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Liquid Biopsy in Tumor
Genetic Diagnosis

Andreas Jung, Thomas Kirchner

Summary

Background: Liquid biopsy involves the analysis of cell-free nucleic acids, mainly circulating free DNA (cfDNA), in bodily fluids
such as blood. The obtaining of specimens is easier for patients and less invasive than tissue biopsy, but the method has certain
limitations.

Method: This review is based on pertinent publications retrieved by a selective literature search.

Results: Because the concentration of cfDNA in plasma is less than 0.001%, special amplifying techniques must be used to
enable a search for specific mutations. Liquid biopsy can be used in patients with non—small cell lung cancer (NSCLC) if no
tissue is available for biopsy; when performed for this indication, it has 67% sensitivity and 94% specificity. If liquid biopsy does
not reveal a mutation, this may be due either to the absence of the mutation in the tumor or to the inadequate sensitivity of the
measuring technique. This uncertainty associated with negative findings can be reduced by the simultaneous demonstration of
reference mutations derived from a primary tumor tissue analysis. In comparison to tissue studies, the search for tumor-specific
mutations by liquid biopsy is 70% sensitive and 69% specific; this corresponds to a positive predictive value of 86% and a
negative predictive value of 46%.

Conclusion: Liquid biopsy and tumor tissue analysis are complementary, rather than alternative, techniques for therapeutically
relevant genetic investigation of tumors. Comparative studies are needed so that further indications can be determined for liquid
biopsy in the diagnostic evaluation of cancer.
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targeted treatment of non-small cell lung cancer larization, and size (5, 6). The ctDNA of a colorectal
(NSCLC). cancer lesion weighing 100 g (approximately 3 x 10!

Deutsches Arzteblatt International | Dtsch Arztebl Int 2018; 115: 169-74 “

Institute of Pathology, L iquid biopsy is a term used to describe a diagnostic ~ Definitions



MEDICINE

TABLE 1

Tissue biopsy

Liquid biopsy

Comparison of the advantages and disadvantages of tissue biopsy and liquid
biopsy in the detection of mutations in molecular pathological assays

Morphological correlate
(high diagnostic certainty)

Lack of representativeness
in the presence of tumor
heterogeneity

Representative analysis in the
presence of multiple tumor foci

No diagnostic value if no
mutation is detected

Both methods have their strengths and limitations. Thus, the combined use of the two complimentary
methods represents the highest diagnostic standard for the patient.

tumor cells) accounts for approximately 3.3% of a
patient’s total cfDNA (7). The average plasma concen-
tration of cfDNA is 180 ng/mL (0 to >1000 ng/mL) (8).
The DNA fragments are very short, on average only
160 base pairs (4, 8), indicating that they originate from
apoptotic cells (9).

Using cfDNA/ctDNA, somatic tumor genetic
alterations, such as point mutations, deletions or am-
plifications can be detected. Detection of trans-
locations (gene fusions) is best achieved on the level
of messenger ribonucleic acid (mRNA) (10) and
requires circulating free RNA (cfRNA) or circulating
free tumor mRNA (ctRNA). cfRNA/ctRNA is so
small (on average 40 base pairs) that it is normally un-
suitable for detecting mutations (11). Consequently,
other sources of material for RNA analyses, such as
exosomes (12) or tumor-educated platelets (TEP), are
being explored (13, 14). Since these materials have
not yet become available for routine diagnosis, today
it is not possible to reliably perform tumor genetic
analyses for translocations based on liquid biopsies.

Circulating tumor cells (CTCs) are being considered
as another potential target for tumor genetic diagnosis
from peripheral blood. However, they only occur in
small amounts (1-10 CTC/mL of blood) (15) and are
difficult to enrich. As a result, CTCs currently play no
role in tumor genetic analyses from blood (16).

Applications

Liquid biopsies can be used for a number of diagnostic
applications, such as companion diagnostics, molecular
monitoring and molecular staging (4, 5).

Tumor genetic analysis for targeted therapy
(companion diagnostics)
The use of targeted treatments usually requires to deter-
mine the mutation status of a biomarker (companion
diagnostics). An interesting indication for liquid biopsy
is the detection of new or resistance-conferring mu-
tations associated with tumor progression after comple-
tion of a treatment course to plan further therapy and to
identify additional targeted treatment options.

Liquid biopsy can be used to detect mutations in
cases where the number of tumor cells is insufficient

for tumor genetic analysis. It is also recommended
for difficult-to-reach tumors and in patients in whom
invasive sampling is contraindicated, as in such cases
no tissue or cell material can be obtained from the
tumor (7able 1). This applies to about 30% of patients
with NSCLC (17, 18).

Moreover, cancer progression is often associated
with the presence of several tumor foci or metastatic
lesions which may show heterogeneous tumor ge-
netics (19). In this constellation, the advantage of
liquid biopsy would be that it detects ctDNA shedded
from all tumor lesions and thus can deliver represen-
tative results even in case of tumor genetic hetero-
geneity (Table 1). Patients with NSCLC harboring an
activating mutation in the EGFR gene who are under-
going targeted therapy with tyrosine kinase inhibitors
(TKI) frequently develop resistance by a secondary
T790M mutation in the £EGFR gene. The adminis-
tration of osimertinib (3™ generation TKI) in the
follow-on treatment results in reduced morbidity and
improved quality of life compared to platinum-
based standard chemotherapy, with comparable
overall survival (20-23). In the pivotal trial, quali-
tative comparisons of liquid biopsy versus tissue
biopsy in NSCLC showed that the results obtained
based on liquid biopsy (mean sensitivity of 0.67
and specificity of 0.94) were significantly poorer
(Table 2) (24).

Based on this body of evidence, the European
Medicines Agency (EMA) approved in 2015 for
patients receiving the TKI gefitinib and in 2016 for
patients receiving the TKI osimertinib the use of
blood for detection of the required activating mu-
tations (geftinib) or inhibiting T790M mutation in the
EGFR gene (osimertinib), if no adequate quantities of
tumor tissue are available (www.ema.europa.eu/ema).
To date, this is the only approved indication for the
use of liquid biopsies in cancer diagnosis. Since tu-
mors of various entities release different quantities of
ctDNA into the bloodstream (5), liquid biopsy is not
suitable for all types of tumors in routine testing for
tumor genetic gene mutations (7able 2). In metastatic
colorectal cancer (sensitivity: 0.90, specificity: 0.93)
(Table 2) (25), liquid biopsy appears to be a suitable
source of material for tumor genetic diagnosis search-
ing for mechanisms of resistance in patients with
disease progression, if corresponding treatments
are available and/or approved (4, 5, 26, 27). How-
ever, data especially from clinical pivotal
studies—as in NSCLC (21, 23)—are required be-
fore liquid biopsies can be used universally in rou-
tine diagnosis.

Diagnosis of tumor recurrence

(molecular monitoring)

If information about tumor-specific reference mu-
tations is available from previous tumor genetic test-
ing—for example, in the APC gene or KRAS gene in
colorectal cancer—, this can be used for the liquid
biopsy and, in case of inconclusive imaging studies, for
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TABLE 2

Qualitative comparison of tissue biopsy and liquid biopsy

W Specificity | Positive predictive value | Negative predictive value

NSCLC 216 0.69 0.86 0.46 Oxnard 2016
(23)
NSCLC 2012 0.67 0.94 not stated not stated Luo 2014 (24)
mKRK 98 0.90 0.93 0.94 0.90 Schmiegel
2017 (25)

Different tumor entities, such as non-small cell lung cancer (NSCLC) or metastatic colorectal cancer (mCRC) shed different amounts of circulating free deoxyribo-
nucleic acids (ctDNA) into the bloodstream. Based on the statistical quality parameters sensitivity (correct positive rate), specificity (correct negative rate), positive
(accuracy) and negative predictive value (discriminatory power), the benefits of liquid biopsies compared to tissue biopsies can be evaluated on an individual basis.
This study shows that in NSCLC a complete transition from tissue biopsy to liquid biopsy would result in a substantial reduction in diagnostic care quality. Given its
advantages and its high positive predictive value, liquid biopsy is complementary to tissue biopsy in this setting.

FIGURE 1
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Mutation reference value to assure the quality of liquid biopsy—based results

a) The diagram shows the epidermal growth factor receptor (EGFR) protein with domains (protein family [Pfam] nomenclature) and the two mutations L858R
(activating mutation, exon 21) and T790M (resistance-mediated mutation, exon 20). The two mutations are located on the same deoxyribonucleic acids (DNA)
strand (cis position) because the resistance-conferring T790M mutation only has an effect in the context of the activating mutation.

b) Since in tissue it is possible to exert histomorphological control over the number and proportion of tumor cells, the results of tumor genetic tests are reliable. In
liquid biopsy, neither the absolute nor the relative proportion of ctDNA in the cfDNA is known; thus, any result is only reliable if a mutation (MUT) has been
detected. If no mutation is detected, this can be due either to a wild type (WT) or to a sensitivity problem. However, in these cases it is helpful to analyze a
mutation reference value. If this mutation can be detected, the amount of ctDNA present was adequate. Consequently, no T790M mutation (WT) is present. In the
other case, a technical problem prevented mutation detection. Then, the tissue biopsy has to be analyzed to obtain a meaningful and clinically relevant test result.
Since the T790M mutation represents a transition of cytosine (C) to thymine (T) (c.2369C>T), it can also occur by spontaneous deamination of C to uracil (U)
which the mutation analysis would interpret as a mutation. Thus, it is important in this context too that the primary EGFR gene mutation is also tested for to be
able to better distinguish between mutation and artificial transition.

Rec-L, receptor L-domain; Furin-like, furin-like cysteine rich region; GF recep_IV, growth factor receptor domain IV; Pkinase_Tyr, protein tyrosine kinase; aa, amino

acid
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Flowchart of the molecular pathological analysis of T790M
resistance mutation

Ideally, both tissue biopsies and liquid biopsies are obtained from a
tyrosine kinase inhibitor (TKI)-resistant lung cancer. Together with
exact information about the primary mutation as a reference mutation,
both specimens are analyzed in the pathology department. In line with
quality control and the associated increased diagnostic certainty,
mutation analysis of the tissue is performed first (Step 1). In case the
T790M mutation is detected, the molecular pathological analysis can
be stopped. However, if no T790M mutation is identified, the next step
is to analyze in parallel the cfDNA from the liquid biopsy for T790M
mutation and for the primary mutation (Step 2). With this approach,
the detection rate can be increased by approximately 30% compared
to performing only one analysis (only tissue or only liquid biopsy) (23).
The complementary use of traditional tissue biopsy and liquid biopsy
leads to the highest certainty of detection and thus provides the
greatest benefit to the patient.

PrMUT, primary mutation; WT, wild type

the diagnosis of recurrence. In this way, it is also
possible to obtain information which helps to differ-
entiate between a recurrence of a known tumor and a
secondary tumor in patients with newly diagnosed
tumor foci (4, 5, 26, 27). Here, intensive clinical studies
are needed to prove the clinical relevance of liquid
biopsy in this respect. Thus, at present it is of experi-
mental value only.

Determining a prognostic parameter

(molecular staging)

Tumors already shedding cfDNA into the bloodstream
at lower stages (unio internationalis contra cancrum
[UICC]: I, II) have a poorer prognosis (5). Liquid
biopsies may be used in the future to differentiate be-
tween cfDNA-positive and cfDNA-negative stages of
cancer and thus provide information relevant to prog-
nosis.

This enables molecular staging which informs the
decision to administer adjuvant therapy. However, the
feasibility of this approach still has to be evaluated in
clinical studies.

Tumor genetic mutation analysis

from liquid biopsies

Blood collection

Special tubes should be used for blood collection. Most
standard blood collection tubes are made of positively
charged plastic which adsorbs the negatively charged
cfDNA so that it can no longer be detected during
analysis. In addition, blood cells start to break down
after blood collection, releasing genomic DNA which
distorts any analysis of actual cfDNA. These two pro-
cesses have an impact on the sensitivity and results of
analyses from liquid biopsies. Consequently, only
blood collection tubes used for prenatal genetic screen-
ing or tubes specifically designed for tumor genetic
testing should be used. They are made of negatively
charged materials and contain stabilizing reagents, pre-
venting blood cell breakdown for a period of about 5
days (28) so that specimens can be shipped by mail
without the need for special cold chains.

Furthermore, a sufficiently large gauge needle (at
least 21G) should be used to ensure nucleus-containing
blood cells remain intact. Blood-sampling systems used
for blood cultures are ideally suited for liquid biopsies as
they are designed to ensure blood cells remain intact and
vital. Finally, it is important to fill the blood collection
tubes to the maximum level to prevent the formation of
foam. When foam bubbles burst, high shear forces occur
at the interface with blood fluid, resulting in the destruc-
tion of blood cells. The reddish tint of plasma after cen-
trifugation due to hemolysis provides a good indication
of the degree of cellular damage.

Detection of tumor genetic mutations,
digital polymerase chain reaction
The key problem associated with the use of ctDNA to
test for tumor genetic mutations is that they are present
only in very small quantities in cfDNA which may be
<0.001% (23). Consequently, the analysis of liquid
biopsies requires the use of highly sensitive detection
systems. Standard polymerase chain reaction (PCR) ap-
proaches are less suitable, as they do not permit control
over the number of ctDNA molecules used and PCR
duplicates may distort measurements. Digital PCR sys-
tems (dPCR) enable the user to set the number of
c¢fDNA molecules to be used. These systems include:

® Beads amplification magnetics (BEAMing) (29)

® Digital droplet PCR (ddPCR) (30)

® Digital next-generation sequencing (ANGS) (31).

The sensitivity of these detection methods is
<0.1% (5, 29-32). With BEAMing and ddPCR, how-
ever, only few genes (gene loci) can be examined.
Thus, these methods are suitable for detecting known
tumor genetic alterations, for example, a T790M mu-
tation in the EGFR gene. This mutation shows
whether resistance has developed after TKI treatment
and thus treatment of the tumor with the 3™ gener-
ation TKI osimertinib is indicated (21). Only dNGS
allows for high-sensitivity detection of numerous
unknown mutations, for example if a tumor develops
resistance to therapy (26, 33).
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The fundamental problem with the use of ctDNA for
tumor genetic analyses is the lack of information about
its proportion in cfDNA. At present, no marker is avail-
able which can be used to reliably distinguish ctDNA
from tumor cells from cfDNA from normal cells. Only
the detection of a known mutation from the primary
tumor provides certainty that the analysis has been suc-
cessful and yielded meaningful test results (21, 23). If
no known mutation (wild type, WT) was identified,
there are two possible explanations: First, no ctDNA is
present, or, second, the sensitivity of the method is
inadequate to detect ctDNA. For these unresolvable
methodological reasons, liquid biopsies will never
reach the quality offered by tumor tissue—based or
tumor cell-based testing (21, 23).

Liquid biopsies have a high positive, but low
negative predictive value; these values may vary sig-
nificantly, depending on the tested tumor entity (7able
2) (23-25). This diagnostic uncertainty inherent to
liquid biopsy can be minimized by additional testing
for a known mutation of the tumor. The known
mutation acts as a reference value or control for the
significance and reliability of the tumor genetic
analysis from the liquid biopsy. Known mutations oc-
curring early in carcinogenesis (truncal mutation),
e.g. mutations in the 4PC (adenomatous polyposis
coli) gene or the KRAS (Kirsten-rat sarcoma) gene in
colorectal cancer are suitable for use as reference
values (34).

These reference mutations are obtained by ana-
lyzing tissue from the primary tumor. In case of the
resistance-conferring T790M mutation of NSCLC
under TKI treatment, the primary activating EGFR
gene mutation, in particular, represents a reliable ref-
erence value for liquid biopsy as it occurs in all cells
harboring the T790M mutation. If the reference value
mutation cannot be detected, it indicates that the
amount of ctDNA in ¢fDNA is inadequate. This defi-
cit occurs in one third of all tests from liquid biopsies
(23). In such cases, tumor genetic analysis from a
tissue biopsy should be pursued (Figure 1).

Comparison of tissue biopsy and liquid biopsy
Despite numerous publications on liquid biopsy, so far
only the pivotal study that led to the approval of osi-
mertinib has provided reliable, tumor- and treatment-
relevant data based on a large patient population and
performed a head-to-head comparison of mutation de-
tection in tissue biopsy and liquid biopsy (21, 23). In
comparison with tissue-based testing, liquid biopsy de-
tected tumor genetic mutations with a sensitivity of 0.7,
a specificity of 0.69, a positive predictive value of 0.86
and a negative predictive value of 0.46.

Furthermore, liquid biopsy changed in 31% of
cases (18 of 58) a negative tissue-based assay result to
a positive mutation finding. By contrast, tissue analy-
sis changed in 54% of cases (47 of 87) a negative
liquid biopsy-based assay result to a positive tumor
mutation finding (23).
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KEY MESSAGES

® Liquid biopsy and tissue biopsy represent complementary methods for the detection

of tumor genetic changes.

® Successful mutation detection is of comparable value in the tissue biopsy and in the

liquid biopsy (positive predictive value).

® |f no mutation is detected in the liquid biopsy, interpretation of this result is not

possible due to the low negative predictive value of this method.

® The search for mutations in liquid biopsies should include a known mutation of the

tested tumor as a reference value or a reference mutation.

® The European Medicines Agency has approved the use of liquid biopsies in
non-small cell lung cancer (NSCLC) when material from tissue biopsies is not

available in sufficient quantity.

These results clearly show that tumor genetic
mutation results from the tissue-based assay and
from the liquid biopsy complement each other in the
detection of the T790M mutation in NSCLC and in
combination provide the most reliable result for a pa-
tient. In addition, these data show that the tissue-
based assay provides the correct result with a higher
degree of certainty compared to liquid biopsy—based
testing and should thus be given preference, whenever
possible. If both a tissue biopsy and a liquid biopsy
are available at the same time, initially the tumor gen-
etic analysis of the tissue should be performed, and
only in case of a negative result, the liquid biopsy
should be analyzed.

Given its low sensitivity and, above all, its low
negative predictive value, the assay for T790M
mutation should always also test for the known acti-
vating £GFR mutation as a reference value to obtain a
meaningful test result (Figure 2).

Since the technical and time requirements for
diagnosis from liquid biopsies and tissue biopsy are
comparable, no significant increase in costs is to be
expected.
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