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ABSTRACT 
 

Aim: Estrogens and progesterone are essential for breast development in women. Paradoxically 
they promote the development of breast cancer, through the stimulation and proliferation of cells by 
the action of hormone receptors. In Côte d'Ivoire, more than half of all diagnosed cases of breast 
cancer are hormone-dependent. Because of the link between female hormones and breast cancer, 
the consideration of certain factors, such as the period of influence of hormones (estrogen and 
progesterone) as well as their quantification, could be considered in orientation screening for 
hormone-dependent breast cancer.  
Methodology: A case-control study conducted at the Cancerology Department of the Treichville 
University Hospital, the National Blood Transfusion Centre, and the Pasteur Institute of Côte 
d'Ivoire recruited 85 participants, including 39 cases and 46 non-menopausal and menopausal 
controls. Socio-demographic information and the participants' clinical status were collected through 
a questionnaire and consultation of the medical file. Blood samples were taken in dry red tubes with 
a coagulation activator on the day of inclusion for postmenopausal women and during the follicular 
phase for non-menopausal women (between days 4 and 7 of the menstrual cycle). The 
quantification of hormones (estrogen, progesterone, FSH, and LH) was performed by 
immunoassay on the Cobas e411 Analyser®. 
Results: Postmenopausal cases had early menarche (13 years) and late menopause (52.46 years) 
compared to controls and also had slightly higher mean plasma oestradiol 2 and progesterone 
levels (P=0.04; P=0.017). Among these cases, those with ER+ tumors had slightly higher mean 
plasma oestradiol-2 levels (15.28 pg/mL) than those with ER- tumors (9.20 pg/mL) (P=0.03). 
Conclusion: The epidemiological investigation and the quantification of hormones in the 
participants' blood plasma revealed a positive association between the period of influence of these 
hormones, their concentrations, and hormone-dependent breast cancer in postmenopausal 
women. 
 

 
Keywords: Breast cancer; estradiol-2; progesterone; hormone receptors; immunohistochemistry; 

biomarker. 
 

1. INTRODUCTION 
 
In all countries of the world, regardless of their 
state of economic development, the breast is the 
most common site of cancer in women [1]. 
Globally, it accounts for 24.5% of all incident 
female cancers, with the highest rates in North 
America, Western Europe, and Australia [2,3]. 
Breast cancer is the leading cause of cancer 
death in women in almost all countries with 2.2 
million cases and an estimated 685,000 deaths 
in 2020 [3]. Several types of breast cancer have 
been described depending on the status of the 
hormone receptors expressed by the cancer 
cells. These are referred to as hormone-
dependent or non-hormone-dependent cancers 
whose growth may or may not be stimulated by 
female hormones. The majority of breast cancer 
is hormone-dependent, i.e. the cancer cells 
contain hormone receptors for estrogen (ER) and 
sometimes for progesterone (PgR) [4]. Estrogen 
and progesterone play an important role in the 
regulation of various physiological processes in 
women [5]. They are mainly produced in the 
ovaries in women before menopause, while they 
are produced mainly by tissues such as fat after 

menopause [6]. However, prolonged exposure to 
estrogen is a factor in the development of certain 
cancers, particularly breast cancer [7,8]. 
Although estrogen is produced by the female 
body and is essential for breast development, 
paradoxically it is also involved in the 
development of breast cancer through 
stimulation and cell proliferation [9,10] by the 
action of hormone receptors overexpressed by 
cancer cells in patients with hormone-dependent 
breast cancer [11].  High concentrations of 
steroid hormones (estrogen and progesterone) 
bind to receptors on the cancer cells and 
promote the development of the tumor mass. 
The longer estrogen circulates in a woman's 
body, the higher her risk of developing breast 
cancer [12]. Relatively high levels of oestradiol 
are thought to increase the risk of breast cancer, 
especially in post-menopausal women where the 
level is normally low. 
 
In Côte d'Ivoire, breast cancer ranks first among 
women's cancers before cervical cancer. 
According to data from the Abidjan cancer 
registry, the standardized incidence rate was 
44.7 per 100,000 women, of which approximately 



 
 
 
 

Arnaud et al.; J. Appl. Life Sci. Int., vol. 26, no. 2, pp. 57-66, 2023; Article no.JALSI.98666 
 

 

 
59 

 

74% were in the late stages (III and IV), with 
1,785 deaths with a mortality rate in 2020 of 25.3 
per 100,000 women, and in more than half of 
diagnosed cases of SC, the cells express 
estrogen receptors [13,14]. 
 
The therapeutic management of breast cancer 
recommends, among other things, an 
immunohistochemical examination of biopsies or 
surgical specimens. The result of this 
examination provides information on the 
presence or absence of hormone receptors in 
cancer cells. Thus, the presence or absence of 
hormone receptors is a prognostic factor but 
above all predictive of the therapeutic response 
[15]. In the Ivorian context, the cost of this 
examination is still quite high, and the time taken 
to obtain the results is long (between 1 and 2 
months) given that the technical facilities for 
carrying it out are only available in a few 
references health centers, which nevertheless 
remain insufficient for the Ivorian population.  
 
However, because of the link between female 
hormones and breast cancer, the consideration 
of certain factors, such as the period of influence 
of the hormones (estrogen and progesterone) as 
well as their quantification, could be envisaged in 
orientation screening for hormone-dependent 
breast cancer. 
 

2. MATERIALS AND METHODS 
 

2.1 Materials 

 
2.1.1 Recruitment of women 
 
This case-control study took place from May 
2020 to September 2021 at the cancerology 
department of the University Hospital of 
Treichville for the recruitment of cases, at the 
collection department of the national blood 
transfusion Centre of Treichville as well as at the 
reception, and sampling unit of the Pasteur 
Institute of Cote d'Ivoire for the recruitment of 
controls. Two groups of women were included in 
the study, a first group of non-menopausal and 
menopausal women with breast cancer (cases) 
and a second group of non-menopausal and 
menopausal women without the disease 
(controls). For cases, women of any age 
diagnosed with breast cancer at any stage were 
included in the study, and for controls, women of 
any age with a normal ultrasound mammogram 
of less than one year old were included in the 
study. Not included in the study for all groups 
were women who were pregnant or had a history 

of hormone use in the 6 months before inclusion 
or had started chemotherapy.  
 

2.1.2 Biological material 
 
The biological material consisted of venous 
whole blood samples. 
 

2.2 Methods 
 
2.2.1 Questionnaire and data collection 
 
Sociodemographic information, clinical status, 
age of menarche, age of first pregnancy, age of 
menopause, parity, body mass index (BMI), use 
of hormonal contraception, family history of 
breast cancer, and immunohistochemical status 
of the patient’s tumors were collected using a 
questionnaire and consultation of the medical 
records. 
 

2.2.2 Sample collection and storage 
 
Blood samples were taken in dry red tubes with a 
coagulation activator (Vacutest kima®, Italy) on 
the day of inclusion for postmenopausal women 
and during the follicular phase for non-
menopausal women (between days 4 and 7 of 
the menstrual cycle). For each participant, two 4 
ml tubes were collected. The blood samples 
were then placed on a rack at room temperature 
for approximately one hour for coagulation. 
Serum separation was performed by centrifuging 
the clotted blood samples at 3000 rpm for 10 
minutes. The serum was collected in a 2 ml 
cryotube and stored at -20 °C for further 
analysis. 
 
2.2.3 Hormone quantification 
 
The different hormones, namely estradiol 2 (E2), 
progesterone, follicle-stimulating hormone (FSH), 
and luteinizing hormone (LH) were quantified by 
the electrochemiluminescence immunoassay 
(ECLIA) method using the Elecsys Estradiol III, 
Elecsys Progesterone III, Elecsys FSH and 
Elecsys LH kits on the Cobas e 411Analyser® 
(Roche, Germany) according to the 
manufacturer's recommendations [16]. 
 
2.2.4 Statistical analyses  
 
Data were collected using EPI info™ (CDC) 
software version 7.2.4.0 and extracted to Excel. 
Statistical analyses were performed using R 
Studio version 2022 software. Statistical 
differences between cases and controls were 
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investigated by Student's t-test for variables 
following the normal distribution and by the 
Wilcoxon-Mann-Whitney test for variables not 
following the normal distribution. For binary 
variables such as the family history of breast 
cancer and use of hormonal contraception, the 
significance of differences between cases and 
controls was investigated by the Chi-square test 
for a significance level α = 0.05. 
 

3. RESULTS 
 

3.1 Epidemiological Characteristics of the 
Women 

 

A total of 85 women were included in this study, 
i.e., 39 cases and 46 controls distributed in 4 
subgroups according to menopausal status 
(Table 1). The mean age of the cases was 53.7 
(± 12) years, but in the postmenopausal cases, it 
was 60 (± 7) years with extremes of 48-72 years 
and 36 (± 5) years with extremes of 26-44 years 
in the non-menopausal cases. By analyzing the 
mean age of menarche and menopause, the 
menopausal cases had early menarche (13 
years) (P<0.0001) and late menopause (52.46 
years) (P=0.01) compared to the controls of the 
same group (Table 2). The postmenopausal 
cases were therefore under the influence of 
hormones for longer than the controls in the 
same group. In the non-menopausal women, 
there were no significant differences between 
cases and controls for variables such as age at 
menarche, age at first pregnancy, parity, BMI, 
family history of breast cancer, and use of 
hormonal contraception (Table 2).  
 
The histological type observed in all cases was 
non-specific infiltrating carcinoma (NSIC) and the 
majority of them (38%) did not attend school    
(Fig. 1). 
 

3.2 Plasma Estradiol-2 and Progesterone 
Levels 

  
3.2.1 In non-menopausal women 
 

In cases, the mean estradiol-2 value was 50.58 
pg/mL with a minimum of 29.6 pg/mL and a 
maximum of 86.84 pg/mL, while in controls it 
ranged from 32.73 pg/mL to 247 pg/mL with a 
mean of 110.47 pg/mL. In these women, the 
mean plasma level of estradiol-2 was higher in 
the controls than in the cases (P=0.001), while 
there were no differences between the two 
groups in progesterone (Table 3). 
 

Table 1. Distribution of women by 
menopausal status 

 
 Case (n) Controls 

(n) 
Total 

Non-
menopausal 

11 18 29 

Menopausal 28 28 56 

Total 39 46 85 

 
3.2.2 In postmenopausal women 
 
Estradiol-2 levels ranged from less than 5 pg/mL 
to 38.07 pg/mL with a mean of 13.54 pg/mL in 
cases and from less than 5 pg/mL to 16.5 pg/mL 
with a mean of 9.45 pg/mL in controls. For 
progesterone measurements, the mean was 
0.186 ng/mL in cases with a range of 0.073 
ng/mL to 0.720 ng/mL. Postmenopausal cases 
had slightly higher mean plasma estradiol-2 and 
progesterone levels than controls (P=0.04; 
P=0.017) (Table 3). 

 
3.3 Immunohistochemical Status of 

Tumors and Plasma E2 Concentration 
in Cases 

 
Analysis of the immunohistochemical status of 
the tumors showed that in about 72% of the 
cases, the tumors expressed estrogen receptors 
(ER+), and in 67% of the cases they expressed 
both estrogen receptors (ER+) and progesterone 
receptors (PgR+), and in about 65% of the 
cases, there was the presence of distant 
metastases (Table 4). Fig. 2 shows the boxplot of 
the comparison analysis taking into consideration 
the quantification of E2 and the presence of 
estrogen receptors and in the cases 
(postmenopausal/nonmenopausal (p=0.03/ 
p=0.1)). It shows that there is a positive 
association between circulating E2 levels and the 
presence of estrogen receptors in 
postmenopausal women (Fig. 2). 
 

4. DISCUSSION 
 
In this study, the mean age of cases at diagnosis 
was 52.7 years. This result is in agreement with 
that of an African meta-analysis which showed a 
mean age at diagnosis that varied between 46 
and 60 years [17]. However, this result is 
different from those of industrialized countries 
where the average age of onset of breast cancer 
has been increasing in recent years [18-20] and 
is around 67 years in France for example.  This 
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Table 2. Epidemiological characteristics of women 
 

 Cases (n) Controls (n) p-value 

Non-menopausal women 11 18  

Age in years, mean (standard deviation) 36.09 (5.30) 37.5 (7.45) 0.58 

Age at menarche in years, mean (standard 
deviation) 

12.63 (1.74) 12.72 (1.17) 0.87 

Age at first pregnancy in years, mean (standard 
deviation) 

25.18 (7.05) 23.13 (4.50) 0.37 

Parity (n), mean, (standard deviation) 2.18 (1.47) 2.11 (1.99) 0.71 

BMI (kg/m
2
), mean (standard deviation 27.15 (6.41) 26.15 (2.87) 0.9 

Family history of breast cancer (%)  9.09 5.55 1 

Hormonal contraceptive use (%) 90.90 72.22 0.22 

Menopausal women 28 28  

Age in years, mean (standard deviation) 60.71 (6.88) 59.42 (6.63) 0.48 

Age at menarche in years, mean (standard 
deviation) 

13 (1.15) 14.10 (1.61) <0.0001 

Age at first pregnancy in years, mean (standard 
deviation) 

22.14 (5.89) 19.60 (2.74) 0.14 

Age at menopause in years, mean (standard 
deviation) 

52.46 (3.52) 49.85 (2.90) 0.01 

Parity (n), mean (standard deviation) 4.89 (3.2) 3.71 (1.6) 0.18 

BMI (kg/m
2
) mean (standard deviation) 28.54 (4.29) 27.58 (4.43) 0.41 

Family history of breast cancer (%) 32.14 28.57 0.77 

Hormonal contraceptive use (%) 53.57 53.57 1 

 

 
 

Fig. 1. Women's educational level 
 

difference could be explained by the fact that in 
developing countries, populations are adopting 
an increasingly westernized lifestyle with an 
increase in risk factors, while populations in 
developed countries are returning to a much 
healthier lifestyle as a result of awareness-raising 
policies among at-risk populations. 
 
Menopausal cases had early menarche (13 
years) and late menopause (52.46 years) 
compared to controls in the same group. This 

observation has been made by several authors 
[21,22].  Indeed, these risk factors may influence 
the risk of developing breast cancer through 
long-term effects on sex hormone levels in 
postmenopausal women, through long-lasting 
changes in breast tissue [23,24]. In a meta-
analysis of 13 case-control studies in 
postmenopausal women, circulating estradiol-2 
levels were 6% lower in women who 
menstruated at 14 years or older than in women 
who menstruated before 12 years [25].
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Table 3. Plasma concentration of E2, progesterone, FSH, and LH in women 

 

   Cases (n) Controls (n) p-value 

Non-menopausal women  11 18  

Estradiol 2 (pg/mL) mean, standard deviation 50,58(22,24) 110,47 (19,98) 0,001 

Progesterone (ng/mL) mean, standard deviation 0,211 (0,082) 0,188 (0,096) 0,509 

FSH (mIU/mL) mean, standard deviation 24,63 (44,28) 7,51 (1,35) 0,11 

LH (mIU/mL) mean, standard deviation 9,30 (11,81) 6,87 (1,71) 0,49 

Menopausal women 28 28  

Estradiol 2 (pg/mL) mean, standard deviation 13,54 (7,95) 9,45 (3,68) 0,04 

Progesterone (ng/mL) mean, standard deviation 0,186 (0,127) 0,130 (0,059) 0,017 

FSH (mIU/mL) mean, standard deviation 74,5 (27,06) 62,92 (24,09) 0,138 

LH (mIU/mL) mean, standard deviation 39,03 (13,78) 33,79 (13,79) 0,07 

 

 
 

Fig. 2. Plasma E2 concentration in cases with RE+ and RE- tumours 
 

This study did not find an association between 
risk factors such as parity, BMI, family history of 
breast cancer, and use of hormonal 
contraceptive methods in the different groups. 
Although some of these risk factors have been 
reported in African American women [26,27], in 
Tanzanian women, the study by Akoko et al did 
not find evidence of these factors and breast 
cancer [28]. Further studies on these risk factors 
need to be carried out in sub-Saharan women. 
 
The histological type observed in all cases was 
non-specific infiltrating carcinoma (NSIC). These 
results are similar to those of the Ivorian study 
which found 82% (247/302) and 90.44% of NSIC 
[29,30]. 
 

The average circulating estradiol-2 level in non-
menopausal cases was (50.58 pg/mL).  Some 
authors have obtained similar results (48 pg/mL) 
[31] in a similar population. In addition, in the 
non-menopausal controls in our study, we 
recorded a mean level of 110.47 pg/mL which 
was higher than in the patients. Sturgeon et al 
reported similar results in a case-control study in 
non-menopausal women during the late follicular 
phase [32]. Indeed, the interpretation of hormone 
quantification results in premenopausal women 
can be complex due to intra-subject variation in 
the cycle involving considerable variation during 
the follicular phase [31]. This differentiation 
during the follicular phase was not performed in 
our study. 
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Postmenopausal cases had slightly higher mean 
plasma levels of estradiol-2 (13.54 pg/mL) and 
progesterone (0.186 ng/mL) than controls. These 
results are comparable to those of Zhang et al, 
who showed that higher estradiol-2 and 
progesterone levels were associated with an 
increased risk of ER+/PgR+ tumors [33]. In 
addition, the distribution of postmenopausal 
cases according to hormone receptor status and 
mean plasma estrogen level showed that 
patients with ER+ tumors had a slightly higher 
mean oestradiol-2 level compared to cases with 
ER tumors. This phenomenon was observed in a 
meta-analysis of 9 prospective studies on 
hormonal risk factors for breast cancer in 
postmenopausal women [34]. In view of these 
results, the quantification of estradiol-2 could be 
used in the orientation screening of 
immunohistochemistry in postmenopausal 
women. 
 
The proportion of cases with tumors expressing 
estrogen receptors (ER+) was higher than that of 
patients expressing progesterone receptors 
(PgR+). Similar results have been obtained by 
several authors in Africa [35,36] and America 
[37]. 
 

Table 4. Immunohistochemical status of 
tumors 

 

 Numbers Percent (%)  

ER status   

Positive 28 71.79 
Negative 11 28.20 

PgR status   

Positive 26 66.66 
Negative 13 33.33 

ER / PgR status   

ER +, PgR + 26 66.66 
ER+ PgR - 2 5.12 
ER- / PgR- 8 20.51 

Distant metastases   

Yes 25 61.4 

No 14 39.9 
ER+: Estrogen Receptor positive 
ER-: Estrogen Receptor negative 

PgR+: Progesterone Receptor positive 
PgR-: Progesterone Receptor negative 

 
Furthermore, this study showed that in 65% of 
the cases diagnosed, there was the presence of 
distant metastases, which could be explained by 
the fact that the diagnosis of breast cancer is late 
in the Ivorian socio-economic context. Indeed, 
the majority of cases had a low economic level 
and did not attend school, which can be added 

stigma, lack of information, fear, and the use of 
traditional medicine which could be factors 
favoring a late diagnosis of the disease. These 
results are in line with those of Ivorian studies 
which showed that patients had a very low 
economic level and that very few had access to 
diagnostic means [30,38]. 
 

5. CONCLUSION 
 
Prolonged exposure to female sex hormones is a 
factor favouring the development of hormone-
dependent breast cancer, particularly in 
postmenopausal women in Côte d'Ivoire. 
Hormone quantification showed a positive 
association between serum estradiol-2 and the 
presence of estrogen receptors in cancer cells in 
postmenopausal women. The quantification of 
estradiol-2 in these women could be used as a 
screening guideline for immunohistochemistry. 
This study gives us food for thought, but it would 
be interesting to extend it to a larger study 
population to understand it better. 
 

6. LIMITATIONS OF THE STUDY 
 
Although we used rigorous sampling methods to 
select the sample, we are aware that the small 
sample size and the non-distribution of non-
menopausal women by early and late follicular 
phase may limit the statistical power of the 
results. 
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ETHICAL APPROVAL 
 
The study protocol was approved by the National 
Ethics Committee for Life Sciences and Health 
under the number IRB000111917. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Sancho-Garnier H, Colonna M. Breast 

cancer epidemiology. Medical Press. 
2019;48(10):1076–84.  

2. Fitzmaurice C, Allen C, Barber RM, 
Barregard L, Bhutta ZA, Brenner H et al. 



 
 
 
 

Arnaud et al.; J. Appl. Life Sci. Int., vol. 26, no. 2, pp. 57-66, 2023; Article no.JALSI.98666 
 

 

 
64 

 

Global, regional, and national cancer 
incidence, mortality, years of life lost, years 
lived with disability, and disability-adjusted 
life-years for 32 cancer groups, 1990 to 
2015: a systematic analysis for the global 
burden of disease study. JAMA Oncol. 
2017;3(4):524–48.  

3. Global Cancer Observatory [Internet].  
          Available from: https://gco.iarc.fr/ 
          Accessed on 2021 Feb 5 
4. Gompel A. [Hormone and breast cancer]. 

Presse Medicale Paris Fr 1983. 
2019;48(10):1085–91.  

5. Denver N, Khan S, Homer NZM, MacLean 
MR, Andrew R. Current strategies for 
quantification of estrogens in clinical 
research. J Steroid Biochem Mol Biol. 
2019;192:105373.  

6. Hetemäki N, Savolainen-Peltonen H, 
Tikkanen MJ, Wang F, Paatela H, 
Hämäläinen E et al. Estrogen metabolism 
in abdominal subcutaneous and visceral 
adipose tissue in postmenopausal women. 
J Clin Endocrinol Metab. 2017;102(12): 
4588–95.  

7. Coumoul X, Barouki R. Génotoxicité des 
métabolites des œstrogènes et cancers. 
médecine/sciences [Internet]. 
2002;18(1):86–90. 
Available:https://www.medecinesciences.o
rg/articles/medsci/abs/2002/01/medsci200
2181p86/medsci2002181p86.html 
Accessed on 2021 Nov 30 

8. Starek-Świechowicz B, Budziszewska B, 
Starek A. Endogenous estrogens—breast 
cancer and chemoprevention. Pharmacol 
Rep [Internet]. 2021;73(6):1497–512.  
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC8599256/ 
Access on 2023 Apr 16 

9. Cenciarini ME, Proietti CJ. Molecular 
mechanisms underlying progesterone 
receptor action in breast cancer: Insights 
into cell proliferation and stem cell 
regulation. Steroids. 2019;152:108503.   

10. Santen RJ, Stuenkel CA, Yue W. 
Mechanistic effects of estrogens on breast 
cancer. Cancer J Sudbury Mass. 
2022;28(3):224–40. 

11. Yip CH, Rhodes A. Estrogen and 
progesterone receptors in breast cancer. 
Future Oncol Lond Engl. 
2014;10(14):2293–301.  

12. Winters S, Martin C, Murphy D, Shokar 
NK. Breast Cancer epidemiology, 
prevention, and screening. Prog Mol Biol 
Transl Sci. 2017;151:1–32. 

13. Effi AB, Koffi KE, Aman NA, Doukouré B, 
N’dah KJ, Koffi KD et al. Épidémiologie 
descriptive des cancers en Côte d’Ivoire. 
Bull Cancer (Paris) [Internet]. 2013 
Feb;100(2):119–25.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0007455115302678 
Access on 2021 Feb 5 

14. Aman NA, Doukoure B, Koffi KD, Koui BS, 
Traore ZC, Kouyate M, et al. HER2 
overexpression and correlation with other 
significant clinicopathologic parameters in 
Ivorian breast cancer women. BMC Clin 
Pathol [Internet]. 2019;19(1):1–6.  
Available:https://bmcclinpathol.biomedcent
ral.com/articles/10.1186/s12907-018-0081-
4  
Accessed on 2022 Feb 1 

15. Yaghoobi V, Martinez-Morilla S, Liu Y, 
Charette L, Rimm DL, Harigopal M. 
Advances in quantitative 
immunohistochemistry and their 
contribution to breast cancer. Expert Rev 
Mol Diagn. 2020;20(5):509–22. 

16. Stemp M, McClements A, Sykes P, 
Chapple V, Matson P. The measurement 
of oestradiol, progesterone, LH, FSH and 
hCG for assisted reproduction: A 
comparison of the Siemens Centaur CP 
and Roche e411 automated analysers. 
Asian Pac J Reprod. 2013;2:321–5.  

17. Joko-Fru WY, Miranda-Filho A, 
Soerjomataram I, Egue M, Akele-Akpo MT, 
N’da G et al. Breast cancer survival in sub-
Saharan Africa by age, stage at diagnosis 
and human development index: A 
population-based registry study. Int J 
Cancer. 2020;146(5):1208–18.  

18. Elwood JM, Godolphin W. Oestrogen 
receptors in breast tumours: associations 
with age, menopausal status and 
epidemiological and clinical features in 735 
patients. Br J Cancer. 1980;42(5):635–44.  

19. Rojas K, Stuckey A. Breast cancer 
epidemiology and risk factors. Clin Obstet 
Gynecol. 2016;59(4):651–72.  

20. Ferlay J, Steliarova-Foucher E, Lortet-
Tieulent J, Rosso S, Coebergh JWW, 
Comber H et al. Cancer incidence and 
mortality patterns in Europe: estimates for 
40 countries in 2012. Eur J Cancer Oxf 
Engl 1990. 2013;49(6):1374–403.  

21. Collaborative group on hormonal factors in 
breast cancer. Menarche, menopause, and 
breast cancer risk: individual participant 
meta-analysis, including 118 964 women 
with breast cancer from 117 

https://gco.iarc.fr/


 
 
 
 

Arnaud et al.; J. Appl. Life Sci. Int., vol. 26, no. 2, pp. 57-66, 2023; Article no.JALSI.98666 
 

 

 
65 

 

epidemiological studies. Lancet Oncol. 
2012;13(11):1141–51.  

22. Dunneram Y, Greenwood DC, Cade JE. 
Diet, menopause and the risk of ovarian, 
endometrial and breast cancer. Proc Nutr 
Soc. 2019;78(3):438–48.  

23. Russo J, Moral R, Balogh GA, Mailo D, 
Russo IH. The protective role of pregnancy 
in breast cancer. Breast Cancer Res BCR. 
2005;7(3):131–42.  

24. ChenMD WY. Exogenous and endogenous 
hormones and breast cancer. Best Pract 
Res Clin Endocrinol Metab [Internet]. 
2008;22(4):573–85. 
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC2599924/  
Accessed on 2023 Mar 28 

25. Endogenous Hormones and Breast Cancer 
Collaborative Group, Key TJ, Appleby PN, 
Reeves GK, Roddam AW, Helzlsouer KJ, 
et al. Circulating sex hormones and breast 
cancer risk factors in postmenopausal 
women: reanalysis of 13 studies. Br J 
Cancer. 2011;105(5):709–22.  

26. Ambrosone CB, Zirpoli G, Ruszczyk M, 
Shankar J, Hong CC, McIlwain D et al. 
Parity and breastfeeding among african-
american women: differential effects on 
breast cancer risk by estrogen receptor 
status in the women’s circle of health 
study. Cancer Causes Control Ccc 
[Internet]. 2014;25(2):259–65.  
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC3903305/  
Accessed on 2023 Mar 30 

27. Palmer JR, Viscidi E, Troester MA, Hong 
CC, Schedin P, Bethea TN, et al. Parity, 
Lactation, and Breast Cancer Subtypes in 
African American Women: Results from 
the AMBER Consortium. JNCI J Natl 
Cancer Inst [Internet]. 
2014;106(10):dju237.  
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC4271113/  
Access on 2023 Mar 30 

28. Akoko LO, Rutashobya AK, Lutainulwa 
EW, Mwanga AH, Kivuyo SL. The effect of 
reproductive, hormonal, nutritional and 
lifestyle on breast cancer risk among black 
Tanzanian women: A case control study. 
PLoS ONE [Internet]. 
2022;17(2):e0263374.  
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC8827470/  
Access on 2023 Mar 30 

29. Effi AB, Aman NA, Koui BS, Koffi KD, 
Traoré ZC, Kouyate M. 

Immunohistochemical determination of 
estrogen and progesterone receptors in 
breast cancer: relationship with 
clinicopathologic factors in 302 patients in 
Ivory Coast. BMC Cancer [Internet]. 
2017;17:115. 
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC5297122/  
Access on 2023 Mar 28 

30. Aka E, Horo A, Koffi A, Fanny M, Didi-
Kouko C, Nda G, et al. Expérience 
africaine monocentrique de la prise en 
charge personnalisée des cancers du sein 
à Abidjan : défis et perspectives. 
Gynecology Obstetrics Fertil Senology 
[Internet]. 2021;49(9):684–90.  
Available:https://www.sciencedirect.com/sc
ience/article/pii/S2468718921000507 
Access on 2023 Mar 30 

31. Eliassen AH, Missmer SA, Tworoger SS, 
Spiegelman D, Barbieri RL, Dowsett M et 
al. Endogenous steroid hormone 
concentrations and risk of breast cancer 
among premenopausal women. J Natl 
Cancer Inst. 2006;98(19):1406–15.  

32. Sturgeon SR, Potischman N, Malone KE, 
Dorgan JF, Daling J, Schairer C et al. 
Serum levels of sex hormones and breast 
cancer risk in premenopausal women: A 
case–control study (USA). Cancer             
Causes Control [Internet]. 2004;15(1):45–
53.  
Available:https://doi.org/10.1023/B:CACO.
0000016574.79728.11  
Access on 2023 Mar 8 

33. Zhang X, Tworoger SS, Eliassen AH, 
Hankinson SE. Postmenopausal plasma 
sex hormone levels and breast cancer risk 
over 20 years of follow-up. Breast Cancer 
Res Treat [Internet]. 2013;137(3):883–92. 
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC3582409/  
Access on 2022 Feb 23 

34. Key T, Appleby P, Barnes I, Reeves G, 
Endogenous hormones and breast cancer 
collaborative group. endogenous sex 
hormones and breast cancer in 
postmenopausal women: reanalysis of 
nine prospective studies. J Natl Cancer 
Inst. 2002;94(8):606–16.  

35. Ermiah E, Buhmeida A, Abdalla F, Khaled 
BR, Salem N, Pyrhönen S et al. Prognostic 
value of proliferation markers: 
immunohistochemical ki-67 expression and 
cytometric s-phase fraction of women with 
breast cancer in Libya. J Cancer [Internet]. 
2012;3:421–31. 



 
 
 
 

Arnaud et al.; J. Appl. Life Sci. Int., vol. 26, no. 2, pp. 57-66, 2023; Article no.JALSI.98666 
 

 

 
66 

 

Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC3471082/  

          Access on 2022 Feb 23 
36. Ohene-Yeboah M, Adjei E. Breast cancer 

in Kumasi, Ghana. Ghana Med J [Internet]. 
2012;46(1):8–13. 
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC3353503/  
Access on 2023 Mar 31 

37. Nadji M, Gomez-Fernandez C, Ganjei-Azar 
P, Morales AR. Immunohistochemistry of 
estrogen and progesterone receptors 
reconsidered: experience with 5,993 breast 

cancers. Am J Clin Pathol. 
2005;123(1):21–7. 

38. Toure M, Nguessan E, Bambara AT, 
Kouassi YKK, Dia JML, Adoubi I.                
Factors related to late diagnosis of breast 
cancer in sub-Saharan Africa: case of     
Côte d'Ivoire. Obstetric gynecology               
Fertil [Internet]. 2013;41(12):696–                   
700. 
Available:https://www.sciencedirect.com/sc
ience/article/pii/S1297958913002634 
Access on 2022 Feb 23 

_________________________________________________________________________________ 
© 2023 Arnaud et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/98666 

http://creativecommons.org/licenses/by/4.0

