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Background—The estimated incidence of colorectal cancer is rising in Nigeria, where most
patients present with advanced disease. Earlier detection of colorectal cancer is a goal of the
Nigerian National Cancer Control Plan, but the utility of fecal-based screening is unclear. This
study aimed to assess the fecal immunochemical test as a colorectal cancer screening modality in
average-risk individuals in Nigeria.

Methods—A population-based, cross-sectional study of qualitative fecal immunochemical test-
based colorectal cancer screening was done in asymptomatic, average-risk participants aged 45-75
years in three states in Nigeria (Osun, Kwara, and Lagos). Participants were invited to enrol using
age-stratified and sex-stratified convenience sampling following community outreach. Exclusion
criteria included a personal history of colorectal cancer or rectal bleeding in the previous 6
months, a first-degree relative with a known diagnosis of colorectal cancer, or a comorbidity

that would preclude conscious sedation or general anesthesia. Participants with positive fecal
immunochemical test results underwent colonoscopy, and the positive predictive value of fecal
immunochemical testing for colorectal cancer and advanced adenomas (=10 mm, tubulovillous or
villous or high-grade dysplasia) was calculated. Data on demographics and acceptability of fecal
immunochemical testing and colonoscopy were collected.

Findings—Between January and April 2021, 2330 participants were enrolled in the study

and received a fecal immunochemical test, which was returned by 2109 participants. 1677
participants tested negative and 432 tested positive. Of these 432 participants, 285 underwent

a colonoscopy (235 showed no polyps or cancer, 47 had polyps identified, and three had colorectal
cancer identified). Of the 47 participants who had polyps identified, 20 had advanced adenomas
diagnosed. The median age was 57 years (IQR 50-63), 958 (41%) were male and 1372 (59%)
were female, and 68% had at least a secondary-level education. Participants were evenly spread
across wealth quintiles. The positivity rate of the fecal immunochemical test was 21% overall

(432 of 2109; 95% CIl 20-21%), 11% (51 of 455; 95% CI 10-12) in Lagos, 20% (215 of 1052;
95% CI 20-21) in Osun, and 28% (166 of 597; 95% CI 27-29) in Kwara. Among the patients
with a positive fecal immunochemical test who completed colonoscopy, the positive predictive
value for invasive colorectal cancer was 1-1% (95% CI 0-3-3-3), and 7-0% (4-5-10-8) for advanced
adenoma. The acceptability of fecal immunochemical screening among participants was very high.

Interpretation—Colorectal cancer screening with qualitative fecal immunochemical tests in
Nigeria is feasible and acceptable to average-risk asymptomatic participants. However, the low
positive predictive value for advanced neoplasia and high endoscopy burden investigating false
positives suggests it might not be an appropriate screening tool in this setting.

Funding—Thompson Family Foundation, Prevent Cancer Foundation, National Institutes of
Health/National Cancer Institute Program Cancer Center.

Introduction

Colorectal cancer is the third most common cancer and the fourth leading cause of deaths
from cancer worldwide,! although there is wide variation in colorectal cancer burden
between countries.2 The incidence of colorectal cancer has been historically highest in
economically developed, high-income countries.! However, incidence has now stabilised
and mortality is falling in most high-income countries,12 partially due to the introduction of
population-based colorectal cancer screening programmes.3# By contrast, marked increases
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in the incidence of colorectal cancer are now being observed in many middle-income
countries as they undergo major demographic, economic, and health transitions.2:> In
Nigeria, the incidence of colorectal cancer presentation at individual health facilities has
increased substantially over the past three decades.® Advanced stage of colorectal cancer
presentation and poor survival outcomes are common.”’

Evidence supporting colorectal cancer screening is drawn almost exclusively from high-
income countries, where organised, population-based screening programmes have been
shown to reduce the incidence and mortality of invasive colorectal cancer,3# and are cost-
effective.89 WHO does not currently recommend organised or opportunistic screening for
colorectal cancer outside of high-income countries.10-11 However, growing aware ness of
the burden of this cancer in middle-income countries, including Nigeria, has led to rising
public and political enthusiasm for cancer screening.6-12 The Nigerian National Cancer
Strategy (2018-22) identifies colorectal cancer screening as a priority and endorses the
establishment of a national screening programme.13 Stool-based screening is thought to
be the most feasible method because endoscopic resources are scarce. The Society for
Gastroenterology and Hepatology in Nigeria supports the use of the quantitative fecal
immunochemical test while recognising the lack of context-specific evidence.14 Currently,
colorectal cancer screening in Nigeria is opportunistic, and the target age range, most
appropriate screening test, time interval for screening, health system readiness, and cost-
effectiveness of this type of screening in the country have not been defined.® Evidence
from other sub-Saharan African countries on the role and performance characteristics of
fecal-based colorectal cancer screening are scant,11 and limited to small, singleinstitution
experiences in symptomatic or higher risk patients.15-17

The main objective was to evaluate the performance and role of community-based fecal
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immunochemical test colorectal cancer screening in average-risk, asymptomatic individuals
in southwest and north central Nigeria. The study also aimed to identify factors that predict

fecal immunochemical test positivity and colonoscopy uptake in those with a positive screen
and understand the acceptability of colorectal cancer screening tests.

Methods

Study design and participants

This community-based, cross-sectional study was done in two states in southwest (Osun,
Lagos) and one in north central (Kwara) Nigeria. Self-reported asymptomatic adults aged
45-75 years were eligible for enrolment. This age range was selected because it was in
line with the 2018 American Society for Gastrointestinal Colonoscopy (ASGE) screening
recommendations for African-ancestry populations living in the USA,18 and considers the
earlier age of colorectal cancer onset in African-ancestry populations reported both in

the USA and Nigeria.”19-20 Exclusion criteria included a personal history of colorectal
cancer, a history of rectal bleeding in the previous 6 months, a first-degree relative with a
known colorectal cancer diagnosis, or severe co-morbidity that would preclude conscious
sedation or general anesthesia. Female participants were asked to wait 3 days from the
end of menstruation before providing a stool sample. Eligibility criteria were based on
colorectal cancer screening recommendations endorsed by the Society of Gastroenterology
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and Hepatology in Nigeria.1* A population-based recruitment strategy was used with print
media, radio, television, social media, and community maobilisers to advertise the study

in each geographic catchment area. Mobilisers worked at the grassroots level, by political
ward, with deliberate efforts to target both urban and rural populations and advertise across
geographic and socioeconomic gradients. Stratified sampling for gender and age was done
at the time of enrolment at each study site to ensure the gender and age ratios reflected

the underlying population. Multiple study sites were available, located close to public
transportation routes and open extended hours to maximise recruitment. Participants who
met the study eligibility criteria were reimbursed for travel-related costs, including the
travel costs of returning the fecal immunochemical test and having a colonoscopy. The
study was approved by the institutional research boards at Obafemi Awolowo University
Teaching Hospital, University of llorin Teaching Hospital, and the University of Lagos. All
participants signed a consent form approved by the institutional research boards.

Participants who met the study eligibility criteria and provided informed consent completed
a baseline questionnaire, which included information on demographics, medical history, and
health literacy with respect to cancer screening and cancer symptoms. Socioeconomic status
was evaluated using an asset-based wealth index questionnaire validated in Nigeria.21 All
questionnaires and study instructions (written and verbal) were offered in English or the
local language, on the basis of participant preference.

Eligible participants underwent fecal immunochemical testing. A qualitative fecal
immunochemical test with a manufacturer-set lower limit of haemoglobin detection of

50 ng/mL was used (Pinnacle Biolabs, Nashville, TN, USA). Participants were given a
stool collection tube, provided with written and verbal instructions on how to provide

an uncontaminated stool specimen, and asked to return it within 48 h of evacuation for
processing by the research team. We have previously demonstrated a time-dependent and
temperature-dependent degradation of stool-based haemoglobin in fecal immunochemical
tests in Nigeria, which informed the return time of 48 h at an ambient median

temperature of 27°C.16 Each specimen was processed per the manufacturer instructions,
including verification of an activated internal control. The result of each test was
interpreted and recorded by two members of the research team. While the test was being
processed, returning participants completed a questionnaire to elicit their perceptions of the
acceptability of stool-based colorectal cancer screening. Participants with a positive fecal
immunochemical test result were counselled on the result, and arrangements were made
for a follow-up colonoscopy. Written and verbal instructions for attending the colonoscopy
procedure were provided.

Participant colonoscopies were done at one centre in each study state by trained
endoscopists within 8 weeks of returning a positive fecal immunochemical test result.
Participants undergoing colonoscopy completed a post-procedure questionnaire to ascertain
the acceptability of the procedure in the context of colorectal cancer screening follow-up.
Cecal intubation and quality of bowel preparation (poor, fair, good, or excellent) were
recorded as per ASGE and American College of Gastroenterology Taskforce on Quality
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in Colonoscopy recommen dations.2? Any pathology identified was documented on a
colonoscopy study proforma. Structural lesions were biopsied, removed, or tattooed for
later identification as per surgeon or institutional preference and guidelines. Specimens
underwent histopathological analysis at the laboratory typically used by each endoscopy
site, as well as central review by a gastrointestinal pathologist based at Obafemi Awolowo
University or Lagos University Teaching Hospital for confirmation. Colonic pathology
identified at colonoscopy was managed according to the institution’s standard of care.
Referral to a surgeon and surgical treatment as necessary was included for advanced
neoplasia patients. Direct medical costs of care incurred by participants resulting from
positive fecal immunochemical tests were covered in their entirety by the study (including
bowel preparation, colonoscopy, and treatment arising from colonoscopy findings).

The primary outcome of interest was the positive predictive value of the fecal
immunochemical test for the detection of colorectal cancer in an asymptomatic, average-
risk population in Nigeria. Secondary outcomes were the positive predictive value of the
fecal immunochemical test for the detection of advanced adenomas (defined as adenomas
=10 mm or with high-grade dysplasia or with >25% villous histological features), the
number needed to screen to detect one colorectal cancer, the advanced adenoma and
neoplasia detection rate per 1000 screened, the programmatic cost per colorectal cancer
and per advanced neoplasia case detected, the acceptability of stool-based colorectal cancer
screening and follow-up colonoscopy in participants with a positive fecal immunochemical
test, the effect of key demographic (age, gender, geographic residence, socioeconomic
status, and education level) and clinical factors (history of gastrointestinal symptoms,
pre-menopausal, sidedness of structural findings at endoscopy) on fecal immunichemical
test positivity, colonoscopy attendance, and the presence of advanced neoplasia. Advanced
neoplasia was defined as either invasive cancer or advanced adenoma. Only structural
lesions for which a histopathological diagnosis was obtained were included in the analysis of
histopathological polyp type and advanced adenoma and neoplasia detection rate. Although
the location and size of all lesions identified at colonoscopy were recorded, for the purposes
of calculating the positive predictive value of the fecal immunochemical test for advanced
neoplasia detection, only the most advanced colorectal epithelial lesion (the index lesion)
and its location were used. If two similarly advanced lesions were identified, the larger of
the two was considered the index lesion, consistent with other colorectal cancer screening
studies.23

Statistical analysis

Categorical baseline participant characteristics, including sociodemographic information,
past medical history, family history, previous screening participation, and cancer perceptions
are presented using frequencies and proportions. Percentages have been rounded to the
nearest whole number. Univariate analysis was done to test for factors associated with fecal
immunochemical test positivity, colonoscopy attendance, and advanced neoplasia. p values
were calculated using Pearson’s XZ test for binary or nominal variables with statistical
significance considered at an a level of 0-05. 95% Cls are provided for cases in which

they were appropriate. The positive predictive value following colonoscopy for a positive
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fecal immunochemical screening test was calculated for invasive adenocarcinoma, advanced
adenoma, and the combined outcome advanced neoplasia. Colorectal cancer detection rate
per 1000 individuals screened via fecal immunochemical test was also calculated. The
number needed to screen to detect one colorectal cancer was calculated. Study outcomes
were analysed as both as-screened populations and intentionto-screen. Participants who
declined colonoscopy were included in the a priori analysis. Results are reported in
concordance with the STARD Guidelines for Diagnostic Accuracy Studies.? Programme
costs were calculated using an ingredients-based costing approach. Personnel, equipment,
supplies, and facility costs were included. Travel-related expenses for the research team
were not included. Personnel costs were established using a timeand-motion study on the
final day of enrolment at each center. All costs were collected in the local currency (Naira)
and converted to US dollars using the Central Bank of Nigeria’s conversion rate on March 1,
2021 (Naira=379 per US$1).

Study data were collected and managed using REDCap electronic data capture tools hosted
at Memorial Sloan Kettering Cancer Center (NY, USA).25 All analyses were done in Stata
SE (version 14.0).

Role of the funding source

Results

The funders of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report.

The study was done between January and April 2021. Overall, 2330 participants enrolled

in the study and received a fecal immunochemical test, of which 1150 (49%) were

from Osun state, 524 (22%) were from Lagos, and 656 (28%) were from Kwara state
(figure). 2109 partici pants returned the test, and of these, 1677 participants tested negative
and 432 participants tested positive. Of the 432 participants who had a positive fecal
immunochemical test, 285 underwent a colonoscopy (235 participants showed no polyps or
cancer, 47 had polyps identified, and three had colorectal cancer identified). 20 participants
of the 47 who had polyps had advanced adenomas (figure). Data have been presented for the
as-screened population, because no significant differences were found when compared with
the intention-to-screen population (data not shown).

The median age was 57 years (IQR 50-63), 958 (41%) were male and 1372 (59%) were
female, and 1087 (47%) had a college-level education. Participants from Lagos state were
wealthier on a locally validated asset-based wealth index (table 1). Previous participation in
opportunistic screening for any cancer type was reported by 20% (n=477) of participants
overall, most commonly breast cancer (15%; n=204) and cervical cancer (161 [12%)] of
1372) among women, and prostate cancer (75 [8%] of 958) among men (table 1; appendix
p 1). Previous participation in opportunistic screening was highest among women in Lagos.
Overall, 27 participants (1%) had discussed colorectal cancer screening with a health
provider before and 15 (1%) were advised to undergo a colonoscopy. Baseline awareness
among participants of cardinal colorectal cancer symptoms was low (appendix p 1).
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Among participants who received a fecal immunochemical test kit, 91% (2109 of 2330)
completed and returned the test within 48 h of sample collection (figure). Younger (age
45-54 years), poorer, and less educated participants, and participants from Lagos were less
likely to return their fecal immunochemical test following enrolment (table 2). Among all
participants who completed the test, 21% (432 of 2109; 95% CI 20-21) had a positive
screen result. There was no significant difference in fecal immunochemical test positivity
rate by age group, gender, education level, or wealth index. The fecal immunochemical
test positivity rate differed significantly across the three states at 11% (51 of 458; 95%

Cl 10-12) in Lagos, 20% (215 of 1053; 95% CI 19-21) in Osun, and 28% (166 of 598;
95% CI 27-29) in Kwara. A remote history (>6 months) of blood in the stool, changes

in bowel habits, and unexplained weight loss were all significantly associated with fecal
immunochemical test positive screen results (table 2).

Colonoscopy attendance among those with a fecal immunochemical test positive screen
was 66% overall (285 of 432) and was highest in Lagos (73%; 37 of 51); however, there
was no significant difference in colonoscopy attendance rates among study sites. A higher
education level was significantly associated with higher rates of colonoscopy attendance, as
was a history of gastrointestinal symptoms (blood in the stool, changes in bowel habits, and
unexplained weight loss; table 2).

Of the 285 participants with a positive fecal immunochemical test who underwent
colonoscopy, 20 showed advanced adenomas, and three had invasive adenocarcinoma (table
3). The number needed to screen with fecal immunochemical test to detect one colonoscopy-
confirmed case of colorectal cancer was 777. Benign tubular adenomas were found in 25
(9%) of participants who underwent a colonoscopy, and inflammatory polyps were found

in 19 (7%). More than half (13 of 23) of advanced neoplastic lesions were on the left side,
and ten (43%) of 23 were in the rectosigmoid. Haemorrhoids were found in 146 (51%)
participants who underwent a colonoscopy (table 3). Older age (6575 years) and living in
the Osun state were associated with a significantly higher rate of advanced adenomas at
colonoscopy than were younger age or residence in Lagos or Kwara (table 2). The positive
predictive value for advanced adenoma at colonoscopy was 7-:0% (95% CI 4.5-10-8) and
1.1% (0-3-3-3) for colorectal cancer. The colorectal cancer detection rate was 1-4 cases per
1000 fecal immunochemical test-screened participants, and the advanced neoplasia detection
rate was 10-9 cases per 1000 fecal immunochemical test-screened partici pants (table 3).

Most study participants rated their overall experience of the fecal immunochemical test
screening as favourable (good or very good: n=2102, 90%), thought the test kit was easy

to use (n=2082, 89%), and would recommend the screening test to family and friends
(n=2093, 90%) (appendix p 2). Overall, 73% (n=1700) of participants would pay to undergo
colorectal cancer screening with a fecal immunochemical test, for a median of 1500 Naira
($3-65), and 89% (n=2080) would participate in fecal immunochemical test-based colorectal
cancer screening if it were free.

The overall study cost per participant was $28-50, with a further $225-85 incurred for each
participant who tested positive with fecal immunochemical testing who then underwent
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colonoscopy. The cost per colorectal cancer case detected was $43 591, and per advanced
neoplasia detected was $5686.

Discussion

There is growing interest in the role of organised colorectal cancer screening in Nigeria,®
where the incidence and mortality of this disease are rising.2 Evidence in support

of fecal-based screening for colorectal cancer is drawn almost exclusively from high-
income countries,28 and the performance of this type of testing in sub-Saharan African
populations has not been studied. In this pragmatic, cross-sectional study of colorectal
cancer screening in 2330 average-risk participants in Nigeria, a fecal immunochemical
testing-based screening strategy yielded a colorectal cancer detection rate of 1.4 cases per
1000 screened participants, and a positive predictive value for colorectal cancer among
participants testing positive completing colonoscopy of 1-1% (95% CI 0-3-3-3) and 7-0%
(4-5-10-8) for advanced adenoma. Comparatively, the reported positive predictive value for
colorectal cancer following first-round fecal immunochemical screening (at haemoglobin
concentration threshold =20 pg/g) in high-income countries is at least 5%, while for
advanced adenoma detection positive predictive value ranges from 33% to 54%.27 In
high-income countries, the colorectal cancer detection rate in average-risk populations
completing fecal immunochemical test screening is also three to five times higher than
shown in Nigeria.28 The high number of false positive tests in this study generated a large
endoscopic burden in a country with a paucity of endoscopic resources, particularly outside
large urban centers (Alatise O, Society for Gastroenterology and Hepatology, Nigeria,
personal communication). These findings suggest that the introduction of qualitative fecal
immunochemical test-based colorectal cancer screening with a 50 ng/mL haemoglobin
detection threshold might not be appropriate in Nigeria at present.

Benign, non-polyp related causes of occult bleeding, especially haemorrhoids, were
common among participants who tested positive with the fecal immunochemical testing.
Haemorrhoids were found at colonoscopy in more than half of participants who tested
positive in this study, and are a common finding on colonoscopy in Nigeria and other
parts of sub-Saharan Africa in average-risk populations.2? There are mixed reports in the
literature on the prevalence and contribution of haemorrhoids to false-positive findings

in fecal immunochemical testing in high-income countries.3%-32 Anal fissure and perianal
eczema have been strongly associated with false-positives in other fecal immunochemical
testing studies,3%:33 and were reported by just under a third of participants overall, but
were not associated with fecal immunochemical testing positivity. Diverticulosis was an
uncommon finding and has not previously been shown to affect fecal immunochemical
testing positivity.3!

The threshold for haemoglobin detection at which a fecal immunochemical screening test
is considered positive has a direct effect on the positive predictive value of the test. There

is no universally accepted cut-off, and thresholds vary across screening programmes.27-34:35
Threshold choice affects the advanced neoplasia detection rate, the probability of missing
an invasive cancer, and the proportion of screen-positive and false-positive tests. Threshold
choice is especially important in countries such as Nigeria where there is a practical need
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to balance maximising cancer detection rates against the resource constraints and cost
required to investigate a positive screen.6:38 In this study, we chose the highest existing
threshold (50 ng/mL) for a commercially available qualitative fecal immunochemical
testing, recognising the need to balance test sensitivity with endoscopic resources in
Nigeria. We also chose a point-of-care qualitative test rather than a laboratory-based
quantitative test to address concerns regarding scalability. Considering the high number of
false positive fecal immunochemical test results in our study, higher haemoglobin detection
thresholds in qualitative tests might need to be developed and evaluated for use in Nigeria.
Thailand introduced a national colorectal cancer screening programme using quantitative
fecal immunochemical test with a 150 ng/mL threshold.38 This threshold offered both high
positive predictive value and negative predictive value for advanced neoplasia detection in
the Thai population without overwhelming the country’s limited endoscopy resources.

A three to five times lower event rate for invasive colorectal cancer was observed in this
study than observed for other colorectal cancer screening series from high-income countries
in average-risk populations of similar age range.2” Of 2330 total participants, 285 tested
positive with the fecal immunochemical test and completed a colonoscopy. Of these 285,
three invasive cancers were identified. This result probably reflects a lower prevalence of
colorectal cancer in Nigeria than in high-income countries implementing colorectal cancer
screening. 1 The true prevalence and incidence of colorectal cancer in Nigeria are not
known.® Data from the Nigerian National System of Cancer Registries, which are drawn
predominantly from hospital-based registries in urban regions, suggest age-standardised
rates for colorectal cancer of six to seven incident cases per 100 000 (vs about 40-65
incident cases per 100 000 in high-income countries).3 Screening only becomes feasible and
costeffective when the prevalence of a condition reaches a certain threshold.12

The positive predictive value of fecal immunochemical testing for advanced adenoma
detection was much lower than in comparable studies outside of sub-Saharan Africa.2” This
result might reflect a lower burden of high-risk adenomatous pathology, which has been
reported in average-risk populations across sub-Saharan Africa undergoing colonoscopy.1®
Endoscopic findings from our study also showed a low rate of high-risk tubulovillous or
villous adenomas, large adenomas (=10 mm), and high-grade dysplasia. Colorectal cancer
screening programmes assume that most colorectal cancer cases develop via the classic
adenoma-carcinoma sequence of chromosomal instability,3” and identification and removal
of pre malignant adenomas can prevent progression to carcinoma.3® However, whether the
adenoma-carcinoma sequence is the dominant pathway in the development of colorectal
cancer outside of the high-income, mostly European populations in which it has been
studied remains unclear. There is some evidence to suggest that alternative pathways driving
colorectal cancer tumorigenesis, including microsatellite instability and the CpG island
methylation pathway, might be more frequent in Nigeria and other west African countries.3?
If the adenoma-carcinoma sequence is not the dominant pathway in Nigeria, this might have
implications for determining the most appropriate colorectal cancer screening modalities and
intervals, which is an area of ongoing investigation.

Despite the low positive predictive value of fecal immunochemical testing as a colorectal
cancer screening test in Nigeria, most participants in this study reported having a positive
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experience. Additionally, two thirds of participants who tested positive completed follow-up
colonoscopies, which is comparable to rates reported in the literature.2” This is the first
time that the uptake of colonoscopies has been evaluated in Nigeria and is important
because uptake for screening and any follow-up test must be high for the intervention to

be considered effective.

Health system and individual out-of-pocket costs are important considerations in introducing
a screening programme.1 Most participants were willing to pay a median of USD$3-65 for
the fecal immunochemical screening test, substantially less than the per-participant cost of
administering the test in this study. The cost of a colonoscopy to investigate a positive result
was equivalent to half of the median monthly household income reported. These aspects

will require consideration in the design, delivery, and financing of any formal screening
programme in Nigeria. Formal cost-effectiveness analyses of organised and opportunistic
colorectal cancer screening in Nigeria, as well as comparative cost-effectiveness analysis

for programmes aimed at earlier detection of symptomatic cases of colorectal cancer are
important and require future investigation.

This study has several limitations. To power the study for a sensitivity of 80% to detect
colorectal cancer, we would have required about 27 000 participants. This high number of
participants would have generated an endoscopic and resource burden that was untenable

in Nigeria. To address the colorectal cancer screening recommendations in the current
Nigerian National Cancer Strategy (2018-22) a pragmatic study design that evaluated fecal
immunochemical testing on the basis of positive predictive value alone was required. This
approached has recently been employed in fecal immunochemical testing-based colorectal
cancer screening studies in Thailand and Mexico.*%41 We did not include a specific
urban-rural stratum in our sampling strategy. Differences in colorectal cancer risk factors
and prevalence of benign causes of gastrointestinal bleeding between urban and rural
populations have been reported and might have contributed to observed differences in

fecal immunochemical testing positivity across the study catchments, most notably between
Lagos and the other regions. Overall, the study cohort had higher levels of post-secondary
education than the general population in Nigeria.#2 This higher level of education might
reflect bias in the recruitment and sampling strategy, which might favour those able to
access the study sites or patients with higher health literacy. A further limitation is that

age inclusion criteria were selected according to screening recommendations for African-
American populations living in the USA, and reported earlier age of colorectal cancer onset
among Nigerians. The optimal age at which to start colorectal cancer screening in Nigeria
remains unclear.

Colonoscopy attendance after a positive fecal immunochemical test result was reduced
among patients with lower educational attainment compared with those of high educational
attainment (but was not affected by other demographic factors including wealth), which
might reflect differential drop-out owing to lower health literacy.

This study provides new insights into the utility and acceptability of fecal immunochemical
test-based colorectal cancer screening in average-risk, clinically asymptomatic individuals
in Nigeria, with relevance to other middle-income countries considering colorectal cancer

Lancet Glob Health. Author manuscript; available in PMC 2022 August 24.
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screening. At a haemoglobin concentration threshold of 50 ng/mL, one in five participants
returned a positive result for the fecal immunochemical test, generating a large endoscopic
burden that would exceed national capacity if rolled out at a national level, with a low
positive predictive value for invasive cancer or advanced adenoma at colonoscopy compared
with that reported in other countries. These findings suggest that country-level and context-
specific data on fecal-based colorectal cancer screening modalities are required, because
key performance characteristics of fecal immunochemical testing might not translate across
diverse populations.
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Refer to Web version on PubMed Central for supplementary material.
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Research in context
Evidence before this study

We searched for evidence evaluating colorectal cancer screening in low-income and
middle-income countries. We searched PubMed, MEDLINE, and ClinicalTrials.gov for
articles published between Jan 1, 1990, and Aug 1, 2021, using the terms “colorectal
cancer” OR “bowel cancer” AND “screening” AND “middle-income” OR “low-income”
OR “low and middle-income (LMIC)”, without language restrictions. We applied an
additional filter for geographical region using “Nigeria” OR “West Africa” OR “sub-
Saharan Africa”. We found that the role and performance of fecal-based colorectal
cancer screening is not well characterised outside of high-income settings. Identified
articles were mostly narrative reviews or policy analyses, which extrapolated evidence on
colorectal cancer screening from high-income settings. Studies from two upper-middle
income countries, Thailand and Mexico, reported on the feasibility of introducing
organised, population-based screening using quantitative fecal immunochemical testing.
These studies showed acceptable positive predictive values with single-round fecal
immunochemical screening for advanced neoplasia detection. One single-centre study in
Ibadan, Nigeria, evaluated this type of screening among patients presenting to a primary
care clinic for other concerns. This study demonstrated a 10% fecal immunochemical
test positivity rate. The high rate of non-completion of colonoscopy (71%) among
participants who tested positive in this study precluded meaningful evaluation of fecal
immunochemical test performance characteristics for advanced neoplasia detection. The
pilot study we did before undertaking the present study was also retrieved by the

search. No other prospective studies of community-based colorectal cancer screening

in sub-Saharan Africa were identified.

Added value of this study

To our knowledge, our study is the first to provide data on the positive predictive
value, utility, and acceptability of fecal-based colorectal cancer screening in average-
risk individuals in Nigeria, and sub-Saharan Africa. Fecal-based screening has been
recommended for low-income and middle-income countries that are considering
introducing screening, and improved access to fecal-based screening is a goal of
Nigeria’s National Cancer Control Plan. Our findings demonstrate that a fecal-based
colorectal cancer screening strategy performed poorly in Nigeria, with low positive
predictive value for colorectal cancer and advanced adenoma. Caution should be taken
in adopting fecal-based screening strategies developed and validated in high-income
populations, which might not be generalisable to other settings.

Implications of all the available evidence

Colorectal cancer incidence appears to be rising in many middle-income countries,
including in Nigeria, prompting interest in the role of population-based colorectal cancer
screening. Population-specific data on fecal-based colorectal cancer screening modalities
are required, particularly in sub-Saharan African countries, because test characteristics
might not translate across diverse populations. Further research is needed to understand
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the performance, feasibility, and cost-effectiveness of screening strategies for colorectal
cancer outside of high-income countries.
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2330 eligible individuals were enrolled in the study
and received a fecal immunochemical test

—Dl 226 did not return the fecal immunochemical test

| 2109 returned the fecal immunochemical test |

l

v

v

1677 had a negative fecal immunochemical

432 had a positive fecal immunochemical test

test
v

v

Participants received counselling on colorectal
cancer symptoms and screening

285 underwent a colonoscopy

v

A

v

235 showed no polyps or cancer

47 had polyps identified (confirmed via
histopathological methods)

3 had colorectal cancer identified

A

v

20 had advanced adenomas identified

v

Participants received counselling on colorectal
cancer symptoms and screening

Participants received polypectomy and counselling
on colorectal cancer symptoms and screening

Participants underwent further investigations and
treatment

Figure:
Study profile
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Table 3:

Endoscopic and histopathology findings on colonoscopy

Colonoscopy findings (n=285)

Benign structural findings
Haemorrhoids

Diverticulosis

Histopathology
Adenocarcinoma

Signet ring adenocarcinoma
Participants with histopathology-confirmed polyps
Histopathology of highest-grade polyp
Traditional adenoma

Tubular

Tubulovillous

Villous

High-grade dysplasia

Serrated adenoma

Inflammatory polyp

Advanced lesions

Advanced adenomas

Advanced neoplasia

L ocation of advanced neoplasia
Rectosigmoid

Left

Transverse

Right
Advanced neoplasia
Advanced adenoma

Colorectal cancer

Colorectal cancer

Advanced neoplasia

Positive predictive values at colonoscopy (95% CI)

146 (51%)
25 (9%)

3 (1%)
1 (04%)
47 (16%)

27 (9%)

25 (9%)

1 (<1%)

2 (1%)

3 (1%)
0

19 (7%)

20 (7%)
23 (8%)

10/23 (44%)
3/23 (13%)
6/23 (26%)
4123 (17%)

8:1% (5-3-12.0)
7.0% (4-5-10-8)
1-1% (0-3-3-3)

Detection rate, per 1000 participants screened with a fecal immunochemical test

1.4 per 1000 participants
10:9 per 1000 participants
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Data are n (%) or n/N (%), unless otherwise specified. Positive predictive values were based on participants with a positive fecal immunochemical
test who underwent colonoscopy. Detection rate is expressed per 1000 participants who completed fecal immunochemical screening. Records with
missing values were excluded for all variables. Percentages are reported to nearest whole number. Eight participants had <1 cm structural lesions
considered low risk for adenoma on the basis of endoscopic appearance, which are not included in the analysis. These were not biopsied and
therefore histopathological diagnosis is not available. For cases in which a participant had more than one histopathology-confirmed polyp, the

highest grade polyp is reported.
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