
Small, large, circular, non-circular, and elongated CTCs, CTCs bearing protrusions and
micronuclei (for simplification of CTCs' images only merged images of K and DAPI channel
are shown).
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BACKGROUND & AIM

Liquid biopsies, particularly the analysis of circulating tumor cells (CTCs),
have emerged as a valuable, minimally invasive tool for monitoring
cancer progression and understanding the metastatic process. While
current approaches often focus on CTC enumeration and limited
phenotyping based on 2–3 molecular markers, they provide only a partial
picture of CTC biology. Deeper insights may be gained by analysing
morphological characteristics of CTCs, such as size, shape, nuclear
irregularities, and structural features like cytoplasmic protrusions. These
parameters can reflect key biological processes including epithelial-to-
mesenchymal transition (EMT), which plays a central role in cancer
dissemination. Moreover, physical features of CTCs may influence their
detectability using size-based or label-free isolation methods. This study
aimed to characterize measurable morphological features such as size,
shape, presence of protrusions and micronuclei in CTCs using imaging
flow cytometry (imFC) in prostate cancer (PCa) patients. The study sought
to evaluate how these features differ depending on cancer type and
CTCs’ phenotype, and to determine their clinical relevance. Through this
approach, the study aimed to enhance understanding of CTC biology
and explore the potential of morphological profiling as a biomarker for
prognosis.

METHODS
Peripheral blood (PB) and tumor-draining vein blood (TDVB) samples were
collected from 118 PCa patients at the Medical University of Gdańsk
(years 2018-2023). CTCs were phenotyped using epithelial (pan-keratins,
K) and mesenchymal (vimentin, V) markers, with exclusion of non-tumor
cells using CD45, CD31, αSMA, and CD29 markers. Imaging flow cytometry
and QuPath software were used for CTC identification, and their
phenotypic and morphological analysis. Statistical analysis was performed
with IBM SPSS Statistics. Representative images of CTCs were shared via
CTC Atlas (www.CTCAtlas.org).
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CONCLUSIONS
CTCs display morphological heterogeneity across phenotypes. This is the first report to quantify epi/EMT-CTC morphology and identify features such as protrusions and
micronuclei. Smaller and morphologically irregular CTCs appear to correlate with PCa aggressiveness and poorer clinical outcomes, suggesting that even such simple CTCs
characteristics might identify CTCs associated with disease progression.

CTCs phenotypes

A total of 1,437 CTCs in TDVB and 578 in PB were identified across four phenotypes: K+V−, K+V+, K−V+, and K−V−. CTCs were larger than leukocytes, with K+V− and K−V− cells being the largest,
and K−V+ the smallest. EMT CTCs were significantly smaller in PB. Cytoplasmic protrusions were detected in a small subpopulation of CTCs. When detected in TDVB-derived CTCs, protrusions
were significantly more frequent in epithelial CTCs compared to EMT-CTCs (p<0.001). Micronuclei were observed in <1% of CTCs in TDVB (limited to K+V− and K+V+), increasing to 3% in
epithelial CTCs in PB. Small CTCs were associated with the shorter time to biochemical recurrence (p=0.041, HR 2.198, CI95% 1.034–4.669). PB-derived CTCs were significantly smaller (p<0.0001)
and more irregular (p<0.0001) in patients with newly diagnosed metastatic PCa (n=13) than in those with localized disease (n=556) (median diameter: 9.9µm vs 16.5µm; circularity: 0.67 vs 0.76).

RESULTS

CTC phenotypes: epithelial (K+V-), epithelial-mesenchymal (K+V+), mesenchymal (K-V+),
and negative both for epithelial and mesenchymal markers (K-V-).

CTCs morphology
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