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Abstract—Breast cancer is the most common cancer
diagnosed in women. In developing countries, controlling this
scourge is often problematic due to late diagnosis and the lack of
medical and human resources. Automation and optimization of
treatment is then needed to improve patient outcome. The use of
medical datasets could, according to medical staff and
pharmacists, assist them in clinical decision-making and would
allow for better use of resources especially when limited. In our
paper, a new real dataset was produced by collecting medical and
personal data from 601 patients with breast cancer at the
University Hospital Center (UHC) Mohammed VI of Marrakech.
Data of women diagnosed with breast cancer from January 2018
at UHC were assessed. Most patients were 24-85 year-old, with
an average age of 48.84 years. Patient age, performance status
(PS), cancer stage and subtype, treatment patterns and
correlations among the different variables were analyzed. The
created dataset will help to determine the most appropriate
treatment regimen depending on the individual characteristics of
patients to allow for better use of limited resources.
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. INTRODUCTION
According to World Health Organization (WHO) [1]:

e Breast cancer is the most common and deadliest
malignancy in women.

e In 2020, around 2.3 million women were diagnosed
with breast cancer and around 685,000 deaths were
recorded worldwide due to this malignancy.

e It may strike pubescent women from all over the world
at any time,

e The risk increases with age.
The frequency of breast cancer continues to increase [2].

The exact causes of breast cancer are unknown. They are
complex, multifactorial and depend on personal characteristics
[3]. The study [4] reported that environmental factors are most
likely the primary reasons behind breast cancer rather than
genetic factors. According to [5], the causes of breast cancer
were believed to be either behavioral (e.g. physical inactivity
and alcohol intake) or non-behavioral (age and genetic factors).

However, the most common causes of breast cancer were
found to be: (i) stress and worry, (ii) diet and eating habits, (iii)
altered immunity, (iv) overwork and, (iv) poor previous
medical care. Similarly, [3] found that stress and lifestyle-
associated factors (e.g. diet, exercise and weight control) are
the predominant causal agents of breast cancer.

Different therapies are used to treat breast cancer. This
depends on cancer subtype and progression [6]. For example,
surgery, with either lumpectomy (i.e. removing the tumor) or
total mastectomy (i.e. removing the whole breast);
radiotherapy, which includes external radiotherapy (i.e. high
energy radiations are aimed at the breast tumor) and
brachytherapy (i.e. a radioactive compound is injected into the
breast); chemotherapy, through drug administration to prevent
metastasis or reduce the size of an existing tumor; hormone
therapy, by using either drugs, radiation or surgery to reduce
female hormone activity and production; and targeted therapy
coupled with immunotherapy, in which drugs are used to
stimulate the immune system [7].

In Morocco, breast cancer represents around 35% of all
cancers diagnosed in women, with the highest incidence rate
observed in 45-59-year-old women [8] [9]. Like many other
developing countries, breast cancer represents a major health
concern in Morocco [10]. This is due not only to the lack of
early diagnosis of this cancer, particularly in the countryside,
but also to the lack of well-established treatment options for
patients depending on their personal, metabolic and medical
profiles. On the other hand, the acquisition of anticancer drugs
is a serious problem for developing countries. Indeed, the cost
of anticancer drugs used in different therapeutic regimes is
extremely high and continues to rise [11]. Taking this into
account along with the fact that not all Moroccan citizens and
cancer treatments are covered by health insurance, and the lack
of human and medical resources make it necessary to carefully
manage finite resources and to optimize cancer treatment for
each patient.

Today, developing countries are facing the challenge of
improving patient outcomes and survival with limited access to
advanced medical care [12]. Most of these countries can only
provide conventional chemotherapeutic agents to their citizens
[13]. Indeed, targeted therapies such as cyclin-dependent
kinase inhibitors, anti-human epidermal growth factor receptor
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2 (anti-HER?2), tyrosine kinase inhibitors and bifunctional
monoclonal antibodies (i.e. antibody—drug conjugates) are
available in limited quantities and not covered by health
insurance [14] [15]. Along this line, determining the optimal
therapy depending on each patient specific characteristics
would improve patient outcomes and satisfaction even when
resources are limited [16]. In such context, the use of medical
datasets would be of great interest to implement a convenient
decision-making program to help physicians in identifying the
most appropriate therapy for a particular patient, depending on
her personal characteristics and hospital data.

In many fields, the use of datasets contributed to develop
effective solutions for problematic situations. There are
different types of datasets that can be deployed. For example,
online datasets, generally created by experts, public or private
organizations and that are accessible (for free or upon
payment) on their websites; machine-generated datasets to help
users to solve specific problems or to retrieve specific data; and
datasets related to a specific profession or organization, and
that contain contextual data based on their history. Over the
years, the latter type of datasets has been used in various fields
to analyze actual data and obtain valuable knowledge to handle
particular situations. In the medical and health-care field,
clinical-administrative datasets would allow for capitalization,
management and retrieval of relevant information [17].

The objective of this work is to create and analyze a real
dataset on the clinical and personal characteristics (e.g. patient
age, cancer stage at diagnosis, cancer subtype) of 601 patients
with breast cancer and hospitalized, and to identify the
different chemotherapeutic regimens used. The findings of this
study would help to: (i) define the most appropriate breast
cancer treatment depending on the individual characteristics of
patients; (ii) address the specific needs of each patient; (iii)
facilitate the design of personalized treatment for breast cancer
patients; (iv) develop a predictive algorithm to forecast the
stock of chemotherapeutic molecules; and (v) better use the
limited resources. The key is to have a database that can be
used to realize these ideas. To the best of our knowledge the
created dataset and this study has not been proposed before.

Il.  MATERIALS AND METHODS

A. Study Context and Sampling

In Morocco, the health care system consists of three
different sectors: private non-profit, private for-profit (i.e.
private clinics) and public sectors (i.e. government hospitals).
Within the public sector, University Hospital Centers (UHCs)
are the best-equipped facilities in terms of bed capacity and
medical equipment. They include several medical disciplines
and are involved in medical training and research. Thus, many
Moroccan patients tend to go to UHCs for diagnosis and
treatment. Based on the above, Mohammed VI UHC was
chosen to perform the following investigation. The study was
conducted from 2018, and included all the patients that were
admitted to the Oncology and Hematology Center (OHC) of
Mohammed VI UHC for breast cancer chemotherapy.

B. Data Collection

The data collection procedure is summarized in Fig. 1.
Patients admitted to the OHC were categorized according to
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cancer type. Only breast cancer patients to whom
chemotherapy was recommended were included in this study.
Cancer stage was not an inclusion/exclusion criterium.
However, patients who did not receive previous adjuvant or
palliative chemotherapy were not included. Based on the
European Society for Medical Oncology (ESMO) clinical
practice guidelines for breast cancer treatment [18], the
National Comprehensive Cancer Network (NCCN) guidelines
[19], and at the medical oncologist's discretion, patients with
the following criteria were not included:

o Early-stage luminal A breast cancer that has not spread
to lymph nodes or affected 1-3 axillary nodes, with low
clinical risk of recurrence, including tumor size and
histological grade.

e Node negative pT1la, triple-negative breast cancers <
5mm in diameter.

e Node negative pT1lb, HER2-positive or triple negative
breast cancers.

e Patients with hormone receptors positive, HER2-
negative and metastatic breast cancer who received
endocrine therapy alone during the inclusion period.

Data Collection Dala Processiog
&y @ L /" Database \
. Age
* Performance status
Medical Oncology l : Z:DN
EpIERER! // * Metastatic sites
]
 HER 2
%’ ‘B ¢ Classification
Database Feed
S BT o]
-

Fig. 1. Flow scheme of the study.

Data were recorded for patient demographics, breast
cancer-related information including  clinical  and
histopathological features, treatment options for patients and
determinant factors that may affect or facilitate the decision-
making process on whether or not to start a chemotherapy
regimen, regardless if it is in the neoadjuvant, adjuvant or
palliative setting. For each patient, therapy details were
collected (i.e. schedule, number of cycles and the chemical
dose administered). The performance status (PS) of each
patient was evaluated and noted from 0 to 3 according to the
Eastern Cooperative Oncology Group (ECOG) scale, with 0
being fully functional patient and 3 refers to bedridden patients.
Tumor staging was assessed and classified according the
American Joint Committee on Cancer (AJCC) classification
system.

C. Data Analysis

Several languages including Python Program Language
(PPL) were used to analyze, mine and synthetize the dataset.
Statistical Analysis System (SAS) was used to generate
correlation coefficients among variables and conduct a
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principal component analysis (PCA) on the collected data.
Prior to SAS analysis, all qualitative variables were converted
into quantitative variables. Matplotlib and Seaborn were used
for data visualization.

D. Ethical Considerations

Data were provided by the management of the OHC of
Mohammed VI UHC following the approval of the head of the
Medical Oncology Department. During our investigation, the
identity of patients was never revealed.

I1l.  RESULTS

From January, a total of 739 breast cancer patients were
admitted to the OHC of Mohammed VI UHC. This accounted
for 25% of the total new cancer cases. Based on the inclusion
criteria, 601 patients were selected for assessment. The mean
age of the patients was 48.84 years (standard deviation, 11.12;
median, 48.74 years; range, 24-85 years). At the time of
diagnosis, 240 patients were premenopausal, which accounted
for 39.93% of the total patients. Analysis of the data showed
that most patients (57.40 %) were diagnosed in locally
advanced stage or disseminated stages of disease and thus
required systemic chemotherapy as the mainstay of treatment.
All patients had a PS score of 0 or 1 on the ECOG scale.
Patients with such scores are able to withstand chemotherapy.
Indeed, clinical use of chemotherapy should be restricted to
medically fit patients with the best PS scores and able to
tolerate aggressive therapeutic regimens.

Based on our analysis, four main subtype profiles were
found: hormone receptor positive and HER2 negative (54.47
%, n = 329), hormone receptor positive or negative and HER2
positive (25.29%, n = 152), and triple negative (TNBC) (19.80
%, n = 119). Pathologic complete response (pCR) was
achieved in 23 patients (3.82%). All the patients included in the
dataset received chemotherapy in either the adjuvant setting
(67.22 %, n = 404), neo-adjuvant setting (18.63%, n= 112),
adjuvant/post-neoadjuvant setting (1.99 %, n= 12) or in
palliative intent (11.64 %, n = 70) (Fig. 2).

-
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Fig. 2. Therapeutic strategy according to the prescribed treatments.

The distribution of patients according to their age was
normal (Fig. 3).
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Fig. 3. Distribution of the variable age.

The distribution of patient age as a function of treatment
regimen was also normal (Fig. 4). Sequential anthracycline and
taxane-based regimen was the most prescribed therapy of
curative intent (Fig. 4). Based on our findings, patient age
appears to be a determinant factor for therapeutic decisions.
Overall, the median number of pre- and postoperative
chemotherapy cycles was 6, with a range of 4-8.

24.29 30-35 36-41 42.48 49-54 55-60 61-66 67-72 73-78 79-84

Fig. 4. Prescribed treatments according to patient age.

The subset of patients as defined by the AJCC was as
follows: stage | (7.32 %, n = 44), stage 1A (18.30 %, n = 110),
stage 11B (13.31 %, n = 80), stage 1A (22.96 %, n = 138),
stage I11B (11.98 %, n = 72), stage I1IC (10.65 %, n = 64), and
stage 1V (11.81 %, n = 71). On the other hand, the cancer
development stage of 22 patients (3.66%) could not be
classified according to the AJCC criteria due to diagnostic
failure or lack of information. As expected, the subtype
classification of breast cancer was not correlated with
anatomical prognostic factors, but can predict the tumor
biological behavior.

The prescribed treatments for patients with first-line stage
IV breast cancer were as follows: AC 60 was prescribed for 12
patients (17.14 %); Paclitaxel, Trastuzumab and Pertuzumab
were prescribed for 11 patients (15.71 %); Paclitaxel,
Pertuzumab and weekly Trastuzumab were prescribed for 9
patients (12.86 %); Paclitaxel and weekly-Bevacizumab were
prescribed for 8 patients (11.43 %); EC100 was prescribed for
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7 patients (10 %); Paclitaxel was prescribed for 7 patients
(10%); Carboplatine and Gemcitabine were prescribed for 6
patients (8.57 %); Doceraxel, Trastuzumab and Pertuzumab
were prescribed for 6 patients (8.57%); and Capecitabine was
prescribed for 4 patients (5.71 %) (Fig. 2).

Fig. 5 shows the results of correlation among the different
variables. According to practicing physicians, the variables
presented in Fig. 5 are the most important ones for treatment
prescription.

Correlation Heatmap

Fig. 5. Principal component analysis of causal attributions of breast cancer.

The correlation circle (Fig. 6) shows the distance between
variables. Based on Fig. 5 and 6, it could be concluded that
maintenance, therapeutic strategy, metastatic sites, cM and
cT/pT were the main variables positively correlated with
component 1 while HER2 and therapy adjuvant anti-HER2
were the main variables positively correlated with component
2. On the other hand, classification was the main variable
negatively correlated with component 2. The findings of this
study would be very useful in developing a machine learning
model for the prediction of breast cancer treatment under
Moroccan circumstances.

Component Pattern

HER2
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Fig. 6. Correlation circle of causal attributions of breast cancer.
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IVV. DISCUSSION

Breast cancer is one of the most common cancers
diagnosed in women. This disease causes a devastatingly high
number of deaths every year [20]. In developing countries,
controlling breast cancer is more problematic due to the lack of
medical and human resources [21]. Furthermore, patients in
developing countries have limited access to early diagnosis and
to modern diagnostic tools [22]. In such circumstances,
developing treatment prediction strategies could substantially
contribute to save thousands of lives each year, especially
when the tumor is detected in an advanced stage. The present
study was conducted to analyze personal and medical data of
breast cancer patients in Morocco. This would help to develop
a predictive algorithm to determine the most appropriate
treatment for patients, to better use the limited resources and to
accurately estimate hospital needs.

In recent years, the use of datasets to assist in the decision
making process has known a great success. This was observed
in different fields including the medical one (e.g. [23], [24],
[25]). Indeed, in the medical and health-care field, datasets are
increasingly involved in planning and managing limited
resources and to assist the decision-making process. According
to [26], medical datasets are highly relevant for cancer research
and clinical application. Medical datasets are composed of
records collected during the clinical care process, and generally
include individual records of patients, medical diagnoses, drug
prescription and treatments [27]. In Morocco, the use of
datasets to manage resources and take decisions is still in its
infancy. Collecting, analyzing and processing breast cancer
patient data would help in better utilizing the limited human
and medical resources, and could improve the decision-making
process depending on personal and medical records of patients.

The findings of this investigation showed that most breast
cancer patients admitted to Mohamed VI UHC were 24-85-
year-old, with a mean age of 48.84 years. Population-based
data (271,173 patients) from Surveillance, Epidemiology, and
End Results (SEER) cancer registries showed that more than
94% of breast cancer patients registered in 18 different USA
cities/states and diagnosed between 2010 and 2015 were over
40 years old, with a mean age of 60 years [28]. Similarly, [25]
found that among 235,368 French patients diagnosed with
early breast cancer between 2011 and 2017 (identified by the
Oncology Data Platform -(ODP) of the French National Cancer
Institute (INCa)), 95% were 40 years old or above at the time
of diagnosis. [29] used the Queensland Cancer Registry and
found that among 3,079 women diagnosed with breast cancer
in Queensland (Australia) between July 1st 2011 and June 30th
2012, 87.9% were older than 45 years. Based on our findings
and the above-mentioned reports from the literature, it could be
assumed that most women diagnosed with breast cancer are
over 40 years of age. Up to date, the mechanisms underlying
the relationship between age and breast cancer incidence
remains unclear [30]. Indeed, the factors that induce breast
cancer are complex, multiple and vary depending on the
disease subtype [31][32]. According to many studies, age is not
a determining factor that influences the incidence of breast
cancer [33]. On the other hand, other studies indicated that in
young patients, the pathophysiology of breast cancer is
attributed to pathways linked to phosphoinositide 3-kinase,
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immature mammary epithelial cells, growth factor signaling
and mitogen activated protein kinase [34]. These diverging
interpretations underline that research findings are not
sufficiently conclusive regarding the likely effect of age on
breast cancer incidence.

The findings of the present study showed that most women
(45.59 %) had stage Ill breast cancer (based on the AJCC
system), which is considered as locally advanced stage. Indeed,
stage Il is the stage where the tumor size is larger than 5 cm
with involved lymph nodes [35]. In developing countries, most
patients are diagnosed at advanced stages, which results in
poor response to treatment. Examples from the literature
showed that in developed countries most breast cancer cases
are diagnosed at earlier stage. For example, [36] found that
stage | tumors were the most common among 7,458 patients
diagnosed at Asan Medical Center (Seloul, Korea) between
January 1999 and December 2008. The researcher in [37] used
data from 18 cancer registries (18 US cities/states) of the SEER
program to determine the stage of breast cancer in 14,379
young women between 2010 and 2014. They found that most
patients had tumors at stages | and Il (28.2% and 45.2%,
respectively), while only 19.0% had stage Il breast cancer at
diagnosis. The study [38] reported that among 1,703 breast
cancer women diagnosed at the McGill University Health
Centre (Montreal, Canada) between January 2010 and
December 2013, the majority had stage | cancer. Stage | breast
cancer is the stage where the tumor size is no more than 2 cm,
with no involved axillary lymph nodes and without metastatic
disease [39]. The fact that in Morocco most breast cancer
patients are diagnosed at stage Il raises the concern of late
diagnosis, which would affect the efficiency of treatments and
recovery rates. Taking this into account along with the limited
resources in developing countries, developing efficient
methods to determine the most effective treatment for each
patient seems crucial.

Our findings showed that 11.81% of patients had a stage 1V
tumor. Stage IV cancer is that when the tumor has spread to
other organs of the body (i.e. distant metastatic disease) [39].
Data from Mohamed VI UHC revealed that at this stage, nine
different treatments were prescribed, with percentages varying
from 5.71 to 17.14 %. This large number of treatments with
close percentages of prescription may reflect the challenge of
identifying the most effective treatment for stage IV breast
cancer and highlights the importance of using datasets to
decide on the most appropriate treatment depending on patient
characteristics. Our findings also revealed that most patients
have received systemic chemotherapy as the mainstay of
treatment. Some currently well-established treatment methods
that include escalating, de-escalating or omitting cytotoxic
chemotherapy are not applicable in our context due to limited
or no access to precision medicine. For example, the currently
available gene expression signatures used to assess the risk of
recurrence and the benefit of adjuvant chemotherapy in
intermediate risk luminal breast cancers are not freely available
in Morocco. Therefore, physicians rely solely on clinical-
pathological factors, which lead to over-prescription of
chemotherapy. Correlations among the variables included in
the dataset confirm the fact that the treatment regimen depends
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mainly on cancer stage, which relies on clinical-pathological
features.

Our study showed that the most prescribed treatment was
the combination of Paclitaxel, Trastuzumab and Pertuzumab.
Paclitaxel is a natural anticancer agent widely used to treat
cancer patients due to its particular mechanism of action and
successful outcomes [40]. Trastuzumab is a monoclonal
antibody generally used to treat some HER2-positive tumors
such as metastatic gastric cancer and breast cancer [41]
[42][43]. This agent is known for its high cost, and in many
countries it is not covered by health insurance. Consequently,
in many countries patients cannot afford it [41]. Regarding
Pertuzumab, it is an HER dimerization inhibitor and a major
drug used to treat early and HER2-positive metastatic breast
cancers [44][45]. The research [46] examined data from the
Ontario Cancer Registry between April 1st 2012 and March
31st 2016 and found that, among 190 triple-negative breast
cancer patients at stage 1V, 25.3% have underwent surgery,
72.6% received systemic therapy and 58.9% received
radiotherapy. They also indicated that the top drug regimens
include anthracyclines and/or taxanes. On the other hand, these
authors found that the cost of treatment for stage IV patients
was four times higher than that of stage I-111 patients. Based on
the National Cancer Dataset (NCDB) data from 2010 to 2015,
[47] compared the effects of different treatments on stage IV
breast cancer patients from the US (i.e. 12,838 women who
lived longer than six months after their diagnosis) and found
that the most effective treatments were based on the
combination of either systemic therapy (i.e. chemotherapy,
endocrine therapy, or both) and surgery, or systemic therapy,
surgery and radiation as compared to systemic therapy alone.
These findings from the literature showed that the treatment for
stage IV breast cancer may vary from systemic therapy,
radiotherapy, surgery or their combination. In Morocco, while
only conventional chemotherapeutic agents are either freely
available or are covered by health insurance, the current
challenges are to determine the most appropriate treatment for
each patient and to avoid that demand outweighs supply. The
use of datasets would considerably help in determining the
most effective treatment depending on patient characteristics
and tumor phenotype.

V. CONCLUSION

The findings of the present study provided valuable data on
breast cancer patients in Morocco and the treatment regimens
used. Similarly to many other developing countries, breast
cancer is generally diagnosed at an advanced stage (i.e. stage
Il and stage V) in Morocco. Systemic chemotherapy was
found to be the mainstay of treatment. Nine different
treatments were prescribed. The chemotherapeutic regimens
used reflect the lack of a single standard or optimized
treatments for patients. Further research could focus on
evaluating the outcome of the different treatments, and to
develop a predictive algorithm to determine the most
appropriate treatment for each patient depending on
demographic and medical characteristics. This would help to
rationally use the limited medical and human resources and to
improve patient outcomes and satisfaction.
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