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Summary Molecular profiling of circulating tumor
DNA (ctDNA) to guide treatment decisions has found
its way into routine management of patients with
advanced cancer. This represents a pivotal advance-
ment in precision oncology, offering a non-invasive
and fast-tracked method to detecting clinically rele-
vant biomarkers. With the backing of international
oncology guidelines, ctDNA analysis is now a stan-
dard approach to consider in molecular diagnostics.
Despite the promise of ctDNA in refining treatment
strategies through the detection of genomic alter-
ations and treatment-relevant biomarkers with high
concordance to tissue biopsies, challenges persist.
These include the interpretation of discordances due
to tumor heterogeneity, sampling biases, and techni-
cal limitations, alongside the differentiation of tumor-
derived mutations from clonal hematopoiesis. The
current consensus supports the utility of compre-
hensive genomic profiling (CGP) panels for a broad
spectrum of actionable targets, while acknowledging
the limitations and advocating for a balanced appli-
cation of “tissue-first” and “plasma-first” approaches
tailored to individual patient scenarios. The essential
role of molecular tumor boards (MTBs) is in navi-
gating the complexities of ctDNA data interpretation,
thereby ensuring the effective incorporation of liquid
biopsy into personalized cancer treatment regimens.
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Introduction

The integration of liquid biopsy into clinical practice
marks a significant advancement in the realm of pre-
cision oncology, signaling a shift towards more refined
and patient-centric approaches in routine cancer care.
Clinicians are increasingly performing molecular pro-
filing on circulating tumor DNA (ctDNA) obtained
from plasma to non-invasively monitor residual dis-
ease [1], guide treatment options [2-4], or to match
patients to suitable clinical trials [5], efforts which
are underscored by the issuance of comprehensive
implementation guidelines from international on-
cology and molecular pathology consortia such as
ASCO/CAP [6, 7], ESMO [8], NCCN [9, 10], and IASLC.
Certain indications now even exist that support the
“plasma first” use case, meaning that traditional tis-
sue biopsies may be bypassed in favor of a minimally
invasive testing strategy. One example would be the
testing for ESRI mutations in plasma at endocrine
resistance in breast cancer to guide addition of se-
lective estrogen receptor degraders. While ctDNA-
based assays are redefining clinical pathways, it can
be difficult to sift through the growing literature base
and clinical trial evidence [11], impeding the adoption
of liquid biopsy in everyday cancer management. In
this short review, we focus on the advanced cancer
setting and offer brief, high-level summaries of the
current guidelines, molecular profiling strategies and
everyday challenges for incorporating liquid biopsy
into real-world precision oncology approaches.
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Concordance between alterations in tumor tissue
and ctDNA

Many studies have assessed the concordance of ge-
nomic alterations detected in major driver genes and
treatment-relevant biomarkers between plasma and
tissue and have found consistent sensitivities, ranging
approximately between 70-90% across various solid
tumors [5, 12-14]. Discordance is mostly related to
tumor heterogeneity and temporal dynamics, sam-
pling biases and technical limitations. Tumors are
often heterogeneous and the portion of the tumor
sampled for tissue analysis may not fully represent
the entire genetic landscape of the tumor, whereas
ctDNA represents a mixture of DNA shed from vari-
ous tumor regions. Moreover, tumor genomes evolve
over time due to therapeutic pressure and clonal se-
lection. The ctDNA shed into the bloodstream re-
flects the most recent state of the tumor, whereas
tissue samples may have been obtained at an ear-
lier stage of the disease and may not capture these
changes. On the other hand, mutations derived from
the hematopoietic system, which can lead to clonal
expansions, can be picked up in cfDNA. Clonal he-
matopoiesis-related mutations can introduce speci-
ficity concerns in ctDNA analysis. Without careful val-
idation and discrimination strategies, there is a risk
of misinterpreting clonal hematopoiesis-related mu-

tations as tumor-derived mutations, leading to false-
positive results.

Taken together, tissue and ctDNA analysis each
have strengths and limitations, and their findings may
be complementary rather than identical. However,
arobust detection agreement among key driver events
as well as a comparable number of targetable alter-
ations between ctDNA and tissue profiling [15-17]
has established the viability of ctDNA-based assays as
a substitute for tissue-based testing.

Genomic profiling of ctDNA in patients with
advanced cancer for treatment selection

Selecting the right testing approach

Currently, the standard clinical application of genomic
profiling of ctDNA is for treatment selection in the ad-
vanced cancer setting, meaning detecting alterations
that can be matched to targeted therapies or identi-
fying alterations that would be a contraindication for
a particular therapy. As with tissue analysis, several
scenarios may warrant the limited analysis of a single
gene [18-20] or using a cancer hotspot panel (4, 21];
Table 1). However, the general direction of the treat-
ment selection setting is moving toward employing
larger comprehensive genomic profiling (CGP) panels
to maximize the detection of therapeutic targets and

Challenges/limitations

Interpretation of a negative result without knowing the
tumor content in the sample

Interpretation of a negative result without knowing the
tumor content in the sample
Resistance mutations are often subclonal

Interpretation of negative results

Detection of somatic copy number alterations (SCNAs)
may not be reliable
Relevant biomarkers such as fusions, MSI, TMB for

Table 1 Comparisons and justifications of current molecular testing approaches
Test Example use case Rationale for approach Benefit
Single- Determining neoRAS  Anti-EGFR rechallengein ~ Quick
gene  WT mCRC Cost-effective
testing Scalable
Emergence of ESRT  SERD treatment to counter- Quick
resistance-related mu- act endocrine resistance  Cost-effective
tations in ER+/HER2-  due to ESR7 mutations Scalable
negative breast cancer
Detection of PIK3CA  Identification of Quick
activating mutations in HR+/HER2- advanced Cost-effective
HR+/HER2 advanced  breast cancer who had Scalable
or metastatic breast  received endocrine therapy
cancer and who may benefit from
alpelisib + fulvestrant
Hotspot Lung cancer-specific ~ Availability of many tar- Quick
panels panel geted treatments for Cost-effective
(ampli- NSCLC, simultaneous Simple to interpret
con) testing of most relevant

actionable targets

Treatment selection in pa-
tients who have exhausted
all standard lines of ther-

Ge- Gene panels (50-150
nomic  genes) for treatment
profiling selection in patients

using  who have exhausted  apy of tumor fraction
gene  all standard lines of
panels therapy alterations

CGP panel (>500 Treatment selection in pa-
genes) for treatment  tients who have exhausted
selection in patients  all standard lines of ther-
who have exhausted  apy

all standard lines of

therapy

and bTMB

Enables detection of all 4 classes of
genomic alterations
Enables an aneuploidy-based estimation

Higher probability of detecting actionable

Enables detection of all 4 classes of
genomic alterations

Enables an aneuploidy-based estimation
of the tumor fraction

Pan-cancer suited

Maximization of actionable insight
Inclusion of complex biomarkers like MSI

certain indications are not assessed

Relevant biomarkers such as fusions not included

MSI, TMB cannot be inferred from smaller panels
Variant interpretation is more complex

Distinction of tumor-derived variants, germline variants,
and variants derived from clonal hematopoiesis

Often only covers relevant genes for specific tumor
entities

Most expensive

Only cost-effective with a high throughput

Variant interpretation is more complex

Distinction of tumor-derived variants, germline variants,
and variants derived from clonal hematopoiesis

High likelihood of detecting multiple co-existing alter-
ations

Requires MTB discussions
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Fig. 1 Single biomarker testing vs. CGP of DNA. Outside
of the academic hospital setting, many clinics still predomi-
nantly employ single marker testing in their cancer diagnostic
workflows. This routine approach is often cancer type-spe-
cific and it is able to identify alterations from a pre-specified
gene of interest, but the technology overlooks potential exist-
ing mutations in other genes (leff). Comprehensive genomic
profiling (CGP) is gaining traction as a pan-cancer approach
to detecting all four classes of alterations across hundreds of
clinically relevant cancer-associated genes (right). CGP ex-

PIK3CA \

tends beyond the limited hotspot mutations and includes in-
sertions and deletions, copy number alterations and fusions all
from a single sample and test. In addition, large gene panels
can also measure complex biomarkers, such as tumor fraction
(TF), microsatellite instability (MSI) and blood tumor mutational
burden (bTMB). The goal of CGP via NGS is to maximize the
detection of therapeutically relevant and targetable genomic
alterations that can be used to direct selection of suitable in-
dividualized treatment options
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Fig. 2 Potential outcomes of liquid profiling using CGP. are more likely associated with germline variants. Variants with

a Samples with low tumor fraction (TF). Mutations in the range
of a variant allele frequency (VAF) of 40-60% indicate germline
origin. Pathogenic MSH2 mutation is a clear indication for ge-
netic counseling regarding Lynch syndrome. b Sample with
intermediate tumor fractions. While mutations in the range of
the estimated TF are likely to be tumor-derived, higher VAFs

to harvest the additional, valuable information such
as mutations, copy numbers, fusions, tumor fraction
in plasma (Fig. 1; [22, 23]). In fact, several ctDNA-
based CGP tests have already received FDA approval/
clearance for select indications (Table 2). Putting algo-
rithmically estimated levels of plasma tumor fraction
(TF) into context with the detected variant allele fre-
quencies (VAF) of detected mutations can help with
the interpretation of detected mutations and indicate
whether they are derived from the germline, from sub-
clones or even from the hematopoietic system (Fig. 2).
For CGP panels, TF is usually estimated based on tu-
mor aneuploidy measured as deviations in coverage
across the genome. When TFs are below 5-10%, such
an estimate is no longer informative, while SNVs can
still reliably be detected down to 0.1% [16]. If the
panel is large enough, also complex biomarkers such

substantially lower VAFs than the estimated TF can be of sub-
clonal or hematopoietic origin. ¢ Samples with a high TF. VAFs
in the range of the estimated TF cannot distinguish between
tumor-derived and germline variants. Germline testing and ge-
netic counseling is indicated

as microsatellite instability (MSI) status and blood tu-
mor mutational burden (bTMB), which have signifi-
cant relevance for immunotherapies, can be inferred
[24]. The added insight that can only be obtained from
CGP approaches is critical to downstream interpreta-
tion of ctDNA results and provides the best compre-
hensive overview of the patient’s sample (Table 1).

Selecting the right analyte: tissue first, plasma first,
or both in parallel?

An increasing body of evidence supporting the usage,
advantages and limitations of plasma-based CGP for
guiding treatment decisions has been instrumental in
updating clinical guidelines for routine ctDNA test-
ing. This has led to terminologies and concepts such

as “tissue-first”, “plasma-first” or matched tissue and

@ Springer

Liquid profiling for patients with advanced cancer is ready for clinical integration




(0202/92/01) 900002d
(0202/92/01) 900002d
(ee0z/zz/el) ¥00S/2€006Hd
(ee0z/zz/el) ¥00S/2€006Hd

(1202/51/20) 100S/2E006d

(0202/92/80) 2006 1d

(€202/LL/01) |10S/2E006}d

Builage dnoin(eeoz/61/21)
800S/2£0061d(0202/92/30) 2€006 -d

Bullage dnoin(eeoz/61/21)
800S/2€006d(0202/92/80) 2€006 Ld

Bullage dnoin(eeoz/61/zt)
800S/2€£0061d(0202/92/80) 2€006 Ld

(€202/€0/50) G00S/2€006-d
(9102/10/90) £0051d

(9102/82/60) 7005 d

Buijage

dno1n(0202/£2/04) 1€0S/61002 Hd
Buijage

dno1n(0202/£2/01) 1£0S/61002 Hd
Buijage]

dno1n(0202/£2/01) 1£0S/61002 Hd
Buijage]

dno1n(0202/22/01) 1£0S/61002 Hd

(8120/22/80) 610S/61002 -d
(8102/81/70) 810S/61002 Hd
(ee0z/zL/et) ov00led

(e1eQ URIY/BIURIRS|)
/1enoiddy) 3aH/(2)0)E LS/01S/ YN

ALVOLH PUB ‘H2¥0LH “1Z¥0LH ‘H97SD
‘J9¥SD WSS "DGyS3 ‘[Aluo 1<0Gegi]
QSYS3 ‘'VSre3 Mevs3 oy

sjuawabue.ieal y 7y
suoisn} €/¢/IMHLN

suoisny LS04

Buiddiys | uoxa 13y 0} pea el sjapul

pUE SJUBLIEA 3p103|aNnu 316uIs /I

suonelsie g YoHd Pue [ VoHg

30097

uoneINW UoNNISAns

8587 12 UOXa JO UONaIAP 6. UOXT
uoneINW uonNIISAns

H8G871 | ¢ Uu0Xs J0o uona[ap 6| uoxgy
uonEINW LoNNKISANS

H8G871 | ¢ Uu0Xs J0o uona[ap 6| uoxgy

SUOIBINL UOILIBSUI Z UOX3J
uoneINW UoNNISqNs
8587 12 UOXa JO UONaIAP 6| UOXT

INO6.L

uoneINW uonNIISAns

8587 12 UOXa JO UONaIAP 6. UOXT
uoneINW uonNISAns

H8G871 | ¢ Uu0Xa J0o uona[ap 6| uoxgy
uonEINW LoNNKISANS

H8G871 | ¢ Uu0Xa J0o uona[ap 6| uoxgy
uonEINW LoNNKISANS

H8G871 | ¢ Uu0Xs J0o uona[ap 6| uoxgy
uonEINW LoNNKISANS

8587 12 UOXa JO UONaIAP 6| UOXT
uoneINW uonNIISAns

8587 12 UOXa JO UONaIAP 6| UOXT

J¢19 Svey

(sirejaq) (s)1exewolg

[ze] ewse|d wouy Bunsay Asdoiq pinbi| Joy (0434 ul) saoinep onsoubelp uoluedwod panoidde-yq4 10 pases|o-ygd Jo i1 g @lqel

VIENId

Va4

suoisny ENHIN

PUB ZHHIN ‘LYHLN
1504

13N

¢ V44 pue | voud

Elzl)
(L53H) 8493
(L43H) H493
(143H) 8493
(L43H) 8493
(L53H) 8493
(L53H) 8493
(L53H) 8493
(143H) H493
(L43H) 5493
(143H) 8493
(L53H) 8493
(L53H) 8493

Sya)

(s)1oxeWOIg

92Sele YaN (aisiiade) feibid

€780 VAN (qIunos|e) esusdaly

Ge/ele YaN (qunaanus) yankjzoy

Ge/ele YaN (qunoanus) yankjzoy

165€ L2 VAN (qiunewdeo) eosiqel

G1160¢ YN (quedean)) edeiany

86701 VAN
(QuunswiuIg) IAQLYIIN YHM UOREUIQWIOD
Ul 96v0 1 2¥aN (q1usjeiodus) N0 L4VHE

€220 VAN (q1unopia) eAsose]
590802 VAN (a1uiiawiso) osstife|
566902 VAN (a1uniab) essay|
01€5 12 VAN (a1uisooqow) Aapix3
€220 VAN (q1unopia) eAsose]
590802 VAN (q1uiiawiso) ossiife|
590802 VAN (q1uiiawiso) ossiife |
262102 VaN (aiunese) juopg

£/ 120 VAN (q1unopia) eAaose]
566902 VAN (a1uniab) essay|
666902 VAN (q1uniab) essal|
590802 VAN (q1uiiawiso) ossiife
0v€912 VaN (qiseibepe) nezesy

V19/VaN (ouauay) swey apelt] bnig

BUISE|d—I30UeY) ISealg

ewse|d—(079SN)
18aue9 bunT |189 |lews-uoN

BLISB|d—SI0WN] PI0S

ewse|d—(079SN)
18aue9 bunT |189 |lews-uoN

ewse|d—(9TISN)
139ue” BunT |j89 |[BWS-UoN

ewse|d—(Qdyow)
130UBY) 8]LIS0Id JUB)SIS
-9y aJe.)sen JNeISela

ewse|d—(079SN)
18aue) bunT |189 |lews-uoN

ewse|d—(079SN)
J18aue) bunT |189 |lews-uoN

ewse|d—(79SN)
139ue” BunT |j89 |[BWS-UoN

ewse|d—(9TISN)
139ue” BunT |89 |[eWS-UoN

ewse|d—(9TISN)
139ue BunT |j89 |[BWS-UoN

ewseld—(J79SN)
18aue) bunT |189 |lews-uoN

ewse|d—(079SN)
18aue9 bunT |189 |lews-uoN

BUWSE| J0 3NSSI|—(9TISN)
18aue9 bunT |189 |lews-uoN

BUWSE|d JO anssi1—(TISN)
139U BunT |j8) |[BWS-UoN

BUWSEI 10 ANssIL—(D7ISN)
139ue” BunT |j89 |[BWS-UoN

BUWSEI 10 ANssIL—(D7ISN)
139ue” BunT |j89 |[BWS-UoN

ewse|d J0 anssi1—(J7ISN)
J18aue9 bunT |189 |lews-uoN

ewse|d—(079SN)
J18aue9 bunT |189 |lews-uoN

ewse|d—(079SN)
J18aue9 bunT |189 |lews-uoN

adA] ajdwes—uonealpu

(*ouj ‘auidipajy uonepuno4)
X@9 pinbi auguonepunoy
(*ouj ‘auIgipajy uonepuno4)
X@J pinbi] auguonepuno
(*ouj ‘auigipajy uonepuno4)
X@J pinbi] auguonepuno
(*ouj ‘auIgipajy uonepuno4)
X@J pinbi] auguonepuno
(*ouj ‘audipajy uonepuno4)
X@9 pinbi auguonepunoy

(*ouj ‘auIgipajy uonepuno4)
X@J pinbi] auguonepuno

(-ou| ‘auiaipaly uonepuNo4)

X@9 pinbi auQuonepuno4

(-ou) ‘auiaipaly uonepuNo4)

X@9 pinbi auQuonepuno4

(-ou| ‘auiaipaly uonepuNo4)

X@9 pinbi auguonepuno4

(*ouj ‘auidipajy uonepuno4)

X@9 pinbi auguonepuno4

(*ouj ‘audipajy uonepuno4)

X@9 pinbi auguonepuno4

("ou| ‘swiaIsAg Je|nds|op ayaoy)
¢A1s8] uonelniy Y493 seqod
(-ou] ‘swigysAs Jejnas|o ayaoy)
¢A1s8] uonelni\ Y493 seqod
(-ou] ‘swigysAs Jejnas|ol ayooy)
¢A 18] uoneniy Y493 seqod
(-ou] ‘swigysAs Jejnas|o ayooy)
¢A 183 uoneiniy Y493 seqo)
("ou| ‘swiaysAg Jejnds|op ayaoy)
¢A 183 uoneiniy Y493 seqo)
("ou| ‘swiaysAg Jejnds|op ayaoy)
¢A 188 uoneiniy Y493 seqo)
("ou| ‘swiaysAg Jejnds|op ayaoy)
¢A1s8] uonen|y Y493 seqod
(-ou] ‘swigysAs Jejnas|o ayooy)
¢A1s8] uonen|y Y493 seqod
(*ouj ‘@aus19s01g UONN|0SAY)
Aesse | SHIH X0 uonnjosay jua|iby
(181maenuepy)

awe onsoubelq

pringer

A's

Liquid profiling for patients with advanced cancer is ready for clinical integration



PMA /510(k)/513(f)(2)/HDE (Approval/

Clearance/Grant Date)
P200006 (10/26/2020)

Biomarker(s) (Details)

BRCA 1, BRCA2 and BRCA 1, BRCA 2, and ATM alterations

Biomarker(s)
ATM

Drug Trade Name (Generic) NDA/BLA
Lynparza (olaparib) NDA 208558

Indication—Sample Type
Metastatic Castrate Re-
sistant Prostate Cancer

(mCRPC)—Plasma

FoundationOne Liquid CDx

Diagnostic Name

Table 2 (Continued)
(Manufacturer)

(Foundation Medicine, Inc.)

P190032/S010 (06/08/2023)

BRAFV600E alteration

BRAF

BRAFTOVI (encorafenib) NDA 210496
in combination with cetuximab BLA

125084

Metastatic Colorectal Cancer

(mCRC)—Plasma

FoundationOne Liquid CDx

(Foundation Medicine, Inc.)

P200010 (08/07/2020)

EGFR exon 19 deletions, EGFR exon 21

L858R, and T790M

EGFR (HER1)

Tagrisso (osimertinib) NDA 208065

Non-Small Cell Lung Cancer

(NSCLC)—Plasma

Guardant360 CDx

(Guardant Health, Inc.)
Guardant360 CDx

P200010/S001 (05/21/2021)

EGFR (HERT) EGFR exon 20 insertions

Rybrevant (amivantamb) BLA 761210

Non-Small Cell Lung Cancer

(NSCLC)—Plasma

(Guardant Health, Inc.)
Guardant360 CDx

P200010/S002 (05/28/2021)

G12C

KRAS

Lumakras (sotorasib) NDA 214665

Non-Small Cell Lung Cancer

(NSCLC)—Plasma

(Guardant Health, Inc.)
Guardant360 CDx

P200010/S008 (08/11/2022)

ERBB2 Activating Mutations (SNVs And

Exon 20 Insertions)

ENHERTU (fam-trastuzumab deruxtecan- ERBB2

nxki) BLA 761139

Non-Small Cell Lung Cancer

(NSCLC)—Plasma

(Guardant Health, Inc.)
Guardant360 CDx

P200010/S010 (01/27/2023)

ESR1 missense mutations between

codons 310 and 547

ESR1

Orserdu (elacestrant) NDA 217639

Breast Cancer—Plasma

(Guardant Health, Inc.)

P190001 (05/24/2019)P190004

C420R, E542K, E545A, E545D
(05/24/2019)

PIK3CA

Breast Cancer—Tissue or Plasma Pigray (alpelisib) NDA 212526

Therascreen PIK3CA RGQ PCR Kit

(QIAGEN GmbH)

[1635G>T only], E5456G, E545K, Q546E,
0546R, H1047L, H1047R, and H1047Y

liquid profiling, indicating in which clinical scenario it
makes sense to perform initial testing on biopsy ma-
terial, cfDNA from plasma, or both, respectively. Be-
cause each approach has its obvious advantages and
disadvantages, it is difficult to design a universal test-
ing strategy for patients with advanced cancer and,
in the past, recommendations have often conflicted
among authors of clinical guidelines [10, 25-28] Re-
cently, several of these professional multidisciplinary
expert panels have reconvened to provide a general
but thorough framework for assay and analyte selec-
tion for advanced cancer genotyping which are, for
reasons of brevity, summarized here [8, 9]. Generally,
it is recognized that ctDNA assays have demonstrated
utility in the identification of actionable alterations to
inform targeted treatment and may be used routinely
for the management of advanced cancer patients, but
the assay limitations must be considered. The “tis-
sue-first” approach remains the gold standard for the
majority of patients, especially as ctDNA assays are
often limited in detecting important events of thera-
peutic relevance, such as fusions and SCNAs. As such,
most guidelines stress the importance of the “tissue-
first” approach and generally recommend “plasma-
first” for most tumor types when tissue material is un-
available or inadequate [8]. However, a “plasma-first”
approach may be performed when a quicker turn-
around time is critical for a clinical decision, like in
aggressive tumors such as advanced NSCLC [8]. Ad-
ditionally, there are several scenarios in which ctDNA
testing is preferred to standard tissue profiling, such
as for the detection of ESRI mutations in breast can-
cer and the detection of resistance-related mutations
in NSCLC patients who previously received tyrosine
kinase inhibitor (TKI) therapy [8]. However, negative
ctDNA results can have different interpretations de-
pending on the clinical context and the specific char-
acteristics of the patient and the tumor. While it may
suggest the absence of detectable tumor DNA in the
bloodstream or a favorable response to treatment, it
does not definitively rule out the presence of a mu-
tations, in particular when the sample harbors low
tumor content. Therefore, expert guidelines advise
reflex tumor testing when non-informative results are
obtained. There is also accumulating evidence that
performing molecular profiling on both tissue and
plasma in parallel significantly enhances the detection
of actionable alterations, thus increasing the chance
of being able to match patients to targeted therapies
[4, 15]. In addition, joint tissue and liquid testing pro-
vides valuable complementary, technical and biologi-
cal information that enables a more holistic interpre-
tation and evaluation of the molecular results.

@ Springer

Liquid profiling for patients with advanced cancer is ready for clinical integration




Table 3 Select issues and open challenges in interpretation of ctDNA testing results

Issue Explanation Solution
Whenis a liquid  Incomplete sensitivity of ctDNA as-
biopsy result says poses a risk for false-negative
a true negative?  results. In certain scenarios, it may
How do you be difficult to differentiate between

determine this?  a non-informative result, i.e. a true
negative, or if a variant was unde-
tected because of assay resolution

limitations, i.e. false negative

Potential germline Although ctDNA profiling primarily
variants may
be detected

through liquid variants, a factor of which both clin-
CGP. How do you icians and patients should be aware
infer potential of prior to CGP testing. Detection of
germline variants potential germline variants necessi-
and when is there tates a careful discussion of patient
an indication for  history and a subsequent diagnostic

In cases of non-informative results, reflex tissue testing can
confirm true negatives. In addition, measuring tumor fraction of sample as ‘truly negative’ for fusion
the sample is central to determining if sufficient ctDNA levels
are present to provide informative results

Open challenges
ESMO guidelines: “Interpretation of a

variants, or copy number variations,
using ctDNA remains difficult. Al-
though assays for detection of tumor
fraction are in development, they are
still experimental, and not available
for routine clinical practice.”

If a variant is present at a high VAF in the absence of extensive Before pursuing germline testing,
targets somatic mutations, it can also tumor shedding in the blood, it may suggest a germline ori-
incidentally detect potential germline gin. This is particularly relevant when the VAF is around 50%,
suggesting that the variant may be present in every cell (as is
typical for germline variants).

Some variants detected might be in genes commonly associ-
ated with germline mutations. Particular caution must be taken siderations about privacy, insurance
when interpreting pathogenic variants in high penetrance can-
cer susceptibility genes (such as BRCA 1, BRCA 2, PALB2). If
these mutations are known to be common in hereditary cancers
and have been documented in germline databases, they might

it is essential to obtain informed
consent and provide genetic coun-
seling to discuss the implications of
the results for the patient and their
family. Germline testing raises con-

discrimination, and family dynamics,
which need careful handling

be flagged as potential germline variants. A patient’s personal
or family history that suggests a hereditary cancer syndrome is
an indication for further germline testing.

Validated germline testing from blood or saliva should be car-
ried out to confirm germline or somatic nature

germline follow-  workup

up testing?

How do you A significant challenge in employing

determine if ctDNA-based CGP arises from the ab- ctDNA to filter out CH-related mutations

a variant is CHIP-  sence of standardized approaches for

associated or pinpointing the origins of the variants

tumor-specific?  detected in plasma, which includes
mutations related to clonal hema-
topoiesis (CH). Because CH-related
variants are not tumor-specific, it is
of utmost important to first determine
the variant’s origin in order to avoid
incorrect treatment matches

specific

Interpretation of liquid biopsy data poses
challenges for integration into routine clinical
care

Much emphasis is put on the challenges of the tech-
nical implementation of liquid biopsy in the clinic.
However, the complexity of downstream interpreta-
tion of molecular testing results from ctDNA is of-
ten greatly underestimated (Table 3). The increasing
broad coverage and high accuracy of liquid CGP pan-
els has propelled the potential of this technology for
guiding treatment decisions, but it comes with every-
day challenges in interpreting genomic variance from
hundreds of genes and alteration types. This infor-
mation can only be processed accurately, efficiently
and with high confidence within the framework of
a clinical team that covers diverse medical disciplines,
a construct referred to as the molecular tumor board
(MTB) [29-31]. MTBs bring together specialists in on-
cology, pathology, genetics, molecular biology, bioin-
formatics, patient care and clinical trials. They collab-
orate to tailor personalized treatment choices for pa-
tients, taking into account genomic alterations within
their tumors and other relevant clinical factors and
data. MTBs may also decide which patients to test,
which analytes to assess and which molecular assays
to employ. This helps provide clinicians with essen-

Always sequence matched PBMCs at a comparable depth of

Set a threshold, i.e. any variant with a VAF >0.5% is tumor-

Because an additional sample must
be sequenced in parallel to cfDNA,
additional costs are incurred, which
limits practical application in the
clinical setting

The selected threshold may be ar-
bitrary and may still result in the
inclusion of CH-related variants or
exclusion of tumor-specific variants

tial diagnostic, prognostic and actionable insights, en-
abling them to integrate molecular findings into op-
timized and individualized care plans for their pa-
tients. In routine MTB settings, results from ctDNA
testing pose several interpretation challenges that re-
quire careful discussion among panel members before
reaching treatment or further diagnostic workup rec-
ommendations.

Concluding remarks

The accumulating evidence supporting the use of lig-
uid biopsy in routine oncology has paved the way
for regulatory approval of several ctDNA-based tests,
which has in turn driven an increase in clinical adop-
tion in the advanced disease setting. Currently, one
of the main challenges for those starting with lig-
uid biopsy is determining which test best aligns with
the clinical question at hand, how many biomarkers
should be tested, whether to partner with an aca-
demic laboratory or outsource testing to an industry
provider, and how to convert NGS readouts into ev-
idence-based treatment decisions, particularly when
the results are not as straightforward as with stan-
dard tissue testing. While the introduction of CGP has
improved the probability of detecting a biomarker-
based indication, the additional information provided
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in liquid biopsy medical reports has posed interpreta-
tion challenges that interfere with streamlined treat-
ment decision-making, thus necessitating the inter-
disciplinary collaboration among medical profession-
als in the form of an MTB.

Funding Open access funding provided by Medical University
of Graz.

Conflict of interest S.O. Hasenleithner and E. Heitzer declare
that they have no competing interests.

Open Access This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits
use, sharing, adaptation, distribution and reproduction in
any medium or format, as long as you give appropriate credit
to the original author(s) and the source, provide a link to
the Creative Commons licence, and indicate if changes were
made. The images or other third party material in this article
areincluded in the article’s Creative Commons licence, unless
indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permis-
sion directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Semenkovich NP, Szymanski JJ, Earland N, Chauhan PS,
Pellini B, Chaudhuri AA. Genomic approaches to cancer
and minimal residual disease detection using circulating
tumor DNA.JImmunother Cancer. 2023;01;11(6):006284.

2. Brannon RA, Jayakumaran G, Diosdado M, Patel J, Razu-
mova A, Hu Y, et al. Enhanced specificity of clinical high-
sensitivity tumor mutation profiling in cell-free DNA via
paired normal sequencing using MSK-ACCESS. Nat Com-
mun. 2021;18;12(1):3770-5.

3. Sicklick JK, Kato S, Okamura R, Schwaederle M, Hahn ME,
Williams CB, et al. Molecular profiling of cancer patients
enables personalized combination therapy: theI-PREDICT
study. NatMed. 2019;01;25(5):744-50.

4. Riedl JM, Hasenleithner SO, Pregartner G, Scheipner L,
Posch E GrollerK, et al. Profiling of circulating tumor DNA
and tumor tissue for treatment selection in patients with
advanced and refractory carcinoma: a prospective, two-
stage phase Il Individualized Cancer Treatment trial. Ther
AdvMed Oncol. 2021;27(13):1758835920987658.

5. Rothwell DG, Ayub M, Cook N, Thistlethwaite F Carter L,
DeanE, et al. Utility of ctDNA to support patient selection
for early phase clinical trials: the TARGET study. Nat Med.
2019;01;25(5):738-43.

6. Merker JD, Oxnard GR, Compton C, Diehn M, Hurley B,
Lazar AJ, et al. Circulating Tumor DNA Analysis in Patients
With Cancer: American Society of Clinical Oncology and
College of American Pathologists Joint Review. ] Clin Oncol.
2018;01;36(16):1631-41.

7. Lockwood CM, Borsu L, Cankovic M, Earle JSL, Gocke CD,
Hameed M, etal. Recommendations for Cell-Free DNA As-
say Validations: AJoint Consensus Recommendation of the
Association for Molecular Pathology and College of Ameri-
can Pathologists. JMol Diagn. 2023;01;25(12):876-97.

8. Pascual],Attard G, Bidard E Curigliano G, DeMattos-Arruda
L, Diehn M, et al. ESMO recommendations on the use of
circulating tumour DNA assays for patients with cancer: a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

report from the ESMO Precision Medicine Working Group.
AnnOncol. 2022;01;33(8):750-68.

. Ettinger DS, Wood DE, Aisner DL, Akerley W, Bauman JR,

BharatA, etal. Non-Small Cell Lung Cancer, Version 3.2022,
NCCN Clinical Practice Guidelines in Oncology. J Natl
Compr Canc Netw. 2022;01;20(5):497-530.

Gradishar WJ, Anderson BO, Abraham J, Aft R, Agnese D,
Allison KH, et al. Breast Cancer, Version 3.2020, NCCN
Clinical Practice Guidelinesin Oncology. JNatl Compr Canc
Netw. 2020;01;18(4):452-78.

Hasenleithner SO, Speicher MR. A clinician’s handbook for
using ctDNA throughout the patient journey. Mol Cancer.
2022;21;21(1):81-7.

Adalsteinsson VA, Ha G, Freeman SS, ChoudhuryAD, Stover
DG, Parsons HA, et al. Scalable whole-exome sequencing
of cell-free DNA reveals high concordance with metastatic
tumors. Nat Commun. 2017 06;8(1):1324-y.

Odegaard JI, Vincent JJ, Mortimer S, Vowles JV, Ulrich BC,
Banks KC, et al. Validation of a Plasma-Based Comprehen-
sive Cancer Genotyping Assay Utilizing Orthogonal Tissue-
and Plasma-Based Methodologies. Clin Cancer Res. 2018
01;24(15):3539-49.

Park S, Olsen S, Ku BM, Lee M, Jung H, Sun J, et al. High
concordance of actionable genomic alterations identified
between circulating tumor DNA-based and tissue-based
next-generation sequencingtestingin advanced non-small
cell lung cancer: The Korean Lung Liquid Versus Invasive
BiopsyProgram. Cancer. 2021 15;127(16):3019-28.

Iams WT, Mackay M, Ben-Shachar R, Drews J, Manghnani
K,Hockenberry AJ, etal. Concurrent Tissue and Circulating
Tumor DNA Molecular Profiling to Detect Guideline-Based
Targeted Mutations in a Multicancer Cohort. JAMA Netw
Open. 2024 02;7(1):e2351700.

Husain H, Pavlick DC, Fendler BJ, Madison RW, Decker B,
Gjoerup O, etal. Tumor Fraction Correlates With Detection
of Actionable Variants Across 23,000 Circulating Tumor
DNA. Samples]JCO Precis Oncol. 2022;01(6):e2200261.
ZhangY, YaoY,XuY, LiL, GongY, ZhangK, et al. Pan-cancer
circulating tumor DNA detection in over 10,000 Chinese
patients. Nat Commun. 2021;12(1):11-8.

Osumi H, Takashima A, Ooki A, Yoshinari Y, Wakatsuki T,
Hirano H, et al. A multi-institutional observational study
evaluating the incidence and the clinicopathological char-
acteristics of NeoRAS wild-type metastatic colorectal can-
cer. Transl Oncol. 2023;01(35):101718.

Burstein HJ, DeMichele A, Somerfield MR, Henry NL.
Biomarker Testing and Endocrine and Targeted Therapy
in Metastatic Breast Cancer Expert Panels. Testing for ESR1
Mutations to Guide Therapy for Hormone Receptor-Posi-
tive, Human Epidermal Growth Factor Receptor 2-Negative
Metastatic Breast Cancer: ASCO Guideline Rapid Recom-
mendation Update. J Clin Oncol. 2023; 20;41(18):3423-5.
Jun.

Suppan C, Graf R, Jahn S, Zhou Q, Klocker EV, Bartsch
R, et al. Sensitive and robust liquid biopsy-based detec-
tion of PIK3CA mutations in hormone-receptor-positive
metastatic breast cancer patients. Br J Cancer. 2022;
126(3):456-63.

RotheE Laes], Lambrechts D, Smeets D, Vincent D, Maetens
M, et al. Plasma circulating tumor DNA as an alternative to
metastaticbiopsiesformutational analysisinbreastcancer.
AnnOncol. 2014;25(10):1959-65.

Zehir A, Benayed R, Shah RH, Syed A, Middha S, Kim HR,
et al. Mutational landscape of metastatic cancer revealed
fromprospective clinicalsequencingof10,000 patients. Nat
Med. 2017;01;23(6):703-13.

@ Springer

Liquid profiling for patients with advanced cancer is ready for clinical integration



http://creativecommons.org/licenses/by/4.0/

short review

23. Reitsma M, Fox J, Borre PV, Cavanaugh M, Chudnovsky Y,
Erlich RL, et al. Effect of a Collaboration Between a Health
Plan, Oncology Practice, and Comprehensive Genomic
Profiling Company from the Payer Perspective. ] Manag
Care SpecPharm. 2019;01;25(5):601-11.

24. KimES, Velcheti V, Mekhail T, Yun C, Shagan SM, Hu S, et al.
Blood-based tumor mutational burden as a biomarker for
atezolizumab in non-small cell lung cancer: the phase 2
B-F1RSTtrial. NatMed. 2022;01;28(5):939-45.

25. Cardoso E Paluch-Shimon S, Senkus E, Curigliano G, Aapro
MS, Andre E et al. 5th ESO-ESMO international consensus
guidelines for advanced breast cancer (ABC5). Ann Oncol.
2020;31(12):1623-49.

26. Planchard D, Popat S, Kerr K, Novello S, Smit EE Faivre-
Finn C, et al. Metastatic non-small cell lung cancer: ESMO
Clinical Practice Guidelines for diagnosis, treatment and
follow-up. Ann Oncol. 2018;29(Suppl 4):iv192-237.

27. Kalemkerian GP, Narula N, Kennedy EB, Biermann WA,
Donington], Leighl NB, et al. Molecular Testing Guideline
for the Selection of Patients With Lung Cancer for Treat-
ment With Targeted Tyrosine Kinase Inhibitors: American
Society of Clinical Oncology Endorsement of the College
of American Pathologists/International Association for the
Study of Lung Cancer/Association for Molecular Pathol-
ogy Clin Practice Guideline Update. ] Clin Oncol. 2018;
20;36(9):911-9.

28. Burstein HJ, Somerfield MR, Barton DL, Dorris A, Fallow-
field L], Jain D, et al. Endocrine Treatment and Targeted
Therapy for Hormone Receptor-Positive, Human Epider-
mal Growth Factor Receptor 2-Negative Metastatic Breast

Cancer: ASCO Guideline Update.
39(35):3959-77.

29. Wahida A, Buschhorn L, Frohling S, Jost PJ, Schneeweiss A,
Lichter P, et al. The coming decade in precision oncology:
sixriddles. NatRevCancer. 2023;23(1):43-54.

30. Tsimberidou AM, Kahle M, Vo HH, Baysal MA, Johnson A,
Meric-Bernstam E Molecular tumour boards—current and
future considerations for precision oncology. Nat Rev Clin
Oncol. 2023;20(12):843-63.

31. Koopman B, Groen HJM, Ligtenberg MJL, Grunberg K,
MonkhorstK, de Langen AJ, et al. Multicenter Comparison
of Molecular Tumor Boards in The Netherlands: Definition,
Composition, Methods, and Targeted Therapy Recommen-
dations. Oncologist. 2021;26(8):e1347-58.

32. https://www.fda.gov/medical-devices/in-vitro-diagnosti
cs/list-cleared-or-approved-companion-diagnostic-devi
ces-in-vitro-and-imaging-tools, accessed April 14th, 2024

J Clin Oncol. 2021;

Publisher’s Note Springer Nature remains neutral with regard
to jurisdictional claims in published maps and institutional
affiliations.

=

» For latest news from interna-
tional oncology congresses see:
http://www.springermedizin.at/
memo-inoncology

Liquid profiling for patients with advanced cancer is ready for clinical integration

@ Springer


https://www.fda.gov/medical-devices/in-vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-in-vitro-and-imaging-tools
https://www.fda.gov/medical-devices/in-vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-in-vitro-and-imaging-tools
https://www.fda.gov/medical-devices/in-vitro-diagnostics/list-cleared-or-approved-companion-diagnostic-devices-in-vitro-and-imaging-tools

	Liquid profiling for patients with advanced cancer is ready for clinical integration
	Summary
	Introduction
	Concordance between alterations in tumor tissue and ctDNA

	Genomic profiling of ctDNA in patients with advanced cancer for treatment selection
	Selecting the right testing approach
	Selecting the right analyte: tissue first, plasma first, or both in parallel?

	Interpretation of liquid biopsy data poses challenges for integration into routine clinical care
	Concluding remarks
	References


