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Abstract

Background: Breast cancer is the most common malignancy among women worldwide and remains a major contribu-
tor to cancer-related morbidity and mortality. Circulating tumor cells (CTCs) have emerged as a promising liquid biopsy
marker for prognostic assessment. However, data regarding CTC prevalence and clinical relevance among Sudanese
breast cancer patients are limited.

Objective: To detect CTCs in the peripheral blood of Sudanese breast cancer patients and compare them with healthy
controls, and to assess their association with clinicopathological characteristics.

Materials and Methods: A cross-sectional study was conducted in Shendi, Sudan, including 30 histologically confirmed
breast cancer patients and 30 healthy controls. Buffy coat preparations were processed using 2% glacial acetic acid, fol-
lowed by smear preparation and Giemsa staining. CTCs were identified microscopically based on morphological criteria.
Statistical analysis was performed using chi-square tests.

Results: CTCs were detected in 11 of 30 breast cancer patients (36.6%), while none were found among the controls (p
< 0.001). No significant associations were observed between CTC positivity and tumor type (p = 0.367), tumor stage (p
= 0.332), or age group (p = 0.209), although higher CTC frequencies were noted in advanced stages and older patients.

Conclusion: CTCs are detectable using conventional Giemsa staining in a substantial proportion of Sudanese breast
cancer patients and may serve as a potential non-invasive prognostic indicator. Larger studies using more sensitive de-
tection methods are recommended to further clarify their clinical value.
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Introduction

Breast cancer is the most common malignancy among wom- ed morbidity and mortality. According to the World Health
en worldwide and remains a major cause of cancer-relat- Organization (WHQ), breast cancer caused approximately
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670,000 deaths globally in 2022 and is the most frequent-
ly diagnosed cancer in 157 out of 185 countries, occurring
across both high- and low-income settings [1]. In Sudan,
breast cancer represents a significant public health burden.
Most cases are diagnosed at advanced stages, resulting
in lower survival rates compared to high-income countries
[2]. Local studies indicate that Sudanese patients are often
younger at presentation and tend to have late-stage disease
at diagnosis, largely due to socioeconomic barriers and lim-
ited healthcare access. This underscores an urgent need for
reliable, accessible prognostic and monitoring biomarkers to
improve patient management and outcomes [3,4]. In recent
years, liquid biopsy has emerged as a promising non-inva-
sive strategy for tumor evaluation. This approach involves
analyzing blood-derived components such as circulating
tumor cells (CTCs), cell-free DNA, and exosomes, offering
real-time insights into tumor biology and dynamics. Such
biomarkers are valuable for monitoring disease progres-
sion, assessing treatment response, and detecting relapse
without the need for repeated invasive tissue biopsies [5].
Circulating tumor cells are malignant cells shed from prima-
ry or metastatic tumors into the bloodstream. They play a
crucial role in metastasis through mechanisms such as ep-
ithelial-to-mesenchymal transition (EMT), immune evasion,
and colonization of distant organs. The presence of CTCs in
peripheral blood has been strongly associated with disease
progression and poorer clinical outcomes in breast cancer
patients [6]. Several methods have been developed to de-
tect CTCs, including size-based filtration, immunomagnetic
separation using epithelial markers (e.g., EpCAM), molec-
ular assays, and conventional cytological stains such as
Giemsa or Wright's stain. While advanced immunoassays
and fluorescence-based techniques offer improved sensitiv-
ity and specificity, stains like Giemsa remain practical, ac-
cessible, and cost-effective—particularly in resource-limited
laboratory settings [7]. Meta-analyses and clinical trials have
established that CTC detection and enumeration correlate
with overall survival and progression-free survival in breast
cancer. Platforms such as CellSearch® have been approved
for clinical CTC monitoring, reinforcing their prognostic and
therapeutic relevance [8]. However, data from Sudan on the
prognostic role of CTCs in breast cancer remain scarce.
The absence of local studies correlating CTC presence or
morphology with clinical outcomes represents a significant
knowledge gap. Therefore, evaluating CTC detection using
simple, affordable methods such as Giemsa staining may
offer a feasible and locally applicable approach for clinical
monitoring and prognostication among Sudanese breast
cancer patients [9].

Materials and Methods

Study Design and Setting
A descriptive comparative cross-sectional study was con-

ducted to detect circulating tumor cells (CTCs) in peripheral
blood as a prognostic marker among Sudanese breast can-
cer patients in Shendi City. The study was carried out at the
Tumor Therapy and Cancer Research Center in Shendi from
August to December 2025.

Study Population and Sampling

The study population comprised women diagnosed with
breast cancer in Shendi. A total of sixty methanol-fixed blood
smears (buffy coat preparations) were included: thirty from
breast cancer patients (case group) and thirty from apparent-
ly healthy individuals (control group).

Inclusion Criteria

All women diagnosed with breast cancer who agreed to
provide blood samples and attended the hospital during the
study period were eligible.

Exclusion Criteria
Individuals with malignancies other than breast cancer were
excluded from the study.

Sample Collection and Processing

Peripheral blood samples (6 mL) were collected in EDTA
tubes and centrifuged at 1500 revolutions per minute (RPM).
The buffy coat layer was carefully separated and mixed with
2% glacial acetic acid (GAA), followed by incubation for 5
minutes and recentrifugation. The resulting sediment was
used to prepare smears on glass slides, which were then
air-dried and fixed in methanol.

Detection of Circulating Tumor Cells

Slides were stained with Giemsa stain and examined under
a light microscope using 10x/0.25 and 40x%/0.65 objective
lenses. CTCs were identified based on morphological crite-
ria, including large nuclear size, irregular nuclear contours,
prominent nucleoli, and high nuclear-to-cytoplasmic ratio. A
sample was considered CTC-positive if tumor epithelial cells
were clearly visualized in the buffy coat preparation.

Data Collection

Clinical and demographic data, including age, tumor stage,
and histological type of breast cancer, were collected from
participants using structured questionnaire sheets at the Tu-
mor Therapy and Cancer Research Center.

Quality Control

Quality control measures were implemented at each stage of
sample processing, staining, and microscopic examination
to ensure the reliability and accuracy.

Data Analysis

Statistical analysis was performed using IBM SPSS version
26. Descriptive statistics were used to summarize participant
characteristics. Associations between CTC presence and
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clinicopathological variables were evaluated using Pear-
son’s chi-square test. One-way ANOVA was applied where
appropriate. A p-value < 0.05 was considered statistically
significant.

Ethical Considerations

The study protocol was approved by the Department of His-
topathology and Cytology in the College of Medical Labo-
ratory Sciences at Shendi University and was reviewed by
the institutional ethical review committee. Written informed
consent was obtained from all participants after explaining
the study aims, procedures, and confidentiality measures.
All study procedures were conducted in accordance with
the ethical principles outlined in the Declaration of Helsinki
(1964).

Results

A total of 60 peripheral blood smears were examined, in-
cluding 30 from breast cancer patients and 30 from healthy
controls. The baseline characteristics of both groups (Ta-

ble 1). Circulating tumor cells (CTCs) were detected in 11
of the breast cancer patients (36.6%), whereas none of the
healthy controls showed any CTCs, yielding a statistically
significant difference (p < 0.001) (Table 1). Regarding tumor
histology, the majority of patients had invasive ductal car-
cinoma (IDC) (97.7%), while only one case was diagnosed
as invasive lobular carcinoma (ILC). However, no significant
association was found between tumor type and CTC posi-
tivity (p = 0.367) (Table 2). Analysis of tumor stage showed
that CTC positivity was higher among stage Il patients (7/14;
50%) compared to stage Il (4/15; 26.7%) and stage | (0/1),
although this difference did not reach statistical significance
(p =0.332) (Table 2). Similarly, no significant association was
observed between CTC detection and age group (p = 0.209).
However, CTCs were more frequently observed among pa-
tients older than 50 years (7/13; 53.8%) compared to young-
er age groups (Table 2). Overall, although significant correla-
tions with clinicopathological variables were not established,
CTCs were exclusively found among breast cancer patients
and absent in all healthy controls.

Variable Breast Cancer Patients (n=30) | Healthy Controls (n=30)
CTC Detection

Positive 11 (36.6%) 0 (0%)
Negative 19 (63.4%) 30 (100%)
Tumor Type

Invasive Ductal Carcinoma (IDC) 29 (97.7%) -
Invasive Lobular Carcinoma (ILC) 1(3.3%) -
Tumor Stage

Stage | 1 (3.3%) -
Stage Il 15 (50%) -
Stage llI 14 (46.7%) -
Age Groups

29-39 years 7 (23.3%) -
40-50 years 10 (33.4%) -

>50 years 13 (43.3%) -

Table 1. Baseline Characteristics and CTC Detection Among Breast Cancer Patients and Controls

Variable CTC-Positive (n=11) | CTC-Negative (n=19) p-value
Tumor Type

IDC 10 (90.9%) 19 (100%) 0.367
ILC 1(9.1%) 0 (0%)

Tumor Stage

Stage | 0 (0%) 1(5.3%) 0.332
Stage I 4 (36.4%) 11 (57.9%)

Stage llI 7 (63.6%) 7 (36.8%)
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Age Group

29-39 years 1(9.1%) 6 (31.6%) 0.209
40-50 years 3(27.3%) 7 (36.8%)

>50 years 7 (63.6%) 6 (31.6%)

Table 2. Association Between CTC Detection and Clinicopathological Characteristics

Discussion

Breast cancer remains the most common malignancy among
women globally and a leading cause of cancer-related mor-
bidity and mortality. According to the World Health Organi-
zation, breast cancer was responsible for approximately
670,000 deaths worldwide in 2022 and is the most frequently
diagnosed cancer in 157 out of 185 countries, affecting pop-
ulations across high- and low-income settings alike [1]. This
study aimed to determine the presence and clinical relevance
of circulating tumor cells (CTCs) in Sudanese breast cancer
patients. Our findings demonstrated that CTCs were detect-
ed in 11 out of 30 breast cancer patients (36.6%), whereas
none were identified in the healthy control group, yielding a
statistically significant difference (p < 0.001). These results
align with the study by Hattori et al. (2019), which reported a
higher detection rate of CTCs in breast cancer patients com-
pared to healthy individuals [10]. This consistency supports
the potential utility of CTCs as a reliable biomarker for dis-
tinguishing malignant from non-malignant conditions, partic-
ularly when using accessible detection methods such as Gi-
emsa staining. About tumor histology, our analysis found no
statistically significant association between CTC detection
and breast cancer subtype (p = 0.367). Among CTC-positive
cases, invasive ductal carcinoma (IDC) accounted for the
majority (10/11), while only one case of invasive lobular car-
cinoma (ILC) was CTC-positive. This distribution contrasts
with findings from Narbe et al. (2020), who reported a sig-
nificantly higher frequency of CTCs in ILC compared to IDC
[11]. This discrepancy may be attributable to the limited sam-
ple size of ILC cases in our cohort (n=1), underscoring the
need for larger, subtype-stratified studies in the Sudanese
population. Similarly, no significant correlation was observed
between CTC positivity and tumor stage in our cohort (p =
0.332). Although a higher proportion of CTC-positive cases
was observed in stage Il (7/14) compared to stage Il (4/15)
and stage | (0/1), this trend did not reach statistical signifi-
cance. These results differ from those of Thomas-Bonafos et
al. (2024), who reported a strong association between CTC
presence and advanced disease stage, particularly in meta-
static settings [12]. Variations in sample collection protocols,
smaller sample sizes, and differences in patient recruitment
timelines may have influenced these outcomes. Further-
more, our analysis revealed no significant association be-
tween CTC detection and patient age (p = 0.209). This find-
ing is consistent with the study by Zhou et al. (2022), which

reported no significant correlation between CTCs and age
or menopausal status in breast cancer patients [13]. This
suggests that CTC presence may be more closely linked to
tumor biology rather than demographic factors. Limitations
of this study include the relatively small sample size and
the use of a conventional staining method, which may limit
sensitivity compared to advanced molecular or immunocyto-
chemical techniques. Future studies should address these
limitations through larger, longitudinal cohorts and multimod-
al detection approaches.

Conclusion

Circulating tumor cells (CTCs) were detected in more than
one-third of Sudanese breast cancer patients and were com-
pletely absent among healthy controls, underscoring their
diagnostic value. Although no statistically significant asso-
ciations were observed between CTC positivity and tumor
type, stage, or age, higher detection rates were noted among
patients with advanced disease and older age groups. These
findings support the potential role of CTCs as an accessible,
non-invasive biomarker for breast cancer monitoring in re-
source-limited settings. Further studies using larger cohorts
and more sensitive detection methods are recommended to
validate these results and clarify the prognostic significance
of CTCs in Sudan.

Recommendations

This study recommends conducting future research with
larger sample sizes and more sensitive detection methods
to validate the role of circulating tumor cells (CTCs) in breast
cancer prognosis. Integrating CTC assessment into routine
clinical monitoring, particularly in resource-limited settings,
may enhance early detection of disease progression. Addi-
tionally, adopting advanced cytological or molecular tech-
niques can improve diagnostic accuracy and support better
patient management.
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