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ELBS: Translation from discovery 
to clinical implementation

64 Institutions 
from 
Academia
& Industry

Coordinator: Klaus 
Pantel, UKE
pantel@uke.de

ELBS is a Founding Members of the International Liquid Biopsy 

Standardization Alliance coordinated by the Foundation of the National 

Institute of Health (NIH), USA (Coordination: Dana Connors)

White Paper: Connors et al., Crit. Rev. Hematol. Oncol. 2020

• Foster the introduction of liquid 
biopsy into clinical practice.

• Encourage interactions between 
academia and industry.

• Provide a partner for regulatory 
agencies, healthcare providers and 
patient advocacy groups

• Support the implementation of liquid 
biopsy tests into clinical trials

• Develop guidelines and provide 
training in liquid biopsy 

• Disseminate the knowledge about 
liquid biopsy 

• Increase visibility of Europe as 
leading hub for liquid biopsy research

• Outreach to non-EU networks

Goals:



Bardelli & Pantel, Cancer Cell, 2017

Liquid Biopsy: Clinical Applications



Keller and Pantel, Nature Reviews Cancer, 2019

Liquid Biopsy: Comprehensive assessment 
of circulating blood biomarkers



Early Detection of Cancer





Early Cancer Detection: 
Hamburg City Health 

Study

• Biomaterial repository:

 45 000 individuals between 45 and 74 years

 Biomaterials: blood cells, DNA, RNA, plasma, 
serum, urine, tooth plaques, skin punch, 
pluripotent stem cells (skin)

 Network research on 270 Mio. datasets

cancer
diagnosis

pre-diagnostic samples / datasets

EU Marie Curie Network:
European Liquid Biopsy Academy (ELBA)

Start: January 2018, Focus: Detection of Lung Cancer

Coordinator: Tom Würdinger, Amsterdam
Deputy Coordinator: Klaus Pantel, Hamburg

New ERA-NET TRANSCAN Project:

PROLIPSY
Start: June 2018, Focus: Detection of prostate cancer 

Coordinator: Klaus Pantel, Hamburg
PIs: C. Alix-Panabieres, D. Bonci, J. Budna/M. Zabel, E. Lianidou



Circulating Cyr61 protein as liquid biopsy biomarker for early 
detection of cancer

Breast Cancer: Bartkowiak, Heidrich, Pantel 
et al, Clin Chem. 2021

Lung Cancer: Ackar, Pantel et al., Mol. Oncol. 
2021

Asbestos-related diseases: Bartkowiak, 
Pantel et al., Clin. Chem. 2020

Breast 
Cancer



• Breast Cancer: Xenidis, Lianidou, Mavroudis et al., JCO 2006, Rack, Pantel, Janni et al. JNCI 2014;

Janni, Pantel et al. Clin Cancer Res 2016; Riethdorf, Pantel et al., Clin Cancer Res.,

2017; Bidard, Pierga, Pantel et al, JNCI 2018

• Bladder Cancer: Rink, Pantel et al. Eur Urol 2012; Giavazzi, Pantel et al. Int J Cancer 2014

• Head & Neck Cancer: Grobe, Riethdorf, Pantel et al. Clin Cancer Res 2014; Garrel, Alix-Panabieres et al.,
Clin. Chem. 2019 (Editorial: Pantel, Clin. Chem. 2019)

• Testicular Germ Cell Tumors: Nastaly, Riethdorf, Pantel et al. Clin Cancer Res 2014

• Colorectal Cancer: Yokobori, Mimori, Mori, Pantel et al. Cancer Res 2013 (incl. stage II);
Deneve, Pantel, Alix-Panabieres et al. Clin Chem 2013; Abdallah, Pantel et al,
PlosOne 2021; Heidrich, Pantel et al, Cancers 2021

• Pancreatic Cancer: Effenberger, Bockhorn, Pantel et al. Clin Cancer Res 2018; Christine
Nitschke (Oral Presentation - Session 02: Thursday 1pm)

• Merkel Cell Cancer: Riethdorf, Pantel et al., Clin. Chem. 2018

• Melanoma: Wiltfang, Roeck, Pantel et al, Cancers, 2019

CTC Counts at Initial Cancer Diagnosis are Associated 
with Unfavorable Prognosis

CTCs can be used as enrichment tool to study a high risk population

cM0(i+), AJCC Cancer Staging Manual 2018 for breast cancer



CTC before Neoadjuvant Cancer Therapy & Overall Survival 

in Breast Cancer

Stratified p value <.0001

N pts % events Hazard Ratio

0 CTC 1175 9.8% 1

1 CTC 199 10.6% 1.09 [0.65-1.69]

2 CTCs 59 23.7% 2.63 [1.42-4.54]

3-4 CTCs 47 29.8% 3.84 [2.08-6.66]

≥ 5 CTCs 93 46.2% 6.25 [4.34-9.09]

months
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Bidard, Pantel et al. JNCI 2018

<1 CTC/sample

> 5 CTCs/sample



2nd ERC Advanced Investigator Grant 

INJURMET (PI: Klaus Pantel, 2019-2024)
Diagnostic Biopsies, Surgery, Radiotherapy

(Breast & Prostate Cancer)



Increase in numbers of circulating epithelial cells in blood after 

biopsy of men subsequntly diagnosed with prostate cancer

Joosse, Kuske,…, Alix-Panabieres,Riethdorf, Schlomm, Pantel et al., Clin. Chem, 2019 



Progression-free survival in 74 prostate cancer patients with (n=22) and without (n=52) 

increase in numbers of circulating epithelial cells in blood after biopsy

Joosse, Kuske,…, Alix-Panabieres,Riethdorf, Schlomm, Pantel et al., Clin. Chem, 2019 



Minimal Residual Disease (MRD)
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Tumor evolution: Dynamic changes in 
tumour burden in cancer patients

Challenge: Detect Minimal Residual Disease (MRD) and monitor tumor 

evolution in individual cancer patients as prerequisite for early intervention 
(Alix-Panabieres & Pantel, Nature Rev. Cancer 2014; Bardelli & Pantel, Cancer Cell 2017; Pantel & Hayes, Nature Rev. 

Clin. Oncol. 2018; Pantel & Alix-Panabieres, Nature Rev. Clin. Oncol. 2019; Keller & Pantel, Nature Rev. Cancer 2019, 

Hofbauer, Pantel et al, Nature Rev. Clin. Oncol. 2020)

Liquid biopsy

Imaging (CT, MRI)



Cancer dormancy & MRD

Werner, Heidrich, Pantel, Sem. Cancer Biol. 2022



Bone marrow is 

a reservoir for 

micrometastatic

tumor cells

DFG SPP 

microBONE

Consortium 
(Hofbauer, Pantel et al, 

Nat. Rev. Clin. Oncol. 

2021; Werner, Heidrich, 

Pantel, Sem. Cancer 

Biol. 2022)

Biology of Micrometastasis in Bone Marrow



Can we detect MRD in the peripheral blood 

by CTC analyses?



CTCs in high-risk early breast cancer patients 
during follow-up

Trapp, Janni, Pantel et al. (SUCCESS study group), JNCI 2018

CTCs detected 2 years after adjuvant chemotherapy

Need for „Post-Adjuvant“ Clinical Trials

(Pantel & Hayes, Nature Rev. Clin. Oncol. 2018)



CTCs & MRD in Breast Cancer



Blood was analyzed 

approx. 5 years after 

cancer diagnosis



Liquid Biopsy in Metastatic Patients

Monitoring of CTC & ctDNA counts

CTC & ctDNA Characterization



CTCs vs. conventional tumor markers (PFS, p values) in metastatic breast cancer 

patients (n=1944)  receiving chemotherapy

Model 

used as 

referen-

ce

(

baseline 3-5 weeks 6-8 weeks

CTCBL CA15-3BL CEABL CTC3-5

CA15-3 BL 

+ CA15-3 

3-5

CEABL  + 

CEA 3-5
CTC6-8

CA15-3 BL 

+ CA15-3 

6-8

CEABL  + 

CEA 6-8

N patients 1193 914 593 436 357 289 279 215 170

CP 6 E-10 .10 .04

CP

+CTCBL
.32 .12 5 E -05 .25 .35 9 E-05 .40

Few 

events

CP

+CTCBL

+ CTC3-5

.26 .41

CP

+CTCBL

+ CTC6-8

.36
Few 

events

Bidard, Pierga, Michels, Pantel et al, Lancet Oncology 2014



Clinical Utility of CTCs 





STIC CTC Metabreast Interventional Study: 
CTC-driven therapy choice in metastatic breast cancer



Subgroups with discordant risk estimates (Clinhigh CTClow et Clinlow CTChigh)

Small subgroup
No statistically different PFS

Larger subgroup
Statistically different PFS, favoring the CTC arm
(=patients treated with chemotherapy)

CTC count should be included in the decision algorithm for HR+ HER2- MBC patients



2021

Therapeutic Targets and Resistance Biomarkers



Detection of therapeutic targets on CTCs: 
HER2 oncogene in breast cancer
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Riethdorf/Pantel et al., Clinical Cancer Res 2010  - Fehm/Pantel et al., Breast 
Cancer Res Treat 2010  - Ignatiadis/Sotiriou et al, PlosONE, 2011  -
Ignatiadis/Pantel et al, SABCS, 2011

HER2 status discordance: 
Primary tumor vs CTCs at the 

time of metastatic relapse

German DETECT-III study: Anti-HER2 therapy (lapatinib) in metastatic breast cancer 

patients with HER2-negative primary tumors and HER2-positive CTC



Survival of metastatic breast cancer patients with HER2- primary tumors 
but HER2+ CTCs receiving standard therapy with and without Lapatinib



Heterogeneity of ER status in CTCs of breast cancer 

patients with ER-positive primary tumors

E

R

+

E

R

-

ER        CK        DAPI     CD45   Merge

ER-negative CTCs may survive endocrine therapy

Babayan, Joosse, Pantel et al., PLOS ONE 2013



The blockade of immune checkpoints in cancer immunotherapy
Drew M. Pardoll

Nature Reviews Cancer 12, 252-264 (April 2012)

PD1-PDL1 mediated immune blockade as cancer target
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Combined CTC & ctDNA analysis

Prediction of immune checkpoint inhibition therapy in NSCLC (M. 
Reck) and Melanoma (Ch. Gebhardt):

Monitoring of ctDNA & CTC concentrations

Combination of immune markers on CTCs (e.g., MHC class I & PDL1 
expression) and tumor mutational burden (TMB) on ctDNA

German representative of the international network on cancer 
immunotherapy of Tasuku Honjo, Kyoto (Nobel Price 2018)



2015



Mazel et al., Mol Oncol 2015 
(Editorial by R.  David in Lancet Oncol. 2015)

METASTATIC BREAST CANCER PATIENTES

PD-L1 is frequently expressed on CTCs (> 60% of patients) in metastatic breast cancer patients

PD-L1PE

LeukocytePD-L1(+)

LeukocytePD-L1(+)



Merge PanCKPE Dapi CD45A

PC

PD-L1FITC

CTC DETECTION & PD-L1 EXPRESSION
METASTATIC BREAST CANCER

 72 MBC patients

 Median Age 65 yrs old (range 35-87)

 Subtypes of breast cancer: ER(+)/HER2(-) 69.4%; HER2(+) 18.1%, TN 12.5%

 CTCs detected in 57 patients (79.2%)

 CTCPD-L1(+) observed in 26 patients (36.1%).

ALCINA 1

2020

 PD-L1 expression : tumor vs CTCs  no correlation (p=0.589)

 Presence of CTCPD-L1(+) : independent biomarker for shorter PFS

Conclusion



CTC DETECTION & PD-L1 EXPRESSION
METASTATIC NON-SMALL LUNG CANCER

 54 MNSCLC patients

 Mean Age 64.5 yrs old

 57.4% were men and 86% were smokers

ALCINA 1

2021

 CTCs detected in 23/53 patients (43.4%)

 CTCPD-L1(+) observed in 5 patients (9.4%).



PFS

OS

CTC Detection
(CellSearch)

 PD-L1 expression: Low concordance between tissue & liquid biopsies (53.7%)

 PFS & OS are worse in patients with CTCs; worse with PD-L1+ CTCs 

 PD-L1 expression on tumor tissue was not associated with PFS and OS.

Conclusion

CTC+

CTC+
PD-L1+

CTC

PD-L1+

CTC

0 CTC

0 CTC



Recruiting patients



Androgen Receptor Variant 7 (AR-V7) Expression in CTCs: 
Predictive marker for Abiraterone or Enzalutamide Therapy in Prostate Cancer

Antonarakis et al. J. Clin. Oncol. 2017

Good Response Moderate Response Poor Response



Northern German LiquiMel Melanoma Biobank Consortium

Melanoma Liquid 
Biopsy Research 

UKE collaboration

UKE 

Onco-
Dermatology 
department

Buxtehude

Onco-
Dermatology 
department

UKE

Institute for 
Tumor 
Biology

UKE

Dermatology 
Team 

research

Klaus Pantel
Laura Keller*

Christoffer Gebhardt
Stephan Schneider
Isabel Heidrich*
Julian Kött*
Glenn Geidel*
Julia Stadler*

Christian Gorzelanny
Alexander Bauer

Peter Mohr
Rüdiger Greinert
Beate Volkmer

*Young researchers supported by DKH Mildred-Scheel Nachwuchszentrum, UCCH-Stipendium, Hiege-Stiftung



Molecular characterization of CTC

Manually picked

Whole Genome Amplification

Mutation detection

DAPI

CD31, vWF
(endothelial markers)

MCAM, NG2
(tumor markers)

CD45
(leukocyte marker) merge



Gene # mutations

BRAF 12

CDKN2A 1

CTNNB1 5

DPH3 2

IDH1 2

KIT 7

MAP2K1 8

NRAS 20

RAC1 1

RPS27 1

RQCD1 1

SDHD 3

YAE1D1 2

13 Genes 65

ctDNA  Mutation Detection in Melanoma

 Single multiplexed PCR 
reaction

 ≥0.1% mutation 
frequency detection

 MassARRAY™ System

UltraSEEK Melanoma Panel v1.0

Schneegans, Pantel, Wikman et al. Mol. Oncol. 2020



Monitoring MRD in tumor-resected melanoma patients (stage III) 
undergoing immune checkpoint inhibition therapy

Baseline

Nivolumab 3mg/kg iv, every 2 weeks over 12 months
Pembrolizumab 200/400mg iv, every 3 to 6 weeks over 12 months 

Plasma X X XX X

Plasma-citrate

X

Serum
DAMP signaling molecules

Thrombophilic markers

PBMC/Diff. blood count

C6
3 months of therapy

C12 C18 C26
12 months
of therapy

X X X X X X X X X X X X X X X X

X X XX XX X X X X X X X X X X X X X X X

X X XX XX X X X X X X X X X X X X X X X

Tumor Tissue X

Radiological and clinical evaluation (every 3 months)

X

Combined liquid biopsy analysis (CTCs, ctDNA, EVs, proteins) to evaluate minimal residual disease



Tissue origin of CTCs 

– Brain Metastases -



Hemodynamic Forces Tune the Arrest, Adhesion,and Extravasation of CTCs

Permissive flow forces allow stable

intravascular arrest of CTCs.

Flow forces drive endothelial remodeling

around arrested tumor cells,

favoring extravasation preceding

metastatic outgrowth.

Clinical relevance for brain metastasis

Follain et al. Developmental Cell 2018



How to improve sensitivity of CTC detection in 

patients with brain metastases (BM)?
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 CTC isolation based on EGFR and HER3 
expression

20 µm 20 µm 20 µm

20 µm 20 µm 20 µm

EGFR

HER3

HER3/ EGFR based CTC isolation

EGFR

HER3

D
F

S

Scharpenseel et al. Sci Rep 2019
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Scharpenseel et al. Sci Reports 2019

HER3/ EGFR based CTC isolation



Detection of  CTC during radiotherapy of brain metastases

Radiotherapy (WBRT/STRS): 

e.g. 1x 23.0 Gy or 10x 3.0 Gy 

blood 

MRI
blood 

pre-RT

blood 

post-RT

pre-RT post-RT MRI
n

o
. 

C
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High Clonality of CTCs in Blood of  
Breast Cancer Patients with Brain Metastases

Riebensahm, Pantel, Wikman et al., BCR 2019

NGS-based exome sequencing of single CTCs isolated from blood



Role of ALCAM in NSCLC brain metastases

primary tumor brain met 1

200µm 200µm

=> 30% of patients: de novo ALCAM expression in matched brain 
metastases

brain met 2

=> High ALCAM expression is associated with
worse prognosis

Münsterberg, Pantel, Wikman et al., Neuro-Oncology, 2020



ALCAM expression on CTCs in NSCLC brain 
metastases

20
µ
m

CK ALCAM CD45 DAPI

C
TC

b
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et
.

20µm

CTC BM

Pat. 1 neg neg

Pat. 2 pos pos

Pat. 3 weak weak

Pat. 4 pos pos

=> ALCAM expression on CTCs isolated from patients blood 
correlated with ALCAM expression on matched brain metastases

Münsterberg, Pantel, Wikman et al., Neuro-Oncology, 2020



Establisment of experimental models:

- Understanding the biology of CTCs

- Drug screening



Koch C,…,Pantel K: EMBO Mol Med; Sep 7th, 2020



Copy number aberration profile analysis

Common aberrations of 
CTC-ITB-01 cells and 

primary CTCs

CNA profile of CTC-ITB-01 
remains stable during 

culture

Genomic profiling (CNA) of CTC line and primary CTCs



In vivo growth and metastasis of a new human ER+ CTC line after intra-
mammilar injection into immunodeficient mice 

Koch, Riethdorf, Alix-Panabieres, Pantel et al, EMBO Mol. Med. 2020





Conclusions:

Liquid biopsy

can provide clinically relevant 

information 

Assays need to be validated 

and harmonized (QA)

Interventional clinical studies 

are required to demonstrate 

clinical utility of liquid biopsy 
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Immunologie
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Liquid Biopsy Research Network at UKE 
(since 1999, > 300 publications)
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Center of Experimental Medicine

Institute of Tumor Biology - THE TEAM !

Funding:

ERC Advanced Investigator Grants „DISSECT“ & “INJURMET”

ERC PoC Grant „CTCapture“

EU/IMI, EU TRANSCAN

DFG, BMBF

Deutsche Krebshilfe 

(Mildred-Scheel-Nachwuchszentrum)



Major Symposium at AACR Annual Meeting 2022, 
April 8-13, 2022, New Orleans, USA

Liquid biopsy: From Discovery to Clinical Application
Tuesday, April 12, 2022, 12:30 pm - 2:00 pm.

Chairperson: Klaus Pantel, University Medical Center 

Hamburg-Eppendorf, Germany

Speakers:

Klaus Pantel: Opportunities and challenges of liquid biopsy 

research

Catherine Alix-Panabières, University Medical Center of 

Montpellier, France: Biology and clinical relevance of 

circulating tumor cells for precision medicine

Victor E. Velculescu, John Hopkins University School of 

Medicine, Baltimore, USA: Clinical relevance of cell-free DNA 

fragmentomes for cancer detection and monitoring



Annual AACR Meeting in Chicago, Open Plenary Session, 15 April 2018



Gordon Research Conferences
frontiers of science

Date and Location:
June 19-June 24, 2022

Mount Holyoke College, 50 College Street, South Hadley, MA, United States

Organizers:
Chair: Klaus Pantel, University Medical Center Hamburg-Eppendorf, Germany

Vice Chair: Shana Kelley, University Toronto, Canada

More details and online application are available at:
http://www.grc.org/programs.aspx?id=<YourProgramID>


