
INTRODUCTION

OBJECTIVES

• The clinical significance of CTCs for cancer prediction and treatment

optimization has been debated for years.

• Enrichment-based systems utilize various approaches for CTC detection and

target specific CTCs that meet the criteria of the selected method.

• Because of cancer heterogeneity, precision diagnosis benefits from

enrichment-free characterization of CTCs to better map this ever-changing

landscape for biologic understanding and clinical management1.

• CLINBREAC is a single site, prospective, longitudinal trial for enrichment-free,

longitudinal CTC detection and characterization in breast cancer patients.

• The novel RareScopeTM Fluorescent Light Sheet Microscopy technology

(QCDx LLC, Farmington, CT) is used for cell analysis.

• 13 normal volunteers were tested and no CTCs were detected.

• In the analyzed portions of patients samples a median of 43 CTCs /1.7-2.7 x103 

nucleated cells were detected (range 0 – 196).

Figure 3. Immunofluorescent staining of CTCs in the two aliquots; one used for the
diagnostic antibody panel, the second one for the treatment antibody panel.

• The diagnostic panel (Fig 3a) shows the expression of epithelial markers EpCAM and

CK and mesenchymal Vim. Notably, CTCs may express one or more of the three

markers. In particular, some cells express both mesenchymal and epithelial markers

(A and C) and some only 1 marker (B and E).

• In the treatment panel (Fig 3b), CTCs are analyzed for HER2, ER-alpha, and TROP-2 as

they may determine therapeutic interventions. CTCs may express one or more of the

three markers. Dual markers are shown in cells A, B, E and only one in C and D.

• The raw images shown here are single planes selected from the monochrome
3D‐image stacks of the respective cells.

RESULTS

CONCLUSIONS

• Strength of technology: The ability to delineate marker expression on CTCs in 

real time, may allow actionable change in treatment, even support novel 

combinations of treatments.

• Simultaneous expression of epithelial and mesenchymal markers may 

indicate epithelial/mesenchymal transition of tumors. 

• Future directions :

• Multiplex testing (10 antibodies on single cells) to enhance detection and 

detailed characterization of CTCs. 

• Automation of counting and quantitation processes. 
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• To demonstrate the presence of CTCs in both early and late-stage breast 

cancer patients and their changes over time, with patient clinical course. 

• To demonstrate the change in CTC expression of epithelial, mesenchymal 

and therapeutic markers over time, with changing clinical course.

Figure 3a. Diagnostic panel. 
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Liquid biopsy without prior enrichment reveals abundant circulating breast cancer cells in 13 
breast cancer patients but no such cells in 13 healthy volunteers 

Figure 1. FLSM Principle3 

Figure 4. Characterization of Diagnostic markers in CTCs from patients studied

TECHNOLOGY

• The RareScope system utilizes Fluorescence

Light Sheet Microscopy (FLSM) to analyze

intact, stained cells immobilized in

hydrogel, with a 3D optical tomographic

approach (Fig.1).

The RareScope was previously shown to

efficiently detect 2 cancer cells spiked per

1M nucleated cells2.

• From each patient enrolled in the

CLINBREAC study 18 mL of blood are

collected and processed as shown in Fig.2.

PATIENT CHARACTERISTICS

Figure 3b. Treatment panel.
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Figure 5: Each curve type/color represents the total CTC number from individual

patients and their phenotypic changes across time points S1 to S6.

Figure 5a. Total CTC counts that change over time for individual patients.

Figure 5b. Phenotypic changes in diagnostic & treatment panels for individual

patients.

SUMMARY

• In early and late-stage patient blood samples analyzed by RareScope, all

but one contained CTCs at a median of 43 CTC per 1.7-2.7 x103 nucleated

cells, a frequency higher than previously reported. EpCAM was present in a

minority of CTCs. No CTCs were detected in samples from normal volunteers.

• Our immunofluorescence approach is successful at identifying and

characterizing CTCs by combining epithelial and mesenchymal markers.

• CTCs can be monitored over time and mirror patients’ courses.

• Expression of HER2, ER-𝛼, and TROP-2 varied in the same patient at different

time points depending on treatment and disease progression.

Figure 7. Total CTCs (blue), diagnostic markers (A) & treatment markers (B) across 

7 time-points. Notably, Her2+ CTCs were detected since July 2020, before Her2+ 

LN biopsy in March 2021 led to Herceptin initiation in July 2021.

Of 1909 total CTCs counted in all patients, 884 had only 1 diagnostic marker 

expressed. Of those cells, only 35(4%) expressed EpCAM as the sole marker and 

25%  of total cells were EpCAM+; 506 cells (57%) expressed CK as a sole marker 

while 68% of total cells expressed CK; 39% of total cells expressed VIM as a sole 

marker while 70% of total cells expressed VIM.

• 55 year-old female presented with an enlarging breast mass for 1 year with 

rapid changes over 2 months and increasing SOB.

• CT chest/abdomen/pelvis showed large right breast mass, right effusion, right 

axillary/mediastinal adenopathy with areas of necrosis, pulmonary nodules, 

and bony disease.

• Biopsy showed ER-𝛼+poor/HER2- ; albumin-bound taxol started. 

• Systemic response however required mastectomy for local control. Path now 

showed TNBC. Atezolizumab added to taxol. 

• After 3 months, the patient had disease progression, started on sacituzumab

(7/2020) and enrolled on study-S1 in figure 7. Now on cycle 25.

• Local progression occurred in right axillary lymph node – resection (3/2021) 

showing HER2+, trastuzumab added to regimen. 

Figure 6. Changes in ER/HER2+ expression in path specimens with progression.

• About 18 mL of blood is collected at enrollment and at change of treatment,

or at 3-month intervals.

• Aliquots of morphologically intact, un-enriched nucleated cells are

fluorescently immunostained, immobilized in hydrogel into custom

observation chambers and analyzed.

• CTCs were defined as: nucleated , CD45- cells stained with markers for

EpCAM and/or cytokeratin (CK) epithelial markers, and/or the mesenchymal

marker Vimentin (Vim).

• Treatment markers evaluated include trophoblast surface antigen-2 (TROP-2),

ER-𝛼, and HER2.

METHODS

Figure 2. Blood sample processing steps for the CLINBREAC STUDY

RESULTS ONE PATIENT STORY
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• Following RBC lysis, a portion of the live, nucleated cells is stored at -80°C

(Fig. 2a). AAnother is fluorescently immunostained and immobilized in

hydrogel within a fixture that can contain upward of 3 million intact cells (Fig.

2b).

• Cells are labeled with anti-CD45 (HI30, negative CTC marker) and for

characterization of [i] epithelial or mesenchymal phenotype anti-EpCAM

(9C4, EBA1), Pan-cytokeratin/CK (C11) & Vimentin/Vim (V9) monoclonal

antibodies, and [ii] treatment-specific phenotype with anti-TROP2

(trophoblast surface antigen 2, F-5), ER-α (F-10) and HER2 (3B5) antibodies.

• Imaging utilizes 6 channels to visualize fluorescently immunostained

nucleated cells (Fig. 2c).

• A portion of the 3D-image stacks was analyzed manually tor expert

verification of CTCs in the background of WBCs, thus creating a “ground-

truth” data set utilized for training ML automated detection software (Fig.

2d). Results from this analysis are reported here.
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