




Flow Cytometric Detection of CK19-Positive Circulating Tumor Cells in Bone Marrow and Peripheral Blood in Metastatic Breast Cancer: A Case Report 




Abstract

Metastatic breast cancer represents the most advanced stage, where the accurate and rapid identification of neoplastic cells is essential for clinical management and prognostic assessment. Although immunohistochemistry is the gold standard, flow cytometry emerges as a robust and sensitive complementary diagnostic method for detecting circulating tumor cells. We report a breast cancer patient with bone marrow metastasis and demonstrate the utility of a novel flow cytometry protocol for tumor cell detection. A 39-year-old woman, with no family history of cancer, identified a right breast nodule in January 2025. Imaging studies and biopsy with immunohistochemistry confirmed invasive lobular carcinoma (ER+, PR+, HER2−). Bone scintigraphy revealed multiple metastatic lesions. Bone marrow aspiration showed infiltration by tumor cells, with flow cytometry identifying 4.0% of non-hematologic (CD45−) large cells expressing epithelial markers (Ber-EP4+, Pan-CK+++) and breast tumor markers (GCDFP-15+, CK-19+++). Peripheral blood analysis using the Bulk Lysis protocol detected 2.5% circulating tumor cells. This case highlights that standardized flow cytometry protocols provide a rapid and, reliable and non-invasive approach for detecting tumor cells in different samples. The integration of this technique into clinical practice can significantly enhance disease monitoring and early detection of metastasis in breast cancer patients. 
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1. INTRODUCTION

Breast cancer is the most common neoplasm among women worldwide and the leading cause of cancer-related deaths. A rapid diagnosis with the correct establishment of prognosis and staging is essential for choosing the appropriate treatment and increasing the survival of breast cancer patients (1,2). However, approximately 20–30% of early-stage breast cancer patients develop metastases, with nearly 90% of these cases resulting in mortality (3). The most common sites of metastasis include bone, liver, and lung (4). Bone marrow metastasis (BMM) represents a rare yet highly aggressive condition, often manifesting as hematologic abnormalities such as anemia and thrombocytopenia. While up to 68.8% of metastatic breast cancer patients develop bone metastases, many of which involve micro metastases to the bone marrow (4). 
	Detecting BMM can be diagnostically challenging, particularly when involvement is subtle or focal (5). The immunohistochemistry (IHC) is routinely employed but may have limitations and in this context, flow cytometry emerges as a sensitive and complementary tool for detecting tumor cells in blood (6,7) and in bone marrow samples (8), even in solid tumors. Herein, we showed a breast cancer patient with BMM and the utility of a novel protocol by flow cytometry for the investigation of tumor cells. 


2. CASE REPORT

In January 2025, a 39-year-old woman with no prior medical conditions or family history of cancer, presented with a right breast lump. In February 2025, she was referred for a breast ultrasound, which showed partially defined and irregular nodules located in the upper quadrant of the right breast measuring 1.0x 0.8x 0.9 cm, 1.61 x 1.8 x 1.1 cm and 2.3 x 1.1 x 1.9 cm (BIRADS 5).  Furthermore, the exam revealed the presence of axillary, pectoral, supraclavicular and infraclavicular lymph node enlargement on the right side. After the examination, a core biopsy was performed and in March 2025, the diagnosis was made for invasive lobular carcinoma, grade 2, strong positive estrogen receptor (ER) (+) (80%), weak positive progesterone receptor (PR) (+) (20%), negative HER2 (score zero) and proliferation index (Ki67%) of 40% by IHQ. 
	A bone scan was performed to assess the presence of bone metastases due to the patient’s reported pain. This exam detected multiple bone lesions secondary to the underlying pathology, confirming the presence of bone metastases. Therefore, she was referred to a clinical oncologist in our hospital (April 2025), who ordered a bone marrow aspiration for myelogram analysis and immunophenotyping by flow cytometry and immunohistochemistry to assess the possibility of bone marrow infiltration. 
	The bone marrow examination revealed normal bone marrow for age, along with the presence of clumps of non-hematological cells, which may be consistent with infiltration by non-hematological neoplasia. For flow cytometry analysis, the bone marrow was washed once with Phosphate-Buffered Saline (PBS) in a 1:1 ratio to remove lipids and cellular debris. Subsequently, the sample was stained with a panel of monoclonal antibodies using both surface and cytoplasmic staining techniques. Flow cytometric analysis revealed (Figure 1) 4.0% non-hematological cells of epithelial origin. The expression of GCDFP-15+ and CK-19+++ in non-hematological cells may be suggestive of breast carcinoma infiltration. Furthermore, the non-hematological cells were evaluated for HER2, PR and KI67 expression (Figure 2). The results showed HER2 negativity, 33.1% PR positivity and 55% of proliferation index. Peripheral blood was also evaluated by flow cytometry using the new protocol established in our laboratory to detect circulating tumor cells (Figure 3) (6), and it was possible to detect 2.5% breast tumor cells (CK-Pan +++, CK-19+++, CD45-).
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Figure 1. Dot plots representing immunophenotyping by flow cytometry of the bone marrow biopsy. In red, medium to large cells with high complexity (A) that display an epithelial phenotype: BerEP-4 ++ (B), PanCK+++ (C), and CD45- (C). 
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Figure 2. Dot plots representing immunophenotyping by flow cytometry of the bone marrow biopsy. In red, medium to large cells with high complexity that display a breast cancer phenotype: GCDFP-15+ (A), Cytokeratin 19 (CK-19) +++ (B), Ki67 55% (C), Receptor of progesterone +/- (33,10%) (D) and HER2- (E). In blue, lymphocytes that were used as a control. In yellow, the percentage of positivity of progesterone receptor. 
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Figure 3. Dot plots representing immunophenotyping by flow cytometry of the peripheral blood. In red, circulating tumor cells that display a breast cancer phenotype:  PanCK+++ (A), CK-19+++ (B), and CD45- (C). 

	The results of bone marrow infiltration by flow cytometry was consistent with the immunohistochemical evaluation (Figure 4), the gold standard for diagnosis, which observed metastatic infiltration by lobular carcinoma, with a positive immunophenotype for ER (+)  (>66%), PR(+) (33 to 66%), HER2 (-) (score zero – ultra low), a proliferation index (40 to 50%), CK-19 (+) (strong and diffuse) and a cytokeratin cocktail (Pan-CK) (+) (strong and diffuse). 
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Figure 4. (A) Very rare membrane HER2  elements, score 0 (x40). (B) Tumor cells with IHC reaction to anti-Ki67 antibody (x20). (C) Strong and diffuse expression of CK-19 (x20) (D) Positive for ER (x20). (E) Weak positive for PR (x20). 


Based on these results, paclitaxel was administered on Days 1, 8, and 15 every 21 days indefinitely. After starting chemotherapy, the patient reported decreased bone pain, decreased morphine use, and is stable.





3. DISCUSSION

Breast cancer is a heterogeneous disease composed of distinct subtypes characterized by unique epidemiological patterns (9,10). Globally, breast cancer accounts for roughly one-third of all malignancies in women, with mortality representing approximately 15% of diagnosed cases (11). Many of these deaths result from metastatic disease, with the bone being one of the most frequent sites of metastasis (12).
Bone marrow involvement in breast cancer, also referred to as bone marrow metastasis, is a serious complication that impairs marrow function when cancer cells disseminate to this compartment (13). Upon reaching the bone marrow, tumor cells interact with the perivascular and endosteal niches, where they may either proliferate and colonize or enter a dormant state (14). In breast cancer, especially in estrogen receptor-positive (ER+) cases, this dormancy can persist from months to decades (14,15). Both lymph node (LN) status and the presence of disseminated tumor cells (DTCs) in the bone marrow are independent predictors of poor prognosis. However, the mechanisms dictating whether tumor cells spread via lymphatic or hematogenous routes remain unclear, and whether these are distinct processes is still under investigation (16). 
Clinically, detecting brown bone holds significant prognostic implications. Studies have shown that the presence of DTCs in the bone marrow of breast cancer patients correlates with an increased risk of disease recurrence and reduced overall survival (14,15). Furthermore, identifying bone marrow and blood metastases can influence treatment strategies, including the consideration of systemic therapies with better bone marrow penetration or closer monitoring of disease progression (10).
Diagnosis of bone marrow metastasis typically combines imaging and bone marrow biopsy, particularly when cytopenia is present (12,13). The bone marrow biopsy is referred for a myelogram and immunohistochemistry analysis (gold standard). However, these methods may have limitations, especially when neoplastic infiltration is minimal or focal (16-20). In this context, flow cytometry has emerged as a sensitive and complementary diagnostic tool. While extensively used in hematologic malignancies, its application in detecting solid tumor cells in the bone marrow is less established but increasingly studied (21, 22).
Flow cytometry enables the detection of rare tumor cells based on specific immunophenotypic profiles, such as the expression of epithelial markers (e.g., BerEP-4, cytokeratins), the absence of hematopoietic markers like CD45 and the expression of breast markers (e.g., GCDFP-15, CK-19). This distinction is critical for accurately identifying and quantifying circulating tumor cells (CTCs) in both peripheral blood and bone marrow (6).
In the present case, flow cytometry provided essential diagnostic insights that were similar to the findings of the myelogram and immunohistochemistry. Immunophenotypic analysis by flow cytometry allowed precise characterization of neoplastic cells in the marrow, underscoring the importance of incorporating flow cytometry into the diagnostic workflow for suspected bone marrow metastases in solid tumors. It is worth noting that flow cytometry is a rapid technique, providing results in less than 4 hours. It is relatively inexpensive and offers high sensitivity and reproducibility compared to other methodologies. Furthermore, flow cytometry analysis also detected circulating tumor cells in the peripheral blood of these patients, which shows that there are cells in circulation that can form new metastatic sites beyond the bone marrow. These findings suggest that flow cytometry could also be utilized to evaluate treatment response and provide continuous disease monitoring, offering a minimally invasive approach to track tumor dynamics over time. 
Early detection and treatment of bone marrow involvement in breast cancer can profoundly impact survival and quality of life. Chemotherapy can improve bone marrow function and extend survival in many cases (15). Ultimately, this case highlights the diagnostic value of flow cytometry in identifying bone marrow and blood metastases from breast cancer and supports its integration as a complementary tool to conventional methods, enhancing the detection of minimal marrow involvement, the detection of circulating tumor cells in blood, and contributing to more precise patient management.


4. CONCLUSIONS

This report highlights the relevance of standardizing flow cytometry protocols for the detection of non-hematological cells in different biological samples, which contributes to the diagnosis and monitoring of patients with metastatic solid neoplasms.
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