
DTCs in Breast cancer 
 

Background 
Despite major improvements in the diagnosis and treatment of breast cancer (BC), about 30% 
of primary BC patients show a relapse of the disease years after first diagnosis which is 
explained by micrometastatic spread to the bone marrow (BM) by disseminated tumor cells 
(DTCs) being present in up to 40% of the patients (Wölfle et al., 2006). Their presence as well 
as persistence after therapy is associated with a reduced progression free survival (PFS) and 
overall survival (OS) and our recently published meta-analysis of more than 10.000 patients 
nicely confirmed these findings (Hartkopf et al., 2021). The lack of therapeutic approaches to 
eliminate these cells constitutes major obstacles to the successful treatment of this disease. 
Due to their nature and rarity, only a few studies have already unraveled DTC characteristics. 
Most of the DTCs are non-proliferating and have the ability to survive in a dormant state 
and stay unrecognized for many years before re-appearing as local or distant recurrences 10 
or 20 years later (Banys-Paluchowski et al., 2020; Risson et al., 2020). This also explains why 
chemotherapy is not able to eliminate them. Besides dormancy, a discordant receptor status 
with regard to the so-called predictive markers, HER2 as well as the hormonal receptors with 
treatment options available, on the primary tumor and corresponding DTCs has been well 
described. In addition, some of the DTCs have been identified as cancer stem cells (CSCs) 
that might have the ability to renew themselves (Balic et al., 2006; Reuben et al., 2011; 
Krawczyk et al., 2021). 
 
Methods for detection 
The most frequently used method for their detection is immunocytochemistry using 
cytokeratins (CKs), abundantly expressed as stable proteins in the majority of epithelial tumors 
to facilitate the detection of isolated carcinoma cells in mesenchymal organs like the BM 
(Figure 1). To compare the results for DTCs, a consensus concept for the standardized 
detection and enrichment of DTCs was proposed and several criteria were defined to evaluate 
morphology and staining results after automated microscopic screening (Fehm et al., 2006; 
Borgen et al., 2006). 
 

 
 
Figure 1: Detection of CK-pos DTCs. BM is aspirated from the iliac crest and separated using density 
gradient centrifugation. For staining of DTC in BM samples, a panCK antibody (A45-B/B3; Fab fragment) 
complexed with alkaline phosphatase anti-alkaline phosphatase (APAAP) is used. Microscopic 
evaluation of the slides is carried out using the ARIOL system (Applied Imaging). 



Own work in the field  

 
The intake of bisphosphonates  
DTCs in primary BC have been studied in our laboratory since 1998. Contradictory to 
previous findings of other groups, we demonstrated no prognostic value of DTCs with regard 
to PFS and OS. We explain our results with early bisphosphonate intake for a duration of at 
least two years, which we recommend in case of DTC-positivity. This recommendation is based 
upon the results of Diel et al. 1998 who were able to show the effect of clodronate intake upon 
DTCs. Briefly, bisphosphonates are potent inhibitors of bone resorption, they inhibit bone loss 
and reduce the risk of skeletal-related events in patients with bone metastases. Besides 
inhibiting the activity of osteoclasts, there is growing evidence that bisphosphonates have 
antitumor and antimetastatic properties, including the inhibition of angiogenesis, tumor cell 
invasion, adhesion in bone, the induction of apoptosis, anti-tumor synergy with cytotoxic 
chemotherapy and immunomodulatory effects through induction of γ/δ T-cells (EBCTCG 2015; 
Alasmari et al., 2016).  
 
In a small pilot study enrolling 54 patients, we demonstrated a positive effect of 
ibandronate for eradication of DTCs 2-10 years after primary diagnosis. Patients with DTC 
persistence received oral ibandronate treatment (50 mg per day) for up to twelve months 
resulting in DTC elimination in all patients (Hoffmann et al., 2011). We confirmed these 
results in two follow-up studies including more than 500 primary BC patients (Figure 2; 
Hoffmann et al., 2015; Kasimir-Bauer et al., 2016a). In addition, we also offered 
bisphosphonates to BC patients in case of DTC-positivity after neoadjuvant chemotherapy 
and did not see any negative prognostic effect of DTCs before and/or after therapy with regard 
to PFS and OS after a median follow-up of nearly five years (Kasimir-Bauer et al., 2016b).  
 

 
Figure 2: The presence of DTCs was not associated with diminished OS (p=0.156), left Figure (Hoffmann et al., 

2015). DTC-positive patients who took oral clodronate for at least two years did not differ in OS from patients where 
no DTCs were detected (Kasimir-Bauer et al., 2016a; modified). 

 
 
We also correlated results of the Oncotype DX, a validated genomic test using tumor tissue 
that predicts the likelihood of BC recurrence, with the presence of DTCs in 68 patients with 
HER2-negative early BC but did not find any correlations (Aktas et al., 2013). 
 
We also explored whether DTCs could be a suitable biomarker in male BC. DTC were found 
in 3/5 patients with two DTCs detected in one patient and one DTC detected in each of the 
other two patients. After a median follow-up time of three years (range 1–10 years), all 
patients were still alive and free of relapse (Tewes et al., 2013). 
 
 
 
 
 



Characterization of DTCs 
 
In collaboration with Prof. Dr. Galatia Kallergi from Greece, we demonstrated for the first time 
that DTCs in the BM of primary, non-metastatic BC patients frequently harbour 
(CXCR4+JUNB+CK+) cells and that the presence of these DTCs was associated with 
unfavourable clinical outcome (Kallergi et al., 2020). While this phenotype was exclusively 
observed in about 41% of the patients, none of the patients showed up with exclusively 
(CXCR4-JUNB-CK+)-expressing DTCs. However, there was a phenotypic heterogeneity of 
DTCs since most patients harboured both, (CXCR4+JUNB+CK+) and (CXCR4-JUNB+CK+) 
cells. Furthermore, DTC clusters which were observed in one patient, presented negative for 
CXCR4 and positive for JUNB, whereas single DTCs in the same aspiration expressed 
higher levels of CXCR4. Finally, based on their cyto-morphological characteristics 
(nuclear/cytoplasmic ratio, number of nucleus etc), (CXCR4+JUNB+CK-) cells, detected in 
some cases could potentially represent tumor cells undergoing EMT. 

 
 
Figure 3: Characterization of DTCs in early BC. Expression of cytokeratin (green), CXCR4 (red), JUNB (blue), 
and DAPI (purple) in DTCs isolated from BC patients. (a) Representative confocal laser scanning images of a 

patient’s DTC expressing CK, JUNB, and CXCR4. Samples were triple stained with pan-cytokeratin A45-B/B3-
zenon-conjugated antibody (green) along with CXCR4 anti-rabbit, JUNB anti-mouse antibodies, and DAPI. (b) 

Representative confocal laser scanning images of two different phenotypes observed in the same patient. The first 
panel shows a DTC cluster with the (CXCR4–JUNB+CK+) phenotype, while the second panel shows a single DTC 
expressing the (CK+CXCR4+JUNB+) phenotype. BC, breast cancer; BM, bone marrow; CK, cytokeratin; DAPI, 
4′,6-diamidino-2-phenylindole; DTC, disseminated tumor cell (Kallergi et al., 2020). 
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