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Abstract (Deutsch) 

Einleitung: Die Nutzung von zirkulierender Tumor-DNA (ctDNA) als Methode zur 
Überwachung der Krankheitsaktivität bei translokations-assoziierten Sarkomen hat in 
der klinischen Praxis an Popularität gewonnen. Dennoch gibt es bisher nur wenige 
Studien zu ihrer klinischen Anwendung. Unsere Studie untersucht die klinische 
Anwendbarkeit von ctDNA als Biomarker zur Überwachung der minimal residual 
disease (MRD) bei PatientInnen mit translokations-assoziierten Sarkomen. 

Methoden: In dieser retrospektiven Studie korrelierten wir 285 ctDNA-Proben von 34 
PatientInnen mit Diagnose eines translokations-assoziierten Sarkoms mit dem 
klinischen Verlauf und bildgebenden Untersuchungen. Die Blutproben wurden zu 
mehreren Zeitpunkten während der Nachsorge entnommen (Median: 97 Wochen, 
Spanne: 7–398). 

Ergebnisse: Wir stellten einen signifikanten Zusammenhang zwischen den ctDNA-
Werten und dem klinischen Krankheitsverlauf fest, insbesondere bezüglich den 
Unterschieden der Werte bei PatientInnen in Remission und solchen mit progredienter 
Erkrankung (p=0,001). In Fällen eines unilokulären Rezidivs (n=3) blieben die ctDNA-
Werte nicht nachweisbar, während sie bei PatientInnen mit multilokulären Rezidiven 
stets erhöht waren (n=14; p=0,008). 

Diskussion: Die Überwachung der ctDNA-Werte liefert wertvolle Zusatzinformationen 
und ermöglicht eine frühzeitige Erkennung von Rezidiven bei PatientInnen mit 
translokations-assoziierten Sarkomen während der Nachsorge und kann gut in die 
klinische Praxis integriert werden. Allerdings scheint die alleinige ctDNA-
Überwachung nicht ausreichend zu sein, um unilokuläre Rezidive zuverlässig zu 
erkennen, und sollte durch konventionelle bildgebende Verfahren ergänzt werden. 
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Abstract (English) 

Introduction: Assessment of circulating tumor DNA (ctDNA) as a means to monitor 
disease activity in translocation-associated tumors has become very popular in clinical 
practice. However, there are still few studies on its clinical application to date. Our 
study evaluates the clinical applicability of ctDNA as a biomarker for monitoring 
minimal residual disease (MRD) in patients with translocation-associated sarcomas.  

Methods: In this retrospective study, we correlated 285 ctDNA samples from 34 
patients diagnosed with translocation-associated sarcoma with the clinical course and 
images. Blood samples were collected at multiple time points during follow-up 
(median: 97 weeks, range: 7–398).  

Results: We discovered a significant association between ctDNA levels and the 
clinical course of the disease, particularly noting differences between patients in 
remission or with progressive disease (p = 0.001). Furthermore, although we noted 
that ctDNA levels remained undetectable in a few cases of unilocular recurrence (n = 
3), they were consistently higher in patients with multilocular recurrence (n = 14; p = 
0.008).  

Conclusion: Monitoring ctDNA levels provides highly specific, additional information 
enabling early recurrence detection in patients with translocation-associated 
sarcomas during the follow-up and can be integrated into clinical practice. However, 
MRD monitoring by ctDNA quantification alone does not allow the reliable detection of 
100% of unilocular recurrences and should be complemented by the use of 
conventional imaging techniques. 
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Introduction 

Liquid Biopsies 

Over the past 10 years, liquid biopsies have emerged as the new superpower in 

oncology. As the name already suggests, liquid biopsies enable molecular 

interrogation of different types of cancer using liquid samples of different body fluids. 

The major advantage of liquid biopsies is that they are minimally invasive and can be 

used for a variety of purposes, such as prognostic tool, assessing residual disease or 

early cancer detection and provide a snapshot of a tumor’s genetic landscape and its 

dynamic changes over time (1).  

As has been shown in recent years, tumor cells are not only localized in the tumor, but 

can also detach from the cell cluster, disseminate in the body and are able to 

extravasate the blood vessels to form metastatic sites (2). These free circulating tumor 

cells are also called CTCs (Circulating Tumor Cells). In addition to cells, body fluids 

also contain many other components, including cell free DNA (cfDNA). cfDNA is 

released into the circulation by cells, in healthy individuals mainly from hematopoietic 

cells (3). It is composed of short fragments about 135-170 base pairs of DNA and 

ongoing research suggests that it is not only waste products of cell death but could 

also have a physiological and pathological function in inflammation and autoimmunity 

(4). In the case of cancer patients, tumor cells also contribute to the overall pool of 

cfDNA levels in the blood, in this case called circulating tumor DNA (ctDNA). Its 

release is related to cell turnover and thus also cell death. The ctDNA concentration 

depends on various factors. On the one hand, it relies on tumor-intrinsic factors such 

as tumor burden, tumor proliferation and tumor cell turnover, but also on the tumor 

entity. For example, patients with colon or pancreatic carcinoma have higher ctDNA 

levels than patients with kidney carcinoma. On the other hand, the ctDNA level is 

influenced by tumor-extrinsic factors such as tumor treatment, comorbidities as well 

as physiological factors such as circadian rhythms (5).  

There are several approaches to performing liquid biopsies, depending on the 

intended use. Various liquids such as cerebrospinal fluid, saliva, nipple aspirate, 

pleural effusion, ascitic fluid, seminal fluid, cervical fluid, and urine can be analysed, 

but the most commonly used in cancer diagnostics is blood (6). There are also different 
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approaches for the isolated sample material, but the most used are the analysis of 

CTCs and tumor-derived material (circulating tumor DNA (ctDNA), extracellular 

vehicles (EVs), circulating miRNAs (cfmiRNAs) and TEPs (tumor-bearing platelets)), 

every single method having its specific applications with advantages and 

disadvantages. CTCs for example allow structural evaluation of cancer phenotype, 

offer the use of immunolabeling techniques, and make molecular characterization of 

the disease possible (7). ctDNA could have a major advantage as a biomarker 

reflecting the current course of the disease, since its half-life is very short (around 2 

hours) (8). Compared to CTCs, ctDNA cannot be cultured, but it is easier to isolate 

(9).  

At the beginning of liquid biopsies, the focus was on single-locus analysis. With 

increasing development and the more mature technical possibilities such as Whole 

Genome Sequencing (WGS), it is now possible to track non-genetic factors of cfDNA 

such as methylation, fragmentation and nucleosome patterns in addition to multiple 

mutations. These can be used to draw conclusions about specific tissues as well as 

diseases. In order to process and analyse these large amounts of data, machine 

learning approaches are increasingly being used (5). 

Current clinical applications are the differentiation of unique immune checkpoint 

blockade response patterns in immunotherapy-based treatments, the predicting 

response and resistance after targeted therapy, chemotherapy and/or surgery and the 

evaluation of molecular alterations that are potentially actionable. Most clinical studies 

have been conducted with colorectal cancers, prostate cancers, breast cancers, 

melanomas, and lung cancers. The FDA has already approved several kits for liquid 

biopsies during the last years, for example the FoundationOne Liquid CDx, as the FDA 

describes a <lab test that detects specific gene mutations found in circulating cell-free 

DNA (cfDNA) isolated from whole blood plasma specimens, also called liquid biopsy 

specimens to help doctors identify patients with metastatic castration resistant prostate 

cancer who may benefit from treatment with the cancer drug RUBRACA [a PARP 

inhibitor]= (10).  

But liquid biopsy also has great potential for broad screening methods for cancer in 

the general population. The Galleri test developed by the company Grail, a subsidiary 

of Illumina, promises to screen for more than 50 different types of cancer applying 
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liquid biopsy methods (11). It is recommended for adults with an elevated risk of cancer 

such as patients older than 50 years. Nevertheless, the test is not yet an absolute 

result, as can be read on the website itself, a test result of "no cancer detected" does 

not completely rule out cancer. The test is also not yet FDA-approved and a 

randomized control trial is still underway in the UK in order to assess how well the 

Galleri blood test can help to detect early cancer and therefore reduce the number of 

late-stage cancers (12).  

Thus, liquid biopsies have already found their way into clinical routine for monitoring 

different types of cancers, especially carcinomas. They will completely change the 

approaches in oncology, from screening to treatment response control and finding 

resistance to chemotherapy drugs. 

 

Liquid Biopsies in Sarcomas 

Sarcomas are of particular importance among the malignant mesenchymal diseases. 

They occur as bone tumors primarily in adolescents and as malignant neoplasms of 

the soft tissue in small children. Owing to their relatively rare and heterogeneous 

occurrence and thus the limited capacity to conduct large-scale clinical trials, 

understanding the molecular mechanisms has become increasingly important in 

determining the best treatment possible (13). During the last years, there have been 

several attempts to profile the genomics of multiple sarcomas, for example the Cancer 

Genome Atlas soft tissue sarcoma (STS) project. Since tumors often release tumor 

Table 1, Outline of Liquid Biopsies. Adapted from (1) 
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DNA and proteins into the bloodstream, as mentioned before, examining the plasma 

for sarcoma-specific changes via liquid biopsies is a promising method for the urgent 

need of a reliable tumor marker in sarcomas (14). Since there is also DNA from 

hematopoietic or non-malignant somatic cells in the circulation in addition to tumor 

DNA, the specific genomics in sarcomas enable to detect samples with tumor-derived 

material based on their genomic footprint. In contrast to carcinomas, sarcomas have 

lower incidence and heterogeneity, often resulting in studies of small or mixed cohorts 

and therefore having difficulties in generating statistical significance. 

In this diploma thesis, we focused on liquid biopsies in translocation-associated 

sarcomas. Based on their stability of chromosomal translocation during progression of 

disease and clonal homogeneity, their genomic footprint should be even a more 

reliable source as a molecular DNA marker compared to tumors with a high mutation 

rate in disease progression and thus are an ideal candidate for liquid biopsies (14).  

Considering the current literature, there is no report or guideline for clinical application 

of liquid biopsy in translocation-associated tumors. The previously published article of 

Seidel et al. (15) reported about six preselected cases of patients with Ewing sarcomas 

and their follow-up in a clinical setting with liquid biopsies. The aim of this diploma 

thesis was to broaden our patient population and include all patients with translocation-

associated tumors in our study, analyse their follow-up with liquid biopsies and 

therefore correlate the patient-specific biomarker with their clinical course. The aim 

was to include more patients and to have a longer period of follow-up than in the 

previous study. 
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