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Abstract

Purpose: Natural killer (NK) cells play a critical role in cancer immunosurveillance and
hold promise as both therapies and prognostic markers in advanced disease. We explore
factors that may influence NK cell concentration in the peripheral blood of women with
breast cancer in Cote d’lvoire compared to healthy controls and implications for future
research in our context.

Methods: In this cross-sectional case-control study, blood samples were taken from
30 women diagnosed with breast cancer within 6 months of diagnosis and fifteen
healthy women at University Teaching Hospital [Centre Hospitalier Universitaire
(CHU)] Treichville in Abidjan, Céte d’lvoire, from March to September 2018. The blood
draw could take place at any time following diagnosis and through treatment. Demo-
graphic and clinical data were collected. NK cells were isolated, stained, analysed
and counted using the flow cytometer at the Department of Immunology at CHU of
Cocody. All p-values were two-sided.

Results: Mean age among 30 women with breast cancer was 49 years old compared to
45 years old for 15 controls (p = 0.41). Among 30 women with breast cancer, 4 (13.3%)
had Stage 2 disease, 14 (46.7 %) at Stage 3, and 12 (40%) at Stage 4. Fourteen (46.7%)
had breast cancer that was hormone receptor-positive (HR+) HER2-negative, 10 (33.3%)
had triple-negative cancer, three (10.0%) had HR+HER2+ disease, and three (10.0%) HR-
HER2+ cancer. NK cell concentration was not associated with cancer diagnosis, age, can-
cer stage, subtype, or type of treatment patients received (p > 0.05).

Conclusion: Although we did not find an association between NK cell concentration, can-
cer characteristics or treatment, our results be limited by the small sample size and timing
of blood draw. Our next steps include a larger study to explore circulating NK cells prior
to any treatment and NK cell infiltration within breast cancer tumour and correlating this
with response to treatment and prognosis.
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Background

Breast cancer is the most common cancer in women and the second most common cancer worldwide. Its burden is quickly rising in low- and
low-middle-income countries [1, 2], where patients suffer from a high mortality rate reaching up to 80% in Sub-Saharan Africa [3]. This is due
to more aggressive cancer subtypes, delayed presentation and the lack of adequate screening and treatment. Studies in African countries
suggest low knowledge of breast cancer tending to impact on attitudes to uptake of screening and timely presentation when symptoms
develop, resulting in late diagnosis [4, 5] leading to poor survival [6]. Invasive ductal carcinoma is the most common presentation, with
younger age at onset and increased incidence of HER2/neu positive and triple negative and basal-like breast cancers compared to Europe
and North America [7, 8].

The prognosis and classification of breast cancer are dependent on the tumour burden which takes into account tumour size, lymph node
involvement, and distal metastasis [Tumour, Node, Metastasis (TNM)] [9]. A combination of surgery, radiotherapy, chemotherapy and tar-
geted therapies can result in a cure or prolonged survival. Chemotherapy prevents the tumour from growing by targeting rapidly dividing
cells. However, it affects both tumour cells and normal cells, often resulting in significant side-effects. Targeted therapies impact tumour
growth and ability to metastasise by inhibiting specific cell-surface receptors or intracellular proteins in the downstream signalling pathways
[10, 11]. Through a combination of these treatments can be effective, some breast cancers are diagnosed too late to be cured by surgery or
recur after resection and eventually develop resistance to existing treatment.

Breast cancer is the most prevalent cancer in Cote d’lvoire and accounts for 21.7% of all cancers and 34.9% of all cancers in women, with
approximately 2,659 new cases, 4,960 5-year prevalence, and 1,317 deaths in 2018 [2]. A study of 350 women who were diagnosed with
breast cancer 2008-2011 in Céte d’lvoire found that 79% presented 10 months or later after noticing symptoms. The median age was 42
(range 18-81) and 45% had five or more children. Immunohistochemistry for HER2 status was done in 6%. Thirty-three (9.4%) presented
with Stage 1B, 140 (40.0%) Stage IlIA, 127 (36.3%) with Stage IIIB, and 50 (14.3%) with Stage IV [12].

Though early detection of down-stage breast cancer is integral to improving outcomes, new approaches to the treatment of women with
late-stage disease are urgently needed. Development of basic science and clinical research capacity in Cote d'lvoire to develop and test novel
treatments in the local context will be invaluable to helping improve survival and quality of life.

In order to grow and multiply, breast cancer cells have to evade the patients’ natural immune response [13]. The natural killer (NK) cell, a lym-
phocyte that is part of both the innate and the adaptive immune system, has garnered extensive interest as a potential avenue of enhancing
the immune system response against both breast cancer and other solid and liquid malignancies [14, 15].

NK cells play a key role in cancer cell detection and destruction through the activation of proinflammatory pathways [16, 17], but have less
activity in patients with breast cancer [18, 19] as a result of the hypoxic tumour microenvironment decreases NK cell activation and allows
cancer cells to escape [19-21]. Survival in patients with breast cancer correlates with increased NK cell expression of activating markers; NK
cell dysfunction and inhibitory surface cell protein markers correlate with cancer progression [22, 20].

Current clinical trials are exploring the potential of ex-vivo expanded and activated autologous NK cells where the inhibitory inactivated phe-
notype is reversed, autologous genetically modified NK cells, haploidentical hematopoietic stem cell transplant combined with donor NK cell
infusion and targeted immunotherapy to activate the inhibitory NK cell phenotype to treat both solid and hematologic malignancies [14-24].

The main purpose of this study was to explore the profile of circulating NK cells in women diagnosed with breast cancer in Céte d'lvoire, as
well describing breast cancer characteristics and treatment received. The study objectives included characterising the relationship between
NK cell concentration in peripheral blood and breast cancer stage, immunohistochemical type, and the type of treatment received. We also
compared the influence of demographic characteristics on circulating NK cell concentration in women with breast cancer and healthy controls.

Material and methods

Study population and sample collection

This is a cross-sectional study comparing women with and without breast cancer. Samples of peripheral blood were taken from a sequen-
tial sample of 30 women diagnosed with breast cancer and from 15 women without breast cancer from March to September 2018 at the
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University Teaching Hospital (CHU) of Treichville, Cote d’lvoire. Inclusion criteria for women with breast cancer were the following: age >18
years, female sex, diagnosis of breast cancer, receiving treatment at CHU Treichville, providing written informed consent for participation in
the study and blood draw. Patients with another type of cancer were excluded. Inclusion criteria for women without breast cancer were the
following: age >18 years, female sex, no history of cancer, no reported breast symptoms, no relationship to cases, residing in Treichville or
Abidjan, providing written informed consent for study participation and blood draw. The study was offered to a sequential sample of patients
at CHU Treichville; healthy controls were recruited by CHU Treichille staff through word-of-mouth. Participants’ demographic and clinical
information, including information about breast cancer subtype and treatment received, was collected from hospital records. The Ki-67 was
not tested due to the lack of reagent. Our patients received at least two of the following types of treatment: surgery, chemotherapy, hor-
monotherapy and targeted therapies (trastuzumab, bevacizumab). Peripheral blood samples were obtained at any time of any type of treat-
ment from patients who gave a written informed consent. The interval time from the diagnosis to collection of blood sample was 6 months.
The study protocol was approved by the Ethics Committee of the Ministry of Public Health and Hygiene.

Peripheral blood mononuclear cells (PBMCs) isolation

Blood samples were collected from female patients with breast cancer and from female study participants without breast cancer in an
anticoagulant citrate dextrose (ACD) Solution Becton Diskinson S.A Vacutainer. PBMCs were collected using a density gradient medium,
Ficoll-isopaque Plus (GE Healthcare Life Sciences). The buffy coat, containing lymphocytes, was collected and cells were counted.

Cells were stained with Simultest CD3 FITC/CD16+56 PE. Then cells were washed with phosphate-buffered saline (PBS) solution, and
analysed on Flow cytometer Model Facs calibur by Cell Quest Pro software. Cells were gated on CD56 + CD3- events (NK cells) and then
analysed for the expression of other extracellular surface markers.

Statistical analysis

Data entry was performed using Microsoft Excel® 2013 software.

Clinicopathological variables were expressed as percentages or means with a SD and range. Student’s T-test was used to compare dif-
ferences in means between two independent groups, while Pearson’s R test was used to test correlation between continuous variables
assumed to be normally distributed (age, NK cell concentration). Univariate logistic regression was used to compare demographic and
clinical characteristics between women with and without breast cancer. Participants with and without breast cancer were not matched
based on demographic characteristics. The Mann-Whitney U-test was used to compare the distribution of NK cell concentration between
two independent groups and the non-parametric 1-way ANOVA (Kruskal-Wallis test) for more than two groups given the small sample
size. A two-sided p-value of < 0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS version 2.0
(French version).

Results

NK cells in women with and without breast cancer
Mean age was similar among the 30 women with breast cancer and 15 women without breast cancer, 49 versus 45 years old (p = 0.41). Mean
NK concentration was higher in women with breast cancer compared to the group without breast cancer at 81 cell/mL versus 43 in controls,

but this did not reach statistical significance (p = 0.054). (Table 1, Figure 1). NK cell concentration was not associated with age in either cases
(p = 0.73) or controls (p = 0.93).

Breast cancer stage and NK cells

Among 30 women with breast cancer, most (86%) had Stage IIl or de novo Stage IV disease. Mean NK cell concentration was 84 cell/mL for
Stage Il, 53 cell/mL for Stage Il , and 112 cells/mL in stage IV (p = 0.35) (Table 2).
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Table 1. Participant characteristics and NK cell concentration.

Characteristic Presence or absence of breast cancer Mean SD Range p-value
Age Participants with breast cancer 49 14 35-63 041
(years) Participants without breast cancer 45 17 26-65
NK cell concentration Participants with breast cancer 81 101 5-441 0.054
(cells/mL) Participants without breast cancer 43 26 20-103

Simple Scatter of NK cell concentration (cells/ml) by Group
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Figure 1. Relationship between NK cell concentration and breast cancer diagnosis.

Table 2. NK cell concentration and breast cancer stage.

Women with breast cancer

Breast cancer stage at Number (%) of study NK cell concentration (cells/mL)
diagnosis participants Mean sD Range p-value
(n =30)
1l 4(13.3) 84 54 8-132 0.35
1] 14 (46.3) 53 108 7-158
v 12 (40.0) 112 185 5-298

Breast cancer immunohistochemical features and NK cells

Of the 30 women with breast cancer, nonspecific invasive carcinoma was observed in 29 (96.7%) of women with breast cancer and lobular
carcinoma in one (3.3%). The most common breast cancer subtypes were hormone receptor-positive (HR+) HER2-negativ in 14 (46.7%) and
triple-negative had triple-negative (HR-HER2-) in 10 (33.3%). The average NK cell concentration was 85 cells/mL in HR + HER2, 81 cells/mL
in triple-negative, 66 cells/mL in HR + HER2+, 108 cells/mL HR-HER2+ (p = 0.78) (Table 3 and Figure 2).
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Table 3. NK cell concentration and breast cancer subtype.

Breast cancer Number (%) of NK cell concentration (cells/mL)
subtype study participants Mean sD Range p-value
(n=30)
HR+HER2- 14 (46.7) 85 123 7-298 0.78
HR-HER2- 10(33.3) 81 137 5-441
HR+HER2+ 3(10.0) 36 29 18-70
HR-HER2+ 3(10.0) 108 180 5-247

Simple Scatter of NK cell concentration (cells/ml) by IHC type
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Figure 2. Relationship between NK cell concentration and breast cancer subtype.

Breast cancer treatment and NK cells

Out of 30 women with breast cancer, 10 (33.3%) were treated with surgery, including nine with mastectomy and one with resection to
negative margins.

Of 19 women with hormone-positive breast cancer, 10 (33.3%) received hormone therapy, including three receiving tamoxifen, three anas-
trozole, and one goserelin and tamoxifen.

Twenty-seven (90.0%) received chemotherapy, including all eight women with triple-negative breast cancer. Of 4 women with Stage 2 disease,
one did not receive chemotherapy, whereas the other three received fluorouracil/epirubicin/cyclophosphamide (FEC) and docetaxel. Of the
14 women with Stage 3 disease, 6 received FEC 100 + docetaxel (4+4), 5 received AC (doxorubicin/cyclophosphamide), and 3 FEC 100 alone.
Of the 12 women with Stage 4 disease, three received docetaxel + doxorubicin, two paclitaxel + carboplatin, whereas one each received AC,
docetaxel + bevacizumab, doxorubicin + cisplatin, paclitaxel, paclitaxel + bevacizumab.

ecancer 2023, 17:1567; www.ecancer.org; DOI: https://doi.org/10.3332/ecancer.2023.1567 5


http://www.ecancer.org
https://doi.org/10.3332/ecancer.2023.1567

Table 4. Cancer treatment received by breast cancer stage.

Treatment type Number (%) of study Stage Il Stage lll Stage IV
n (%) participants (n=4) (n=14) (n=12)
(n =30)
Surgery 10 (33.3) 3(75%) 7 (14%) 0
Chemotherapy 28(93.3) 3 (750%) 14 (100%) 11(91.7)
Radiation 5(16.7) 2 (50%) 3(21.4%) 0
Palliative care 8(26.7) 0 1(7.1) 7 (58.3)

Table 5. NK cell concentration and cancer treatment.

Treatment type Number (%) of NK cell concentration (cells/mL)
n (%) study participants Mean SD Range | p-value
(n =30)
Surgery 10(33.3) 61 44 7-132 0.95
Chemotherapy 28(93.3) 82 103 5-441
Radiation 5(16.7) 53 52 7-132
Targeted therapy 5(16.7) 48 40 5-86
Palliative care 8(26.7) 96 150 5-441

Five (16.7%) were treated with radiotherapy. Among women with stage 2 disease, two (50%) received radiotherapy. Among women with
stage 3 disease, 3 of 14 (21.4%) received radiotherapy.

Five received targeted therapy (16.7%), including three receiving trastuzumab and two women with Stage IV disease receiving bevacizumab.
Of four women with HER2+ disease, two received trastuzumab. Eight women (26.7%) received palliative care (Table 4).

There was no statistically significant correlation between NK cell concentration and the type of treatment women received (p > 0. 05) (Table 5).

Discussion

Increased availability of breast cancer treatment and targeted therapies has improved patient outcomes. However, many women with breast
cancer still succumb to this disease, especially in Cote D’Ivoire and other countries in Africa. This is due to a combination of late-stage disease
at presentation and limited availability of treatment. In our study, 26 (86.3%) of the women presented with Stage Il or IV disease, similar
to other countries in the region [4, 5]. In our study, a larger percentage of women were of younger age and had triple-negative and HER2-
positive disease, similar to other countries in the region [7, 8].

Of women with HR+ disease, over half received endocrine therapy. Of women with Stage Il disease, about a third were able to receive
radiation. Of women with HER2+ disease, half received trastuzumab. Over half of the women with Stage IV disease received palliative care.
Insufficient access to treatment due to both cost and availability is similar to other countries in the region [25-28].

To improve outcomes for women with breast cancer in Céte D’lvoire, an approach that would combine down-staging disease through early
detection, improved access to existing treatment, and building local research capacity to facilitate the discovery and testing of novel treat-
ments for cancers unresponsive to standard treatment is urgently needed.

Studying how the immune system could be activated to detect and kill breast cancer through NK cells may provide improved treatment
options. Such discoveries may lead to the development of new drugs that can be used in combination with established therapies including
chemotherapy, endocrine therapy, HER2-targeted treatments and immunotherapy [14-24].
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Our study is the first in Cote D’lvoire and in Sub-Saharan Africa to explore the relationship between NK cells and breast cancer. The goal was
to explore the relationship between NK cells concentration and clinicopathological characteristics of patients with breast cancer, including
the influence of treatment.

We did not find a relationship between NK cell concentration and age in either women with cancer or healthy controls. In a study done
among men and women in Malaysia and Spain, NK cell number similarly either stayed the same or increased with age [29, 17].

As in studies conducted among patients in Spain and France that compared NK cell concentration in the peripheral blood of women with
breast cancer and healthy controls, we did not find a statistically significant difference in the NK cell concentration these two groupds [30,
31]. There was a trend toward a higher average NK cell concentration in women with breast cancer. Interestingly, another study done in Brazil
found a higher NK cell concentration in peripheral blood of women with cancer prior to chemotherapy, and a decrease in NK cell number
following chemotherapy [32]. As in other studies, we found that NK cell concentration was not associated with tumour stage [30-32].

In our study, NK cell concentration did not vary by breast cancer immunohistochemical type. In another study, NK cell concentration similarly
did not depend on oestrogen receptor status [33]. Another study found that patients with HER2 negative breast cancer had a higher NK cell
concentration compared with those with an overexpression of the HER2 receptor [34].

It could be that we did not find a correlation between either NK cell concentration and breast cancer diagnosis or HER-2 status due to
patients having received chemotherapy before the blood draw that resulted in fewer circulating NK cells.

Data from this preliminary study did not allow us to establish a relationship between the concentration of NK cells and treatment. Multiple
prior studies evaluated the effect of different treatments on NK cell concentration in patients with breast cancer, though the timing of blood
draw varied widely. NK cell concentration decreased significantly 2 weeks after chemotherapy in one study [35]. In another, a higher number
of peripheral NK cells after neoadjuvant chemotherapy was associated with better clinical outcomes [36]. There was no difference in NK cell
concentration between patients with breast cancer and healthy controls [37]. NK cell number did not change after chemotherapy, though
they exhibited a less cytotoxic phenotype [37]. Endocrine therapy was associated with increased NK cell number in metastatic breast cancer
[38]. NK cell concentration decreased in patients after radiation treatment but recovered 6 months later [39]. Decreasing NK cell counts after
radiation were associated with worse outcomes [40].

Our results may have been limited by the small sample size and by the blood draw being done shortly after some patients have received che-
motherapy. The women recruited may not have been representative of others with breast cancer in our country. However, since our results
match those of other studies, we think our data is appropriately valid and provides interesting insights into NK cells and breast cancer and
next steps for future research in our context.

Based on our findings, we are planning a larger research study that would standardise the timing of the blood draw at diagnosis and at a pre-
determined point following treatment to examine the number of circulating NK cells and those within breast cancer tumours and correlate
these with responses to treatment and prognosis. Reagents and antibodies to facilitate this research may be made available as part of a larger
clinical trial of immunotherapy that will already examine tumour-infiltrating lymphocytes, including NK cells, to predict treatment response.
The results may be of value in helping tailor treatment to risk of cancer recurrence or progression and enable us to simplify treatment
regimens and decrease cost without compromising quality of care. Furthermore, efforts are already ongoing in Cote D’lvoire to down-stage
disease and improve access to treatment, though much more needs to be done.

Current public-private partnerships to improve cancer care in low- and low-middle income countries focus on clinician education and
training, improving access to existing treatment modalities, and clinical guidelines and decision-making models to optimise outcomes
the setting of limited resources [41-43]. There is less emphasis on research-related capacity building that would allow local clinicians to
ask questions and execute projects relevant to their context. At the same time, discoveries made because of building research capacity
in countries such as Cote d’lvoire may help inform breast cancer treatment in settings where genetic variation may have an impact on
treatment response. For example, though genetic variation does not appear to play a significant part in responses to chemotherapy and
endocrine therapy in breast cancer, there is some evidence that it may have an impact on NK cell responses to cancer though the KIR
receptor [44, 45].
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Given the late stage of breast cancer at diagnosis and limited access to treatment in low-income and low-middle-income countries, actions
should be taken by both governments and private companies in countries such as Cote d'lvoire to make drugs available and affordable to not
only improve the patients’ outcomes, but to use drugs in combination with NK cells to develop novel therapies [14-24].

Researchers at academic institutions and pharmaceutical companies in high-income countries involved in basic science or clinical research in
cellular therapies and immunotherapy could lend their expertise to build local research capacity low-income and low-middle-income coun-
tries to explore and implement novel treatments for late-stage disease with the help of local oncologists, pathologists and epidemiologists.

Conclusion

This is the first study of NK cell concentration in women with breast cancer compared to healthy controls in Cote d’lvoire and Sub-Saharan
Africa. Most women recruited for the study were diagnosed late in their disease and had insufficient access to existing treatment modalities.
There was a trend toward higher NK cell concentration in women with breast cancer compared to healthy controls. NK cell concentration did

not vary by cancer stage, subtype, or type of treatment. A large-scale study where the peripheral blood draw is done prior to any treatment
is needed for the confirmation of this data in our context.
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