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Abstract 

Background  Cancer registries in Nigeria, as well as in other sub-Saharan African countries, face challenges 
in adhering to international cancer registration standards. We aimed to improve cancer incidence estimation 
by identifying under-reporting of new cancers through matching patient-reported local government areas (LGAs) 
in Edo state, Nigeria, to their respective catchment populations.

Methods  Information on cancers was obtained from records of hospitals, medical clinics, pathology laboratories, 
and death certificates according to IARC guidelines. We utilized normalized scores to establish consistency 
in the number of cancers by calendar time, and standardized incidence ratios (SIR) to assess the variation in cancer 
incidence across LGAs compared to Edo state average. Subsequently, we estimated sex- and site-specific annual 
incidence using the average number of cancers from 2016 to 2018 and the predicted mid-year population in three 
LGAs. Age-standardization was performed using the direct method with the World Standard Population of 1966.

Results  The number of incident cancers consistent between 2016–2018 in Egor, Oredo, and Uhunmwonde showed 
a significantly increased SIR. From 2016 to 2018 in these three LGAs, 1,045 new cancers were reported, with 453 
(42.4%) in males and 592 (57.6%) in females. The average annual age-standardized incidence rate (ASR) was 50.6 
(95% CI: 45.2 – 56.6) per 105. In men, the highest incidence was prostate cancer (ASR: 22.4 per 105), and in women, 
it was breast cancer (ASR: 16.5 per 105), and cervical cancer (ASR: 12.0 per 105). Microscopically verified cancers 
accounted for 98.1%.

Conclusions  We found lower age-standardized incidence rates than those reported earlier for the Edo state 
population. Collecting information on the local government areas of the cancers allows better matching 
with the respective target population. We recommend using LGA information to improve the evaluation 
of population-based cancer incidence in sub-Saharan countries.
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Introduction
Cancer registration began in sub-Saharan Africa (SSA) 
in the 1950s [1], more than two decades after the first 
modern cancer registry was established in Europe 
and the United States [2]. In 2019, the World Health 
Organization African region (WHO AFRO), reported 
that 36 of the 47 member countries have cancer regis-
tries, and 26 have a population-based cancer registry 
(PBCR) [3]. In the 2021 report of Cancer Incidence 
in Five Continents by the International Agency for 
Research on Cancer (IARC), data were included only 
from 6 of 21 African countries that submitted data, 
excluding Nigeria [4]. In these countries, 7 of the 30 
cancer registries were accepted, accounting for only 
1% of Africa’s population [4].

In Nigeria, cancer registration started with the estab-
lishment of the Ibadan cancer registry in 1960 [5]. Cur-
rently, there are 33 cancer registries (13 population-based 
and 20 hospital-based) coordinated centrally by the 
Nigerian National System of Cancer Registries (NSCR) 
[6]. The registries are unevenly distributed in the coun-
try with two-thirds (22) located in the southern region of 
Nigeria. All six regions of Nigeria have at least one PBCR, 
with the South-South (4) and South-West (3) regions 
having the most. In the IARC GLOBOCAN 2020 pub-
lication, data from only four PBCRs in Nigeria (Abuja, 
Calabar, Ekiti and Ibadan) were included [7]. These four 
registries cover 3.9% of the Nigerian population based on 
the catchment areas of the registries [6], and 0.7% of the 
sub-Saharan African population, even though the popu-
lation of Nigeria is more than 20% of the entire sub-Saha-
ran Africa population [8].

The Edo-Benin cancer registry (EBCR) was founded 
in 2008 as a hospital-based cancer registry (HBCR). In 
2015, it was designated as a PBCR. Currently, it is one 
of the 13 PBCRs in Nigeria [6], and data from EBCR 
were used in conjunction with another PBCR to derive 
the most recent national cancer incidence estimates for 
Nigeria by the Nigerian National Systems for Cancer reg-
istries (NSCR) [6].

IARC, in its scientific publication No. 95, suggested 
that ‘developing countries should define registry areas 
using administrative boundaries (in the case of Nigeria; 
local government areas) which can be matched both with 
the patient addresses and data on the size of the popu-
lation at risk, typically derived from census information’ 
[2]. As far as we are aware, no study has employed this 
recommended method for estimating cancer incidence in 
sub-Saharan Africa (SSA).

In Nigeria, the catchment areas of PBCRs are not 
clearly defined. Consequently, catchment areas are usu-
ally chosen based on the location of PBCRs or refer-
ral health facilities, primarily within urban areas [1, 9]. 

However, the cancers documented by these registries 
often originate from the entire sub-national region or 
even beyond [1]. Therefore, there is a pressing need to 
match reported cancers with their respective catch-
ment areas to identify areas of under-reporting within 
the sub-region and to enhance the accurate evaluation 
of cancer burden.

Our primary objective in this study was to accurately 
estimate cancer incidence in Edo-Benin. Our second-
ary objective was to identify underreporting, which was 
accomplished by matching patient-reported Local Gov-
ernment Areas (LGAs) to their respective catchment 
populations. Additionally, we evaluated the quality of 
cancer registration.

Methods
Edo state and cancer care facilities
Edo state is in the South-South geopolitical zone of 
Nigeria, with its capital at Benin City. It has an estimated 
population of 3,218,332 (1,640,461 males and 1,577,871 
females) spread across 18 local government areas (LGAs) 
[10]. The state accounts for 2.3% of Nigeria’s population 
(Fig. 1).

The University of Benin Teaching Hospital (UBTH) is 
the only facility providing specialized cancer care ser-
vices [11]. It serves as a major referral center for sus-
pected cancers cases from other health facilities, both 
within and outside Edo state. The Edo-Benin Cancer Reg-
istry is located at the UBTH [12].

Case finding
Information on cancer cases was manually abstracted 
by cancer registrars trained by the Nigerian National 
Systems of Cancer Registries (NSCR). They visited six 
facilities weekly. These healthcare facilities include the 
publicly funded University of Benin Teaching Hospital 
(tertiary health facility) and Central Hospital (second-
ary health facility), as well as the privately funded Faith 
Medical Complex and Saint Philomena Hospital (both 
secondary health facilities). Additionally, the diagnostic 
laboratories, Biogenics Pathology and Asamah Founda-
tion, both operate with private funding. For each cancer 
case, patient demographic and clinical information was 
recorded, including topography, morphology, histology, 
grade, basis of diagnosis and treatment. The abstracted 
cancer data was then enteredinto the CanReg5 software, 
following IARC guidelines for cancer information pro-
duction. Cancers were identified using patient name, 
sex, birth date/ age and diagnosis. Topography, morphol-
ogy and behaviour of abstracted cancers are coded using 
ICD-O-3 (C00 to C95), which was later converted to 
ICD-10 for statistical tabulation.
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Multiple primaries were coded according to the rules 
jointly developed by the International Association of 
Cancer Registries (IACR) and the IARC [13]. Death cer-
tificates were actively sought from mortuaries. Conflict-
ing cancer information between pathological and clinical 
data was resolved through a comprehensive review of 
the initial biopsy or surgical specimen by a pathologist, 
in addition to a clinical review to form a consensus. The 
date of diagnosis was recorded as the first admission date 
to any of the participating six health facilities. The date 
was extracted from all available medical records with 
suspected cancer. We considered cancer as microscopi-
cally verified (MV) if the basis of diagnosis was cytology 
or histology, either from primary, metastases, or autopsy.

Study variables
The independent variables included age, sex, local 
government areas (LGAs) in Edo state, and reporting 
years (spanning from 2009 to 2018). Age in years was 
categorized into eight groups (0–14, 15–24, 25–34, 
35–44, 45–54, 55–64, 65–74, 75 and above), while sex 
(male, female) and LGAs are categorical variables with 
nominal scale measurements. The LGAs are the vari-
ous local administrative units in Edo State. The report-
ing years, spanning from 2009 to 2018, are treated as 
discrete variables.

The dependent variables encompass the number of 
cancers (which is measured as discrete nominal), and 
cancer types and their classifications. Cancer types are 
categorical variables with nominal scale measurements. 
The cancers were categorized into 23 males and 27 
females’ cancer sites based on the ICD-10 guidelines.

Statistical methods
To estimate changes in the annual reporting of cancers, 
we used Poisson regression with the expected number of 
cancers as outcome. We compared the expected annual 
number of cancers between 2011 and 2018 to the average 
number of cancers in 2009 and 2010. The case finding in 
2009 and 2010 was well organized and resourced by per-
sonnel and thus considered to be as complete as possi-
ble [14]. Furthermore, cuts in personnel after 2010 led to 
inability to collect and process pathological and clinical 
reports as before. We considered years with p-values less 
than 5% as outliers (indicating underreporting).

To estimate changes in the annual reporting of cancers, 
we used poisson regression as a statistical method for 
time series analysis, with the expected number of annual 
cancers as outcome. We compared the expected annual 
number of cancers between 2011 and 2018 to the average 
number of cancers in 2009 and 2010 was used as refer-
ence. This choice of reference was based on the case find-
ing in 2009 and 2010 was well organized and resourced 

Fig. 1  Map of Edo State, its 18 Local Government Areas, and Edo-Benin cancer registry
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by personnel and thus considered to be as complete as 
possible. We consider years with p-values less than 5% as 
outliers (indicating underreporting).

We reported the relative levels of cancer incidence by 
local government areas using standardized incidence 
ratios (SIR), with the total cancer incidence for all 15 
LGAs in Edo-Benin as the reference. For each LGA and 
gender, we calculated the observed and expected num-
bers of cancers across five-year age categories (0–4, 
5–9,…,80–84, and 85 +) and one-year calendar time 
periods (2016, 2017, and 2018). The SIR was then cal-
culated as the ratio of the observed to expected cancer 
cases. For each SIR, we calculated the exact 95% confi-
dence interval (CI), assuming a Poisson distribution of 
the observed number of cases. If the SIR lower limit was 
above 1, implying better than average statewide registra-
tion. These were considered reliable for the estimation of 
cancer incidence.

After excluding cancers due to annual under-reporting 
and restricting them to three catchment areas, we pre-
sented the number of incident cancers for males and 
females across eight age groups and 23 (males) and 27 
(females) cancer sites. Crude incidence rates per 100,000 
per year were computed, as well as age standardized 

rates (ASRs). Age-standardization was done by the direct 
method using the World Standard Population of 1966 
[15, 16]. Statistical data analysis was conducted using the 
R software version 4.1.2 and the PopEpi package version 
0.4.9 (for age-standardized incidence) [17]. We assessed 
diagnostic validity by examining the percentage of mor-
phologically verified site and sex-specific cancers [15].

Population
Age- and sex- specific populations in Edo, categorized by 
local government areas (LGAs), were derived from the 
Nigerian census of 2006 [18], with the annual growth rate 
applied from the World Bank Statistics [19]. The same 
annual growth rate was applied for males, females and all 
age groups. The ASR was estimated using the population 
at risk within five-year age groups in 2017 (Fig. 2).

Ethics statement
The ethical issues of this project were reviewed and 
approved by the Health Research Ethics Committee of 
the University of Benin Teaching Hospital (Ethical clear-
ance Number: ADM/E 22/A/VOL.V11/148301102). 
To address privacy concerns, stringent measures were 
implemented to safeguard the confidentiality of the data. 

Fig. 2  Estimated percentages of population of Benin City in 2017 by age group and sex
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Our study involved the analysis of de-identified data 
obtained from Edo-Benin Cancer Registry. This data 
source is a comprehensive and established cancer registry 
that collects and maintains information on cancer cases 
in the Edo State population. The data provided to us for 
analysis were fully anonymized, and no personally iden-
tifiable information was accessible to our research team. 
As a result, our study did not involve direct contact with 
human participants. Moreover, access to the data was 
restricted to authorized personnel directly involved in 
the research, and the data storage complied with indus-
try-standard security protocols.

Results
A total of 6,442 new cancers were reported to EBCR 
during the period from 2009 to 2018. Cancers for three 
LGAs (Owan West, Owan East, and Akoko-Edo) were 
not separated in the registration and are therefore 
excluded from the analysis (n = 18, Fig. 3.)

Out of the 6,442 new cancers obtained, 1,501 (23.3%) 
were excluded for the following reasons: 1,442 (22.4%) 
cancers cases resided outside Edo State at the time of 
diagnosis, 56 (0.9%) were non-malignant, and 3 (0.05%) 
had missing values for sex or age (Fig. 3).

Annual cancer registration and regional variation in cancer 
incidence
The annual numbers and percentages of cancers by sex 
for the period 2009 and 2018, obtained by Edo-Benin 
cancer registry, are shown in Table  1. The reported 
number of cancers from 2011 to 2015 was lower than 
the average number of cancers in 2009 and 2010. The 

Fig. 3  Flow chart of the exclusion criteria for the reported cancers in Edo-Benin cancer registry

Table 1  Numbers of cancers and percentages by year of 
diagnosis and sex in all local government areas of Edo-Benin

*  Significantly lower (p < 0.05) annual numbers of cancers compared to average 
number of cancers in 2009 and 2010 with Poisson regression of the annual 
expected number of cancers

Year of 
diagnosis

Male N (%) Female N (%) Total N (%)

2009 341 (12) 228 (11) 569 (11.5)

2010 464 (16) 319 (16) 783 (15.8)

2011 203 (7.0) 153 (7.5) 356 (7.2) *

2012 99 (3.4) 66 (3.2) 165 (3.3) *

2013 197 (6.8) 153 (7.5) 350 (7.1) *

2014 223 (7.7) 157 (7.7) 380 (7.7) *

2015 224 (7.7) 128 (6.3) 352 (7.1) *

2016 463 (15.9) 265 (13) 728 (14.7)

2017 339 (12) 267 (13) 606 (12.3)

2018 356 (12) 296 (15) 652 (13.3)

Total 2909 (58.9) 2032 (41.1) 4941 (100.0)
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number of cancers reported in 2016 returned to pre-2011 
numbers and was not statistically significantly different 
in 2017 and 2018. Because the annual number of cancers 
from 2011 to 2015 indicated underreporting, cancers 
from these years were excluded, and we reported the 
most recent years of 2016 to 2018 (Fig. 3).

The number of cancers and standardized incidence 
ratios (SIR) with 95% confidence intervals (CI) for the 
15 LGAs in Edo-Benin are shown in Table  2. Seven 
LGAs had SIRs less than Edo state average (Esan 
North-East, Ikpoba-Okha, Etsako West, Esan South 
East, Ovia North East, Etsako East, Ovia South West). 
The lowest SIRs were in Esan-South East (0.17, 95% CI: 
0.11–0.25) and Etsako East (0.26, 95% CI: 0.18–0.37). 
Five LGAs (Orhionmwon, Esan West, Esan Central, 
Etsako Central and Igueben) had SIRs corresponding 
to the state average incidence. Standandised incidence 
ratios were statistically significantly for Egor, Oredo, 

and Uhunmwonde. The standardized incidence of Egor 
(1.96, 95% CI: 1.79–2.15) was almost twice as high as 
Edo state average and in both Oredo (1.65, 95% CI: 
1.50–1.81) and Uhunmwonde (1.57, 95% CI: 1.34–1.82) 
there was more than a 50% increase in incidence. We 
restricted the analysis to these three LGAs because they 
are least likely to contain underreporting of cancers.

Cancer incidence in Edo State
A total of 1,045 incident cancers were reported [453 
(42.4%) in men and 597 (57.6%) in women] from 2016 to 
2018 in three LGAs (Egor, Oredo, and Uhunmwonde), 
in which the SIRs were above the Edo-Benin average 
(Table 3). The average annual number of incident cancers 
was 350 (151 in men and 199 in women) with an aver-
age annual ASR of 50.6 (95% CI; 45.2 – 56.6) per 100,000. 
The average annual ASR was 47.4 (95% CI; 40.1 – 56.1) 
per 100,000 for males and 56.0 (95% CI; 48.2 – 65.0) per 
100,000 for females. The ASR for all cancers within Edo 
State in the registry for 2016–2018 restricted to three 
LGAs (unmatched) was 94.8 (95% CI: 87.3 – 102.8).

The number of incident cancers, crude, and age stand-
ardized incidence of primary cancers by sex, site, and 
age group in EBCR are shown for males in Table 4 and 
females in Table  5. The most common cancers (average 
annual number, percentage) in males were prostate (343, 
58.5%), colon (27, 4.4%), rectum (19, 3.8%), and pharynx 
(18, 3.1%). The age-standardized incidence rate for pros-
tate was 29.2 per 100,000, colon 1.9 per 100,000, rectum 
1.3 per 100,000, and pharynx 1.2 per 100,000. The average 
annual numbers of prostate cancers were substantially 
higher at ages 45–54  years compared with 35–44  years 
(22 vs 3). A similar increase was also observed across 
other age groups. In males, the non-solid cancers (C81 
– C96) accounted for 2.4% of the incident cancers, with 
non-Hodgkin lymphoma (1.5%) and Hodgkin lymphoma 
(0.9%) as the most common non-solid cancers. The ‘other 
malignant neoplasms of skin’ (C44) accounted for 2.0% of 
all incident cancers in males.

Table 2  Overall populations, number of cancers and standardized 
incidence ratios (SIR) with 95% confidence intervals (CI) by local 
government areas (LGAs) in Edo-Benin

LGAs Population Cancers SIR (95% CI)

Oredo 374,515 440 1.65 (1.50–1.81)

Ikpoba-Okha 372,080 179 0.72 (0.62–0.83)

Egor 340,287 445 1.96 (1.79–2.15)

Etsako West 198,975 58 0.41 (0.31–0.52)

Orhionmwon 183,994 164 1.07 (0.91–1.24)

Esan South-East 166,309 21 0.17 (0.11–0.25)

Ovia North-East 155,344 77 0.72 (0.57–0.89)

Etsako East 147,335 29 0.26 (0.18–0.37)

Ovia South-West 138,072 47 0.51 (0.37–0.66)

Esan West 127,718 80 0.85 (0.68–1.05)

Esan North-East 121,989 43 0.46 (0.33–0.61)

Uhunmwonde 121,749 160 1.57 (1.34–1.82)

Esan Central 105,242 76 0.93 (0.73–1.15)

Etsako Central 94,228 76 1.09 (0.87–1.36)

Igueben 70,276 65 1.14 (0.89–1.44)

Total 1960

Table 3  Population, number of cancers, crude, and age-standardized incidence of Edo- Benin Cancer Registry from 2016 – 2018 in 
three LGAs

ASR for all cancers within Edo State in the registry for 2016–2018 restricted to three LGAs (unmatched) was 94.8 (95% CI: 87.3 – 102.8)
a per 105, ASR; age-standardized rate, LGAs included: Egor, Oredo, and Uhunmwonde

Total Male Female

Population size 1,138,070 573,484 564,586

Cancers 1,045 453 592

Av. annual number of cancers 348 151 197

Average crude rate (95% CI) a 30.7 (27.6 – 34.1) 26.3 (22.4 – 30.9) 35.2 (30.7 – 40.5)

Average ASR (95% CI) a 50.6 (45.2 – 56.6) 47.4 (40.1 – 56.1) 56.0 (48.2 – 65.0)
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In females, the most common cancers (average annual 
number, percentage) were breast (212, 35.8%), cervix 
uteri (147, 24.8%), and ovary (30, 5.1%). The ASR for 
these sites were breast 18.8 per 100,000, cervix uteri 14.5 
per 100,000, and ovary 12.1 per 100,000.

The proportion of breast cancers peaked in the age 
group 45–54  years (30.2%). Non-solid cancers (C81 – 
C96) accounted for 0.8% of total reported cancers in 
females. ‘Other malignant neoplasms of skin’ (C44) 
accounted for 2.0%.

There were 10 incident childhood cancers accounting 
for 1.0% of all incident cancers (1.3% in males, and 0.7% 
in females). The most common type of childhood can-
cer was non-Hodgkin lymphoma (2 cancers) and half 
(6 cancers) of the childhood cancers were defined as 
‘other and unspecified’.

Three-fourths (73.5%) of the cancers were diagnosed 
in individuals aged 55  years or older in males. 
Additionally, 46.4% of cancers were in the working age 

(15 – 64 years) population, and 52.3% among the elderly 
(65  years and above) population. The most reported 
cancers in the working-age population in males were 
prostate (39.0%), colon (4.3%), and pharynx (5.2). In 
females, 78.2% of the cancers occurred at the working-
age (15 – 64  years), and 21.1% occurred in the elderly 
(65 years and above). Incidence was highest in the age 
group 45–54 years in females.

The percentage of microscopically verified cancers 
was 98.1% (98.3% in males and 97.9% in females). All 
sites had 100% morphological verification in males, 
except for prostate (98.5%), colon (96.3%), rectum 
(94.7%), breast (91.7%) and trachea, bronchus, lungs 
(91.7%). A Lower proportion of morphologically veri-
fied cancers was observed in females with seven can-
cers having morphological verification less than 100%: 
cervix uteri (98.5%), breast (97.9%), colon (94.7%), 
stomach (93.3%), uterus unspecified (92.0%), pancreas 
(80.0%) and brain, nervous system (75.0%).

Table 4  Site and age specific number of cancers and site specific morphologically verified, crude rates and age-standardized rates for 
males, 2016–2018

Unclassified cancers in males included ICD-10 codes; C17, C23, C26, C30, C38, C41, C62, C63, C69, C77, and C86

Site ICD-10 0–14 15–24 25–34 35–44 45–54 55–64 65–74 75 +  Sum % MV% CR ASR

Pharynx C9-11, C12-14 1 1 0 1 3 6 2 0 14 3.1 100 0.7 1.2

Oesophagus C15 0 0 0 1 0 2 2 2 7 1.5 100 0.2 0.4

Stomach C16 0 0 0 1 0 3 2 0 6 1.3 100 0.2 0.3

Colon C18 0 0 1 1 3 4 7 4 20 4.4 96.3 1 1.9

Rectum C19-20 0 0 1 4 3 2 6 1 17 3.8 94.7 0.7 1.3

Anus C21 0 0 0 1 0 1 0 0 2 0.4 100 0.0 0.0

Liver C22 0 0 0 0 2 1 0 0 3 0.7 100 0.0 0.0

Pancrease C25 0 0 0 0 1 0 0 0 1 0.2 100 0.0 0.0

Trachea bronchus lung C33-34 0 0 0 3 3 1 2 0 9 2.0 91.7 0.3 0.5

Melanoma of skin C43 0 0 0 0 0 1 0 0 1 0.2 100 0.0 0.0

Other skin C44 0 1 2 2 3 1 0 0 9 2.0 100 0.2 0.3

Kaposi’s sarcoma C46 0 0 0 1 0 0 0 0 1 0.2 100 0.0 0.0

Connective soft tissue C49 1 0 0 0 2 0 1 2 6 1.3 100 0.3 0.4

Breast C50 0 0 0 3 1 6 1 1 12 2.6 91.7 0.5 0.9

Prostate C61 0 1 1 3 22 55 87 96 265 58.5 98.5 15.2 29.2

Kidney C64-65 0 0 0 1 0 0 1 0 2 0.4 100 0.0 0.0

Ureter bladder C66-68 0 0 0 1 1 1 1 1 5 1.4 100 0.2 0.3

Thyroid C73 0 1 0 0 1 0 0 0 2 0.4 100 0.0 0.0

ill-defined, secondary 
and unspecified sites

C76, C80 0 1 0 1 2 4 2 0 10 2.2 100 0.3 0.7

Hodgkin lymphoma C81 0 0 0 2 1 0 1 0 4 0.9 100 0.2 0.2

Non-Hodgkin lymphoma C82-85, C96 1 2 2 0 1 0 1 0 7 1.5 100 0.2 0.1

Multiple myeloma C90 0 0 1 0 0 0 0 0 1 0.2 100 0.0 0.0

Other and unspecified Other 3 2 1 11 10 8 12 2 49 10.8 98.3 2.6 4.4

All sites total 6 9 9 37 59 96 128 109 453 100 98.3

% total 1.3 2 2 8.1 13 21.2 28.3 24.1 100
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Discussion
The use of local government area (LGA) informa-
tion commonly reported by patients in cancer reg-
istration in Nigeria, together with matching target 
population, should be used for more reliable estima-
tion of cancer incidence. This is important when can-
cer registration does not adequately cover the entire 
target population (state). When cancer and popula-
tion data were matched, the age-standardized cancer 
incidence of Edo-Benin was 51/100,000 per year, with 
a lower incidence in men (47/100,000) than in women 
(56/100,000). The most common cancers were prostate, 
breast and cervix cancers.

The age-standardized cancer incidence reported 
by GLOBACAN in 2020, using cancers from four 
Nigerian population-based cancer registries (Abuja, 

Ekiti, Calabar, and Ibadan), was 110/100,000 per 
year [7]. This rate is more than two-fold higher than 
the cancer incidence estimate for Edo-Benin. The 
Nigerian consortium estimated the average annual age-
standardized incidence of EBCR in 2015 as 88/100,000 
[6]. This figure is almost twice as high as what we 
evaluated for Edo-Benin.

If we were to include all cancers within Edo State 
reported in the registry and restrict the target popula-
tions to three LGAs (without matching, as was the ear-
lier practice) from 2016 to 2018, then the average annual 
ASR for the Edo-Benin cancer registry can be estimated 
as 95/100,000 per year (95% CI, 87.3 – 102.8). This is 
closer to the figures reported by GLOBOCAN and the 
Nigerian consortium, which is consistent with the propo-
sition that population-based cancer registries (PBCR) in 
Nigeria have not matched cancers with proper catchment 

Table 5  Site- and age-specific number of cancers and site specific morphologically verified, crude rates and age-standardized rates 
for females, 2016–2018

Unclassified cancers in males included ICD-10 codes; C17, C23, C26, C38, C40, C41, C48, C51, C69, C75, C77, and C86

Site ICD-10 0–14 15–24 25–34 35–44 45–54 55–64 65–74 75 +  Sum % MV% CR ASR

Pharynx C9-11, C12-14 0 0 0 1 3 1 0 0 5 0.8 100 0.2 0.1

Oesophagus C15 0 1 0 0 1 1 5 0 8 1.4 100 0.2 0.5

Stomach C16 0 1 1 2 3 1 3 1 12 2 93.3 0.5 0.8

Colon C18 0 0 1 2 3 6 0 2 14 2.4 94.7 0.7 1.4

Rectum C19, C20 0 0 1 4 2 2 1 1 11 1.9 100 0.5 0.8

Anus C21 0 0 0 0 2 1 3 0 6 1 100 0.2 0.4

Liver C22 0 0 0 1 0 1 1 1 4 0.7 100 0 0

Pancrease C25 0 0 1 0 0 2 1 0 4 0.7 80.0 0.2 0.4

Larynx C32 0 0 0 1 0 0 1 0 2 0.3 100 0 0

Trachea bronchus lung C33, C34 0 0 2 2 1 2 4 1 12 2 100 0.7 1.2

Melanoma of skin C43 0 0 0 0 0 1 0 1 2 0.3 100 0 0

Other skin C44 0 1 1 4 3 3 0 0 12 2 100 0.5 1

Connective soft tissue C49 0 0 0 0 2 1 1 1 5 0.8 100 0.2 0.3

Breast C50 0 2 19 52 64 41 25 9 212 35.8 97.9 12.4 18.8

Vagina C52 0 0 2 2 2 2 1 2 11 1.9 100 0.4 0.3

Cervix uteri C53 0 1 5 27 42 42 21 9 147 24.8 98.5 8.9 14.5

Corpus uteri C54 0 0 0 3 6 0 3 0 12 2 100 0.7 0.9

Uterus unspecified C55 0 0 0 5 6 7 2 0 20 3.4 92.0 1.2 2.3

Ovary C56 0 3 4 8 9 3 3 0 30 5.1 100 1.8 2.1

Kidney C64, C65 0 0 0 1 0 0 0 0 1 0.2 100 0 0

Ureter Bladder C66-68 0 0 0 1 1 1 0 2 5 0.8 100 0 0

Brain nervous system C70-72 0 0 0 0 1 0 3 0 4 0.7 75.0 0.2 0.5

Thyroid C73 0 0 2 3 2 0 0 0 7 1.2 100 0.4 0.5

ill-defined, secondary 
and unspecified sites

C76,C80 0 0 0 1 2 1 2 0 6 1 100 0.2 0.3

Hodgkin lymphoma C81 0 1 0 1 0 0 0 0 2 0.3 100 0 0

Non-Hodgkin lymphoma C82-85, C96 1 1 0 0 0 1 0 0 3 0.5 100 0 0

Other and unspecified Other 3 1 1 3 5 7 13 2 35 5.9 95.7 2.1 3.8

All sites total 4 12 40 124 160 127 93 32 592 100 97.9

% total 0.7 2 6.8 20.9 27 21.5 15.7 5.4 100
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areas. Catchment areas are typically selected to be the 
urban areas, where the PBCR or referral health facilities 
are located [1, 19], while the cancers in these registries 
come from the entire sub-national region or even out-
side the region [1]. Matching reported cancers and their 
catchment area by LGA is needed to obtain a more accu-
rate assessment of cancer incidence, and the incidence 
reported by GLOBOCAN, and the Nigerian consortium 
potentially may have overestimated the true incidence for 
Nigeria.

Our approach addressed the main challenges in cancer 
surveillance in sub-Saharan Africa related to assessment 
(clear definition) of the catchment population of PBCR 
and the availability of population denominators (lack 
of census data). LGAs are the smallest sub-national and 
geographical units for defining residence in Nigeria. It 
also forms the bedrock of the primary health care system 
in Nigerian and Edo State [20]. While PHC centers are 
built in each LGA, the Specialist and Teaching hospitals 
where cancer care is provided do not follow this pattern. 
Rather, in Edo State, the teaching hospital (UBTH) pro-
viding oncological services and housing the cancer regis-
try is built in the urban LGA. Suspected cancers residing 
in or close to LGAs where UBTH is located are more 
likely to seek care at the teaching hospital and thus more 
likely to be captured by the cancer registration system. 
We computed a more valid estimate of cancer incidence 
by restricting the population at risk to LGAs that match 
the place of residence of cancer cases at time of diag-
nosis. The IARC guidelines also recommended the use 
of local government population as denominators in the 
computation of cancer incidence in places where census 
data are not available and where registry catchment defi-
nition is not formally and geographically defined [2]. Our 
method of comparing relative proportions of cancers to 
those expected by population sizes by LGA relies on the 
fact that differences reflect mainly differences in registra-
tion. Such differences can be caused by differences in risk 
factors between LGAs, but the main reason is likely the 
care-seeking pattern favoring suspected cancers nearby 
UBTH.

In men, the highest age-standardized incidence rates 
in Edo-Benin were for prostate cancer. The GLOBOCAN 
2020 rates for Nigeria also reported prostate cancer 
as the most common cancer for men [7]. However, 
the GLOBOCAN rates were higher than those of our 
findings (35 vs. 29). Prostate cancer is the most frequent 
(58%) cancer in men in Edo-Benin. This is consistent with 
previous studies reporting prostate cancer as the most 
common cancer in Nigerian men (between 32 and 46% 
by other Nigerian registries) [21]. In 2020, GLOBOCAN 
estimated that prostate cancer accounted for 30% of 
all male cancers in Nigeria [7]. The high proportion of 

prostate cancer in Edo-Benin could be attributed to 
broader use of the prostate specific antigen (PSA) due to 
active recruitment.

Our study also reported an increase in the number 
of prostate cancers with an increase in age. The risk of 
developing prostate cancer increased significantly after 
the age of 50 years, with more than 80% of prostate can-
cers diagnosed in men over the age of 65  years [9, 22]. 
The age-related increase in prostate cancer incidence is 
particularly relevant for Nigeria, where the population is 
projected to age rapidly in the coming years. According 
to the United Nations, the proportion of Nigerians aged 
65 years or older is expected to increase from 3% in 2020 
to 6% in 2050 [23]. This demographic shift could result 
in a significant increase in the number of prostate cancer 
cases in Nigeria.

Similar to men, the incidence rates for the most com-
mon cancers in females were lower than those in GLOB-
CAN 2020. Compared to the Edo-Benin cancer registry, 
GLOBOCAN 2020 reported higher age-standardized 
rates (per 100,000) for breast cancer (49.0 vs 18.8), cervi-
cal cancer (18.4 vs 14.5), and ovarian cancer (5.6 vs 2.1). 
Yet, there were less differences in ranking by primary site. 
The most common cancers were breast (35.8%), cervix 
uteri (24.8%), and ovarian (5.1%). Likewise, GLOBOCAN 
2020 reported breast (38.7%), cervix uteri (16.4%), non-
Hodgkin lymphoma (4.8%), and ovary (4.4%) as the most 
common cancers. The percentage of breast cancer and 
ovarian cancer is similar to GLOBOCAN.

Childhood cancers accounted for 1.0% of all incident 
cancers in EBCR, with non-Hodgkin lymphoma and con-
nective soft tissue cancers being the most common types. 
Earlier reports from the Edo-Benin cancer registry (2014 
– 2016) show similar proportion of 1.4% [6]. In contrast, 
GLOBOCAN 2020 reported a higher proportion of 5.3%, 
with leukaemia, brain/central nervous system, and non-
Hodgkin lymphoma being the most common types [24]. 
The lower rates of childhood cancers in the EBCR than 
GLOBOCAN are likely due to underreporting [16, 25].

The overall percentage of morphologically verified 
cancers was high (98%) for a developing country [26] 
and high when compared with other registries in Nige-
ria [14]. This high value could reflect the type of facili-
ties reporting data to the EBCR. Two of the facilities 
contributing data to the registry are pathology labora-
tories, and the host institution (that is, UBTH) of the 
EBCR has a fully functional pathology department. 
Thus, information on most cancers in the EBCR would 
include a histological report. The MV% was similar in 
males (98.3%) and females (97.9%). For males, all can-
cer sites had a morphological verification of 100%, 
except for prostate, colon, rectum, breast, and lung. In 
females, the pancreas (80%), and brain/nervous system 
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(75%) had MV% far less than 100%. A high percent-
age of morphological verification is necessary for valid-
ity, but extremely high levels may suggest a reliance on 
the pathology laboratory as the only source of informa-
tion. This may reflect a failure to detect cases diagnosed 
by other means and result in incomplete registration 
[15]. In Nigerian cancer registries in 2015, low MV% 
for cancers were noted [14]. The lower numbers may be 
due to late-stage diagnosis of these malignancies, which 
would make them less suitable for biopsy and surgical 
treatment.

The inconsistencies in the yearly reported numbers of 
cancers and case registration practices in the EBCR show 
the need for validation studies for quality assurance and 
further development of cancer registration. The drop in 
reported numbers of cancers coincided with a change in 
the management of the cancer registration in Edo-Benin 
in 2010 [6]. Our results also show a substantial improve-
ment from 2016 due to the designation of the EBCR as 
PBCR in 2015.

We acknowledge the inherent limitations of relying on 
self-reported information for residence determination 
used in this study. However, in the absence of more pre-
cise data sources, such as comprehensive address data-
bases, we utilized the best available information provided 
by the patients themselves which is routinely collected by 
the cancer registry during data abstraction. We believe 
that our approach, though not perfect, represents a rea-
sonable and practical strategy given the data constraints 
in the context of our study.

Furthermore, the low death registration levels in Nige-
ria, estimated at only 10% [27], significantly compromise 
the validity of cancer data in the country. This limitation 
is closely linked to missed cases of cancers in cancer reg-
istration, as a significant portion of deaths goes unreg-
istered. The cause of death remains uncertain for many 
individuals, making it challenging to accurately attribute 
deaths to specific cancers. This lack of vital information 
results in underreporting of cancer-related deaths in can-
cer registries, impacting the overall quality and validity of 
cancer data. Missed cases and underreporting can lead 
to an incomplete picture of the cancer burden, hinder-
ing comprehensive cancer control efforts, early detection, 
and effective healthcare planning in Nigeria. Addressing 
the issue of low death registration is essential for improv-
ing the quality and completeness of cancer data.

The findings of this study have significant public health 
implications. Firstly, we strongly recommend the docu-
mentation of the local administrative district of patients 
at the time of cancer diagnosis, emphasizing its useful-
ness in estimating accurately cancer incidence. Our 
study, which involved matching cancers to their respec-
tive catchment areas, revealed lower estimates than 

previously reported, suggesting that earlier cancer inci-
dences from this region were likely overestimated.

Additionally, our analysis indicated that if the major 
health facilities and cancer registry are within the same 
local government area these leads to better cover-
age compared to when they are not in the same LGA. 
Because of incomplete reporting in many LGAs in Edo-
Benin, we recommend the use of our method (to match 
cancers and populations by LGAs), to get as close-as pos-
sible population-based estimates of incidence. Finally, as 
cancer is not included in the integrated diseases surveil-
lance and response (IDSR) system of Nigeria, we recom-
mend that cancers should be part of the system.

Conclusions
We found lower age-standardized incidence rates than 
those previously reported for the Edo state population. 
Collecting information on the local government areas 
of the cancers enabled better matching with the respec-
tive target population. We recommend incorporating 
local administrative units (such as LGAs, municipali-
ties, commune, county, etc.) information to enhance the 
evaluation of population-based cancer incidence in sub-
Saharan countries.
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