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ABSTRACT - Objective: Lung cancer is a leading cause of cancer-related mortality, primarily due to its high
metastatic potential, particularly to the brain and bones. Brain metastases significantly challenge clinical manage-
ment, impacting treatment efficacy and patient survival, while bone metastases cause severe complications such
as pathological fractures and hypercalcemia. Understanding the clinico-pathological factors influencing these
metastases is essential for improving patient outcomes.

Materials and Methods: This study examined a cohort of 158 patients with primary lung cancer treated at the
Cheikh Zaid International University Hospital in Rabat, Morocco. Clinical data, including demographic informa-
tion, smoking status, and histological and molecular characteristics, were collected. The incidences of bone and
brain metastases were analyzed. Statistical analysis was performed using Excel and Jamovi software, with quali-
tative variables expressed as frequencies and quantitative variables as central tendencies. Associations between
variables were evaluated using Chi-square and Fisher’s exact tests, with a significance threshold set at p < 0.05.

Results: Bone metastases were identified in 31 patients (19.6%) via bone scintigraphy, while brain metastases
were confirmed in 29 patients (18.4%) through cerebral MRI. No significant differences were observed between
males and females or among different age groups. However, smoking was significantly associated with bone
metastases (p = 0.034), with smokers exhibiting a higher incidence. A significant association was found between
brain metastases and the adenocarcinoma histological subtype (p = 0.001), indicating that specific tumor char-
acteristics influence metastatic patterns. No significant correlation was observed between molecular status and
the occurrence of metastases.

Conclusions: This study underscores the importance of clinico-pathological factors in lung cancer metasta-
sis. Smoking is significantly correlated with bone metastases, while adenocarcinoma is closely linked with brain
metastases. These findings highlight the need for personalized management strategies and improved data doc-
umentation to enhance clinical care.
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INTRODUCTION

Lung cancer remains one of the leading causes of cancer-related mortality worldwide. Despite signif-
icant advancements in diagnosis and treatment, the prognosis of this disease remains poor due to its
high propensity for metastasis. Among common metastatic sites, brain metastases pose a major clinical
challenge due to the complexities associated with the central nervous system. This metastatic involve-
ment complicates treatment, impairs quality of life, and reduces patient survival’. Additionally, bone
metastases, responsible for pathological fractures, severe pain, and hypercalcemia, further deteriorate
patients’ quality of life and survival prospects?.

Despite substantial advances in elucidating the biological mechanisms underlying metastasis, the epi-
demiological characterization of metastatic dissemination remains insufficiently defined. Existing data on
site-specific metastatic patterns are often heterogeneous, fragmented, and lacking standardization®. This
limitation largely reflects the design of population-based cancer registries, which predominantly capture
information on primary tumors, while metastatic events are inconsistently recorded. Although the Tumor,
Nodes, Metastasis (TNM) classification provides information on the presence of distant metastases at diag-
nosis, it does not systematically capture their anatomical distribution or temporal evolution. Consequently, a
more comprehensive, standardized, and population-level documentation of metastatic patterns is essential
to refine prognostic stratification and optimize the clinical management of lung cancer patients?.

The epidemiology of lung cancer in Morocco presents a complex picture that requires a nuanced ap-
proach. According to IARC official site data? in 2020, there were 7,353 new cases of lung cancer in Mo-
rocco, with a marked male predominance (6,502 men and 851 women). Similarly, the mortality rate due
to lung cancer in Morocco in 2020 was 6,551 deaths, distributed between 5,802 men and 749 women.
However, it is essential to note that these figures, although provided by the IARC, may not fully reflect the
current situation. In Morocco, lung cancer statistics primarily come from two registers located in Casablan-
ca and Rabat. These registers may have limitations due to the age of the data, such as the Greater Casa-
blanca Cancer Registry (GCCR) from 2013 to 2017 and the Rabat Cancer Registry (RCR) from 2009 to 2012,
and their limited coverage focusing on specific geographical areas. Furthermore, studies conducted by
researchers, oncologists, and epidemiologists in various medical oncology departments across the coun-
try may also have limitations due to the small size of the cohorts studied or the number of cases analyzed.

In this study, we aim to elucidate the incidence and correlation of brain and bone metastases with
various clinico-pathological characteristics among Moroccan patients diagnosed with primary lung can-
cer. By examining a cohort of patients treated at the Oncology Center of the Cheikh Zaid International
University Hospital in Rabat, Morocco, we seek to identify significant associations that could inform
clinical practice and improve patient outcomes.

PATIENTS AND METHODS
Data Collection

This study was conducted on a cohort of 158 patients with primary lung cancer who were treated at the
Oncology Center of Cheikh Zaid International University Hospital. Clinical data were extracted from the
patients’ medical records. The inclusion criteria were rigorously defined to ensure the quality and rele-
vance of the data. Patients had to have a complete medical record, including all necessary information for
clinical and epidemiological analysis. Both sexes were included to ensure sample representativeness and
to explore potential sex-related differences in metastatic spread. All age groups were considered, allowing
evaluation of the impact of age on the distribution and characteristics of metastases. Patients needed to
have a confirmed diagnosis of primary lung cancer, established by reliable histological or cytological exam-
inations. All histological types of lung cancer were included (such as adenocarcinoma, squamous cell carci-
noma, large cell carcinoma, etc.) as well as various stages of the disease (from early to advanced stages) to
cover a broad spectrum of clinical presentations and better understand the factors influencing metastatic
spread. The exclusion criteria were also strict to maintain the study’s rigor. Incomplete medical records,
which did not provide sufficient data for thorough analysis, were excluded. Additionally, only Moroccan
patients were included in the study to focus on a homogeneous population and avoid variations related
to genetic and environmental differences that might exist between different nationalities. Particular at-
tention was paid to evaluating metastatic spread, specifically focusing on the detection of bone and brain
metastases. The data were analyzed considering epidemiological criteria and clinico-pathological char-
acteristics to assess the correlation between the presence of metastases and these various parameters.
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Ethics Committee

To comply with the ethical requirements of the scientific community, the protocols and methodologies
employed in this project were submitted to the Ethics Committee for evaluation under file number PR_KC-
BRPL_2021. The study was assessed for compliance with international ethical regulations and received a
favorable opinion from the Ethics Committee of the Cheikh Zaid Foundation (CEFCZ/AB/28/06/2021), at-
testing to its alighment with fundamental ethical research principles. The study was conducted by collect-
ing data from the medical records of patients. Although this study required authorization from the hospital
administration and the Ethics Committee, it did not require informed consent from patients, as the data
were collected without regard to patient identity, focusing solely on clinical parameters.

Statistical Analysis

The data were processed using Excel 2016 for efficient organization. Statistical analysis was performed with
Jamovi (The Jamovi Project, Sydney, Australia; https://www.jamovi.org/), suitable for complex analyses. The
qualitative variables included sex (male/female), tobacco consumption (yes/no), alcohol consumption (yes/
no), tumor localization (right lung/left lung), and histological type [adenocarcinoma (ADC), squamous cell
carcinoma (SCC), large cell carcinoma (LCC), small cell lung cancer (SCLC)]. The quantitative variables included
age (in years) and molecular statuses [epidermal growth factor receptor (EGFR), anaplastic lymphoma kinase
(ALK), programmed death-ligand 1 (PD-L1)]. Qualitative variables were expressed as absolute and relative
frequencies, and quantitative variables were presented with their central tendencies and dispersions. Chi-
square and Fisher’s exact tests were used to explore the associations between qualitative variables. A signif-
icance threshold of p-value < 0.05 was set to indicate a statistically significant association between variables.

RESULTS

Among the 158 patients studied, bone metastases were detected by bone scintigraphy in 31 (19.6%).
Brain metastases were observed and confirmed by cerebral MRl in 29 patients, accounting for 18.4% of
the cases (Table 1).

Regarding sex, no significant difference was observed between males and females for bone metasta-
ses (p = 0.53) and brain metastases (p = 0.53). Age also did not appear to be a significant factor for bone
metastases (p = 0.72), although patients aged 50 to 59 years showed a slightly increased risk of brain
metastases (p = 0.12).

Data analysis revealed a significant correlation between the presence of bone metastases and cer-
tain clinico-pathological factors. Specifically, tobacco consumption was significantly associated with the
occurrence of bone metastases (p = 0.034). Among the 31 patients with bone metastases, 24 were
tobacco users, representing 77.4%. In contrast, alcohol consumption was not significantly associated (p
= 0.39). Regarding brain metastases, although the link with tobacco use was not statistically significant
(p = 0.13), there was a noticeable trend indicating a potential association. The location of the tumor
(p = 0.94 for bone metastases, p = 0.74 for brain metastases) and molecular status (p = 0.36 for bone
metastases, not applicable for brain metastases due to their low incidence) did not present significant
differences in the occurrence of metastases, either at the bone or brain level. The analysis highlighted
a significant correlation between the presence of brain metastases and the histological type of adeno-
carcinoma, with a p-value of 0.001. This underscores the crucial importance of considering the tumor’s
histological type in evaluating the metastatic risk in patients with lung cancer.

The study revealed a notable prevalence of bone and brain metastases in patients with lung cancer,
with significant associations with tobacco consumption and the adenocarcinoma histological subtype.
This highlights the need for rigorous monitoring and tailored management strategies. Clinico-patholog-
ical factors, such as histological type and cancer stage, play a crucial role in predicting metastatic sites.

DISCUSSION

Several studies have confirmed a high incidence of brain metastases originating from the lungs, reaching
up to 88%, making it the primary site for distant metastases*®. Bone metastases rank second, followed
by the liver and mediastinal lymph nodes.
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Table 1. Analysis of clinical and molecular factors in bone and brain metastases.

Bone metastases (N=31) Brain metastases (N=29)
N (%) p-value N (%) p-value
Gender Male 29 (93.5%) 0.53 27 (93.1%) 0.53
Female 2 (6.5%) 2 (6.9%)
Age < 50 years 2 (6.5%) 0.72 1(3.4%) 0.12
50 - 59 years 7 (22.6%) 12 (41.4%)
60 - 69 years 15 (48.4%) 10 (34.5%)
270 years 7 (22.6%) 6 (20.7%)
Toxic Substances Tobacco 24 (77.4%) 0.034 14 (48.3%) 0.13
Alcohol 8 (25.8%) 0.39 3(10.3%) 0.14
Localization Right lung 13 (54.2%) 0.94 13 (56.5%) 0.74
B 11 (45.8%) 10 (43.5%)
Molecular aspect EGFR + 4 (12.9%) 0.36 2 (6%)
ALK+ 1 1
PD-L1 + 1 1
Histology aspect ADC 22 (70.9%) 0.31 24 (85.7%) 0.001
scC 3(9.6%) 0
LCC 0 1(3.6%)
SCLC 3(9.6%) 3(10.7%)

EGFR: Epidermal Growth Factor Receptor; ALK: Anaplastic Lymphoma Kinase positive; PD-L1: Programmed Death-Li-
gand 1; ADC: Adenocarcinoma; SCC: Squamous Cell Carcinoma; LCC: Large Cell Carcinoma; SCLC: Small Cell Carcinoma.

Cancer databases and registries are often incomplete, leading to an underestimation of the
incidence of metastases. This incidence has significantly increased since the reporting of metas-
tases in cancer registries became mandatory. Several factors contribute to this situation. Firstly,
underreporting and the absence of systematic monitoring have led to an underestimation of the
true incidence of metastases. Furthermore, before the improvement and accessibility of imaging
technigues such as magnetic resonance imaging (MRI), positron emission tomography/computed
tomography (PET/CT), and scintigraphy, metastatic assessments were more difficult to perform,
especially in asymptomatic patients. The focus on primary cancer, at the expense of monitoring and
documenting metastatic spread, also contributed to this low reported incidence. Finally, the limit-
ed resources allocated to cancer registries and data collection have restricted the ability to obtain
comprehensive information on metastases®*’.

Brain Metastases

Brain metastases, unlike metastases to other distal organs, must cross the blood-brain barrier (BBB),
which separates the blood from the cerebrospinal fluid in the central nervous system (CNS). The BBB
is composed of endothelial cells connected by tight junctions, the basement membrane, pericytes, as-
trocytic end-feet, and various protein transport mechanisms (Figure 1). The BBB limits the diffusion of
microorganisms, pathogens, and toxins by preventing the entry of particles larger than 500 Daltonsé.
In most cases of brain metastases, the BBB is disrupted by several mechanisms. Cancer cells release
metalloproteinases (MMPs) that degrade the basement membrane and the tight junctions of endotheli-
al cells, facilitating their passage. Additionally, the presence of tumor cells triggers a local inflammatory
response, with cytokines like tumor necrosis factor-alpha (TNF-a) and interleukin-1 (IL-1) increasing BBB
permeability. Finally, oxidative stress, due to increased production of free radicals, damages endothelial
cells, further increasing BBB permeability®°. The degree of BBB disruption influences the penetration
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Figure 1. Anatomical structure of the blood—brain barrier (BBB).

of therapeutic agents into the central nervous system (CNS). A highly altered BBB allows these agents
to cross more easily, enhancing their effectiveness against tumor cells in the brain. Conversely, an intact
BBB can prevent drug access, limiting their therapeutic impact on brain metastases.

Lung cancer frequently metastasizes to the brain due to several specific pathophysiological mecha-
nisms. Firstly, lung tumor cells can directly invade the pulmonary veins (Figure 2), facilitating their access

Brain microvasculature Brain paranchyma

Figure 2. Schematic of the mechanisms of brain metastasis formation in lung cancer.
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to the arterial circulation via the left atrium and ventricle of the heart. This direct pathway allows cancer
cells to rapidly distribute throughout the body, including the brain. Additionally, lung cancer cells are
often relatively small, allowing them to traverse the BBB more easily. According to Paget’s 1889 ‘Seed-
and-Soil’ hypothesis?, the brain provides a favorable environment (soil) for lung cancer cells (seeds)
due to factors such as specific nutrients and a unique immunological environment that promotes tumor
growth. Lung tumors can create an inflammatory environment that facilitates the release of cytokines
and other inflammatory mediators, which can alter the BBB and increase the permeability of cerebral
blood vessels, thus facilitating the invasion of tumor cells into the brain®?. Finally, certain lung cancer
cells exhibit distinct biological and molecular characteristics, including the expression of specific recep-
tors and adhesion molecules, which facilitate their migration and implantation in the brain. For exam-
ple, specific genetic alterations can confer increased aggressiveness and an enhanced ability to survive
and proliferate in the unique microenvironment of brain tissue?.

A multitude of studies have attempted to identify high-risk individuals and delineate prognostic factors
for brain metastases in lung cancer patients. It has been found that sex cannot be used as a marker to predict
the development of brain metastases!*. However, in patients with early-stage, completely resected non-small
cell lung cancer (NSCLC), women may have predictive value for the incidence of brain metastases®.

Many studies'®? have reported that being under the age of 69 is a risk factor for brain metastases
in lung cancer. The predictive value of age has been analyzed, and it has been found that patients un-
der the age of 69 are associated with a higher risk of brain metastases®?°, which is consistent with our
results. The reason why these patients are at higher risk of brain metastases remains unknown. It is,
therefore, imperative that further studies explore the variation in the expression of biomarkers such as
vascular endothelial growth factor (VEGF), Ki-67, and caspase-3 between younger and older patients,
as these differences could shed light on the increased risk of brain metastases in younger patients?.
Moreover, improved clinical performance and prolonged survival observed in younger patients could
also contribute to their increased susceptibility to brain metastases.

Regarding smoking, our results do not show an association with the occurrence of brain metastases,
unlike bone metastases. The results of a meta-analysis conducted by Sun et al** confirmed that no statis-
tical significance was noted in all studies that analyzed smoking status as a risk factor for the occurrence
of brain metastases, although some tended to show that it was a protective factor.

The study by Jain et al* highlighted that patients with both a history of smoking and brain metastases have
the worst outcomes in terms of survival and quality of life, but without being a risk factor. This can be explained
by the chronic inflammation and vascular damage that smoking can cause, which could disrupt the BBB.

Knowing that adenocarcinoma is the most common histological type in metastatic lung cancers, our re-
sults do not present any statistical significance of association between adenocarcinoma (ADK) and the occur-
rence of brain metastases. Our results are consistent with those of Dimitropoulos et al?®* and Ceresoli et al*,
who found no correlation between histological type and the occurrence of brain metastases. Nevertheless,
the study by Wang et al*® of a cohort of 159,241 lung cancer patients with extrathoracic metastases, primarily
to the brain and bone, demonstrated that an incidence of 47.2% of the histological subtypes were ADK.

Studies have shown that mutations in the EGFR gene in lung cancer are associated with brain metas-
tases. Studies conducted by Matsumoto et al*®, Gow et al”’, and Li et al*® demonstrated an incidence of
mutated EGFR in 63%, 44%, and 64% of lung cancer patients, respectively. These percentages are signifi-
cantly higher compared to those without brain metastases. Furthermore, Eichler et al*® demonstrated
that patients with NSCLC with EGFR mutations had more brain metastases compared to those with wild-
type EGFR. Exon 19 deletions and the L858R mutation are most associated with brain metastases. EGFR
mutations are also more frequent in Asian patients, with a prevalence of up to 63% for brain metastases
in some studies?. This frequency is much lower in Caucasian populations®.

Patients with anaplastic lymphoma kinase (ALK) mutations have a high rate of brain metastases. One
study?®® revealed that nearly 24% of patients with ALK-positive NSCLC had brain metastases at the initial
diagnosis, and this rate increases significantly over time. These data suggest that ALK mutations are
associated with an increased risk of brain metastases®.

BONE METASTASES

Bone metastases are a common complication of cancer, with an incidence reaching 64% in lung cancer®.
The process of bone metastasis in lung cancer can be divided into three main stages: tumor invasion,
migration of tumor cells, and invasion of bone tissue (Figure 3). During the first stage of tumor invasion,
mesenchymal stem cells from the bone marrow (BMSC) prepare favorable areas for metastasis for-
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Figure 3. The process of bone metastasis in lung cancer.

mation, known as pre-metastatic niches®?. During this stage, cancer cells undergo morphological and
functional changes, losing their epithelial characteristics, such as E-cadherin and cytokeratins, as well
as their polarity and intercellular junctions. They then acquire mesenchymal characteristics, including
N-cadherin, fibronectin, and vimentin. They acquire traits that make them more mobile and invasive,
including the ability to move and infiltrate other tissues and an increase in enzymes such as matrix
metalloproteinases (MMPs), which degrade surrounding tissues. This process, known as the “epithe-
lial-mesenchymal transition,” enhances the ability of cancer cells to migrate and invade other tissues,
thereby facilitating the formation of metastases®.

Next, during the stage of tumor cell migration, lung cancer cells enter the bloodstream, becoming
circulating tumor cells (CTCs). They target areas of red bone marrow, such as the spine, pelvis, and ribs,
where they can settle. Upon reaching the bones, cancer cells attach to the bone surface through the
overexpression of chemokine receptors on their surface, such as the CXCR-4 receptor, which binds to
its ligand CXCL-12, secreted by stromal cells, including mesenchymal stem cells from the bone marrow
(BMSC). Other chemokine axes, including CXCR-6/CXCL-16 and CXCR-3/CXCL-10, also play a role in this
process®*. Additionally, the migration of cancer cells to calcium-rich bone sites is facilitated by the en-
gagement of calcium-sensitive receptors®>.

Studies®” have attempted to identify high-risk populations and define prognostic factors for bone
metastases in patients with lung cancer. Research conducted by Ryan et al*® and Huang et al*’ both es-
tablished a correlation between bone metastases of pulmonary origin and demographic factors such as
sex and age. Ryan et al*® demonstrated that bone metastases are more common in adult male patients
over the age of 25. This observation was corroborated by Huang et al*’, who reported a high incidence
of these metastases in men aged 61 to 80 years.

Regarding smoking status, our study highlights a significant link between smoking and the occur-
rence of bone metastases of pulmonary origin (p-value = 0.034). Da Silva et al*® also suggested that
patients with lung cancer who are smokers have a significantly higher risk of developing bone metasta-
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ses. Indeed, among smoking patients, 30% developed bone metastases, compared to only 15% among
non-smokers. Moreover, the prognosis for smokers is less favorable, with a 6-month survival rate of
40% vs. 60% for non-smokers. This could be explained by the presence of toxic substances in cigarettes
that stimulate angiogenesis, facilitating the dissemination of tumor cells into the bloodstream. Addi-
tionally, smoking weakens the immune system, reducing the body’s ability to destroy circulating cancer
cells, and alters the bone microenvironment, making bones more vulnerable to tumor invasion. Finally,
it induces chronic systemic inflammation and stimulates the production of pro-metastatic factors that
promote the migration and implantation of cancer cells in the bones. However, studies by Chambard et
al*® and Landi et al*® noted that no significant difference in terms of smoking status and bone metastases
was observed among lung cancer patients.

Our study showed no association between the appearance of bone metastases and histological type or
molecular status. This is consistent with the study by Shan et al*!, which also found no significant difference
regarding the occurrence of bone metastases based on the histological type of lung cancer. In contrast,
the study conducted by Oliveira et al*? examined the relationship between lung cancer histology and the
clinico-pathological characteristics of bone metastases. It found that among patients with bone metas-
tases, 50% had adenocarcinoma, 30% had squamous cell carcinoma, and 20% had large cell cancer. The
study also revealed that 60% of bone metastases related to adenocarcinoma were located in the spine,
while 45% of metastases associated with squamous cell carcinoma were located in the bones of the limbs.

Regarding mutational status, studies have proven a significant statistical association between the
presence of bone metastases of pulmonary origin and mutations in the EGFR gene. This was described
in the study conducted by Na et al*®, which, in addition to mutated EGFR, showed that patients with
rearrangements in the ALK gene are more likely to develop bone metastases, indicating that these mu-
tations could influence metastatic progression to the bones.

STUDY’S STRENGTHS AND LIMITATIONS

The study presents several strengths; firstly, it provides valuable insights into the epidemiology and clini-
co-pathological factors associated with lung cancer metastasis in a Moroccan population, which is under-
represented in the existing literature. Secondly, the study utilizes a well-defined cohort from a reputable
oncology center, ensuring the reliability of the clinical data. Thirdly, the focus on both bone and brain
metastases offers a comprehensive understanding of the metastatic patterns in lung cancer patients. Ad-
ditionally, the rigorous inclusion criteria and thorough data extraction methods enhance the accuracy and
consistency of the findings. Lastly, the use of advanced statistical analysis with tools like Jamovi ensures
robust and reliable results, contributing to the scientific understanding of lung cancer metastasis. Howev-
er, this study also has several important limitations. First, the lack of information in the medical records
led to the exclusion of a significant number of patients, which limited the sample size. This potentially
reduced the representativeness and statistical significance of the results. Second, the retrospective data
extracted from the medical records may contain inaccuracies or omissions, introducing biases into the
analysis. Third, the absence of long-term follow-up of the patients restricts the understanding of long-term
outcomes, particularly regarding disease progression, survival, and patient mortality. Fourth, we worked
exclusively with patients from Cheikh Zaid Hospital. The patients treated there mostly come from Rabat or
surrounding areas, meaning the study does not consider the genetic diversity and environmental factors
that may influence metastatic spread in patients from different regions of Morocco.

CONCLUSIONS

This study reveals a significant incidence of bone and brain metastases, highlighting the importance of
understanding their correlations with clinico-pathological characteristics in patients with lung cancer.
The data underscore a significant association between tobacco consumption and the occurrence of
bone metastases, indicating that smoking could play a crucial role in the progression and dissemina-
tion of tumor cells to the bone. Additionally, a marked correlation has been established between the
histological type of adenocarcinoma and the occurrence of brain metastases, suggesting that certain
biological and molecular characteristics of tumors may influence their propensity to invade the central
nervous system. These findings emphasize the importance of rigorous clinical monitoring and person-
alized management of lung cancer patients, particularly those with specific risk factors such as smoking
and the adenocarcinoma histological subtype. Such an approach could not only improve therapeutic
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strategies but also potentially increase overall survival and quality of life for patients. Furthermore, the
study highlights existing gaps in the documentation of metastases in cancer registries, calling for an
improvement in data collection practices for a more comprehensive understanding of the epidemiology
of metastases and better clinical management of lung cancer cases.
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