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Abstract 

Background:  The rising increase in the incidence of breast cancer among women is worrisome and a great concern 
to all. More disturbing is that the incidence of breast cancer and death has been attributed to exposure to imaging 
modalities that utilize ionizing radiation such as computed tomography. The aim of this study was to estimate the 
lifetime attributable risk (LAR) incidence and mortality for breast cancer for female patients who had head computed 
tomography in two imaging facilities (centres) in the Niger Delta region of Nigeria.

Result:  The overall estimated mean effective dose in centres G1 and G2 is 5.76 mSv and 1.54 mSv, respectively. There 
was a statistical significant difference in the mean effective dose between centres G1 and G2 (P < 0.001). The LAR 
breast cancer incidence obtained in this study ranged between 0.5 and 26.45 per 100,000 population in centre G1, 
while in centre G2, it ranged between 0.14 and 6.56 per 100,000 population. The LAR breast cancer mortality obtained 
in this study ranged between 0.07 and 6.25 per 100,000 population in centre G1, while in centre G2, it ranged 
between 0.03 and 1.55 per 100,000 population.

Conclusion:  The estimated mean LAR of breast cancer incidence and mortality for the women who had head CT 
examination in the two study centres was found to be minimal to negligible among the female patients of the differ-
ent age groups in the study population. The overall mean risk of breast cancer incidence was very low in centre G1 
and minimal in centre G2. The obtained risk values can be used to optimize the dose delivered to patients and also 
ensure that CT examinations are justified.
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Background
The radiation dose received by the patient undergoing 
computed tomography (CT) is high compared to the 
dose delivered from the other imaging modalities that 
utilize ionizing radiation such as plain radiography [1]. 
Since the introduction of the first CT scanner at the Uni-
versity College Hospital (UCH) Ibadan, Nigeria, in 1987 

[2], there has been a continuous rise in the acquisition 
of CT scanners in the country as well as an increase in 
the provision and delivery of CT service as more patients 
are being referred for CT examinations based on differ-
ent clinical indications on a daily basis. Concerns have 
been raised on the probability of an increase in the risk 
of developing cancers from exposure to ionizing radia-
tion during computed tomography (CT) examinations [3, 
4]. Sadly, there is no corresponding increase in inculcat-
ing the knowledge of radiation hazards and effects among 
health care providers who refer patients for examinations 
which utilize ionizing radiation [5]. This study therefore 
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set out to examine this probability by estimating the 
mean LAR of breast cancer incidence and mortality for 
the women who had head CT examination.

There are many types of cancer that can occur in the 
human body but the commonest amongst females is the 
cancer of the breast [6]. The International Agency for 
Research on Cancer reported in 2012 that breast cancer 
death is higher than deaths from other cancer types [6]. 
This fact has also been established in Nigeria by differ-
ent researchers [7, 8]. Interestingly, it has been reported 
that the incidence of cancer in Africa is low compared 
to other parts of the world, while the mortality rate from 
cancer is higher than other parts of the world [9]. A study 
by Azubuike et al. [10] postulated that breast cancer inci-
dence and mortality in Africa can be greatly reduced if 
there is a great reduction of breast cancer incidence and 
mortality in Nigeria since Nigeria has the highest popula-
tion in Africa.

The effective dose (measured in Sievert) is one of 
the quantities used to assess the risk of radiation that 
patients are exposed to when they undergo examinations 
that utilize ionizing radiation such as CT scanning [11, 
12]. There are available data to estimate cancer risk from 
exposure to low dose of ionizing radiation. These data 
were sourced mainly from the initial research involving 
a group of people that survived the nuclear bomb explo-
sion in Hiroshima and Nagasaki Japan in 1945 [13]. Other 
studies have used the data obtained from this research 
to develop models that were used to estimate cancer 
incidence and mortality risks. The most recent of these 
studies is the latest report from the Biological Effects of 
Ionizing Committee (BEIR) of the National Academy of 
Science in the USA in 2006. This report is also known as 
the BEIR VII [11]. The BEIR VII report provided lifetime 
attributable risk (LAR) estimates for cancer incidence 
and mortality for different anatomical sites such as the 
thyroid, breast, lungs, prostate, uterus, ovary, colon, liver, 
stomach and urinary bladder as well as leukaemia. The 
LAR of cancer incidence and mortality from this report 
is mainly dependent on the age of the patient at exposure, 
patient’s gender and the radiation dose to the patient [11].

The aim of this study was to estimate the LAR for 
breast cancer incidence and mortality attributed to CT 
of the head in two centres in the Niger Delta region of 
Nigeria.

Methods
Study design
This study was a prospective, cross-sectional study that 
involved 125 female adult patients that underwent CT 
examination of the head over a one year period in two 
CT centres in the Niger Delta region of Nigeria labelled 
as G1 and G2, respectively.

Study technique
The protocol of the CT examination of the head was 
unenhanced scans (done without administration of con-
trast agent) and enhanced scans (done following intra-
venous administration of contrast agent). The relevant 
information for the study was obtained from the records 
of the patients (age, weight, height), while parameters 
collated from the console of the CT scanners during the 
scan of each of the patients were age at exposure, volume 
computed tomography dose index (CTDIvol) and dose-
length product (DLP) values.

Eligibility criteria
The eligibility criteria included all adult female patients 
who were referred for head CT examination in the two 
centres during the study period and whose records had 
the relevant information required for the study. Also eli-
gible for inclusion into the study were only the female 
patients whose weight were within 70 ± 10  kg [14] and 
those who had information on the technical parameters 
displayed on the CT console.

Study size
The sample size for this study was based on the European 
commission recommendation of a minimum of sample 
size of 10 standard-sized patients [14]. However, data 
from more than 10 patients in each CT examination was 
used to broaden the base of the study and increase the 
statistical relevance of the data.

The technical characteristics of the CT scanners are 
described in Table 1. Scan protocols for the head exami-
nations were set at a potential tube voltage of 120kvp for 
all the patients in both centres. The tube current, slice 
thickness, pitch, rotation time and scan length varied 
among the two centres as displayed in Table 2.

Table 1  Technical characteristics of the CT scanners

Centre Scanner model Manufacturer Installation date Slice Scan mode

G1 Aquilion Toshiba 2009 64 Helical

G2 Revolution ACTs GE 2017 8 Helical/Axial
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Estimation of effective dose
The effective dose of all the patients was calculated using 
the expression in Eq. 1:

where k is the conversion coefficient based on the head 
(k = 0.0021 mSvm Gy−1 cm−1 for head) [15].

Estimation of lifetime attributable risk (LAR) for breast 
cancer incidence and mortality
Estimation of LAR for breast cancer incidence and mor-
tality was based on the effective dose, patient’s sex and 
age at exposure using the BIER VII report. This was esti-
mated from tables 12D-1 and 12D-2, respectively, docu-
mented in the BEIR VII report (displayed as Tables 3 and 
4 in this study) for each patient based on the age of the 
patient at exposure and sex using an equivalent dose of 
0.1 Gy [11]. Data for specific ages that were not available 
in the tables were linearly interpolated using the nearest 
two ages in the tables.

(1)Effective dose = DLP × k

(2)LARat age of exposure =
Effective dose (Sv)

0.1
×

LAR(cancer incidence) at age of exposure

100, 000

(3)LARat age of exposure =
Effective dose (Sv)

0.1
×

LAR
(

cancer mortality
)

at age of exposure

100, 000

The categorization of the risk level for LAR for breast 
cancer incidence and mortality displayed in Table 5 was 
determined as documented in the BIER VII report.

Statistical analysis
The mean, standard error of mean and standard devia-
tion values were analysed for the effective dose, while, 

Table 2  Technical parameters of the CT Scanners for head examinations

Centre kV mA Slice thickness Scan mode Pitch Rotation time

G1 120 300 5 Helical 0.64 0.75

G2 120 160 5 Helical 0.875 1

Table 3  Lifetime attributable risk of cancer incidence [11]

 Age at exposure (years)

Cancer sites 0 5 10 15 20 30 40 50 60 70 80

Females

Breast 1171 914 712 553 429 253 141 70 31 12 4

Table 4  Lifetime attributable risk of cancer mortality [11]

Age at exposure (years)

Cancer sites 0 5 10 15 20 30 40 50 60 70 80

Females

Breast 274 214 167 130 101 61 35 19 9 5 2

Table 5  Additional lifetime risk of fatal cancer from 
radiodiagnostic examination [11]

Risk level Approximate additional risk of fatal 
cancer for an adult from the CT 
examination

Negligible Less than 1 in 1,000,000

Minimal 1 in 1,000,000 to 1 in 100,000

Very Low 1 in 100,000 to 1 in 10,000

Low 1 in 10,000 to 1 in 1,000

Moderate 1 in 1,000 to 1 in 500
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the minimum, maximum and mean values of the LAR 
incidence and mortality of breast cancer in the patients 
were analysed using statistical package for the social 
sciences (SPSS) version 22.0 (SPSS Inc., Chicago, IL, 
USA). Descriptive and independent sample t test was 
used at a 95% level of significance for the effective dose. 
P < 0.05 was considered statistically significant.

Results
Data from a total of 125 female patients who underwent 
CT head examination were collated. The number of 
female patients in centres G1 and G2 was 47 (37.6%) and 
78 (62.4%), respectively. The highest number of patients 
was recorded in the age group of 60–69 years in centre 
G1 and 70–79 years in centre G2 (Table 6).

The calculated effective dose for the study participants 
is displayed in Table 7.

The highest effective dose in centre G1 was observed 
in age group 70–79 years, while the lowest effective dose 
was recorded in the patients in age group 60–69  years. 
The highest effective dose in centre G2 was observed in 
the 20–29  years and 70–79  years age groups, while the 
lowest effective dose was recorded in the patients in the 
80–89 years age group (Table 7).

There was a statistical significant difference in the mean 
effective dose between centres G1 and G2 (P < 0.001) 
(Table 8).

The estimates of LAR of breast cancer incidence are 
displayed in Table 9.

The minimum, maximum and mean values of the esti-
mated LAR of breast cancer incidence for the different 
age groups as well as the approximate risk in centres G1 
and G2 are displayed in Table 9. Patients in centre G1 had 
higher LAR of breast cancer incidence compared to the 
patients in centre G2. Higher LAR of breast cancer inci-
dence was observed in patients within the age group of 
20–29 years in both centres G1 and G2.

The estimates of LAR of breast cancer mortality are 
displayed in Table 10.

The minimum, maximum and mean values of the esti-
mated LAR of breast cancer mortality for the different 
age groups as well as the approximate risk in centres G1 
and G2 are displayed in Table 10. Patients in centre G1 
have higher LAR of breast cancer mortality compared to 
the patients in centre G2. Higher LAR of breast cancer 
mortality was observed in patients within the age group 
of 20–29 years in both centres G1 and G2.

Discussion
The overall estimated mean effective dose in centres G1 
and G2 is 5.76 mSv and 1.54 mSv, respectively. The over-
all mean LAR of breast cancer incidence in centre G1 
was 7.17 per 100, 000 population (about 1 in 1426). The 
overall mean LAR of breast cancer incidence in centre 
G2 was 1.35 per 100, 000 population or about 1 in 74,074 
(Table 9). The overall mean LAR of breast cancer mortal-
ity in centre G1 was 1.73 per 100, 000 population (about 1 
in 57,143).The overall mean LAR of breast cancer mortal-
ity in centre G2 was 0.35 per 100, 000 population (about 
1 in 285,714) (Table 10). There was a wide variation in the 
effective dose and cancer risks estimates amongst the dif-
ferent age groups in the two centres.

The study observed that the mean risk of breast can-
cer incidence in centre G1 ranged between moderate and 
minimal in all the age groups, while the mean of breast 
cancer incidence in centre G2 ranged from low to very 

Table 6  Demographic distribution of study population

Age group (years) Centre G1 Centre G2 Total

20–29 7 6 13

30–39 7 9 16

40–49 9 11 20

50–59 5 15 20

60–69 11 14 25

70–79 3 18 21

80–89 5 5 10

Total 47 78 125

Table 7  Estimates of effective dose in the study centres for the 
different age groups

Mean effective dose mSv

Age at exposure (years) Centre G1 Centre G2

20–29 6.82 1.63

30–39 5.63 1.56

40–49 4.88 1.58

50–59 5.43 1.49

60–69 4.25 1.45

70–79 7.92 1.63

80–89 5.42 1.43

Overall 5.76 1.54

Table 8  Comparison of the mean effective dose between 
centres G1 and G2

Centres Mean Effective dose 
(mSv)

Standard 
deviation

Standard 
Error 
Mean

G1 5.76 1.145 0.405

G2 1.54 0.076 0.027
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low. The overall mean risk of breast cancer incidence was 
low in centre G1 and very low in centre G2 (Table 3).

The study also observed that the mean risk of breast 
cancer mortality in centre G1 and G2 ranged between 
minimal and negligible in all the age groups. The overall 
mean risk of breast cancer incidence was very low in cen-
tre G1 and minimal in centre G2 (Table 3).

The LAR value describes the risk of cancer incidence 
and mortality from exposures to ionizing radiation. The 
risk of cancer incidence and mortality can be greatly 
reduced when CT examinations are done using doses 
that are as low as reasonably achievable. The LAR inci-
dence and mortality of breast cancer for adult female 
patients aged 20–89  years that underwent CT head 
examinations were estimated in this study. This study 
observed that the risk of breast cancer reduced as the 
age of the patients increased for both LAR incidence and 
mortality. The study also observed that the LAR of breast 
cancer incidence and mortality in both centres G1 and 

G2 increased in younger patients and decreased in older 
patients. That is, younger patients have a greater risk of 
developing and dying from cancer than the older patients 
since breast cancer risk depends on the age at exposure 
[11, 16]. The result obtained from this study also showed 
that the LAR of breast cancer incidence is higher than 
the LAR of breast cancer mortality which means that a 
greater number of the patients who underwent CT scan 
examination are of a greater risk of developing breast 
cancer than dying from breast cancer.

The study observed a higher risk of breast cancer inci-
dence and mortality in centre G1 compared to centre 
G2. This is mostly due to the higher effective dose values 
recorded in centre G1 since the radiation dose delivered 
to the patient increases with increased tube current as 
observed in Table  2 [17]. Although some studies have 
reported that Toshiba CT scanners deliver high radiation 
dose [18, 19], other recent studies have reported higher 
radiation dose from higher slice CT scanners [20, 21].

Table 9  Estimates of lifetime attributable risk (LAR) of breast cancer incidence

LAR Incidence per 100,000 population

Centre G1 Centre G2

Age at 
Exposure 
(years)

Minimum Maximum Mean Approximate risk Minimum Maximum Mean Approximate 
risk

20–29 13.43 37.45 26.45 1 in 396 3.58 9.27 6.56 I in 15,244

30–39 7.19 19.6 10.63 1 in 9434 1.26 5.46 2.88 1 in 34,722

40–49 3.37 11.08 5.99 1 in 16,667 0.64 3.03 1.87 1 in 53,191

50–59 1.06 3.61 2.11 1 in 47,619 0.41 1.39 0.87 1 in 113,636

60–69 0.40 2.17 0.95 I in 150,270 0.08 0.41 0.28 1 in 357,143

70–79 0.09 0.87 0.54 1 in 185,185 0.05 0.32 0.14 1 in 714,286

80–89 0.04 0.26 0.14 1 in 714,286 0.05 0.06 0.06 1 in 1,666,667

Overall 0.04 37.45 7.17 1 in 1426 0.05 9.27 1.35 1 in 74,074

Table 10  Estimates of lifetime attributable risk (LAR) of breast cancer mortality

Age at 
exposure 
(years)

LAR mortality per 100,000 population

Centre G1 Centre G2

Minimum Maximum Mean Approximate risk Minimum Maximum Mean Approximate risk

20–29 3.24 8.82 6.25 1 in 16,000 0.86 2.18 1.55 1 in 64,516

30–39 1.75 4.73 2.59 1 in 37,692 0.31 1.33 0.70 1 in 142,857

40–49 0.18 2.75 1.33 1 in 75,757 0.17 0.75 0.47 1 in 312,577

50–59 0.31 1.00 0.60 1 in 166,667 0.12 0.38 0.24 1 in 416,667

60–69 0.17 0.63 0.29 1 in 333,333 0.03 0.13 0.09 1 in 1,111,111

70–79 0.04 0.36 0.22 1 in 454,545 0.03 0.18 0.07 1 in 1,428,571

80–89 0.02 0.13 0.07 1 in 1,428,571 0.03 0.03 0.03 1 in 3,333,333

Overall 0.02 8.82 1.73 1 in 57,143 0.03 2.18 0.35 1 in 285,714
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Some of the limitations of this study include (a) the 
effective dose was estimated using DLP and k conversion 
factor. A study by Kobayashi et  al. reported that there 
is a 20% difference in the value obtained from the esti-
mated effective dose using DLP and k conversion factor 
and measured effective dose [22]. (b) LAR estimations 
were done using data from the BEIR VII report since the 
study did not have access to real data from epidemio-
logical studies of female breast cancer in the study cen-
tres covered; therefore, the LAR values obtained in this 
study are just approximates values and not the precise 
risk values. (c) The CT scanners in the two study centres 
are from different manufacturers and also have different 
slices, thereby affecting the comparison of the obtained 
LAR values.

A study by Ikubor et  al. [5] stated that the knowl-
edge of radiation dose and risk from most doctors were 
obtained during their undergraduate studies in medi-
cal school and so there is a need for constant training 
and review on radiation risk and safety for all doctors. 
The data obtained in this study can serve as part of the 
resource data for the training and continuing medical 
education for referring doctors on the justification of the 
CT examination.

Conclusions
This study has estimated breast cancer incidence and 
mortality in two CT centres in the Niger Delta region of 
Nigeria. Although the two centres recorded low to mini-
mal LAR of breast cancer incidence and mortality, the 
risk data presented here can be used to optimize the dose 
delivered to patients and also ensure that CT examina-
tions are justified. This is the first time breast cancer risk 
has been estimated from CT imaging in these centres.
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