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Abstract

Introduction

Liquid biopsies (LBs) are referred to as the sampling and analysis of non-solid tissue,
primarily blood, as a diagnostic and monitoring tool for cancer. Because LBs are largely non-
invasive, they are a less-costly alternative for serial analysis of tumor progression. and
heterogeneity to facilitate clinical management. Although a variety of tumor markers are
proposed (e.g. free-circulating DNA), the clinical evidence for Circulating Tumor Cells (CTCs)
is currently the most developed.

Areas covered

This paper presents a health economic perspective of LBs in cancer management. We first
briefly introduce the requirements in biomarker development and validation, illustrated for
CTCs. Second, we discuss the state-of-art on the clinical utility of LBs in breast cancer in
more detail. We conclude with a future perspective on the clinical use and reimbursement
of LBs

Expert commentary.

A significant increase in clinical research on LBs can be observed and the results suggest a
rapid.change of cancer management. In addition to studies evaluating clinical utility of LBs, a
smooth translation into clinical practice requires systematic assessment of the health
economic benefits. This paper argues that (early stage) health economic research is required

to facilitate its clinical use and to prioritize further evidence development.
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1. Introduction

There is a growing consensus that the cost of cancer care is exploding, particularly due to
new targeted agents. While the total cost of cancer is between 4-6 % of the healthcare
spending, cancer drugs account for approximately one third of the costs and this spending is
expected to grow even further (1). Several initiatives aim at controlling drug prices directly,
such as the negotiation of drug purchasing rebates based on the results’ of cost-
effectiveness studies and the demand for price transparency (2) (3). Another mechanism to
provide affordable cancer care, is to effectively prescribe drugs guided by value frameworks
such as the ASCO scale (4) and the ESMO magnitude of clinical benefit scale (MCBS) (5) and

by better targeting of expensive medicines using biomarkers.and genomic profiling (6).

Staging and targeting of treatment is currently done by combining information from tissue
biopsies and the use of imaging modalities or combinations of those. However, an emerging
and promising technology is the use of liquid biopsies (LBs), which allow for the early
detection of cancer (7) and/or the analysis of tumor progression and profiling, by sampling
and isolating tumor markers from body fluids, mainly blood (8). Several traditional blood
tumor marker proteins, such-CA15-3, CA19-9 and PSA markers, are used in the management
of respectively breast, colorectal and prostate cancer. However, with the advances of new
detection technologies the molecular composition of the cancer can be studied through
circulating tumor DNA (ctDNA), tumor derived extra-cellular vesicles (td-EV), micro-RNA
(miRNA) and circulating tumor cells (CTCs). Although substantial effort is invested in the
isolation and validation of different tumor markers (ctDNA, td-EV, miRNA) from blood, CTCs
are most likely to mirror the tumor and represent a true surrogate for a tissue biopsy. CTCs,

however, need to be present, isolated and characterized for this to be materialized. At this



time CTC are still the most frequently studied LBs in clinical trials and we will therefore

mainly focus on the utility and potential of CTCs to change patient management (9).

The presence of tumor cells in blood was first observed in 1869 (10); a validated assay for
reliable CTC measurement was introduced in 2004 (11) and results from multicenter
prospective studies in metastatic breast and prostate cancer, showing their prognostic
validity and ability to predict response to therapy, were reported from 2004 to 2008 (12-
14). The FDA cleared Cellsearch® is based on the immunomagnetic ‘enrichment of cells
which express EpCAM and Cytokeratins, but lack CD45. Since. the introduction of
CellSearch®, many studies have confirmed the early findings (15,16) have expanded it to
other cancers (17,18), showed promise in early disease settings (19,20) and moved efforts
to the characterization of CTCs by showing their potential for personalized medicine by

detecting protein expression and gene aberrations or amplifications (21) .

In particular, the non-invasiveness of sampling LBs (7.5 mL blood sample) makes this
technology very useful for frequent therapy monitoring and for deciphering tumor
heterogeneity and mechanisms of drug resistance. Particularly in tumors where it is hard to
take biopsies from the primary tumor, such as lung-cancer, LBs have substantial potential

(22):

2. Biomarker Development and Validation: the Clinical use of CTCs in Cancer Management
Biomarker development follows a known pathway, from technical and clinical validation to
the assessment of clinical utility (23). Such distinction is also relevant for LBs, in particular

when the health economic benefits are to be discussed (24). Khoury et al present an



adapted model for evidence generation distinguishing between four types of evaluation
domains (25). First, the assessment of technical validity of an assay, which includes the
estimation of common metrics such as sensitivity and specificity, and analyzes the
performance of the assay against a known test standard. Second, the clinical validity, which
correlates the test findings to a disease process or disease state, for instance in diagnostic or
prognostic studies. Third, the clinical utility, is referred to as whether./the test
implementation will either change an health outcome, or will improve«the process of
delivering those outcomes including the resources utilized to achieve these health
outcomes. Finally, ethical and legal considerations of diagnostic test use are considered.
Broadly speaking, health economists are mainly interested in the clinical utility of diagnostic
testing, i.e. the added value of a test for society and thus implicitly the additional life-years
of QALYs gained. This added value can.then be off-set against the additional costs to
determine cost-effectiveness. However, in addition to changes in health outcomes or
changes in the care process to deliver those outcomes, a discussion amongst health
economists revealed that other value components from diagnostic testing may also be
relevant for society such as planning value and psychic value, sometimes referred to as

value-of-knowing (26).

To follow the biomarker development pathway, multiple clinical trials were performed to
address the clinical validity or prognostic value of CTCs. Different studies showed that the
presence of >5 CTCs was shown to have prognostic value in metastatic breast cancer (mBC)
and metastatic castration resistant prostate cancer (mCRPC). The presence of >3 CTCs was
found to be prognostic in colorectal cancer in terms of overall survival before initiation of a

new line of therapy and could predict the response to therapy already after the first cycles



of therapy (27). In addition to several prognostic studies, the predictive value of CTC
enumeration has also been investigated to guide decisions on the start of systemic therapy.
For instance, in a phase Il study, Krebs et al found that colorectal cancer patients with
elevated baseline CTC counts (>3 CTCs/7.5 ml) could benefit from an intensive
chemotherapy regimen, unlike patients with low CTC counts. This study can be considered
to be one of the first studies showing the predictive validity of CTCs (28). The interpretation
of CTC results is still subject of study, and the use of cut-offs (less or more than 5 CTC).is an
oversimplification, and complicates the evaluation of change in CTC as a response marker as
the number of CTCs are low (<10 CTCs) anyway in the majority of cases (29)

(30).

Evaluation of CTCs as a response marker.was evaluated by a 30% decline of CTCs (initial 5
CTCs/7.5 mL), as this change was associated with treatment response in mCRPC as early as
three weeks within the start of therapy (31). This was confirmed in a recent systematic
review presenting the evidence for the use of CTC number as a response measure in
metastatic prostate cancer. They defined several measures of response based on CTC
counts at baseline-and at 13 weeks, and concluded that CTCO (change from >1 CTC at
baseline to.0 CTC at 13 weeks) and CTC conversion (change from >5 CTC at baseline to < 4
CTC at week 13) had the highest discriminative power for overall survival (32). These
findings imply that CTCs potentially allow for the determination of treatment response 7-8
weeks earlier than using standard RECIST criteria and Prostate Specific Antigen (PSA) with a
substantial cost-saving and prevention of toxicity. Although the clinical evidence for this

hypothesis is subject of the ongoing CTC-STOP trial, an early stage simulation model



populated with existing clinical trial data confirmed that CTC enumeration may guide early

discontinuation and treatment switching reducing cost of over-treatment (33).

Another example of the predictive validity of CTCs, is the expression of the AR-V7 splice
variant on CTCs. Recent studies have shown that the expression of the AR-V7 splice variant
on CTCs impacts clinical management because this can guide the selection(of either
hormonal treatment (AHT, Abiraterone or Enzalutamide both around 28,000 USS per
patient 2) or chemotherapy in naive patients (e.g. Docetaxel at 9,000 USS or Cabazitaxel at
65,000 USS per patient). This stratification may therefore result in substantial cost savings in
patients with AHT drug resistance (34). Although these examples provide preliminary
evidence of health economic benefits, they also require further research on their potential

to gain more efficient use of resources.

3. Clinical Validation and the Clinical Utility of Liquid Biopsies in Breast Cancer

In primary breast cancer (BC), several studies provide evidence on the prognostic value of
LBs. The German SUCCESS trial showed the independent prognostic relevance of CTCs
before and after adjuvant chemotherapy (35). Also, a recently published pooled analysis of
3,173 patients confirmed that the presence of CTCs was an independent predictor of poor

disease-freessurvival, overall survival, and BC specific survival (19).

The first study in metastatic breast cancer (mBC) reported on 177 mBC patients in which
CTCs were enumerated before, and at 4 discrete time-intervals after the initiation of
therapy (36-38). From this study it was concluded that CTC detection before the start of

treatment is highly predictive for overall survival and may be used for patient stratification



(37). Also repeated assessment of CTCs in mBC show that elevated levels of CTCs over time
are associated with progression-free and overall survival (36). These findings were
confirmed in a pooled analysis with data from 1944 patients included in trials at 17 different
European sites (38). The same study also showed that serum tumor markers did not add any

significance to the model.

A recent paper, which reviewed the use of LBs in mBC, showed that LBs stillffocus mostly on
the enumeration of tumor derived particles or the characterization of the most common
gene specific abnormalities (39). From this review was concluded that most research is basic
research in early phases of the development phases of medical tests, with only very few
studies presenting the clinical validation of prognostic.and predictive value of LBs. They

conclude that more efforts are required to clinically validate LBs.

Another question to address is whether liquid biopsies add value compared to routine
clinical assessment of progression using CT imaging. Budd et al performed CT scans in 138
mBC patients before<and after initiation of therapy and compared the results with CTC
counts obtained at-baseline and 4 weeks after the start of therapy. Both, CT imaging and
CTCs are-then used to determine progression. They found that there is concordance
between radiology and CTCs in about 76% of the patients after four weeks in the
assessment of either stable disease/partial response or progressive disease. In addition,
they also correlated radiology and CTC assessment at the first follow up with overall survival
for all patients and for patients receiving either first or second line systemic therapy.
Reported hazard ratios were 4.08 for prediction of response to first-line therapy using CTCs

and 5.37 for radiology. Hazard ratios for prediction of response for second line therapy were



2.79 and 1.44 for CTCs and radiology respectively. From their results, Budd et al concluded
that CTCs are more reproducible than radiologic response, and that CTCs are an early and
reliable indication of disease status and suggest that CTCs are a superior surrogate endpoint

(40).

As discussed previously, the clinical utility or the ability of LBs to change clinical
management ultimately is required to being used in clinical practice. This implies that new
prospective randomized controlled trials have to be designed that include a therapeutic
decision based on the assessment of CTCs with known predictive validity. Several studies
that do evaluate clinical utility are in the final stages of data collection and analysis and

results will be available soon (41).

One of the first studies which aimed to evaluate whether CTCs can change clinical
management and outcomes, was the SWOG S0500 trial. The SWOG S0500 trial was a
randomized controlled design, including patients with mBC after previous lines of non-
chemotherapy treatment such as with hormone therapy or selected targeted agents (42).
Patients initially having <5 CTCs were treated at the physician’s discretion but were not
followed for .CTC changes. Patients initially having >5 CTCs started a first line of
chemotherapy underwent a repeated follow-up examination of CTCs at 21 days. Patients
persistently having >5 CTCs at the follow-up test at 21 days, were randomized to either
maintain therapy or change therapy. The SWOG S0500 trial has not been able to find a
difference in survival for patients stratified based on CTC counts. The SWOG S0500 has been
criticized because the negative findings were merely a failure of the study design than a

failure of the CTC test (43). In particular, patients included in the SWOG S0500 had



advanced disease and were not likely to have any therapeutic benefit at all at the time of
inclusion.

While the SWOGO0500 actually guided the clinical decision to switch or maintain therapy by
randomizing a subgroup of patients based on CTCs, clinical trials with such LB guided
treatment decisions are still scarce but essential to establish real-world clinical utility. An
example is the DETECT trial, which aims for improvements in survival by phenotyping CTCs
to guide targeted therapy (44). The DETECT trials have included the largest:imBC population
that is currently investigated. However, the therapeutic decision is still left by the discretion
of the physician, based on the characterization of discordance between the primary tumor,
metastases and LBs. The premise of the DETECT IV is that patients with a HER2-negative
primary tumor can develop HER2-positive CTCs' during disease progression, thereby
requiring a different therapeutic approach. Such discordance has been shown in about 19%
of patients with metastatic breast cancer and does impact clinical management (45).
Dagogo-Jack and Shaw only recently published a review showing both spatial (between
primary tumor and metastatic sites) and temporal tumor heterogeneity (tumor dynamics
over time) and have suggested liquid biopsies may be the appropriate platform for
determining the ‘full extent of tumor heterogeneity (46) or can help in identifying new

moleculartargets in case of drug resistance (47).

The French STIC trial is an study which is designed to address the clinical potential of using
CTC counts to prescribe either hormonal (<5 CTCs) or chemotherapy (>5 CTCs) as first-line
treatment in hormone-receptor positive mBC (41). The hypothesis of the trial is that the CTC
based approach is non-inferior to the physicians’ choice in terms of survival, while a

reduction of intensive chemotherapy regimens may be possible by prescribing



chemotherapy only to those patients with high CTC numbers. Although the final results are
to be published, a presentation at ESMO (2016) of the inclusion and randomization results
in the STIC trial suggests that treatment decisions changed in 38% of the patients based on

CTCs. Final results of the trial will be available in 2018.

4. Potential Health Economic Benefits of Liquid Biopsies in Cancer Management

Personalized medicine undoubtedly creates health economic potential as treatment
decisions can be better targeted, thereby avoiding over- and under treatment and
improving health outcomes. However, several authors also identified the many challenges
associated with health economic modeling of personalized medicine applications, which is
no different for LBs, where clinical utility remains an essential requirement. Utility in this
respect refers to the ability of a diagnostic test to.change clinical management and/or to
improve clinical outcomes (48). This definition also evokes another question, i.e. how to
distinguish between predictive validity and utility. In health economics, the utility of a test
refers to the benefits and risks of (not) taking the test while anticipating on future health
consequences (49). However, before a test can be considered for its clinical utility, it should
at least have demonstrated its predictive validity. l.e. the test should be able to distinguish a
favorable from a non-favorable outcome if treatment commences. More importantly, to
evaluate clinical utility in the real-world, clinical decisions should be made according to the
test result and deviations from that (for whatever reason) will directly influence the utility of
a test. In other words, if a specific biomarker assay or LB indicates either non-response or
therapy resistance the actual utility of a test only can be shown if clinical decisions are solely

based on the test outcome, thereby maximizing outcomes based on predictive validity of



the test. The physician attitude or preference towards the use of LBs is often neglected but

plays a key-role in translating LBs to clinical practice.

There are several potential applications of LBs with an opportunity to improve clinical
outcomes and control healthcare costs, in addition to those applications where it is'simply
not possible to implement solid tissue biopsies. Screening and early detection ‘of cancer
have been suggested, e.g. by detecting hypermethylated DNA in urine or blood (50) or
circulating proteins and cell-free DNA (7). Unfortunately, clinical research on LBs for
screening is scarce and there is not a lot of evidence for use in screening to date. Instead, at
least three other potentially valuable applications are hypothesized to impact clinical
management (51), i.e. 1: improved tumor staging by providing evidence on micro-metastasis
and thereby guiding systemic therapy, 2: response monitoring, e.g. a change in CTC count as
an early sign of progression or stable disease and 3: treatment targeting by determining a
complete profile of targets for targeted drugs, tumor heterogeneity and mechanisms of
resistance following single-cell'sequencing and genomic profiling. In particular, the value of
LBs for single-cell or ctDNA sequencing to determine tumor heterogeneity is promising and

challenging and therefore requires further (health economic) research.

5..Challenges with the Reimbursement of Liquid Biopsies
While the evidence for using LBs in cancer management is emerging, more clinical research
and more evidence on health economic benefits is required. As illustrated, several studies
are ongoing to evaluate the potential of using LBs in clinical practice in an attempt to
address whether additional diagnostic information from LBs changes clinical management

and thereby health outcomes. Such evidence is also essential to populate and update health



economic decision models, as currently existing basic predictive models still have substantial

uncertainty in estimating the health economic potential of LBs.

While clinical trials are currently ongoing, health economic modelling may already support
the prioritization and design of LBs trials. Early stage health economic models are proposed
to prioritize further development and to identify biomarkers that potentially.can.make it to
the clinic (52) (53). For instance, early stage models for LBs are developed for mCRCP,
supporting an early switch to Cabazitaxel following Docetaxel treatment (33), and useful to
identify model parameters that do change outcome. Furthermore, early models may help

distinguishing between and prioritizing different types of LBs, e.g..CTCs, ct-DNA or td-EV.

The health economic evaluation of LBs is not a panacea for its ultimate use. In order to
implement molecular (companion) diagnostic testing in clinical practice, several challenges
have to be faced (54). First, implementing a (companion) diagnostic to stratify patients after
full approval and reimbursement of a cancer medicine is challenging, because a companion
diagnostic may influence the market share of a pharmaceutical (55,56)(57). Second,
evidence development for diagnostics is difficult as multiple combinations of test outcomes
cannot be-easily investigated in a clinical trial (58)(59). According to Towse and Garrison,
“wenneed to be conscious about the difficulty of developing the evidence base for
diagnostics in personalized medicine”. Furthermore, although this certainly applies to LBs,
evidence development for biomarkers is difficult in general. There have been many
biomarkers that have been published and claimed to be therapeutically useful, but few

become part of the clinical decision-making process due to technical, validation and market



access issues (59). Schneider et al request policy makers to be aware of this implementation

barrier, and urge for defining specific requirements for the introduction of biomarkers (59).

6. Expert commentary
A significant increase in clinical research on LBs, covering all aspects from isolation to
validation of tumor markers in blood, can be observed in the last decade. Also, several
expert commentaries in medical oncology journals (60) (61-63) as well as the inclusion of
liquid biopsies in the Cleveland top-10 medical innovations (64), suggest a promising future
and a rapid change of cancer management using liquid biopsies,7and ct-DNA in particular.
Nevertheless, the actual clinical utilization of liquid/biopsies-has been slow. Part of this can

be explained by the known challenges of bringing personalized medicine to the clinic.

Awareness amongst medical oncologists about increasing drug prices and associated
financial toxicity has also brought a.new perspective for the further development of LBs as
they may improve cost-effective drug prescription. For this to happen, health economists
may find ways to share/expertise in the process of early discovery, clinical validation and the
(early) assessment of health economic benefits (65). In particular, health economists’
expertise is*warranted in the evaluation of the clinical and economic consequences of
implementing LBs using (early stage) decision models, the prioritization of LBs evidence
development using a value-of-information framework, and a more detailed analysis of the
cost of implementing biomarker assays and LBs. Previous authors have already identified
the complexity of health economic modelling in personalized medicine (66) (67), and this

certainly applies to the use of LBs with the complexity and uncertainties associated with the



serial assessment of LBs, and the large amount and different targeted treatments and

immunotherapy in different lines of treatment.

7. Five-year view
As illustrated, the use of LBs is emerging and basic scientists and clinical researchers have
put considerable effort in the identification and analysis to further improve cancer
management. Liquid biopsies may change cancer management substantially, allowing for a
fully personalized treatment strategy based on the molecular characterization of LBs. While
most of the current studies focus at the identification and technical and clinical validation of
LBs, there is a need for health economists to be‘involved and to identify and prioritize
further development of LBs and to.smoothen the path to implementation and

reimbursement of LBs in the management of cancer patients.

In this view, we do see the potential of LBs for clinical management and encourage the
design of clinical trials providing the evidence on clinical utility required for trial based
economic evaluations to characterize therapeutic potential and health economic benefits of
using LBs.in clinical management. However, we also emphasize that the clinical utility of LBs
is not._only-about the predictive validity of a test. Physician attitudes and preferences
towards the use of LBs for patient management plays a key-role in the process of translating

LBs into clinical practice, and thus in the attempts to achieve clinical and societal benefits.

8. Keyissues



e Asignificant research effort is invested in the isolation, molecular
characterization and validation of various blood-based tumor markers, known as
liquid biopsies.

e (linical research in the last 2 decades has shown the prognostic and predictive
value of CTCs to determine response and overall survival in breast cancer,
prostate cancer and colorectal cancer.

e Studies exploring clinical utility of liquid biopsies to change cancer management
are ongoing and their results are expected to support implementation and
reimbursement of liquid biopsies

e Liquid biopsies have health economic potential if usedto initiate and serially
monitor treatment response to inform decisions to discontinue inactive
treatment, or to switch treatment to agents that target other molecular

mechanisms in case of resistance.

Funding

This paper was not funded.

Declaration of Interest

The authors have no relevant affiliations or financial involvement with any organization or
entity:with a financial interest in or financial conflict with the subject matter or materials
discussed in the manuscript. This includes employment, consultancies, honoraria, stock
ownership or options, expert testimony, grants or patents received or pending, or royalties.
Reviewer Disclosures

A reviewer on this manuscript has disclosed receiving grant funding for CTCs from Janssen

diagnostics.



Acknowledgements

We have greatly appreciated the ongoing support and commitment of professor Johann de
Bono at the Royal Marsden in London, professor Stefan Sleijfer at the Erasmus Medical
Center in Rotterdam, professor Leon Terstappen at the University of Twente in Enschede
and professor Francois-Clément Bidard from Institut Curie in Paris in our work on health

economics of liquid biopsies.



References

* Of interest

** Of considerable interest

10.

11.

12.

Luengo-Fernandez R, Leal J, Gray A, Sullivan R. Economic burden of cancer across the European Union:
a population-based cost analysis. The Lancet Oncology. 2013 Nov;14(12):1165-74.

Danzon P, Towse A, Mestre-Ferrandiz J. Value-based differential pricing: efficient prices for drugs in a
global context. Health Econ. 2015 Mar;24(3):294-301.

van Harten W, IJzerman MJ. Responsible pricing in value-based assessment of cancer drugs: real-world
data are an inevitable addition to select meaningful new cancer treatments. Ecancermedicalscience.
2017;11:ed71.

Schnipper LE, Davidson NE, Wollins DS, Blayney DW, Dicker AP, Ganz PA, et al. Updating the American
Society of Clinical Oncology Value Framework: Revisions and Reflections in Response to Comments
Received. Journal of Clinical Oncology. 2016 Aug 20;34(24):2925-34.

Del Paggio JC, Azariah B, Sullivan R, Hopman WM, James FV, Roshni S, et al. Do Contemporary
Randomized Controlled Trials Meet ESMO Thresholds for Meaningful Clinical Benefit? Annals of
Oncology. 2017 Jan 1;28(1):157-62.

Phillips KA, Ann Sakowski J, Trosman J, Douglas MP, Liang S-Y, Neumann P. The economic value of
personalized medicine tests: What we know and what we need to know. Genetics in Medicine. Nature
Publishing Group; 2014 Jan 1;16(3):251-7.

* Cohen JD, Li L, Wang Y, Thoburn C, Afsari B, Danilova L, et al. Detection and localization of surgically
resectable cancers with a multi-analyte blood test. Science. American Association for the Advancement
of Science; 2018 Jan 18;1:eaar3247-10.

Bardelli A, Pantel K. Liquid Biopsies, What We Do Not Know (Yet). Cancer Cell. 2017 Feb 13;31(2):172-
9.

Onstenk W, Gratama JW, Foekens JA, Sleijfer S. Towards a personalized breast cancer treatment
approach guided by circulating tumor cell (CTC) characteristics. Cancer Treat Rev. 2013 Nov;39(7):691—
700.

Ashworth TR. A Case of Cancer in Which Cells Similar to Those in the Tumors Were Seen in the Blood
after Death. Australasian Medical Journal. 14:146-9.

Allard WJ, Matera J, Miller MC, Repollet M, Connelly MC, Rao C, et al. Tumor cells circulate in the
peripheral blood of all major carcinomas but not in healthy subjects or patients with nonmalignant
diseases. Clin Cancer Res. American Association for Cancer Research; 2004 Oct 15;10(20):6897-904.

* Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Matera J, Miller MC, et al. Circulating tumor cells,
disease progression, and survival in metastatic breast cancer. N Engl J Med. Massachusetts Medical
Society; 2004 Aug 19;351(8):781-91.



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

* Cohen SJ, Punt CJA, lannotti N, Saidman BH, Sabbath KD, Gabrail NY, et al. Relationship of circulating
tumor cells to tumor response, progression-free survival, and overall survival in patients with
metastatic colorectal cancer. J Clin Oncol. 2008 Jul 1;26(19):3213-21.

* de Bono JS, Scher HI, Montgomery RB, Parker C, Miller MC, Tissing H, et al. Circulating tumor cells
predict survival benefit from treatment in metastatic castration-resistant prostate cancer. Clin Cancer
Res. American Association for Cancer Research; 2008 Oct 1;14(19):6302-9.

Lv Q, Gong L, Zhang T, Ye J, Chai L, Ni C, et al. Prognostic value of circulating tumor cells in metastatic
breast cancer: a systemic review and meta-analysis. Clin Transl Oncol. Springer Milan; 2016
Mar;18(3):322-30.

Goldkorn A, Ely B, Quinn DI, Tangen CM, Fink LM, Xu T, et al. Circulating Tumor Cell Counts Are
Prognostic of Overall Survival in SWOG S0421: A Phase lll Trial of Docetaxel With or Without
Atrasentan for Metastatic Castration-Resistant Prostate Cancer. Journal of Clinical Oncology. 2014 Mar
10;32(11):1136-42.

Hardingham JE, Grover P, Winter M, Hewett PJ, Price TJ, Thierry B. Detection and Clinical Significance
of Circulating Tumor Cells in Colorectal Cancer--20 Years of Progress. Mol'Med. 2015 Oct 27;21 Suppl
1(Suppl 1):525-31.

Syrigos K, Fiste O, Charpidou A, Grapsa D. Circulating Tumor Cells Count as a Predictor of Survival in
Lung Cancer. Critical Reviews in Oncology/Hematology. 2018/ Mar 7.

Janni WJ, Rack B, Terstappen LWMM, Pierga J-Y, TaranF-A, Fehm T, et al. Pooled Analysis of the
Prognostic Relevance of Circulating Tumor Cellsin Primary Breast Cancer. Clin Cancer Res. 2016 May
15;22(10):2583-93.

van Dalum G, Stam G-J, Scholten LFA, Mastboom WJB, Vermes |, Tibbe AGJ, et al. Importance of
circulating tumor cells in newly diagnosed colorectal cancer. Int J Oncol. Spandidos Publications; 2015
Mar;46(3):1361-8.

Lianidou ES. Gene expression profiling.and DNA methylation analyses of CTCs. Pantel K, Alix-
Panabieres C, editors. Mol Oncol:2016 Mar 1;10(3):431-42.

Bernabé R, Hickson N, Wallace A, Blackhall FH. What do we need to make circulating tumour DNA
(ctDNA) a routine diagnostic test in lung cancer? Eur J Cancer. 2017 Jun 10;81:66—-73.

O'Connor JPB, Aboagye EO, Adams JE, Aerts HIWL, Barrington SF, Beer AJ, et al. Imaging biomarker
roadmap for cancer studies. Nat Rev Clin Oncol. 2017 Mar;14(3):169-86.

Thariani R, Veenstra DL, Carlson JJ, Garrison LP, Ramsey S. Paying for personalized care: Cancer
biomarkers and comparative effectiveness. Mol Oncol. 2012 Apr;6(2):260-6.

Khoury MJ, Berg A, Coates R, Evans J, Teutsch SM, Bradley LA. The Evidence Dilemma In Genomic
Medicine. Health affairs. 2008 Nov 1;27(6):1600-11.

Lee DW, Neumann PJ, Rizzo JA. Understanding the medical and nonmedical value of diagnostic testing.
Value Health. 2010 Mar;13(2):310-4.

Miller MC, Doyle GV, Terstappen LWMM. Significance of Circulating Tumor Cells Detected by the
CellSearch System in Patients with Metastatic Breast Colorectal and Prostate Cancer. J Oncol.
2010;2010:617421.

Krebs MG, Renehan AG, Backen A, Gollins S, Chau I, Hasan J, et al. Circulating Tumor Cell Enumeration
in a Phase Il Trial of a Four-Drug Regimen in Advanced Colorectal Cancer. Clin Colorectal Cancer. 2015
Jun;14(2):115-22.e1-2.



29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Coumans FAW, Ligthart ST, Uhr JW, Terstappen LWMM. Challenges in the enumeration and
phenotyping of CTC. Clin Cancer Res. American Association for Cancer Research; 2012 Oct
15;18(20):5711-8.

Coumans FAW, Ligthart ST, Terstappen LWMM. Interpretation of Changes in Circulating Tumor Cell
Counts. Transl Oncol. 2012 Dec 1;5(6):486—IN4.

Lorente D, Olmos D, Mateo J, Bianchini D, Seed G, Fleisher M, et al. Decline in Circulating Tumor Cell
Count and Treatment Outcome in Advanced Prostate Cancer. Eur Urol. 2016 Dec;70(6):985-92.

** Heller G, McCormack R, Kheoh T, Molina A, Smith MR, Dreicer R, et al. Circulating Tumor Cell
Number as a Response Measure of Prolonged Survival for Metastatic Castration-Resistant Prostate
Cancer: A Comparison With Prostate-Specific Antigen Across Five Randomized Phase Il Clinical Trials. )
Clin Oncol. American Society of Clinical Oncology; 2017 Dec 22;36(6):JC02017752998-580.

Degeling K, Schivo S, Mehra N, Koffijberg H, Langerak R, de Bono JS, et al. Comparison of Timed
Automata with Discrete Event Simulation for Modeling of Biomarker-Based Treatment Decisions: An
Illustration for Metastatic Castration-Resistant Prostate Cancer. Value in Health. 2017/ Jul;in
press(10):1411-9.

Markowski MC, Frick KD, Eshleman JR, Luo J, Antonarakis ES. Cost-Savings Analysis of AR-V7 Testing in
Patients With Metastatic Castration-Resistant Prostate Cancer Eligible for Treatment With Abiraterone
or Enzalutamide. Prostate. 2016 Dec;76(16):1484-90.

Rack B, Schindlbeck C, Jiickstock J, Andergassen U, Hepp P, Zwingers T, et al. Circulating tumor cells
predict survival in early average-to-high risk breast cancer patients. JNCI Journal of the National Cancer
Institute. 2014 May 15;106(5):793.

Hayes DF, Cristofanilli M, Budd GT, Ellis MJ, Stopeck A, Miller MC, et al. Circulating tumor cells at each
follow-up time point during therapy of metastatic breast cancer patients predict progression-free and
overall survival. Clin Cancer Res. 2006 Jul 15;12(14 Pt 1):4218-24.

Cristofanilli M, Hayes DF, Budd.GT, Ellis MJ, Stopeck A, Reuben JM, et al. Circulating tumor cells: A
novel prognostic factor for newly diagnosed metastatic breast cancer. Journal of Clinical Oncology.
2005 Dec 1;23(7):1420-30.

** Bidard F-C, Peeters DJ, Fehm T, Nolé F, Gisbert-Criado R, Mavroudis D, et al. Clinical validity of
circulating tumour cells in /patients with metastatic breast cancer: a pooled analysis of individual
patient data. The Lancet Oncology. 2014 Apr;15(4):406-14.

Berghuis AMS, Koffijberg H, Prakash J, Terstappen LWMM, lJlzerman MJ. Detecting Blood-Based
Biomarkers in Metastatic Breast Cancer: A Systematic Review of Their Current Status and Clinical
Utility. Int J Mol Sci. 2017 Feb 9;18(2).

Budd GT, Cristofanilli M, Ellis MJ, Stopeck A, Borden E, Miller MC, et al. Circulating tumor cells versus
imaging--predicting overall survival in metastatic breast cancer. Clin Cancer Res. 2006 Nov
1;12(21):6403-9.

Bidard F-C, Fehm T, Ignatiadis M, Smerage JB, Alix-Panabiéres C, Janni W, et al. Clinical application of
circulating tumor cells in breast cancer: overview of the current interventional trials. Cancer Metastasis
Rev. 2013 Jun;32(1-2):179-88.

Smerage JB, Barlow WE, Hortobagyi GN, Winer EP, Leyland-Jones B, Srkalovic G, et al. Circulating
Tumor Cells and Response to Chemotherapy in Metastatic Breast Cancer: SWOG S0500. Journal of
Clinical Oncology. 2014 Oct 13;32(31):3483-90.



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Bidard F-C, Pierga J-Y. Clinical Utility of Circulating Tumor Cells in Metastatic Breast Cancer. Journal of
Clinical Oncology. 2015 May 10;33(14):1622-2.

** Schramm A, Friedl TWP, Schochter F, Scholz C, de Gregorio N, Huober J, et al. Therapeutic
intervention based on circulating tumor cell phenotype in metastatic breast cancer: concept of the
DETECT study program. Arch Gynecol Obstet. 2016 Sep 9;293:271-81.

De Gregorio A, Friedl TWP, Huober J, Scholz C, de Gregorio N, Rack B, et al. Discordance in Human
Epidermal Growth Factor Receptor 2 (HER2) Phenotype Between Primary Tumor and Circulating Tumor
Cells in Women With HER2-Negative Metastatic Breast Cancer. JCO Precision Oncology. 2017
Sep;(1):1-12.

Dagogo-Jack I, Shaw AT. Tumour heterogeneity and resistance to cancer therapies. Nat Rev/Clin Oncol.
Nature Publishing Group; 2018 Feb;15(2):81-94.

Parikh AR, Corcoran RB. Monitoring resistance through liquid biopsy. Annals of Oncology. 2018 Jan
1;29(1):8-11.

Grosse SD, Khoury MJ. What is the clinical utility of genetic testing? Genetics in Medicine. 2006
Jul;8(7):448-50.

Burke W. Clinical validity and clinical utility of genetic tests. Curr Protoc Hum Genet. Hoboken, NJ, USA:
John Wiley & Sons, Inc; 2009 Jan;Chapter 9:Unit9.15-9.15.7.

Ibanez de Caceres I, Cairns P. Methylated DNA sequences for early cancer detection, molecular
classification and chemotherapy response prediction. Clin Transl Oncol. 2007 Jul;9(7):429-37.

Cabel L, Proudhon C, Gortais H, Loirat D, Coussy F, Pierga J-Y, et al. Circulating tumor cells: clinical
validity and utility. Int J Clin Oncol. 2017 Jun;22(3):421-30.

Miquel-Cases A, Schouten PC, Steuten LMG, Retel VP, Linn SC, van Harten WH. (Very) Early technology
assessment and translation of predictive biomarkers in breast cancer. Cancer Treat Rev. 2017
Jan;52:117-27.

lJlzerman MJ, Koffijberg H, Fenwick E, Krahn M. Emerging Use of Early Health Technology Assessment
in Medical Product Development: A Scoping Review of the Literature. Pharmacoeconomics. 2017 Apr
21;35(7):727-40.

Phillips KA, Liang S-Y, van Bebber S, Canpers Research Group. Challenges to the translation of genomic
information into clinical practice and health policy: Utilization, preferences and economic value. Curr
Opin Mol Ther. 2008 Jun;10(3):260-6.

Payne K, Annemans L. Reflections on market access for personalized medicine: recommendations for
europe. Value Health. 2013 Sep;16(6 Suppl):532-8.

Meckley LM, Neumann PJ. Personalized medicine: factors influencing reimbursement. Health Policy.
2010 Feb;94(2):91-100.

Ramsey SD, Veenstra D, Tunis SR, Garrison L, Crowley JJ, Baker LH. How Comparative Effectiveness
Research Can Help Advance “Personalized Medicine” In Cancer Treatment. Health affairs. 2011 Dec
5;30(12):2259-68.

Towse A, Garrison LP. Economic incentives for evidence generation: promoting an efficient path to
personalized medicine. Value Health. 2013 Sep;16(6 Suppl):S39-43.

Schneider D, Bianchini G, Horgan D, Michiels S, Witjes W, Hills R, et al. Establishing the Evidence Bar for
Molecular Diagnostics in Personalised Cancer Care. Public Health Genomics. 2015;18(6):349-58.



60.

61.

62.

63.

64.

65.

66.

67.

Wauters E, Vansteenkiste J. Will liquid biopsies become our fluid transition to personalized
immunotherapy? Annals of Oncology. 2018 Jan 1;29(1):11-3.

Bardia A, Haber DA. Solidifying liquid biopsies: can circulating tumor cell monitoring guide treatment
selection in breast cancer? J Clin Oncol. 2014 Nov 1;32(31):3470-1.

Tarazona N, Cervantes A. Liquid biopsy: another tool towards tailored therapy in colorectal cancer.
Annals of Oncology. 2018 Jan 1;29(1):7-8.

Williams PM, Conley BA. Clinical Application of Liquid Biopsies. JAMA Oncol. American Medical
Association; 2016 Aug 1;2(8):1003-5.

Friedrich MJ. Going With the Flow: The Promise and Challenge of Liquid Biopsies. JAMA : the journal of
the American Medical Association. American Medical Association; 2017 Sep 26;:1095-7.

Rogowski WH, John J, lJzerman MJ. Translational Health Economics. In: World Scientific Handbook of
Global Health Economics and Public Policy. 3rd ed. World Scientific Publishing Company; 2016.

Annemans L, Redekop K, Payne K. Current methodological issues in the economic assessment of
personalized medicine. Value Health. 2013 Sep;16(6 Suppl):5S20-6.

Degeling K, Koffijberg H, lJlzerman MJ. A systematic review and checklist presenting the main
challenges for health economic modeling in personalized medicine: towards implementing patient-
level models. Expert Rev Pharmacoecon Outcomes Res. Taylor & Francis; 2017 Feb;17(1):17-25.





