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Liquid Biopsy*: Comprehensive assessment of circulating blood biomarkers
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Pantel,NatureRev. Clin. Oncol. 2018, Poudineh,Pantel,Kelleyet al,NatureBiomed. Engineering2018; Pantel& Alix-
Panabieres,NatureRev. Clin. Oncol. 2019



Liquid Biopsy: The Concept

Definition: Liquid Biopsy* - Analysisof tumor cells (CTCs)or their products (e.g., DNA,

miRNA,extracellularvesicles)in blood or other body fluids

Rationale: Tissuebiopsiesare invasiveand some locations are difficult to access(e.g.,

lungor brain)

Single biopsy can miss relevant tumor clones due to intra-patient tumor
heterogeneity

Sequentialtissue biopsiesin individual patients for real-time monitoring of
therapy responseare lessfeasablein clinicalpractise

Vision: Comprehensiveandreal-time tumor information by the analysesof blood (or

other body fluids)

*Pantel & Alix-Panabieres, Trends Mol. Med. 2010
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Clinical applications: Monitor tumour burden in cancer patients 

Bone marrow is a reservoir for disseminating dormant tumor cells
(Pantel et al, Cancer Res. 1991, JNCI 1993 & Lancet 1996; Braun, Pantel et al, NEJM, 2000 & 2005; 

Köllermann, Pantel et al., J. Clin. Oncol. 2008; Werner, Pantel, Wikman et al, Cancer Discovery 2015) 
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Immunocytochemistry:

Cytokeratin staining 

with mAB A45-B/B3

Breast Cancer: 199/552 (36%)
(Braun, Pantel et al. NEJM, 2000 & 2005)

Prostate Cancer: 86/193 (44.6%)
(Koellermann/Pantel et al. JCO 2008)

Nonmalignant disease: 2/191 (1%)

DTCs in bone marrow of cancer patients

ÅDTC detection correlates with metastatic AND locoregional relapse

ÅMost DTC are Ki67- and have CD44+/CD24- stem cell phenotype

ÅDTCs can occupy the hematopoietic stem cell  niches
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BM is a homing organ and putative reservoir

for DTC derived from various primary sites
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Tumor cell dissemination and cancer 

dormancy

Cancer cells disseminate early into the bone marrow and pose a 

risk for subsequent relapse (Braun/Pantel et al., NEJM, 2005; 

Köllermann/Pantel et al., J Clin Oncol., 2008)

VCAM1, Jagged-1 and tumor-induced osteoclast miRNAs as 

regulators of progression from DTCs to bone metastases 
(Lu/Pantel/Kang et al Cancer Cell 2011; Ell/Pantel/Kang et al, Cancer Cell 2013; 

Bednarz-Knoll, Kang Pantel et al, Clin Chem 2016)

Therapeutic antibody targeting tumor- and osteoblastic niche-

derived jagged1 sensitizes bone metastasis to chemotherapy
(Zheng, Tupitsyn, Pantel, Kang et al, Cancer Cell 2017)

Metabolic adaptation of DTCs is important for survival (LeBleu, Pantel, 

Kalluri et al, Nature Cell Biol. 2014)

RAI2 as new metastasis-suppressor (Werner, Wikman, Wilmanns, Pantel 

et al, Cancer Discovery 2015)

DTCs persist in the bone marrow through sustained activation of 

the unfolded protein response (Bartkowiak, Pantel et al., Cancer Res. 2015)

Exosome-mediated homing of metastatic cells to specific distant 

sites (Hoshino, Pantel, Bissell, Peinado, Lyden et al., Nature, 2015)

CTCs

DTCs



vs.

Classification of early stage breast tumors 
according to DTC status

Expression profiling on micro-dissected 
tumor tissue 

Bioinformatic analysis
and validation 

of identified genes

Identification of DTC-associated genes

BM- BM+

Luminal A/B, HR+ Luminal A/B, HR+

w!LнҦ

Werner, Wikman, Pantel et al, Cancer Discovery, 2015
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Editorial: Esposito & Kang, Cancer Discovery, 2015

RAI2 as potential new metastasis-suppressor gene

Werner, Wikman, Pantel et al, Cancer Discovery, 2015



Bednarz-Knoll, Alix -Panabières & Pantel 

Cancer & Met Rev 2012

Tumor cell dissemination 

and tumor cell plasticity



Å BreastCancer: Rack, Pantel, Janniet al. JNCI2014; Janniet al. Clin CancerRes2016; Riethdorf,

Pantelet al., ClinCancerRes., 2017; Xenidis,Lianidou,Mavroudiset al., JCO2006

Å BladderCancer: Rink, Pantelet al. EurUrol 2012; Giavazzi, Pantelet al. Int JCancer2014

Å Head& NeckCancer: Grobe,Riethdorf, Pantelet al. ClinCancerRes2014; Garrel,Alix-Panabiereset al.,
Clin. Chem. 2019(Editorial: Pantel,Clin. Chem. 2019)

Å TesticularGermCellTumors: Nastaly, Riethdorf,Pantelet al. ClinCancerRes2014

Å ColorectalCancer: Yokobori, Mimori, Mori, Pantelet al. CancerRes2013(incl. stageII);
Deneve,Pantel,Alix-Panabiereset al. ClinChem2013

Å PancreaticCancer: Effenberger, Bockhorn, Pantelet al. ClinCancerRes2018

Å Merkel CellCancer: Riethdorf,Pantelet al., Clin. Chem. 2018

Å Melanoma: Wiltfang, Roeck,Pantelet al, Cancers,2019; Cayrefourcqet al, ClinChem2019

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



CTCs in Neoadjuvant Breast Cancer Therapy

CTC counts provide prognostic information independent from 
pathological complete response (pCR) of the primary tumor

Validated by an international meta-analysis of 2,156 individual patients 21 

studies & 16 centers (Bidard, Pantel et al., JNCI 2018)

CTCs reflect the potential of the tumor to disseminate



CTC before Neoadjuvant Cancer Therapy & Overall Survival in Breast Cancer

Stratified p value <.0001

N pts % events HazardRatio

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]

җ р CTCs 93 46.2% 6.25[4.34-9.09]
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Bidard, Pantel et al. JNCI 2018

<1 CTC/sample

> 5 CTCs/sample



Detection of Minimal Residual Disease

(Post-surgical surveillance)



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 ĂPost-Adjuvantñ Clinical Trials
(Pantel & Hayes, Nature Rev. Clin. Oncol. 2018)



Identification of the TissueOrigin of CTCs



High Clonalityof CTCs in Blood of  Breast Cancer Patients with 
Brain Metastases

Riebensahm, Pantel, Wikman et al., BCR 2019

NGS-basedexomesequencingof singleCTCs isolatedfrom blood
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Assessment of tumor evolution from primary to 

metastatic disease



Joosse, Alix-Panabieres, Pantel et al., Clin 
Chem. 2018

Chromosomal aberrations in the primary tumor associated with 
sequential steps of the metastatic cascade in colorectal cancer patients
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Blood collection

Estrogen receptor-

positive breast cancer Estrogen receptor-positive metastases

Tissue collection

1945 20122011201020091999

Endocrine therapy

2000   - 2005

Switch to

ChemoEndocrine therapy

Individual 

CTCs

Individual tissue 

fragments 

Next Generation Sequencing

Clonal Evolution Analysis: CTCs Captured at Diagnosis of Metastasis vs. 
Primary Tumor Resected 10 Years Earlier

Babayan, Joosse, Pantel et al., unpublished
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Liquid Biopsy: Therapeutic targets and resistance mechanisms

Pantel & Alix-Panabières Nat Rev Clin Oncol 2019

Transcriptional 
Plasticity

Genomic
Evolution



AR variant 7 (ARv7): Reactivation of the AR pathway in prostate cancer

Feldman (2001)

Abiraterone

Enzalutamide

Clinical relevance: 

ARV7expression in CTCs from CRPC patients is 
associated with resistance towards enzalutamide 
and abiraterone(Antonarakis, Scher et al) 



Multiplex mRNAProfilingof Single CTCs Captured
from a ProstateCancer Patient

Heterogeneous ARv7 expression

Gorges, Pantel et al, Clin Chem, 2016



In situ ARv7 transcriptdetectionin CTCs from prostatecancerpatients

17 CRPC patients(19 samples):

Å89% of samples: CTC-positive (range1-
158 CTCs / 7.5ml blood)

Å79% of samplesshowedARV7
positivity(1-30 rollingcircle
transcripts/ CTC) 

Å3 distinctCTC types: 
CK+/ARV7+
CK+/ARV7-
CK-/ARV7+

El-Heliebi*, Hille*, Pantel et al. Clin.Chem (2018)



Cancer-ID is a project funded by the Innovative Medicines Initiative Joint Undertaking (IMI JU).

Combined CTC & ctDNA analysis

28

Prediction of immune checkpoint 

inhibition therapy:

Combination of immune markers on 

CTCs (e.g., MHC class I & PDL1 

expression) and tumor mutational 

burden (TMB) on ctDNA

Mazel, Pantel, Alix-Panabieres et al, Mol. Oncol. 2015

Review: Hofman, Heeke, Alix-Panabiers, Pantel, Ann. Oncol. 2019



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,é, 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,é, Alix-Panabieres,Riethdorf, Schlomm, Pantel et al., Clin. Chem, 2019 



Early Detection of Cancer

Aim: Detection of EARLY stages (stage I/pT1)

Sensitivity: False-negatives?

Specificity: False-positives? (1% = 1/100, 

screening of 10 Mio = 100.000)

Control group: Age-matched healthy & confounding 

non-cancer diseases



Background of cancer-associated mutations in non-cancer control patients (CHIP)

Genovese et al, NEJM 2014



Å High specificity and sensitivity for ovarian cancer 
but low sensitivity for breast cancer (33%)

Å Lower sensitivity for detection of early stages



Joosse & Pantel, Cancer Cell 2015

Composite Liquid Biopsy Marker Panel for Early Cancer Detection

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

Best, Wuerdingeret al., Cancer

Cell 2015 & 2017

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



Hamburg City HealthStudy (start: 2015)

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-diagnosticsamples/ datasets



Functional CTC Models



2013

CTC xenografts (CDX)

CTC cell lines

AACR Award 2017
Autologous CTC lines 

established at different 

time points during 

therapy 
(Soler et al., Sci Rep, 2018



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

In collaboration with C. Brisken et al, Lausanne

Challenge: Establish human immune system in mice



Conclusions:

CTCs & ctDNA provide

complementary 

information for 

liquid biopsy

Assays need to be 

validated by independent 

expert groups 
(Ratner, Nature Biotech 2018)

Interventional clinical 

studies are required to 

demonstrate clinical 

utility of liquid biopsy 
(Merker et al, JCO 2018)

!Therapy must work!



Translation from Publication to 

Clinical Routine



CANCER - ID EU Consortium 2015 - 2019

Non-EFPIA/
non-SME

Non-profit
organizations

SMEs

Clinical
sites

EFPIA

Academic
institutions

32 partners:
¶ 6 EFPIA companies(leadBayer, co-

lead Menarini)
¶ 17 academic/clinicalsites
¶ 6 SMEs
¶ 2 non-profit organizations
¶ 1 non-SME/non-EFPIA

Prof. Klaus Pantel

Prof. Leon
Terstappen

Page 42 ÂCANCER- ID evaluation hearing Brussels - Oct 7th  2014

Scientific Management: Klaus Pantel, UKE 

Coordination: Thomas Schlange, BAYER

Blood-based Diagnostic in Lung  and Breast Cancer 

(CTCs, ctDNA & cfmiRNA)

40 EU Partners (Academic institutions, non-profit 

organisations & companies)


