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Abstract 

Background:  The aim of this systematic review was to evaluate the evidence and clinical outcomes of screening 
interventions and implementation trials in sub-Saharan Africa (SSA) and also appraise some ethical issues related to 
screening in the region through quantitative and qualitative narrative synthesis of the literature.

Methods:  We searched Pubmed, OvidMEDLINE, Embase, and Web of Science to identify studies published on breast 
cancer screening interventions and outcomes in SSA. Descriptive statistics were used to summarize the frequency 
and proportions of extracted variables, and narrative syntheses was used to evaluate the clinical outcomes of the 
different screening modalities. The mixed methods appraisal tool was used to assess the quality of studies included in 
the review.

Results:  Fifteen studies were included, which consisted of 72,572 women in ten countries in SSA. 63% (8/15) of the 
included publications evaluated Clinical Breast Examination (CBE), 47% (7/15) evaluated mammography and 7% 
(1/15) evaluated ultrasound screening. The cancer detection rate was < 1/1000 to 3.3/1000 and 3.3/100 to 56/1000 
for CBE and mammography screening respectively. There was a lot of heterogeneity in CBE methods, target age for 
screening and no clear documentation of screening interval. Cost-effective analyses showed that CBE screening 
linked to comprehensive cancer care is most cost effective. There was limited discussion of the ethics of screening, 
including the possible harms of screening in the absence of linkage to care. The gap between conducting good 
screening program and the appropriate follow-up with diagnosis and treatment remains one of the major challenges 
of screening in SSA.

Discussion:  There is insufficient real-world data to support the systematic implementation of national breast cancer 
screening in SSA. Further research is needed to answer important questions about screening, and national and 
international partnerships are needed to ensure that appropriate diagnostic and treatment modalities are available to 
patients who screen positive.
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Background
Breast cancer is the most common cause of cancer death 
among women globally with a disproportionate burden 
of mortality in developing countries [1]. Whereas breast 
cancer survival rates are increasing in most developed 

countries, in part due to early detection and more effec-
tive treatment [2–4], Sub-Saharan Africa (SSA) has the 
worst mortality-to-incidence ratios globally [2]. This has 
been partly attributed to advanced stage at presenta-
tion with approximately 80% of patients presenting with 
locally advanced and metastatic disease at diagnosis [5].

Efforts to reduce the burden of disease in SSA has 
focused on improving survival by increasing the rates of 
early detection for breast cancer, combined with effec-
tive treatment for early-stage disease in order to improve 
the cure rates and survival for breast cancer. In developed 
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countries mammography screening annually or bien-
nially has significantly reduced breast cancer mortal-
ity rates by at least 20% [6], and is accepted as a gold 
standard for cost effective breast cancer screening. The 
World Health Organization (WHO) currently recom-
mends systematic mammography screening for women 
between ages 40 to 75  years through population-based 
mammography screening program in well-resourced 
settings [7, 8]. However, in resource-limited settings 
mammography has been assessed as not cost-effective 
and it is recommended that early detection focus on 
downstaging through improved breast cancer awareness 
[9]. Current research does not show a survival benefit 
of Breast Self-Examination (BSE) [10, 11] and Clinical 
Breast Examination (CBE) [12], but may be promising in 
resource-limited settings through downstaging [13], and 
if adequate diagnostic and therapeutic facilities are in 
place [8].

Currently, we are not aware of countries in SSA with 
a systematic national breast cancer screening program. 
The debate on the most appropriate screening modality 
for breast cancer in SSA has centered around the need to 
pursue global justice, which proposes equalizing access 
and utilization of mammography screening in less devel-
oped countries such as SSA [14], versus pursuing screen-
ing modalities that is informed by the cost-effective 
intervention trials and research performed within the 
socioeconomic context and the resources available within 
the current healthcare infrastructure [15]. Furthermore, 
there are ethical concerns about implementing screen-
ing interventions in SSA where there is limited or lack of 
access to diagnostic services, treatment, follow-up and an 
adequate number of healthcare professionals to accom-
modate the increased patient workload anticipated from 
screening. Given these challenges in resource-restricted 
settings, experts suggest that a greater priority now, is to 
provide interventions that are plausible in achieving early 
detection and adequate treatment for the cancers cur-
rently diagnosed [16].

The aim of this systematic review was to evaluate the 
evidence and clinical outcomes of screening interven-
tions and implementation trials in SSA and also appraise 
some ethical issues related to screening in the region 
through quantitative and qualitative narrative synthesis 
of the literature. Findings from this study will contribute 
to the knowledge of effective screening interventions in 
SSA, and guide health policy and funding decisions on 
screening modalities appropriate in SSA.

Methods
Search strategy
The systematic review followed the recommendations 
of the Preferred Reporting Items for Systematic Reviews 

and Meta-Analysis (PRISMA) guidelines. An electronic 
search in Pubmed, OvidMEDLINE, Embase, and Web 
of Science was performed using Boolean search terms 
for Clinical Breast Examination or Self Breast Exami-
nation and Africa or mammogram* screen* and Africa 
or breast cancer screening and Africa or breast cancer 
screen* Africa. Studies were limited to research involv-
ing “Humans” and publications in English. There was no 
restriction on the year of publication and the search was 
carried out on articles up to April 24, 2019. Additional 
references were identified by reviewing the citation of 
key references. Publications that evaluated a screen-
ing intervention and clinical outcomes in asymptomatic 
women were included. Research conducted in countries 
outside of SSA were excluded, as well as publications that 
did not focus on breast cancer or included only symp-
tomatic women. We also excluded publications that did 
not evaluate any of the following screening outcomes: 
survival, cancer cases diagnosed, stage shifting, positive 
predictive value and cost-effectiveness analysis (CEA). 
Reviews and conference proceedings were excluded. A 
two-step process was used to identify reviewed articles: 
Authors YMM and BD reviewed titles and abstracts that 
met inclusion criteria. Duplicates were removed and the 
full text articles were reviewed for data abstraction. All 
disagreements were resolved by further examination and 
discussions among the co-authors.

Outcomes variables
The following variables were extracted: 1. Context 
(author, year, country); 2. Screening protocol (study 
group, interval,, longest follow-up); 3. Participants (n 
for study group and control (if applicable), age at enroll-
ment); 4. Screening outcomes assessed and results. Ethi-
cal issues were qualitatively appraised, which included 
data on access to appropriate diagnostic and treatment 
for those who screen positive and assessment of harm-
to-benefit ratio.

Statistical analysis
Descriptive statistics were used to summarize the fre-
quency and proportions of the extracted variables, 
and narrative synthesis was used to evaluate the clini-
cal outcomes data of the included publications. The 
mixed methods appraisal tool (MMAT) [17] was used to 
assessed the quality of the studies included in the anal-
ysis. The assessment of quantitative non-randomized 
study was used to evaluate the quality of the included 
studies using five criteria.
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Results
Study characteristics
The flow chart for publications identified and reviewed 
for our analysis are presented in Fig. 1. 72,572 total par-
ticipants (including 28,465 participants in the control 
group) were included from 15 articles, that evaluated 
screening intervention through research conducted 
in 10 countries and published from year 2008 to year 
2018. This included three publications on CEA using 
mathematical modeling and one publication on can-
cer outcomes assessment using microsimulation. 63% 
(8/15) of the included publications evaluated CBE, 47% 
(7/15) evaluated mammography and 7% (1/15) evalu-
ated ultrasound screening. The screening outcomes 
assessed included cancer detection rates, stage shifting, 
CEA and survival outcomes. Two intervention stud-
ies included  had a control arm, and one study was a 

cross-sectional self-controlled design. Details on the 
study population, screening modality and outcomes are 
presented in Table 1.

Quality of the studies
The quality of the 11 quantitative studies included in 
our analysis was moderate as shown in Fig.  2. 88% of 
the publications used a sampling strategy relevant to 
the address the research question. Furthermore 67% 
of the articles used a sample representative of the tar-
get population. Three studies did not clearly define the 
age inclusion criteria for the participants enrolled in 
the study. Additionally, three studies evaluating breast 
cancer screening strategies included a lower limit of 
15  years and 18  years for participants enrolled in the 
study. 33% of the publications had adequate documen-
tation of risk of non-response, which was assessed as 

Fig. 1  Flow chart of the study selection process
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low. Finally, the majority of publications included in 
the review had adequate outcome data (> 80%) that 
were included in our analysis.

Narrative synthesis
Clinical breast examination
There are few studies evaluating real-world data on clini-
cal outcomes of breast cancer screening interventions in 
SSA. Majority of the studies were pilot studies and did 
not evaluate a control group in the study design. Of the 
studies included majority evaluate CBE, however there 
was significant heterogeneity in the personnel conduct-
ing these examinations – which included training of sam-
pled lay persons, community healthcare workers (CHW) 
within the community that participants were selected 
from, and training of healthcare professionals. The setting 
also differed in terms of whether these were conducted in 
the community vs. the hospital or clinic setting or “breast 
camps.” The screening uptake rate differed across stud-
ies, with high screening uptake rate reported in studies 
that included extensive education and engagement of 
community leaders, religious groups, village leaders and 
in studies where the communities chose the candidates 
to be trained as CHW performing these examinations 
[21, 25, 33]. Interestingly, in Sudan, villages screened by 
volunteers from other villages had low screening uptake 
rate [33]. There was also disparate data in studies that 
reported higher uptake when CHW were financially 
compensated vs. not. The CBE studies were mostly pilots 
and did not evaluate different screening intervals or have 

long follow-up. In Tanzania, CBE uptake rates increased 
with subsequent years of annual screening evaluated [34].

The age of the target population at enrollment differed 
significantly for studies that reported this in their inclu-
sion criteria. Of note studies have shown that more than 
half of patients diagnosed in SSA are ≤ 50  years [35]. 
Appropriately studies extended their inclusion criteria of 
women enrolled in asymptomatic screening. The lower 
limit at inclusion ranged from 15–30 years old.

There was also heterogeneity in the screening out-
comes that were assessed and reported. The cancer diag-
noses rate varied from < 1/1000 examinations to 8.7/1000 
screened for CBE. This was unadjusted for the age groups 
of the women that were evaluated in each study. One 
showed a significantly higher proportion of early-stage 
disease (ie. stage I & II) in the study group compared to 
the control group [34]. One microsimulation study evalu-
ated survival and absolute risk reduction in Eastern SSA. 
One study included total cost of the screening interven-
tion only, which was assessed as $45,000 / year [34].

Mammography screening and ultrasound
Five studies included an assessment of mammography or 
ultrasound screening. These studies all evaluated oppor-
tunistic screening analyzed prospectively or retrospec-
tively and one cross-sectional study. The studies varied in 
the age distribution of the population screened and the 
reported cancer detection rate that ranged from 3.3/1000 
to 56/1000 examinations. None of these studies reported 
screening intervals assessed.

Fig. 2  Distribution of quality criterion met by quantitative studies
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Cost effectiveness analysis
Three studies were modeling studies that used imputed 
data to analyze cost effectiveness of screening and treat-
ment modalities for breast cancer in Ghana, Uganda (E. 
Africa region) and SSA. Although the methodology dif-
fered, the summarized data showed that the most cost-
effective screening modality in SSA is biennial CBE and 
treatment of all stages for women aged 40–69, which 
corresponds to the highest reduction in disability-
adjusted life years (DALY) and mortality. Mammography 
may be cost effective in parts of SSA that are assessed 
as middle-income countries and cost between $Int2248 
and $4596 per DALY averted [29].

Ethical appraisal
There were several ethical issues appraised from the stud-
ies included in our analysis. The data presented on breast 
screening in SSA remains insufficient to recommend 
systematic national screening programs in SSA. Further 
studies, specifically real-world data are needed to assess 
the clinical benefit of screening in this population. The 
benefit of screening can be realized in countries where 
there are integrated treatment programs established 
for breast cancer cases diagnosed early through screen-
ing [19]. Furthermore the benefit of downstaging and 
early detection can be fully achieved in programs where 
diagnostic and health system delays are minimal. In this 
regard, a model of breast cancer camps that included 
multidisciplinary teams that served as a one-stop shop 
for diagnosis may be most effective in SSA [26], given that 
several studies have shown prolonged systems delays for 
cancer patients [36–38]. Finally, there is no established 
age criteria for when CBE or mammography should be 
initiated in SSA, given that most patients present before 
age 50 [35]. This is important to assess including the psy-
chological and associated costs of screening a lower limit 
of younger women whose risk of breast cancer does not 
make this a cost-effective intervention in that popula-
tion. In studies that reported positive predictive value of 
the different modalities, a PPV for CBE by a trained lay-
woman compared to a physician had a 48% PPV, which 
raises the additional issue of the high rates false positive 
examinations and associated psychological implications. 
One study evaluated ultrasound screening, which is not 
an evidence-based screening modality and also reported 
PPV of 33%. All the studies evaluated expounded on the 
potential benefits of screening, but included limited dis-
cussion of potential harms.

Discussion
This review showed that there are few articles that have 
examined breast cancer screening outcomes in SSA and 
the current data remains insufficient to recommend 

systematic national screening programs in any country 
in SSA. There is also a deficit of data analyzing the ethi-
cal issues of the effective rollout of national screening 
programs in SSA. Given the current debate surround-
ing breast cancer screening in developed countries, it is 
critical that future studies and recommendations that 
propose implementation of any breast cancer screening 
modality in SSA carefully evaluate the existing data for 
different screening strategies to ensure that the benefit to 
harm ratio is acceptable and cost-effective for the target 
populations being screened in order to realize significant 
survival benefits.

The following issues remain to be addressed by current 
screening interventions:

1.	 What is the best screening modality? The current 
data support that based on financial, human per-
sonnel and health infrastructure resources, CBE 
in the immediate future may be the most appro-
priate screening intervention in SSA. WHO does 
not recommend population-based mammography 
screening in limited-resource settings but offers 
consideration for CBE for women ages 50–69 in this 
setting [8]. An analysis of national cancer control 
plans globally, showed that only 5% and 18% of low-
income countries and lower-middle-income plans 
respectively, included any population-based breast 
cancer screening [39]. Furthermore, few low- and 
middle-income counties have specific guidelines for 
CBE screening. For instance, Malaysia recommends 
CBE for women ≥ 35  years old and risk-stratified 
mammography screening programs starting at 
40 years [40].

2.	 What target populations should be considered for 
screening? Majority of guidelines for mammogra-
phy screening in developed countries recommend 
screening asymptomatic women aged ≥ 50  years. 
Screening recommendations from few low- and 
middle- income countries indicate that a lower age 
at screening initiation may be appropriate and gen-
eralizable to the SSA region where typically ≥ 50% 
of women present at age ≤ 50  years [35]. Screen-
ing interventions will therefore have to incorporate 
the at-risk population younger than 50, but assess 
a lower limit that does not include young women 
in whom the risk of breast cancer is low. In balanc-
ing this risk it is important to consider the preven-
tion paradox, by assessing the specific risk distribu-
tion based on a country’s population distribution 
and breast cancer incidence and mortality pattern. 
Although there are no national population-based 
screening programs in SSA, the Cancer Association 
of South Africa recommends annual mammog-
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raphy screening starting at age 40 and biennial in 
women ≥ 55 years old [41]. There also some consid-
eration for initiation of screening at 35  years such 
as current CBE guidelines in Malaysia [40], and 
based on recent data from a cluster randomized 
trial of CBE every two years in Indian women aged 
35–64 years who were followed up for 20 years [13]. 
In a sub-analysis, women < 50  years who attended 
all prescribed rounds of screening had a breast 
cancer specific mortality benefit compared to no 
benefit in women who did not attend all rounds of 
screening [42].

3.	 What strategies are effective in increasing screen-
ing uptake? The data presented here shows that 
screening conducted by lay healthcare workers 
selected from the screening villages result in high 
screening uptake. Furthermore, CBE coupled with 
extensive mass campaigns and engagement of 
community/village leaders are also very effective. 
This is in line with the ethical recommendation of 
community engagement in resource poor settings. 
Community engagement serves as way of empow-
ering the community to be active participants of 
intervention programs and ensuring that interac-
tion with community is a continuous process even 
after the screening intervention is over [43]. Simi-
larly, modelling breast cancer camps where mul-
tidisciplinary teams served as a one-stop shop for 
diagnosis underscores capacity building which is a 
vital requirement emphasized in resource poor set-
tings. Collective approach to diagnosis and treat-
ment encourages communication and exchange of 
ideas among team members which fosters knowl-
edge, skills and expertise.

Subsequent studies need to provide clear data on 
training protocols for examiners, compensation, exam-
iner-to-participant ratio, factors related to effective 
CBE uptake. Follow-up should be reported on linkage to 
diagnostic services. Finally, larger studies are needed to 
report significant differences in early-stage vs late-stage 
cancer diagnosis rate in the screened vs unscreened 
population, as well as survival and absolute risk reduc-
tion through screening. CEA should also incorporate 
more real-world data for the specific countries using 
actual healthcare costs within the public systems where 
available.

The main ethical challenge in screening interventions 
in SSA is the gap between conducting good screening 
program and the appropriate follow up with diagno-
sis and treatment. This challenge is similar to the one 
encountered in clinical trials in developing countries 
where  availability of  proven interventions is often not 

feasible or occur on a fragmented scale [44]. It is impor-
tant therefore to develop research and advocate for poli-
cies that would incorporate screening and appropriate 
diagnosis and treatment. Achieving this will rely on fidel-
ity to frameworks for ethical implementation of screen-
ing such as the Australia population-based screening 
framework [45], that are aligned with the WHO Screen-
ing Programmes guide, which advocates for a detailed 
contextual assessment of ethical considerations, benefits 
and potential harm prior to implementation of national 
systematic screening programs [46]. Most screening 
recommendations in SSA follow guidelines from North 
America and Europe, there is a critical need for a con-
textual adaption, which will ensure the incorporation 
of context specific values and true benefits of screening 
in improving the health outcomes of women. All stud-
ies should also address the potential harms of screening 
before recommending national screening programs. In 
our review, only two studies reported a positive predic-
tive value of CBE. However, a complete assessment of 
harm should be incorporated into the initial study design 
and should include sensitivity and specificity evalua-
tions. In SSA, elevated false positive rates may result in 
psychological distress and healthcare system strain due 
to multiple diagnostic follow-ups. Conversely high false 
negative rates from a suboptimally implemented or inef-
fective screening program may result in more prolonged 
diagnostic delays in a region where this is a significant 
problem [47]. In addition, diagnosing women at early 
stages can result in potential harm if there are delayed 
referrals and lack of access to adequate treatment which 
can be attributed to weak healthcare infrastructure 
in LMICs. Whereas the argument for overdiagnosis 
has remained central in the mammography screening 
debate [48], CBE is unlikely to increase diagnosis of in-
situ only disease and therefore may be a lower consid-
eration of the harm assessment in SSA. The variability 
of harm in different contexts further supports the need 
for contextual assessment in formulating screening pol-
icies in SSA. The question is less of whether there is a 
potential benefit and more of whether prior studies have 
addressed ethical considerations for implementing CBE 
screening in SSA. In fact, CEA analysis suggests that 
treatment alone of all stages in SSA might not be as cost 
effective, and that screening coupled with treatment of 
all stages constitute the most effective strategies. Further 
research and funding is needed to answer some of these 
important questions related to screening, and national 
government and international partnerships are needed 
to ensure that appropriate diagnostic and treatment 
modalities are available for breast cancer patients that 
are being diagnosed in their countries.
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