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            Abstract
Precision oncology seeks to leverage molecular information about cancer to improve patient outcomes. Tissue biopsy samples are widely used to characterize tumours but are limited by constraints on sampling frequency and their incomplete representation of the entire tumour bulk. Now, attention is turning to minimally invasive liquid biopsies, which enable analysis of tumour components (including circulating tumour cells and circulating tumour DNA) in bodily fluids such as blood. The potential of liquid biopsies is highlighted by studies that show they can track the evolutionary dynamics and heterogeneity of tumours and can detect very early emergence of therapy resistance, residual disease and recurrence. However, the analytical validity and clinical utility of liquid biopsies must be rigorously demonstrated before this potential can be realized.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Access Nature and 54 other Nature Portfolio journals
Get Nature+, our best-value online-access subscription
$29.99 / 30 days
cancel any time

Learn more


Subscribe to this journal
Receive 12 print issues and online access
$189.00 per year
only $15.75 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Fig. 1: Factors influencing the sensitivity of a plasma cell-free DNA test.[image: ]


Fig. 2: The amount of input cell-free DNA affects the ability to detect rare variants.[image: ]


Fig. 3: Determining the tissue of origin of nucleic acids in plasma.[image: ]


Fig. 4: Combination strategies for early detection of cancer from liquid biopsy samples.[image: ]
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Glossary
	Precision oncology
	
                  Molecular profiling of a tumour with the aim to detect somatic alterations that can be targeted for therapy.

                
	Next-generation sequencing
	
                  (NGS). A high-throughput method used to determine the nucleotide sequence of DNA or RNA.

                
	The Cancer Genome Atlas
	
                  (TCGA). A comprehensive and coordinated effort to accelerate our understanding of the molecular basis of cancer through the application of genome analysis technologies.

                
	Epigenetic
	
                  A biochemical change in the genome, such as DNA methylation or histone modification, that does not alter the DNA sequence but may affect gene activity and expression.

                
	Druggable targets
	
                  Somatic mutations involved in cancer development and progression that can be exploited with a therapeutic intent.

                
	Pleural effusions
	
                  Excessive accumulations of fluid in the space surrounding the lung (pleural cavity).

                
	Circulating tumour cells
	
                  (CTCs). Cells that have been shed into the vasculature or lymphatics from a primary tumour and/or metastasis and are carried around the body in the blood circulation.

                
	Circulating cell-free DNA
	
                  (cfDNA). DNA circulating in the bloodstream that is not associated with cells.

                
	Circulating tumour DNA
	
                  (ctDNA). Tumour-derived, cell-free DNA that is thought to be representative of the entire tumour genome.

                
	Circulating cell-free RNA
	
                  (cfRNA). Circulating gene transcripts (mRNA and non-coding RNAs) that are partly protected from degradation by their packaging into exosomes.

                
	Extracellular vesicles
	
                  (EVs). Generic term for vesicles, including exosomes, microvesicles or apoptotic bodies, that are secreted from all cells and carry complex cargoes such as proteins, lipids and nucleic acids across biological membranes.

                
	Exosomes
	
                  Cell-derived vesicles likely present in all body fluids, which contain nucleic acids, lipids and metabolites and are involved in intercellular signalling and communication.

                
	Tumour-educated platelets
	
                  (TEPs). Platelets with altered functions that interact with tumour cells via different signalling molecules, thereby promoting tumour cell survival and metastasis.

                
	Copy number alterations
	
                  Loss (deletion) or gain (ranging from duplication to high-level amplification) of genomic regions resulting in a copy number that deviates from two.

                
	Transcriptome
	
                  The full range of mRNA molecules expressed in a cell, tissue or organism at a certain time.

                
	Epigenome
	
                  The full complement of epigenetic marks within a genome, which helps to determine the activity of genes in any particular cell and its lineage. The epigenome is prone to change during ageing and in cancer cells.

                
	Proteome
	
                  The entire set of proteins expressed in a cell, tissue or organism at a certain time.

                
	Metabolome
	
                  The complete set of small-molecule chemicals found within a cell, tissue or organism at a certain time.

                
	Laboratory-developed tests
	
                  (LDTs). According to US Food and Drug Administration regulations, these tests are in vitro diagnostic tests designed, manufactured and used within a single laboratory.

                
	Epithelial cell adhesion molecules
	
                  (EpCAMs). Transmembrane glycoproteins that are expressed solely in epithelia and epithelial-derived cancer and are commonly used as a diagnostic marker.

                
	Variant allele frequency
	
                  (VAF). The frequency of a particular allele of a gene relative to all other alleles in a DNA sample.

                
	Metabolic tumour volume
	
                  The proportion of a tumour, measured by volume, that is hypermetabolic. Often measured by positron emission tomography.

                
	Minimal residual disease
	
                  Cancer cells that remain in the patient’s body during and after treatment, frequently escape detection by routine diagnostic procedures and are critically involved in relapse.

                
	Genome equivalents
	
                  (GE). The amount of DNA that corresponds to the diploid genome of a single cell.

                
	Sequencing sensitivity
	
                  The analytical sensitivity of a sequencing method; that is, the ability to detect a low concentration of a particular sequence in a biological sample. The sequencing sensitivity of an approach determines its ability to accurately measure the variant allele frequency of a variant.

                
	Molecular barcodes
	
                  Degenerate sequence tags consisting of random or specified bases to label DNA fragments in order to track individual molecules after PCR; they are also referred to as unique molecular identifiers.

                
	Cancer driver gene
	
                  A gene that, when mutated, is essential for cancer to develop and progress and that is under positive selection during tumour evolution.

                
	Clonal expansion
	
                  A process in which acquisition of somatic mutations drives the production of daughter cells all arising from a single cell.

                
	Methylomes
	
                  All nucleic acid methylation modifications in the genomes of cells.

                
	Bisulfite sequencing
	
                  A method for detecting DNA methylation patterns. DNA is treated with bisulfite, which converts cytosine but not 5-methylcytosine to uracil, enabling methylated and unmethylated cytosines to be discriminated from sequencing data.

                
	Classifier
	
                  A means to group data into categories on the basis of certain characteristics, such as inherent similarity.

                
	Tumour mutational burden
	
                  (TMB). A biomarker that measures the number of mutations present in a tumour of a patient with cancer. Usually, given as the number of coding somatic mutations per megabase of DNA.

                
	Diagnostic sensitivity
	
                  The likelihood that a diagnostic test will be positive when testing a person with the disease.

                
	Diagnostic specificity
	
                  The likelihood that a diagnostic test will be negative when testing a person without the disease.

                
	Positive predictive value
	
                  (PPV). The proportion of positive results in diagnostic tests. PPV depends on the sensitivity and specificity of the test and on the prevalence of the disease within the general population.

                
	Deconvolution
	
                  The process of extracting cell type-specific information from heterogeneous samples. In liquid biopsies, this might involve resolving plasma DNA fragments into their constituent elements (for example, determining their tissue of origin on the basis of methylation markers).

                
	Hidden layers
	
                  The intermediate layers of information generated when an artificial neural network breaks down and processes input data to generate the output.

                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Heitzer, E., Haque, I.S., Roberts, C.E.S. et al. Current and future perspectives of liquid biopsies in genomics-driven oncology.
                    Nat Rev Genet 20, 71–88 (2019). https://doi.org/10.1038/s41576-018-0071-5
Download citation
	Published: 08 November 2018

	Issue Date: February 2019

	DOI: https://doi.org/10.1038/s41576-018-0071-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Clinical applications and perspectives of circulating tumor DNA in gastric cancer
                                    
                                

                            
                                
                                    	Jing-Han Li
	Dan-Ying Zhang
	Ling Dong


                                
                                Cancer Cell International (2024)

                            
	
                            
                                
                                    
                                        Circulating cell-free DNA as a biomarker for diagnosis of Schistosomiasis japonica
                                    
                                

                            
                                
                                    	Yu Zhang
	Rangjiao Liu
	Yingzi Ming


                                
                                Parasites & Vectors (2024)

                            
	
                            
                                
                                    
                                        Soluble Periostin is a potential surveillance biomarker for early and long-term response to chemotherapy in advanced breast cancer
                                    
                                

                            
                                
                                    	Li Jia
	Wenwei Hu
	Dong Dong


                                
                                Cancer Cell International (2024)

                            
	
                            
                                
                                    
                                        Incidental pathogenic germline alterations detected through liquid biopsy in patients with solid tumors: prevalence, clinical utility and implications
                                    
                                

                            
                                
                                    	Juan Carlos Laguna
	Belén Pastor
	Laura Mezquita


                                
                                British Journal of Cancer (2024)

                            
	
                            
                                
                                    
                                        NMR and MS reveal characteristic metabolome atlas and optimize esophageal squamous cell carcinoma early detection
                                    
                                

                            
                                
                                    	Yan Zhao
	Changchun Ma
	Yan Lin


                                
                                Nature Communications (2024)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Innovations In

                                
                                    Early cancer detection 
                                

                            
                        

                    
                        
                            
                                Collection

                                
                                    20th Anniversary
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Credits
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Publishing model
                                
                            
	
                                
                                    Editorial input and checks
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    Webcasts
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Calendars
                                
                            
	
                                
                                    Conferences
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Reviews Genetics (Nat Rev Genet)
                
                
    
    
        ISSN 1471-0064 (online)
    
    


                
    
    
        ISSN 1471-0056 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing: Cancer]
                    Sign up for the Nature Briefing: Cancer newsletter — what matters in cancer research, free to your inbox weekly.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get what matters in cancer research, free to your inbox weekly.
            Sign up for Nature Briefing: Cancer
            
        


    









    [image: ]







[image: ]
