-A[H [BUISIEW JO UOIIBIDOSSY 43 Apnis [aued [zzi] 910z TR NUED 71
%0 Al "8-AHH Y3im uoroajut [ejeulsod Jo aduapLUI YIuow-Z1 YL 42 Apnis [aueq [cz1] 9107 e BUEBD ||
'8-AHH 10]
%8 4l %0 pue ‘L-ASH 10} ‘y3m uonoajut [eeussod jJo aouapidUl YIUOW-Z[ YL [43 Apms [oueq [zzi]9loz e nues o1
%Ly Nl ‘Add Ym uordajul [ereuisod Jo aduapul Yuow-z| Ayl 43 Apnis [aued [zzi] 910z B9 BUED 6
%65 Ml ‘AIND UM uoridajul [ereusod Jo aduapnul yuow-z| 3y, 43 Apnis [oued [zzi]l 90z B9 BIUBH 8
%9L dl "49-AHH Y1m uonoajur [ejeusod jo duappul yiuow-g[ 3y 43 Apms [oueg [czi] 910z B9 NURD £
%0 ¥d sinown} sewoydwA[ [[92 g 981e] 3snIp Ul 8-AHH JO dud[eAdld 6L1 [eUOINDIS-SSOID)  [zz] 010Z ‘[BRaumwnl 9
%0 dd sinown} g Ut 8-AHH JO oua[eadld 6L1 [BUOIDAS-SSOID)  [7Z] 0L0Z ‘[BRaumwnl g
%8'1E ud sinown} sewoydwA| [[92 g 981e] 3SNYIp Ul AT JO DUI[BAI] 6L1 [BUOIAS-SSOID)  [ZZ] 0LOZ [B R aumwng 4
%Z6 ud sinownj g ur Agq JO 9dU3[eAdld 6L1 [BUOIPIS-SSOID)  [7Z] 0L0Z [BI@aumwnl €
S[01IUO0D €
1000 (15°0-L0°0) 61°0 MO 79 Uey3 19410 THN JO YSLI pUB SUOIIPU0D A10jeWWEjUl J1U0IYD) ‘sased 96 ]013U0D -35BD) [1Zlvloz e WRIO T
S[O1UOD €
v00 (69°€€-2€1) L99 40 THN Jay10 03 paredwiod g ur peoj [eIA Ag3 POO|G-a]0YM 'sasED 96 [01U0D -asE) (17l Loz e waIo 1
(1D %S6) ainseau
anjea-d 971S 1914 BREN e | dJqeltea/1030e] azis ojdwres sadfy Apmys Ie3) ‘sioyny ON

‘070T Atenue[ 01 000 Alenue[ wolj epues ) Ul pa1anpuod saipnis ysu sewoydwA] uo ssurpuly aanelzuenb jo Alewwing 1z a[qeL



Art. 78, page7 of 24

Jatho et al: Cancer Risk and Prevention Research in Uganda

‘ewoydwA| s,un8poH-uou = THN ‘ewoydwA] 1InpIng drwapua = 199 ‘ewoydwA] Rnjing = 19 ‘uajold G 0-uoISal UIBWOPIAIUI YIL-aUIdISA) = G'10Y¥q[D ‘G uasnue jeadal
QULIAS = GVYIS ‘[ -urajoid sueiquiaw 314001y3A10 wnledne) wnipowse|d = [JNF}d ‘wniedoie) wnipowseld = }d '8 ‘9 ‘I snuiA sadiay uewiny = AHH ‘SniiA 1ieg uralsdq = Agq ‘SnIIA0[eSaw03Ad =
AD ‘sIsA[eue puai) 10} an[eA-d = pualld ‘[eAIS1UI DUIPIIUOD = [ ‘011l SpPO paisn(pe = YOe ‘o1rel adualeaard paisnipe = yde ‘91e1 adusjeaald = ¥d ‘91el auapoul = D[ ‘onel plezey paisnipe = YyHe ,

S[013U0D
G000 puanid  (96°0-87°0) 150 (o) 4@ JO YSLI pUB UOHBINP? [BUIRIBW IBYSIH  HE6'T 'S9s8I 798 [013u0d-9se) [Fz]l 6107 TR0 yeIdad ST
€100 S[oJ1uod
puan-{ (68'0-6£0) 65°0 MO 749 jo ysu pue uorednpa [euldied Jo [OA] JOUYSIH €6 ‘S9seD 798 [013U02-358) [¥zl 6107 TR YyRadad T
S[0I3U0D
$00'0 puasi-d  (ZS0-¥10) LZ0 MO 7499 JO YSU pue dWIOdUI [PUIIBW JAYSIH  HE6'T ‘SISed 798 [013U02-358) [¥zl 6107 B9 YyRIdad €7
S[0I3U0D
10°0 (L9¥'6E1) 55T MO 7199 JOySUI pue 03k syjuow 7| juawieal} euejew yuaned-ur Jo AI0ISIH  $E6'7 ‘s9ased 798 |013U02-358) [¥zl 6107 B9 YyRadad 7T
ajel
%8'¥S oudeAdld "BpUBS() UIAYLIOU Ul 3)el adua[eAdld eLrefew Jd 0Sl1 [BUOIDAS-SSOID [s7] 107 e Y@ ZIRIZEN 1T
(1D %S6) ainseaw
anjea-d 9zIs 1314 193 dJqeliea/1030e] azis ojduwres sadfy Apmys I3y ‘sioyny ON



Art. 78, page 8 of 24

important co-factor for endemic BL in Uganda [24-26].
Reactivity of eBL cases to severe malaria associated anti-
gens (PfEMP1), Pf malaria SERA5 protein and group A
CIDRa.1-5 variant were significantly associated [27]. In a
study on human herpes virus oral shedding kinetics, EBV
shedding rate among HIV-positive mothers was higher
than that of HIV-negative mothers [28]. However, median
time of “total delay” to diagnosis of BL is still high, at 12.9
weeks (IQR 4.3—-25.7) in Uganda [29].

Breast cancer

The breast cancer related factors (Table 3) that were found
of significant protective role were breastfeeding with OR
0.04(0.01-0.18) [30] and being parous, with increasing
parity offering more protection [31]. The factors that sig-
nificantly increased the risk of breast cancer include cur-
rent alcohol consumption [32], obesity [33], history of
benign breast disease compared to those without [34]. In
a breast cancer genetic predisposition study in Uganda,
patients were eleven-fold more likely to carry a mutation
with a prevalence of 5.6% BRCA1, 5.6% BRCA2, 1.5%
ATM, 1% PALB2, 0.5% CDH1, 0.5% TP53 and 0.5% BARD1
compared to controls (OR 11.34, 95% CI: 3.44-59.06;
P < 0.001) [35]. Breast cancer awareness level in general
population is still low [36], similarly knowledge and skills
related to breast self-exam (BSE) practices among univer-
sity students is low [37, 38]. Community cancer awareness
by health workers as a source of information and uptake
of breast cancer prevention modalities were more signifi-
cantly associated than other avenues such as radios and
TVs (OR 4.03 [1.01-15.98]) [39].

However, family obligation (FO) stress impacted
negatively on women'’s participation in breast health
awareness [40]. Extending early detection efforts in
rural communities yield promising results to downstage
breast cancer presentation (shifting late-staged breast
cancer disease presentation to early-stage) to improve
survival [41]. The technical challenge is that the stand-
ard breast cancer screening option of mammography
was found to miss 27% of breast cancer disease that
ultrasound was able to detect as proven with histologi-
cal diagnosis [42].

Other types of cancer and risk factors
Pertaining other risk factors (Table 4), the prevalence of
daily tobacco use among adult Ugandans was found to be
9.2% [43] and men were more likely to be daily tobacco
users with aOR of 5.51 [3.81-7.95] [43]. Hospitality places
like bars, restaurants, and hotels are not protecting the
public against exposure to tobacco smoke [44, 45] cou-
pled with the limited awareness of the harmful effect of
tobacco smoke among the tobacco users [46]. Prevalence
of alcohol consumption was 26.8% and high-end alcohol
consumption accounted for 12.7% of overall alcohol con-
sumption [47]. Daily consumption of five or more serv-
ings of fruits in rural Uganda is still low, at 7.2%, whilst
consumption of five or more servings of vegetables is very
low (1.2%) [48].

The level of prostate cancer awareness and intention
to screen among Ugandan men is low [49], and genetic
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predisposition was observed in genome-wide associa-
tion study (GWAS) to contribute significantly to the risk
of developing prostate cancer among Ugandan men [50,
51].

In gastrointestinal cancers, esophageal cancer is the
commonest gastrointestinal malignancies (GIM), account-
ing for 28.8% [52]. Esophageal squamous cell carcinoma
(ESCC) is most prevalent (98%) phenotype of esophageal
cancer in Uganda [53]. PAF of ESCC due to smoking and
alcohol are 16% and 10% respectively [54]. The national
prevalence of hepatitis B virus (HBV) infection by HBsAg
test was found at 10.3% (9.5-11.1), with the highest prev-
alence (23.9%) in northeastern Uganda [55].

Persons infected with HIV or syphilis are significantly
more associated with prevalent HBV infection [56]. One in
eight pregnant women (12%) are HBV positive [57] while
health workers are at risk of occupational exposure to
HBV [58]. Prevalence of HBV and its associated risk among
health workers were 8.1% seroprevalence of current HBV,
48.1% prevalence of lifetime exposure to HBV infection,
67.8% of needle stick injuries, and 41.0% exposure to
mucous membranes [58].

Exposure to aflatoxins (AF) based on archived serum
from human immunodeficiency virus (HIV)-seronegative
participants in south-western Uganda is very high (90%)
[59] and the generalised-estimating equations indi-
cated significant differences between the AFB —lysine
(AFB-Lys) adduct levels and agricultural occupations
(p=0.02) and rural residence (p = 0.05) [59].

Trends in cancer incidence

The twenty-year trends in cancer incidence in Uganda
from 1991-2010 from Kampala cancer registry, the long-
est series of cancer incidence surveillance in Africa since
1954, have shown an annual increase in incidence by
1.8% in cervical uteri and 3.7% in breast cancers [60]. This
annual increase in cases of breast cancer was about dou-
ble that of cervical cancer at 3.7% per annum.

In both cervical and breast cancers, the annual increase
in incidences were more in the older age group than the
younger age group — 5.2 % compared to 1.3 %, respec-
tively [60]. The annual incidence of esophageal cancer has
remained relatively constant over the 20-year period, with
no significant difference since 1960 [60, 61]. This could
mean that exposure to the known and not well-known
risk factors are entangled in our relatively societal inelas-
tic environmental, lifestyles, and livelihood conditions,
among others.

In Northern region of Uganda [62], the top three most
common cancers in women were cervix (57/100,00
women), breast (12.7/100,000), and non-Hodgkin lym-
phoma (10.1/100,000) while in men it was prostate
(20.4/100,000) and liver (12.8/100,000) and Kaposi sar-
coma (11/100,000) were the most common. On Burkitt
lymphoma, Ogwang et al. [63] found that the age-standard-
ized incidence of Burkitt lymphoma was 2.4 per 100,000
people and was highest in 5-9-year-old age group with
4.1 per 100,000 people. The incidence was observed to be
lower in districts far from the main hospital in Northern
Uganda — St Mary Lacor hospital.
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Qualitative findings

The main individual-level barriers to primary and second-
ary prevention of cancer included inadequate level of
cancer knowledge, attitude, and beliefs [4, 12, 64], fear
of positive screening results, and apathy [65]. Regarding
integration of cervical screening in HIV and immunisation
clinics, worries that integration would increase waiting
time for services at the health facility [66], fears of being
detected positive for both cervical cancer and HIV [66],
and financial constraints [4] were reported.

On availability of services, privacy, and comfort: lack of
awareness regarding available cancer preventive services,
exposure of women'’s private body parts, perceived pain
during screening, and men'’s lack of support to women
[67] were reported.

In the health system and policy arena, important health
services issues that need urgent attention include the bur-
dens of competing health care priorities [65], lack of the
required basic cancer knowledge, and lack of skills among
health workers in both private and public health facilities
[5, 67, 68] to help their clients.

Discussion and Perspectives

Summary of findings

In this review, we found that the most studied types
of cancer were cervical, lymphoma, especially Burkitt
lymphoma and breast cancer. Interaction of HIV and
cancer came fourth among the most cancer risk stud-
ies conducted in Uganda. Other types of cancers, for
example, esophageal and liver cancer are less studied
yet they exhibit the worst prognosis and lack program-
matic screening options. Esophageal cancer is the third
while liver cancer is the fifth cause of cancer mortality in
Uganda. Research in the aetiologies and primary preven-
tion of cancers like esophageal and liver cancer be could
be the best life-saving option.

Cervical, breast, and prostate cancer screening is very
low in Uganda. For example, cervical health screening
coverage ranges from 7% in rural areas to 30% in urban
centres [9—13]. The relationship between community can-
cer awareness by health workers as a source of informa-
tion and uptake of breast cancer prevention modalities
was more significantly associated than other avenues such
as radios and TVs [39]. Therefore, if the district primary
health care workers are equipped with the right informa-
tion on primary prevention and early detection of cancer,
the level of community awareness on cancer and engage-
ment in preventive health behaviours could improve sig-
nificantly. Moreover, for example, intention-to-screen for
cancers is very high, ranging between 60-90% [4, 9].

With the high (60%) prevalence of HPV among Ugandan
women, more so, the high-risk HPV16 at 8.4%, HPV18 at
5.8%, HPV51 at 8.7 and HPV52 at 12.1% [14] amidst low
HPV-vaccination uptake in girls aged 10 years is low (rang-
ing from 17-23% [15], concerted efforts in risk reduction
research including health behavioural intervention trials
and primary prevention is required. This effort can lever-
age from the current high (90%) willingness of parents to
vaccinate their daughters is high [16] and the feasibility of
a school-grade approach to HPV vaccination [17].
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Pertaining to the lymphomas, EBV is the main risk fac-
tor of BL compared to other NHL [21-23], while malaria
infection is an important co-factor for endemic BL in
Uganda [24-26]. In breast cancer risk studies, breastfeed-
ing [30] and being parous, with increasing parity, offers
more protection [31]. Therefore, encouraging mothers
to breastfeed their babies as recommended in the child
health program could be beneficial to women. However,
current alcohol consumption [32], obesity [33], history
of benign breast disease compared to those without [34],
and genetic predisposition [35] were found to increase
the risk of breast cancer in Uganda. Population-based
operational research on how to engage individuals and
communities to reduce their exposure to such risk factors
remain important areas for research agenda.

In the qualitative assessment, we found that the main
individual-level barriers to primary and secondary preven-
tion of cancer in Uganda were: inadequate level of cancer
awareness, negative attitude and beliefs, fear of positive
screening test results, and apathy. However, family obli-
gation (FO) stress reduced the capacity of women to par-
ticipate in preventive health activities [40]. Therefore,
extending primary prevention early detection of cancer
services in rural communities could downstage presen-
tation from late-staged to early-stage cancer to improve
survival [41].

The health system and policy issues affecting access to
primary and secondary prevention of cancer in Uganda
were the burden of competing health care priorities,
lack of the required basic cancer knowledge and skills
among the primary health care workers, and limited can-
cer screening facilities. The technical challenge that the
standard test for breast cancer screening option of mam-
mography misses 27% [42] of breast cancer disease that
ultrasound could detect needs urgent breast screening
policy review to adopt or add the use of portable ultra-
sound scan to improve breast cancer screening validity.

It is crucial to note that many studies in African
Countries, especially in Uganda remain shelved in univer-
sities’ and hospital libraries due to many factors, including
lack of article publication fees, limited skills in writing a
manuscript that meet publication standards required by
the journals. The good news is that some organisations and
journals have come up to offer research and publication
mentorship, waiver of article processing fees, and access
to free online databases for researchers in low-income
countries [69]. However, we do not know if many of the
Ugandan researchers are aware of these opportunities.

Perspectives on current priority for cancer risk
appraisal in Uganda

Based on what the previous studies investigated in
Uganda, we recommended and discussed in the following
priority research areas as our current perspectives of can-
cer risk appraisal needs in Uganda.

Research on etiology of the leading cause of cancer
mortality in Uganda

Comprehensive investigation into the known and puta-
tive risk factors of the leading cause of cancer mortality
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in Uganda is needed. The studies conducted so far did
not comprehensively consider the known and putative
risk factors linked or suspected to be linked to the type
of cancer investigated. Such etiological studies should
prioritise the top 5 if not the top 10 leading causes of
cancer mortality in Uganda, especially those with the
worst prognosis. For example, the top leading causes of
cancer mortality are cervical, prostate, esophageal, breast,
and liver cancers with age-standardized mortality rate of
40.5/100,000 women, 19.7/100,000 men, 10.6/100,000
persons, 10.3/100,000 persons, and 6.7/100,000 persons
respectively (Figure 1).

Of the top five causes of cancer mortality in Uganda,
esophageal and liver cancers are characterized by very
poor prognosis with an annual incidence of 10.8/100,000
persons versus mortality of 10.6/100,000 persons for EC
and annual incidence of 7.6/100,000 persons versus mor-
tality 6.7/100,000 persons for liver cancer. Comprehensive
identification of important risk factors, including sociocul-
tural variables that underpin health behavior is essential
for effective prevention and evaluation of cancer control
program, especially in low-resource settings.

A comprehensive study on population attributable
fractions of the known and putative cancer risk
factors in Uganda

The contribution of a known risk factor to a specific cancer
disease or a death is estimated by the population attribut-
able fraction (PAF), also termed as population attributable
risk (PAR). PAR is a public health measure of the propor-
tion of a disease in the population due to exposure to a
specific risk factor that could be avoided if the exposure
or the risk factor was eliminated under an ideal exposure
scenario consideration [70]. In the reviewed studies, only
one study by Okello et al. [54] investigated attribution of
two risk factors, cigarette smoking and alcohol consump-
tion to esophageal cancer, in which both smoking and
alcohol contributed a fraction of 13%, the other 87% are
due to other putative factors that were not investigated.
Population attributable risk (PAR) is used in quantification
of the burden of disease and associated modifiable risk
in a population [70]. Knowledge of population attribut-
able risk or fraction (PAR) of modifiable cancer risk fac-
tors is important in prioritizing health promotion and
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specifically cancer prevention interventions. PAR is also
invaluable for evaluation of cancer primary prevention
and control efforts [71] and guides cancer control policies
[72, 73]. It is crucial to note that population attributable
risk (PAR) estimates are dependent on specific risk factor
prevalence, which is variant over time and are population
group-specific [74, 75], thus population specific assess-
ment is a prerequisite. Therefore, PAR is an important tool
for negotiating with policymakers of the benefits of can-
cer prevention interventions and informing them about
likely costs of inaction to the population health. It is also
useful in prioritizing the program interventions that are
likely to yield the greatest public health impact and the
return on investment — the best-buys scenario.

Monitoring the population cancer risk trends
Monitoring the prevalence of cancer risk factors in a
specific population helps guide cancer prevention and
early detection efforts [3]. Emphasis should be put on
prevalence of risk factors that are known to be associated
with the top ten causes of cancer mortality in Uganda
(Figure 1). Therefore, investment in surveillance of cancer
prevention and early detection metrics is needed to gener-
ate evidence for population specific and national cancer
control planning. Collection of baseline and outcome data
for cancer prevention and control programs are necessary
for evaluation and forecasting future funding and policy
review. Development of comprehensive national cancer
control plans is dependent on availability of such moni-
toring data, knowing that resources tend to be insufficient
in cancer control programs; therefore, allocative efficiency
is needed based on the trends of the most important risk
factors.

Analysis of age-period-cohort (APC) effects using
methods that address identification problem (ID) of
APC

The age-period-cohort (APC) effects are the changes in the
patterns of incidence or mortality rates of a specific disease
or condition in a specified population due to independent
effects of age groups, calendar periods of diagnosis, and
birth cohorts [76]. In cancer epidemiology, the APC effect
framework includes parameters that describe the inde-
pendent relationships between the rate of specific type of

Age-standardized (World) incidence and mortality rates, top 10 cancers
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Figure 1: Top 10 causes of cancer mortality in Uganda. Source: Globocan 2018, IARC.
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Figure 2: PRISMA Flow chart of cancer risk and prevention studies.

cancer and attained age, calendar period (year of cancer
diagnosis), and birth cohort (year of birth). Generally, APC
analysis helps us describe the complex historical, social,
biological, and environmental etiological factors that
simultaneously impact individual and population health
[77-79]. This is important in explaining the suspected
biological and social determinants of health.

There are now alternative statistical methods of address-
ing the identification problem (ID) of APC analysis, that is,
the failure of the statistical models like regression models
to estimate the independent effect of age, birth cohort,
or period to the observed disease incidence or mortality.
To address the above limitation, Yang, Land, and Fu sug-
gested APC analysis using the intrinsic estimator (IE) for
age-period-cohort analysis [76, 80] and the cross-classified
random effect model (CCREM) that apply a multi-level
analytic framework and the hierarchical APC (HAPC)-
growth curve model (GCM) [81].

The hierarchical age-period-cohort-growth
model using accelerated longitudinal panel

curve
data

(HAPCGCM-ALPD) can identify intra-cohort and inter-
cohort variations in health status with age, explain health
inequalities throughout the life cycle which other mod-
els cannot predict [76]. According to Heo et al. [76], there
are three most useful data that can be analyzed for APC
effects. Tabular age by period data can be analyzed well
using the intrinsic estimator (IE)-APC models. Repeated
cross-sectional data can be analyzed well by the hierarchi-
cal cross-classified random effects models (HAPC-CCREM:s)
while it is better to analyze the accelerated longitudinal
panel data using the hierarchical APC-growth curve mod-
els [76].

Health behavioral intervention trials and models in
the context of cancer risk reduction

Arecent study indicated limited level of functional cervical
cancer health literacy among women in Eastern Uganda
[20], therefore, implementation research into how to
improve functional, communicative, and critical health
literacy in the context of cancer prevention is needed.
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Population-based participatory research, especially how
to use low-cost technology options for cancer screening
and behavioral modification interventions for cancer risk
reduction is needed. Also, relationship between knowl-
edge, attitudes, beliefs, and cancer preventive health
behaviors are crucial areas for both quantitative and qual-
itative research. Scholars have also reported that cultur-
ally mediated factors influence capacity of individuals and
social groups to take control over determinants of their
health [82]. Careful assessment of these factors could
elicit them to the surface where programme implement-
ers and policy makers can have a glance of them to guide
health programme decision.

The applicability of health behavioral models and theo-
ries that explain and predict health behavior change at
intra-personal, interpersonal, community-wide, organi-
sational, and policy levels need to be tested in Ugandan
populations. It is also important to investigate the cultural
adaptations of the existing behaviour change theoretical
models and how to provide and stimulate adoption of
cancer preventive interventions, especially in rural areas
that lack or have limited facilities and expertise for cancer
prevention and early detection.

Many health promotion models and theories exist
for use in influencing behavior change at individual,
inter-personal, community, and organizational or policy
level. At individual level, the rational model (RM), the
health belief model (HBM), the extended parallel process
model (EPPM), the transtheoretical model (TTM)/stages
of change model (SCM), the activated health education
model (AHEM), the precaution adoption process model
(PAPM), motivational interviewing and brief interventions
(MIBI), the elaboration likelihood model (ELM) of persua-
sion, the theory of planned behavior (TPB), and stimulus
response theory (SRT) are the widely used models and
theories with specific contextual applications and limita-
tions [83-87].

At interpersonal level, social cognitive theory (SCT)
and Social support/networks (SS/N) are common while
at community wide level, communication theory (CT),
diffusion of innovation (DOI) theory, community organ-
izing/Rothman'’s framework and PEN-3 cultural model.
At the organizational and policy level, agenda-setting
theory (AST), Milio’s framework for healthy public policy
and the four-stage model for organizational change have
been proposed and but have application challenges [88,
89]. This is crucial because socio-contextual factors at
various strata, individual, interpersonal, local commu-
nity, health system organization, and international level
influence decisions and health behaviors [90-92]. Clear
description of intervention models, mode of application,
measurement of constructs, concepts’ measuring tools,
time-to-follow-up, outcome assessment, adoption, and
sustainability of the changes need to be provided [93].
Furthermore, translation of cancer control evidence must
be within the local context, otherwise the benefits of
the known novel interventions tested in other settings
may not be realized [94]. Cancer risk factor reduction
interventions should be part of the priority areas of the

Art. 78, page17 of 24

mainstream cancer care model [95] and integrated in all
levels of health service delivery and other NCD programs
and other societal sectors.

Health communication, interaction between the mass
media and cancer control efforts in Uganda

Mass media such as TVs, radios, newspapers, and social
media controls the biggest portion of how and which
health information reaches the public. Media also plays
a pivotal role in influencing health policy within their
media coverage [96]. The mass media content in Uganda
also includes media from alternative health practitioners
such as herbalists and spiritual healers, among others that
tend to enjoy the biggest coverage due to their ability to
pay for mass media airtime driven by profit maximisation
motive. This requires strategic health communication
with appropriate engagement of the mass media frater-
nity [97, 98]. However, exaggeration, underestimation, or
misrepresentation of cancer health information can have
profound consequences on public health.

Operational research into effective ways of delivering
cancer health information, culturally sensitivity, attaining
competitive equilibrium relative to the alternative com-
petitors in the health sector such as the herbalists and
cost-effective ways of benefiting from mass media should
be prioritized to ensure that cancer prevention messages
are accurate and reflects what is currently known and
what is not known, what can and cannot be prevented,
what can be cured or managed and what cannot be cured,
as well as where to obtain such help.

A genome-wide association study (GWAS)

GWAS is an approach used in genetics research to associ-
ate specific genetic variants with particular disease(s) [99,
100]. This method searches the genome for small varia-
tions, called single nucleotide polymorphisms (SNPs), that
occur more frequently in people with a particular disease
than in people without the disease [101]. Once the new
genetic associations are identified, researchers can use
the information to develop better strategies to prevent,
detect and treat the disease [102]. GWAS is deepening
understanding of the genetic origins of many cancers that
were not known or vaguely described. Health profession-
als will be able to use such tools to provide clients with
individualized information about their risks of developing
certain types of cancer [103]. The information will enable
health professionals to tailor cancer prevention interven-
tions to each person'’s unique genetic makeup. If a person
develops cancer, the information can be used to select the
treatments most likely to be effective and least likely to
cause adverse reactions in that particular patient. There-
fore, GWAS is facilitating the development of “personal-
ized cancer management” in the care of the individual
as opposed to the current “one-size-fits-all” approach to
cancer care. Although access to certain human tissues is
challenging, in vitro differentiation of human induced
pluripotent stem cells (iPS), which can be differentiated
into cell types, offers the potential for disease-associated
variants to be investigated [104].



Art. 78, page 18 of 24

Molecular pathological epidemiology (MPE): Era of
big-data health science and precision oncology

MPE is an integrative field that utilizes molecular pathol-
ogy to incorporate interpersonal heterogeneity of a dis-
ease process into epidemiology as core field in era of big-
data health science and precision medicine as opposed
to the traditional epidemiology [105, 106]. Traditional or
conventional epidemiology assumes that individuals with
the same disease entity have similar causes, show simi-
lar natural history of the disease, and experience similar
responses to treatment or intervention [105, 106]. This an
assumption of “homogeneity” or “generalizability premise
[107].”

MPE is based on “the unique disease principle” and “the
disease continuum theory”. The disease continuum theory
[105, 106] states that “people diagnosed with different
diseases can have overlapping aetiologies and pathogen-
esis” while the unique disease principle [107] states that
“while people diagnosed with the same disease entity
share some similarities, each individual has a unique
pathologic process”. This is because each disease process
results from unique profiles of exposomes, epigenomes,
transcriptomes, proteomes, metabolomes, microbiomes,
and interactomes with the macro-environment and tissue
micro-environment [108, 109].

In oncological context, exposomics deals with the
assessment of an individual lifetime’s exposures to known
cancer risk factors and how those exposures such as envi-
ronmental factors, lifestyle factors like cigarette smoking,
alcohol consumption, dietary patterns, among others
interact with physiology, genetics, and epigenetics to dic-
tate health status outcome. Exposomics involves applica-
tion of both internal and external exposure assessment
techniques. Internal exposure risk assessment includes
genomics, lipidomics, transcriptomics, and proteomics
[109], while external exposure assessment deals with envi-
ronmental, occupational, and lifestyle-related factors.

Application of MPE therefore, addresses the need to
investigate the inherent heterogeneity of pathogenic pro-
cesses even for a single disease entity because in each indi-
vidual, the development and progression of a disease are
determined by a unique combination of exogenous and
endogenous factors [105, 106, 110, 111], thus resulting
in different molecular and pathological subtypes of the
disease. In addition to molecular features, host immune
status and microbiome profile are likely to affect a dis-
ease process, and thus serve as informative biomarkers
[112-114].

Evidence from MPE nosology can further provide a
specific risk estimate for each disease subgroup, thereby
enhancing the impact of genome-wide association studies
on public health. MPE enables the exploration of whether
an exposure forms a differential relationship with disease
subgroups classified by molecular biomarkers [115], thus
strengthening evidence for causal relationships.

Therefore, MPE demonstrates the relationship between
an exposure and specific molecular alterations, refines the
effect size of the association between an exposure and a
specific disease subtype, supports causality, and uncovers
the risk factors for a specific disease subtype that could be
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masked without subtyping the cancer tumor [116]. MPE
can also be used to identify disease subtypes associated
with benefits from lifestyle or pharmacological interven-
tion and discover and validate molecular biomarkers for
risk appraisal, early detection, diagnosis, and decision
making on interventions.

The global challenges of inadequate tissue specimens
sample size and paucity of interdisciplinary experts in
MPE, especially in low-income countries such as Uganda
and other African countries, can be overcome through
international data sharing and world-wide collaborative
consortia [116]. This could help to collect large-scale data
from different parts of the world to increase the statisti-
cal power and generalizability of study findings [117, 118].
Given the increasing availability of omics data on host and
tumour when combined with environmental, behavioral,
microbial, and immune profiles, this new MPE nosology
could further promote the local and global trend of preci-
sion oncology.

Strengths and Limitations of this Review

This study provides an insight in to the types of cancer
whose risk factors have been investigated and those that
have never been investigated among the Ugandan popu-
lation. This could guide cancer researchers in the fields
of cancer prevention on the existing gaps in cancer risk
evidence in Uganda and provide direction for research
priorities. This study further provided a comprehensive
scope of existing cancer risk evidence and the indi-
vidual and health system barriers to cancer risk reduc-
tion efforts specifically for cervical, breast, and prostate
cancer prevention in Uganda. The current perspectives
on priorities for cancer risk appraisal in Uganda is also
recommended in this study. The limitation to this study
centers on the fact that since there are limited funding
opportunities for cancer research in Uganda, some of the
studies that are conducted in universities and hospitals
remain shelved in libraries due to limited funding sup-
port for publication. Therefore, since such studies are
not archived in the online databases, this review could
not access them.

Conclusions

The unmet need for comprehensive cancer risk and pre-
vention studies is enormous in Uganda. Future studies
need to comprehensively investigate the known and puta-
tive cancer risk factors and prioritize the application of
the higher-hierarchy evidence-generating epidemiological
studies. Future research should prioritize comprehensive
studies on etiology of the leading cause of cancer mortal-
ity, population attributable fractions, trends in cancer risk
factors prevalence, the age-period-cohort effect analysis,
behavior change trials, genome-wide association studies,
and molecular and microbiol-pathological epidemiology
using higher hierarchy of epidemiological evidence. This
will guide future planning or review of a national cancer
control program.
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