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The metastatic process is multifactorial, and the biological tumor to the target organs and the development of metasta-

mechanisms and microenvironmental factors that drive
tumor cells to leave the primary site and colonize
distant secondary sites are areas of active research. An
excellent 2017 review, “Emerging biological principles of
metastasis,” describes the known biological programs
that promote the metastatic dissemination of cancer cells (1).
Metastatic cells acquire genetic and epigenetic alterations
and phenotypic changes that promote inva-
sion into circulatory systems, a process described as
epithelial-mesenchymal transition (2). Single tumor cells or
multicellular aggregates derived from the primary site enter
the circulation and are capable of maneuvering through
capillaries to seed metastatic tumor colonies (3). The ques-
tion of whether the mobilization of circulating tumor cells
(CTCs) during, and as a result of, cancer therapy can be a
cause of metastasis was recently discussed by Martin et al
(4) from the Peter MacCallum Cancer Centre.

A number of isolation and identification methods have been
developed for CTCs; however, further standardization is
needed (5). Currently, only the CellSearch system (6) has been
approved by the Food and Drug Administration for clinical
use. Although CTCs are rare, enumerating CTCs to assess the
metastatic potential or tumor aggressiveness is clinically
appealing because it is less invasive than conventional tissue
biopsy (7, 8), and its feasibility allows for the monitoring
of treatment response using longitudinal assessments. Despite
technical concerns, the study of CTCs is providing new in-
sights into cancer progression. In this Oncology Scan, we
consider 4 studies addressing the mechanisms of cancer
metastasis that focus on CTCs and also an alternate approach
using circulating tumorereleased DNA.
Giannou et al. NRAS destines tumor cells to the lungs.
EMBO Mol Med 2017. (9)

Summary: The study by Giannou et al (9) considered the
mechanisms of cancer cell mobilization from the primary
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ses. They investigated the hypothesis that distinct classes of
genes drive subpopulations of cells with distinct organ-
specific tropisms (9). The investigators studied the role of
NRAS mutations in the development of lung metastasis from
subcutaneous tumors grown in mice. Using sophisticated
molecular biology methods and Cxcr1- and Cxcr2-deficient
transgenic mice, the investigators reported that mutant or
overexpressed NRAS is required for tumor cells of various
tissues of origin to metastasize to the lungs (9). They
demonstrated that this is not due to the growth potential
derived from NRAS but by tumor-secreted interleukin-
8erelated chemokines that signal to cognate CXCR1 re-
ceptors on pulmonary endothelium and CXCR2-expressing
myeloid cells to facilitate pulmonary homing of CTCs.

Comment: Although their study was preclinical and used
mouse models of spontaneous lung metastasis to investigate
the pulmonary homing of CTCs, the data suggest that a clinical
strategy using targeted chemotherapeutics to inhibit chemokine
receptor signaling might prevent lung metastasis in various
tumor types that express mutant or overexpressed NRAS. This
statement is supported in their report by proof-of-principle
experiments that showed the CXCR1/2 antagonist navarixin
prevented the initiation of lung tumor colonies by circulating
NRAS mutant tumor cells, providing further evidence in sup-
port of therapeutically targeting CXCR1/2 (10). These data
support the hypothesis that a single oncogene can cause lung
metastasis, because NRAS mutations/gain are common in a
range of cancers that commonly home to the lungs.
Adams et al. Sequential tracking of PD-L1 expression
and RAD50 induction in circulating tumor and stromal
cells of lung cancer patients undergoing radiotherapy.
Clin Cancer Res 2017. (11)

Summary: The tracking of CTCs to provide prognostic
assessments of disease is becoming established. Adams
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et al (11) have extended this concept by examining the role
of cancer-associated circulating stromal cells, most notably
cancer-associated macrophage-like cells, because these
cells are associated with tumor cell invasion. In their study,
the investigators used the DNA double-strand break repair
protein Rad50 as a marker of radiation damage to identify
circulating cells originating from the irradiated tumor. They
combined this with an assessment of programmed cell
death ligand 1 expression to investigate the role of immu-
nomodulation in metastasis in CTCs, CTC subtypes
undergoing epithelial-mesenchymal transition, and tumor-
associated macrophages. Circulating cells were assayed
before and after therapy, and compared with the findings
from primary tumor biopsy specimens from 41 lung cancer
patients undergoing radiation therapy. The data indicated
that the circulating cancer-associated macrophage-like cells
did originate from the primary lung tumors.

Comment: The study by Adams et al (11) has demon-
strated the potential of dynamically tracking biomarkers of
treatment response for both tumor and stromal cells using
blood-based assays. The novelty of their study was the use
of RAD50 foci formation to quantifiably track clear
radiobiological changes in lung tumors, and the possibility
of tracking the radiation response of tumors during therapy
to complement other biological assays to monitor the
treatment response (12). Although their study needs further
validation, it has demonstrated that the use of repeated
liquid biopsies compared with repeated tumor biopsies of-
fers the potential for a more practical and less invasive
technique to clinically investigate the mechanisms of cell
tumor metastasis and assess the clinical benefit of pro-
grammed cell death ligand 1/programmed cell death 1
therapies.

Kalinich et al. An RNA-based signature enables high
specificity detection of circulating tumor cells in
hepatocellular carcinoma. Proc Natl Acad Sci
U S A 2017. (13)

Summary: In an elegant series of experiments, Kalinich
et al (13) reported that RNA quantitation can provide a
sensitive and specific CTC assessment for the early detec-
tion of hepatocellular carcinoma (HCC), although large-
scale validation is still required. The innovation in their
study was the use of a high-throughput microfluidic CTC-
iChip to deplete hematopoietic cells from the blood,
thereby enriching for CTCs and maintaining the integrity of
CTC RNA (13). This allowed for a high-throughput, tissue
lineageespecific digital polymerase chain reaction (PCR)
assay. They described the identification and validation of 10
liver-specific transcripts that were used to identify HCC-
derived CTCs in more than one-half of untreated patients
with HCC but in only 3% of patients with nonmalignant
liver disease at risk of developing HCC. Positive CTC
scores declined in the treated HCC patients. This PCR-
based approach overcomes many of the specific limita-
tions of CTC quantification that use antibodies and
microscopic validation, which can be extremely time
consuming and variable. Importantly, the PCR approach
proved significantly more sensitive than the serum alpha-
fetoprotein measurements frequently used to monitor re-
sponses. The RNA lineageebased analysis approach also
overcomes the limitation of circulating tumorederived
DNA (ctDNA)-based genotyping, which often lacks infor-
mation on its tissue of origin. The investigators concluded
that this approach has considerable promise for the early
detection of different cancer types, providing tissue-specific
transcripts can be identified.

Comment: A number of methods have been developed to
assess and characterize CTCs in different cancer types to
define the metastatic potential (7, 14-16). Kalinich et al
(13) have described for the first time a viable and
high-throughput screening method for early detection and
monitoring of treatment response for HCC using CTCs.
Moreover, this concept overcomes the limitations of time-
consuming antibody staining and microscopic scoring to
discount contaminating white blood cells, such as those
required for other CTC assessment techniques.

Abbosh et al. Phylogenetic ctDNA analysis depicts
early-stage lung cancer evolution. Nature 2017. (17)

Summary: Abbosh et al (17) demonstrated the use of
ctDNA rather than CTCs as a predictor of recurrence.
Similar to CTCs, ctDNA has proved useful for detecting
and monitoring cancer progression from plasma samples
(18). The aim of their large multicenter collaborative study
was to use a tumor-specific phylogenetic approach to pro-
file plasma-borne ctDNA from early-stage nonesmall cell
lung cancer (NSCLC) patients recruited to the TRACERx
clinical trial (ClinicalTrials.gov identifier NCT01888601)
with the aim of identifying NSCLC relapse (17). The
experimental approach was to track clonal and subclonal
single-nucleotide variants, in pre- and postoperative
samples, to investigate the clonal/subclonal fidelity of
ctDNA. The study identified independent predictors of
ctDNA release and demonstrated a correlation between the
computed tomographyedefined tumor volume and the
mean clonal plasma variant allele frequency of single-
nucleotide variants in ctDNA-positive NSCLC cases,
as defined using a patient-specific multiplex-PCR next-
generation sequencing approach. Longitudinal profiling
demonstrated that ctDNA was also associated with tumor
relapsed and even implicated a driving mutation in relapse
disease in 1 case. The multiplex-PCR next-generation
sequencing platform demonstrated high sensitivity. How-
ever, the investigators indicated the current technology
limits detection to tumors sized �10 cm3, although they
predicted that the resolution will improve as the technology
evolves.

http://ClinicalTrials.gov
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Comment: The study by Abbosh et al (17) has advanced
our understanding of how tumors respond to therapy and
how longitudinal studies of liquid biopsies can be used to
monitor treatment response. Their study also identified in-
dependent predictors of ctDNA release. It has further
established the feasibility reported by others (12) of using
ctDNA as a surrogate for tumor recurrence and provided a
platform for identifying “druggable” biological features of
recurrent disease (17).
References

1. Lambert AW, Pattabiraman DR, Weinberg RA. Emerging biological

principles of metastasis. Cell 2017;168:670-691.

2. Nieto MA, Huang RY, Jackson RA, et al. EMT: 2016. Cell 2016;166:

21-45.

3. Au SH, Storey BD, Moore JC, et al. Clusters of circulating tumor cells

traverse capillary-sized vessels. Proc Natl Acad Sci U S A 2016;113:

4947-4952.

4. Martin OA, Anderson RL, Narayan K, et al. Does the mobilization of

circulating tumour cells during cancer therapy cause metastasis? Nat

Rev Clin Oncol 2017;14:32-44.

5. Bunger S, Zimmermann M, Habermann JK. Diversity of assessing

circulating tumor cells (CTCs) emphasizes need for standardization: A

CTC guide to design and report trials. Cancer Metastasis Rev 2015;34:

527-545.

6. Miller MC, Doyle GV, Terstappen LW. Significance of circulating

tumor cells detected by the CellSearch system in patients with meta-

static breast colorectal and prostate cancer. J Oncol 2010;2010:

617421.
7. Gkountela S, Szczerba B, Donato C, et al. Recent advances in the

biology of human circulating tumour cells and metastasis. ESMO

Open 2016;1:e000078.

8. Chen L, Bode AM, Dong Z. Circulating tumor cells: Moving bio-

logical insights into detection. Theranostics 2017;7:2606-2619.

9. Giannou AD, Marazioti A, Kanellakis NI, et al. NRAS destines tumor

cells to the lungs. EMBO Mol Med 2017;9:672-686.

10. Khan MN, Wang B, Wei J, et al. CXCR1/2 antagonism with

CXCL8/interleukin-8 analogue CXCL8(3-72)K11R/G31P restricts

lung cancer growth by inhibiting tumor cell proliferation and sup-

pressing angiogenesis. Oncotarget 2015;6:21315-21327.

11. Adams DL, Adams DK, He J, et al. Sequential tracking of PD-L1

expression and RAD50 induction in circulating tumor and stromal

cells of lung cancer patients undergoing radiotherapy. Clin Cancer Res

2017;23:5948-5958.

12. Chaudhuri AA, Binkley MS, Osmundson EC, et al. Predicting radio-

therapy responses and treatment outcomes through analysis of circu-

lating tumor DNA. Semin Radiat Oncol 2015;25:305-312.

13. Kalinich M, Bhan I, Kwan TT, et al. An RNA-based signature enables

high specificity detection of circulating tumor cells in hepatocellular

carcinoma. Proc Natl Acad Sci U S A 2017;114:1123-1128.

14. Lohr JG, Adalsteinsson VA, Cibulskis K, et al. Whole-exome

sequencing of circulating tumor cells provides a window into meta-

static prostate cancer. Nat Biotechnol 2014;32:479-484.

15. Maheswaran S, Haber DA. Circulating tumor cells: Awindow into cancer

biology and metastasis. Curr Opin Genet Dev 2010;20:96-99.

16. Alix-Panabieres C, Pantel K. Circulating tumor cells: Liquid biopsy of

cancer. Clin Chem 2013;59:110-118.

17. Abbosh C, Birkbak NJ, Wilson GA, et al. Phylogenetic ctDNA anal-

ysis depicts early-stage lung cancer evolution. Nature 2017;545:446-

451.

18. Wan JC, Massie C, Garcia-Corbacho J, et al. Liquid biopsies come of

age: Towards implementation of circulating tumour DNA. Nat Rev

Cancer 2017;17:223-238.

http://refhub.elsevier.com/S0360-3016(17)33951-2/sref1
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref1
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref2
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref2
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref3
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref3
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref3
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref4
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref4
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref4
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref5
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref5
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref5
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref5
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref6
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref6
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref6
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref6
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref7
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref7
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref7
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref8
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref8
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref9
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref9
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref10
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref10
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref10
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref10
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref11
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref11
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref11
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref11
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref12
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref12
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref12
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref13
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref13
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref13
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref14
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref14
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref14
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref15
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref15
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref16
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref16
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref17
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref17
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref17
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref18
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref18
http://refhub.elsevier.com/S0360-3016(17)33951-2/sref18

	Radiation Biology and Circulating Tumor Cells
	References


