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Method for detecting and quantifying circulating DNA and uses

EIELD OF THE INVENTION

The field of the invention relates to a process for detecting and quantifying cell-free DNA (also

generally called ‘circulating DNA or ‘circulating free DNA, cfDNA”) and use thereof in particular for the

diagnosis, prognosis or monitoring of the physiological state of a given subject of interest.

STATE OF THE ART

It has been known for many years that blood plasma contains small amounts of circulating free DNA,

about 10 nanograms per milliliter, a concentration that can rise significantly, up to 0.5 micrograms per
milliliter, in cancer patients. Several studies have shown that it is possible to use this circulating DNA
to detect genetic modifications specific to cancer processes such as microsatellite mutations and
alterations (lung, colorectal, head and neck cancers). However, the prevalence of these genetic
alterations in circulating DNA varies according to the diseases and genes studied (Pierre Hainaut, m/s
no. 3, vol. 16, March 2000).

If circulating DNA concentrations are at present not or little used as a diagnostic or prognostic tool, it is
because of the lack of standardization of extraction and assay methods that would make it possible to
establish these standardized thresholds. Pre-analytical “good practices” specific to circulating DNA
have been published. In particular, they recommend working with plasma collected in tubes (EDTA,
Streck, Roche), centrifuging the blood tube no later than 6 hours after collection (up to 24 hours
depending on the testing centers), storing the plasma between —20°C (storage < 1 month) and —80°C
(storage > 1 month), storing the extracted circulating DNA at —20°C (in a screw-cap tube) and avoiding
repeated freeze-thaw cycles.

However, pre-analytical considerations that influence the analytical result must include other factors
such as the volume of plasma to be extracted, directly correlated to the amount of DNA extracted, the
efficiency of the extraction technique for a given volume of liquid, the reproducibility of the extraction,
the final concentration of the DNA and the inter-test standardization of the efficiency/concentration of
the eluate obtained.

Due to the relative ease of access and the nature of the sample, the use of cell-free DNA (also called
circulating DNA) has been predicted for some years now for monitoring the progression or response of

patients to cancer treatments (Aung KL et al., Hugo J 2010) or others. The term “liquid biopsy” has
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emerged to describe the monitoring of the genetic evolution of the tumor from blood (Fatouros IG et
al., ClinBiochem 2010).

Concentrations of circulating DNA indeed reflect both pathological and physiological processes
(Fatouros 1G, et al. ClinBiochem 2010). Circulating extracellular DNA can be detected in healthy
controls (Fatouros IG, et al. ClinBiochem 2010) and malignant controls (Oxnard GR et al., Clin Cancer
Res 2014; Lipson EJ et al., J Immunother Cancer 2014; Reinert T et al., Gut 2016; ) or non-malignant
(Steinman CR. J Clin Invest 1984; Galeazzi M, et al. AutoimmunRev 2003). In addition, trauma
(Laktionov PP, et al., Nucleosides Nucleotides NucleicAcids 2004), therapeutic procedures (Davis GL,
Jr., Davis JS., ArthritisRheum 1973) and pregnancy (Lo YM et al., 1997) may also result in the release
of free DNA into the circulation. Many factors can therefore influence the level of circulating DNA in the

plasma. Monitoring the response to treatments by regular blood tests has real advantages.

Thus, if the amount of circulating DNA per ml of liquid can be considered as a biomarker of a clinical
response, standardization of the amount of circulating DNA extracted from one extraction to another is
essential.

In addition to standardizing the amount of DNA extracted, maintaining the size profile of circulating
DNA samples is important and can be crucial for the biological validation of results. Indeed, the size of
circulating DNA fragments in healthy controls comes essentially from apoptotic cells. The lengths of
circulating DNA fragments are generally 185 to 200 bp (Giacona MB et al., Pancreas 1998). This
uniformly truncated circulating DNA is produced by enzymatic cleavage during apoptosis (Wyllie AH,
Nature 1980). The size of circulating DNA from malignant cells varies greatly, because in addition to
apoptosis, necrosis and autophagy are responsible for the death of cancer cells (Jin Z and El-Deiry
WS, Cancer BiolTher 2005). The size of the circulating DNA fragments is therefore different between

healthy and pathological individuals.

It is important that circulating DNA extraction techniques maintain the size profile of circulating DNA,
particularly small fragments that can be removed if the proportion of the mixture of chemical
components in the binding step on the silica column varies. The composition of the liquid can also
change this proportion. It is therefore essential to be able to verify and normalize the extraction

efficiency of small fragments, especially around 100 base pairs.

Other parameters are also to be considered, particularly DNA extraction efficiency (total quantity),

elution volume and concentration of these circulating DNA.
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Indeed, the amount of circulating DNA is directly proportional to the amount of plasma extracted. It
is therefore important to extract as much plasma as possible. The total volume to be extracted,
including plasma, proteases and binding solutions, exceeds on average 10 ml (per 4 ml of plasma)
and must be eluted on silica columns not exceeding 1 to 2 cm in height and 1 cm in diameter. It should
be noted that the smaller the diameter of the column, the smaller the elution volume, and thus the
more concentrated the circulating DNA extract.

Furthermore, the number of analyses to be performed on this type of sample can be very large; it
is therefore essential to obtain elution volumes that will allow numerous analyses to be performed with
sufficient concentrations of circulating DNA. The two are contradictory.

Finally, obtaining a concentrated solution is essential because the analytical sensitivity is directly
dependent on the quantity of circulating DNA analyzed.

The volume of liquid to be extracted, the concentration and the elution volume are interdependent.

To the Applicant’s knowledge, there are currently no kits and devices for extracting, amplifying and

quantifying DNA, in particular cell-free DNA, which address these various issues.

Moreover, since the work of P. Mandel and P. Métais in 1948, it has been clearly established that
blood carries a small amount of circulating free DNA from the release of genetic material from tissues.
This circulating free DNA (cfDNA) is in the form of double-stranded DNA with an average size of 150-
180 bp corresponding to the wrapping of the DNA around the nucleosome, the larger sizes correspond
to multiples of 150-180 bp. Its lifespan is less than two hours, before it is filtered and removed from the
bloodstream by the spleen, liver and kidneys. All studies agree that cfDNA is detected in smaller
guantities in healthy individuals and that its increase is related to different clinical situations such as
stroke, myocardial infarction, intensive muscle exercise, acute renal failure, liver cytolysis, trauma,
surgery, graft rejection and cancer.

The origin of cfDNA is not yet fully elucidated but is thought to be linked to three phenomena:
apoptosis, necrosis and, to a lesser extent, active secretion. In healthy individuals, circulating DNA
comes mainly from apoptotic cells (Giacona, M. B. et al., Pancreas, 1998). The DNA fragment lengths
in this case are generally 185 to 200 bp (Wyllie, A. H. et al., Int Rev Cytol, 1980). In contrast, in cancer
tissues, the size of circulating DNA varies greatly, because in addition to apoptosis, necrosis and
autophagy are responsible for cancer cell death (Jin, Z. et al., Cancer Biol Ther, 2005). Fragments can
reach 450-500 bp corresponding to the wrapping of DNA around three nucleosomes. Beyond these

sizes, even larger fragments, which are most often considered to result from contamination by
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leukocyte DNA, may also be present. However, the origin of these high-weight fragments is not clearly
elucidated. It is possible to distinguish circulating DNA populations by measuring the size of long and
short fragments. These are next-generation sequencing (NGS) approaches using specific
bioinformatics processes to measure cfDNA size. Jiang P and Lo YM find opportunities in many
applications, particularly in the field of cancer research and transplantation (Trends Genet. 2016).
Nevertheless, it is currently impossible, in clinical routine, to ascertain the somatic origin (tumor,
transplant, etc.) and the release process of circulating DNA (apoptosis, necrosis, etc.).

One of the major pitfalls of cfDNA analysis relates to pre-analytical processes (processing of blood
tubes and DNA extraction). Variations in cfDNA concentrations can be artefactually produced by the
release of leukocyte DNA before the first centrifugation of the tubes, or in the absence of a second
centrifugation at 4000 g or higher. In addition, in order to use cfDNA concentrations expressed as
ml/plasma to monitor a response to treatments, it is important to ensure the robustness of the
extraction technique, but above all to propose a method to normalize extractions between one another

and over time.

Eini et al. (Avicenna J Med Biotech 2016; 8(2) :84-90) describes an 'in house' extraction method and
an amplification method for circulating DNA in a healthy subject plasma sample, implementing an
exogenous DNA fragment of 167 nucleotides and the calculation of an extracted DNA integrity ratio for

a qualitative assessment of the extraction step.

WO02014/194113 (Schutz et al.) describes a method for quantifying cell-free DNA in a transplant
subject from a plasma sample enriched with 320 bp DNA of non-human origin, for qualitative

assessment of extraction yield.

However, none of these documents describes or suggests the process described in claims 1 to 6 for
co-amplifying and quantifying circulating DNA extracted from a biological sample of a subject suffering
from or developing a pathological clinical condition as defined according to the invention, and an
exogenous DNA fragment of 50-200 base pairs, in order to detect quantitative variations in the

extracted circulating DNA, for diagnostic or prognostic purposes.

The inventors have precisely developed a process for detecting and quantifying cell-free DNA

(circulating DNA), including an extraction step in which calibrants, also known as standards
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(exogenous DNA fragments), are added to standardize variations in circulating DNA in patients, and

optionally to verify the reproducibility of extraction of small circulating DNA.

According to the invention, ‘calibrants’ or ‘standards’ means internal controls of the process for
detecting and quantifying extracted circulating DNA, said calibrants or standards consisting of the
exogenous DNA fragments defined below. The terms calibrated ICE fragment and ICE fragment will

also be used hereinbelow.

‘Calibrated ICE fragment’ means, according to the invention, an exogenous DNA fragment whose
concentration is calibrated by ddPCR; this calibrated ICE fragment can be used to normalize the
concentration of free genomic DNA (cfDNA) by calculating the cfDNA/ICE ratio (Grewis) in order to
ensure that only physiological and/or pathological fluctuations in this circulating DNA in a subject of
interest are measured by comparing other analytical points over time or in comparison with a control

(healthy subject).

‘Exogenous DNA fragment’ means a DNA fragment of a different species than the circulating DNA of
interest; preferentially, a non-human exogenous DNA fragment will be selected for the extraction of

circulating human genomic DNA.

‘Circulating DNA’ refers to cell-free DNA. In the rest of the description, the terms cell-free DNA and
circulating DNA (cfDNA) will be used interchangeably. According to a particular embodiment, it will be

human circulating DNA, in particular circulating DNA from a subject of interest.

‘Subject of interest’ means a subject distinct from a normal or healthy subject. The subject of interest
according to the invention is a subject likely to release cell-free DNA, in particular related to apoptosis,
necrosis and/or to a lesser extent active secretion. Such a subject of interest according to the claimed
invention is a subject affected by or developing a cancer or a clinical pathological condition selected
notably from stroke or myocardial infarction, acute renal failure, hepatic cytolysis, trauma, graft
rejection, or a subject undergoing medical treatment such as biopsy, surgery, radiotherapy,

chemotherapy, immunotherapy, or active principle (chemical or biological).
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The process for detecting and quantifying circulating DNA using an extraction step in which calibrants
or standards are added according to the following embodiments which are useful for understanding
the invention, has the following advantages according to the embodiments described below:

- Superior coverage of fragmented DNAs for sensitive applications;

- Control of extraction efficiency by standardization (exogenous internal control ICE thanks to

the first exogenous DNA fragment of 50-2000 base pairs);

- Optionally control of extraction efficiency for sizes close to 100 base pairs (LED thanks to the

second optional exogenous DNA fragment of 50-150 base pairs);

- Optimization of elution efficiency of circulating DNA (in the presence of albumin or gelatin);

and/or
- Concentration of the elution of circulating DNA (ultrafiltration),

- Co-amplification according to the invention of the exogenous internal control and a genomic

DNA sequence (e.g., mutated DNA in oncology or ‘donor DNA in the case of transplantation).

It is also advantageous, in particular for the preferred embodiments of the invention, because of its
practicality and time saving thanks to the accessories above the extraction columns (allowing the
entire sample/solution mixture to be loaded at once, thus limiting cross-contamination), its internal
quality control (lyophilized culture medium as control sample), its reproducibility (albumin, gelatin or

substitutes in the elution step), and the concentration of circulating DNA (ultrafiltration).

SUMMARY OF THE INVENTION

The objects of the invention are defined in claims 1 to 13.

Some of the following embodiments are not covered by the text of the claims but are considered

useful for understanding the invention.

A first embodiment useful for understanding the invention is a process for detecting and/or quantifying
cell-free DNA from a biological fluid sample from a subject of interest, comprising at least:
0] a step of extracting cell-free DNA from a biological fluid sample in which has been

added at least
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a) an effective amount of a first exogenous DNA fragment of 50-2000 base
pairs, preferably 50-200 base pairs according to the claimed invention,
preferably 60-160 base pairs, more preferably 70-150 base pairs and
better 80-140 base pairs (ICE), and

b) optionally an effective amount of a second exogenous DNA fragment of
50-150 base pairs (LED) of distinct sequence from the first exogenous
DNA fragment;

(i) a step of amplifying and quantifying the cell-free DNA and the exogenous ICE
and/or LED DNA fragments extracted in step (i), and

(iii) a step of standardizing the amount of extracted cell-free DNA and optionally its size
profile including:

- calculating a first ratio of the copy number of cell-free DNA to the copy
number of exogenous DNA fragment of 50-2000 base pairs, preferably
50-200 base pairs according to the claimed invention, preferably 60-160
base pairs, more preferably 70-150 base pairs and better 80-140 base
pairs (ICE), and

- optionally calculating a second ratio of the copy number of the first
exogenous DNA fragment of 50-2000 base pairs (ICE) to the copy
number of the second exogenous DNA fragment of 50-150 base pairs
(LED).

“Effective amount’ of exogenous DNA fragment means an amount (or a copy number for a given size
of the fragment) of exogenous DNA per ml of biological fluid sample allowing the implementation of
the step of standardizing the amount of extracted circulating DNA and optionally its size profile.
According to a particular embodiment, the amount of exogenous DNA per ml of biological fluid sample
is at least 1 fg or even 2 fg per ml of sample (or 10,000 to 20,000 copies per ml of plasma sample for a
110 base pair fragment), in particular ranging from 1 fg or 2 fg to 2 ng per ml of sample.

These concentrations of calibrants, near or below the concentrations of copies of genes of cell-free
DNA from a normal subject (e.g., less than 8 ng/ml), make it possible to work with the physiological

values of a healthy subject in order to accurately measure fluctuations.
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Step (i) of extracting cell-free DNA from a biological fluid sample will generally comprise in succession
a step of proteolysis of said biological sample, a step of isolating circulating free DNA, and an elution

step, optionally precipitation and optionally concentration of circulating free DNA.

Step (ii) of amplifying and quantifying the cell-free DNA extracted in the previous step will preferably
according to the invention be performed by a digital PCR, gPCR and/or NGS method.

According to a particular embodiment of the invention, we co-amplify in the same well the exogenous
DNA fragment and a human sequence detected by ddPCR or TagMan gPCR or NGS. This is referred

to as ‘co-amplification’ or co-detection.

The process according to the invention also makes it possible to perform multiplex dPCR or NGS with
this calibrant (ICE) and gene abnormalities (mutations, amplifications, etc.) in order to monitor
changes in the concentration of abnormalities over time or compared to a reference subject (healthy
subject, control).

‘Reference subject (control, healthy subject) means a ‘normal’ subject, distinct from the subject of
interest, meaning not likely to be affected or to develop a clinical indication as described for the

subject of interest.

Step (iii) of standardization, characteristic of the detection and quantification process of the invention,
is used to measure in a simple and reliable way the amount of circulating free DNA extracted and its
variations over time (new extractions and quantifications from a biological fluid sample from the same
subject at defined times t0, t1, t2, etc.) or compared to a reference subject (control, healthy subject),
and optionally its size profile to verify the reproducibility of the extraction of circulating DNA in the

specific size range, in particular circulating DNA of around 100 base pairs in size.

Another embodiment useful for understanding the invention relates to the use of the process for
detecting and/or quantifying cell-free DNA from a biological fluid sample from a subject of interest
according to the invention, in a method for analyzing a biological sample from a subject of interest
likely to release cell-free DNA, in particular a subject of interest affected by or likely to develop a
cancer or a clinical condition selected in particular from stroke or myocardial infarction, acute renal
failure, hepatic cytolysis, trauma, surgery, graft rejection, or a subject undergoing intensive muscular
exercise, or a subject undergoing medical treatment such as biopsy, surgery, radiotherapy,

chemotherapy, immunotherapy, or active principle.
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Another embodiment useful for understanding the invention also relates to an in vitro process for the
analysis, in particular the diagnosis, prognosis, theranosis, or the monitoring of changes in a specific
physiological state of a subject of interest likely to release circulating DNA, in particular a subject of
interest affected or likely to develop a cancer or a clinical condition selected in particular from stroke or
myocardial infarction, acute renal failure, hepatic cytolysis, trauma, surgery, graft rejection, or a
subject undergoing intensive muscle exercise, or a subject undergoing medical treatment such as
biopsy, surgery, radiotherapy, chemotherapy, immunotherapy, or active principle, comprising the
following steps:

0] at a time t0, detecting and/or quantifying cell-free DNA from a biological fluid
sample from a subject of interest according to the process of the invention as
described above;

(i) at atime t1, repeating step (i), and
a. comparing the ratio (Grewis) of the copy number of circulating DNA to the copy

number of exogenous DNA fragment of 50-2000 base pairs, preferably 50-200
base pairs according to the invention, preferably 60-160 base pairs, more
preferably 70-150 base pairs and better 80-140 base pairs (ICE), obtained at

time t1, with the same ratio obtained at time t0.

Steps (ii) and (iii) can be repeated as many times as necessary (for example at t2, t3, t4, etc.) to
monitor changes in a specific physiological state of a subject of interest, and consequently the effect of

medical treatment (surgery, drugs, radiotherapy, etc.) on said subject.

These measurements can easily be made from a blood sample collected from the subject (blood

draw).

The time elapsed between two measurement times (t0 and t1, t1 and t2, etc.) may generally represent
one or a few hours, days, weeks, months or years, depending on the physiological state of the subject
of interest and the objective sought by quantifying circulating DNA from a biological fluid sample from
said subject.

The skilled person will thus be able to adapt this time elapsed between two measurement times
according to the physiological state of the subject of interest and any medical treatments followed in

order to define t1, t2 and following times in relation to a given t0.
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The in vitro analysis process according to the invention is intended in particular to:

- analyze fluctuations in cell-free DNA to monitor response and/or resistance to medical
treatment such as biopsy, surgery, radiotherapy, chemotherapy, immunotherapy, or
active principle, or

- analyze fluctuations in cell-free DNA to monitor the occurrence of graft rejection, or

- analyze fluctuations in cell-free DNA to decide whether to conduct a subsequent
analysis of genomic abnormalities, or

- monitor changes in the concentration of mutated DNA, or

- monitor changes in the concentration of ‘donor’ DNA, in the specific case of a

transplanted subject of interest at risk of graft rejection .

Alternatively, an embodiment useful for understanding the invention relates to an in vitro process for
the diagnosis, prognosis, theranosis of a subject of interest likely to release circulating DNA, in
particular a subject of interest affected or likely to develop a cancer or a clinical condition selected in
particular from stroke or myocardial infarction, acute renal failure, hepatic cytolysis, trauma, surgery,
graft rejection, or a subject undergoing intensive muscle exercise, or a subject undergoing medical
treatment such as biopsy, surgery, radiotherapy, chemotherapy, immunotherapy, or active principle,
comprising the following steps:

(i) at atimet, detecting and/or quantifying cell-free DNA from a biological fluid sample
from a subject of interest according to any of claims 1to 5;

(i) comparing the ratio (Grewis) of the copy number of circulating DNA to the copy number
of exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs
according to the invention, preferably 60-160 base pairs, more preferably 70-150 base
pairs and better 80-140 base pairs (ICE), obtained at time t, with the same ratio

obtained in a reference subject (healthy subject, control).

Another embodiment useful for understanding the invention is a kit or set for extracting cell-free DNA
from a biological fluid sample from a subject of interest, comprising:
0] At least a first exogenous DNA fragment of 50-2000 base pairs,
preferably 50-200 base pairs according to the invention, preferably 60-160 base
pairs, more preferably 70-150 base pairs and better 80-140 base pairs (ICE);
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(i) Buffers and enzymes, in particular a cell-free DNA proteolysis buffer,
proteolysis enzyme, binding buffer, wash buffer, and elution buffer,

(i) Devices for isolating cell-free DNA, in particular silica membrane
extraction columns and advantageously extraction columns surmounted by

loading accessories, preferably funnels,

(iv) Multi-well plates, in particular 24-well DeepWell 25 ml plates
(v) Screw-cap tubes, preferably 1.5 ml, and
(vi) A user manual,

said exogenous ICE DNA fragment being provided in said kit or provided

separately to said kit, forming an extraction set.

According to a particular embodiment, the loading accessories used in step (iii) are accessories that
surmount the extraction columns and have at least one diameter greater than the diameter of said
column, making it possible to load the entire sample/extraction solution mixture at once. In particular,
such accessories allow volumes ranging from 0.5 to 100 ml to be loaded into the column, in particular
from 1 ml to 36 ml, preferentially from 1 ml to 14 ml. According to a particular embodiment, the volume
will be from 0.5 to 8 ml, notably from 0.5 to 4 ml.

These accessories can have different shapes. According to a particular and preferred embodiment,
funnels will be used as accessories to load the entire sample/extraction solution mixture.

‘Extraction solution’ means the solution containing the buffers and enzymes necessary for the

circulating DNA extraction step.

According to a particular embodiment, the cell-free DNA extraction kit according to the invention is
used in combination with a cell-free DNA amplification and quantification kit, supplied together or
separately.

The cell-free DNA amplification and quantification kit will generally comprise at least:

0] specific sense and antisense primers for the cell-free DNA of the subject of interest
and for the exogenous DNA fragment as defined in the invention, for the
amplification step,

(i) labeled probes for the cell-free DNA of the subject of interest and for the exogenous
DNA fragment as defined in the invention, for the detection and quantification step,

(iii) reaction buffers,

(iv) multi-well plates and
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(V) a user manual.

Another embodiment useful for understanding the invention relates to the use of at least a first
exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs according to the
invention, preferably 60-160 base pairs, more preferably 70-150 base pairs and better 80-140 base
pairs (ICE), for use in standardizing a method for extracting and quantifying cell-free DNA and/or in a
method for analyzing fluctuations in cell-free DNA in a subject of interest over time by measuring the
ratio (Grewis) of the copy number of cell-free DNA to the copy number of the first exogenous DNA
fragment of 50-2000 base pairs, preferably 50-200 base pairs according to the invention, preferably

60-160 base pairs, more preferably 70-150 base pairs and better 80-140 base pairs (ICE).

Said exogenous DNA fragment can advantageously be used with any kit for extracting and/or

quantifying cell-free DNA.

DETAILED DESCRIPTION OF THE INVENTION

The objects of the invention are defined in claims 1 to 13.

Some of the following embodiments are not covered by the text of the claims but are considered
useful for understanding the invention.

PROCESS FOR DETECTING AND/OR QUANTIFYING CIRCULATING DNA

A first embodiment useful for understanding the invention relates to a process for detecting and/or

quantifying cell-free DNA from a biological fluid sample from a subject of interest, comprising at least:

0] a step of extracting cell-free DNA from a biological fluid sample in which has
been added at least an effective amount of a first exogenous DNA fragment of
50-2000 base pairs, preferably 50-200 base pairs according to the invention,
preferably 60-160 base pairs, more preferably 70-150 base pairs and better 80-
140 base pairs (ICE);

(i) a step of amplifying and quantifying the cell-free DNA and the exogenous ICE
DNA fragment extracted in step (i), and

(iii) a step of standardizing the amount of extracted cell-free DNA comprising
calculating a first ratio (Grewis) of the copy number of cell-free DNA to the copy

number of the first exogenous DNA fragment of 50-2000 base pairs, preferably
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50-200 base pairs, preferably 60-160 base pairs, more preferably 70-150 base
pairs and better 80-140 base pairs (ICE).

According to the invention, the subject of interest is a subject affected by or developing a cancer or a
clinical condition selected among stroke or myocardial infarction, acute renal failure, hepatic cytolysis,
trauma, graft rejection, or a subject undergoing medical treatment such as biopsy, surgery,
radiotherapy, chemotherapy, immunotherapy, or active principle (chemical or biological).

According to a particular embodiment of the invention, the subject of interest has or is developing
cancer.

According to another particular embodiment of the invention, the subject of interest is likely to have a
graft rejection.

According to another particular embodiment of the invention, the subject of interest is subjected to
medical treatment selected from biopsy, surgery, radiotherapy, chemotherapy, immunotherapy, or an

active principle (chemical or biological).

According to a particular embodiment of the invention, the biological fluid is selected from the group
consisting of whole blood, serum, plasma, urine, saliva, bone marrow effluent, lymph, cerebrospinal
fluid, tear fluid, sweat, milk, aqueous humor, synovial fluid, pleural fluid, peritoneal fluid, amniotic fluid,

bile, seminal fluid, expectorations.

Preferably, according to the invention, the biological fluid is plasma.

Plasma samples are generally prepared from whole blood.

In order to limit the release of cellular DNA (circulating cells) causing the dilution of cell-free DNA,
protocols including two centrifugations should preferably be used.

According to a preferred embodiment, whole blood is collected, for example on Cell-Free DNA BCT®
(Streck), Roche (Ariosa) and EDTA K3 tubes, according to the suppliers’ recommendations.
Advantageously, the following will be performed:

e a 1%t centrifugation (1200-1600 g) at room temperature (20°C + 5°C) performed within a
maximum period of 6 hours after collection; the plasma (supernatant) is recovered without
taking the layer of cells separated between the plasma and the red blood cells;

e a 2" centrifugation (3000-16000 g) at room temperature (20°C + 5°C); the plasma is aspirated

without taking the formed pellet.
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Regardless of the tubes mentioned above, the plasma can be stored at —20°C for up to 1 month or at

—80°C for periods longer than 1 month.

The main steps of the process according to the embodiments useful for understanding the invention

are detailed below.

Extraction of circulating DNA

In particular, the extraction step (i) according to the invention will comprise the following steps:
(i1) Proteolysis of said biological fluid sample from a subject of interest after adding to
said sample at least an effective amount of a first exogenous DNA fragment of 50-200
base pairs, preferably 60-160 base pairs, more preferably 70-150 base pairs and better
80-140 base pairs (ICE) and optionally an effective amount of a second exogenous
DNA fragment of 50-150 base pairs (LED),
(i2) lIsolation of cell-free DNA, in particular by affinity on a membrane support,
preferably a silica membrane support in an extraction column,
(i3) Elution of the cell-free DNA isolated in step (i2) in an aqueous phase,
(i4) Optionally precipitation of the cell-free DNA,
(i5) Advantageously concentration of the cell-free DNA,

(i6) Optionally preservation and/or storage of said cell-free DNA.

According to a particular embodiment, the extraction step (i) does not include a precipitation step (i4).

According to a particular embodiment of the invention, the process of the invention comprises co-
amplification of a cell-free DNA, an exogenous ICE fragment and a genomic DNA sequence selected
from a mutated DNA sequence or a ‘donor DNA sequence.

According to the invention, ‘mutated DNA sequence’ means a sequence with a mutation. In the case
of cancer, for example, the aim will be to detect/quantify activating mutations or mutations for
resistance to a targeted therapy. In the case of prostate cancer, the aim will be to detect/quantify
mutations in the gene encoding the androgen receptor for resistance to abiraterone treatment or other
targeted therapies. In the case of non-small cell lung cancer (NSCLC), the aim will be to
detect/quantify activating mutations in the gene encoding EGFR or mutations for resistance to

osimertinib or other targeted therapy.
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According to the invention, “donor’ DNA sequence or ‘DNA sequence of donor’ means a DNA
sequence from the donor (case of transplant) as opposed to the recipient’'s DNA, by targeting SNP or
other HLA sequences.

Each step of the extraction method is specified in the following description.

(i1) Proteolysis of said biological sample

The standard(s) (exogenous DNA fragments mentioned above), characterizing the process for
extracting, amplifying and quantifying circulating DNA of the invention, are added to the biological fluid
sample from a subject of interest before the proteolysis step.

According to an embodiment useful for understanding of the invention, at least the first exogenous
DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs according to the invention,
preferably 60-160 base pairs, more preferably 70-150 base pairs, preferably 70-150 base pairs and
better 80-140 base pairs (ICE) and optionally the second exogenous DNA fragment of 50-150 base
pairs (LED), are added. According to a particular embodiment, their mixture will be used. According to
another particular and preferred embodiment, only the first ICE fragment will be used provided it is
small in size, i.e. 50 to 200 base pairs according to the invention, preferably 60 to 160 base pairs,
preferably 70 to 150 base pairs, and better 80 to 140 base pairs. At these small sizes, the ICE

fragment therefore advantageously also plays the role of the LED fragment.

The first exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs according to
the invention, preferably 60-160 base pairs, more preferably 70-150 base pairs and better 80-140
base pairs is used as the exogenous internal control (ICE).

The skilled person will define the size of the first exogenous DNA fragment to be used according to the
subject of interest whose circulating DNA is to be quantified and according to the analytical technique
(quantification) available.

According to the invention, this first exogenous DNA fragment has a size ranging from 50 to 200 base
pairs, preferably 60 to 160 base pairs, preferably 70 to 150 base pairs, and better from 80 to 140 base
pairs.

According to particular embodiment not covered by the text of the claims, the first exogenous DNA
fragment (ICE) is a fragment of preferably 200 to 1000 base pairs, more preferably 250 to 350 base

pairs.
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According to a particular embodiment of the invention, the first exogenous DNA fragment is a non-
human DNA fragment of 300 base pairs.
According to a particular and preferred embodiment of the invention, the first exogenous DNA

fragment is a non-human DNA fragment of 110 base pairs.

This inter-test standard (ICE) makes it possible to standardize the amount of extracted circulating DNA
and its inter-test variations (and in particular over time for the same subject of interest) or compared to
the amount of extracted circulating DNA in a reference subject (healthy subject, control) by calculating
the ratio (Grewis) of the copy number of circulating DNA to the copy number of a first exogenous DNA
fragment of 50-2000 base pairs, preferably 50-200 base pairs according to the invention, preferably
60-160 base pairs, more preferably 70-150 base pairs and better 80-140 base pairs (ICE). These
values are obtained after extraction, amplification and quantification of said exogenous DNA
fragments, in parallel with the amplification and quantification of the circulating DNA, as described
below in the description.

The value of the ratio is expressed in arbitrary units (Grewis). This approach thus avoids having to

adjust calculations for eluate volumes.

According to an embodiment useful for understanding the invention, this first exogenous DNA
fragment of 50-2000 base pairs can be used alone or in combination with the second exogenous DNA

fragment of 50-150 base pairs, distinct from the first fragment.

The second exogenous DNA fragment of 50-150 base pairs, distinct from the first fragment, is used to
control small fragments (LED).

According to a particular embodiment, the second exogenous DNA fragment is an exogenous DNA
fragment of 80-120 base pairs.

According to a particular embodiment of the invention, the second exogenous DNA fragment is a non-
human DNA fragment of 110 base pairs.

This second exogenous DNA fragment (LED) makes it possible to verify the reproducibility of
extraction of circulating DNA in the specific size range, i.e. to standardize the size profile of the
extracted circulating DNA, and to avoid the influence of the chemical/biological composition of the
plasma on the extraction efficiency of small size fragments. The ratio of the copy number of the first
exogenous DNA fragment of 50-2000 base pairs (ICE) to the copy number of the second exogenous
DNA fragment of 50-150 base pairs (LED) is calculated.
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According to a particular and preferred embodiment of the invention, only a first ICE fragment of 50 to
200 base pairs, preferably 60 to 160 base pairs, preferably 70 to 150 base pairs, and better 80 to 140

base pairs, will be used, which will also play the role of the LED fragment.

The step of proteolysis or hydrolysis of proteins under the action of enzymes is generally performed in

the presence of a buffer and enzymes.

According to a particular embodiment, an enzyme (proteinase K) and a lysis buffer (LYS) will be used.
The skilled person will determine the amounts of enzyme and lysis buffer to be used based on the
volume of sample to be processed. According to a particular embodiment, the mixture, once vortexed,
is incubated at an enzyme activation temperature, in particular a temperature of 56°C + 5°C for 30

minutes to 1 hour with shaking.

According to a particular embodiment, the lysis buffer contains chaotropic salts (guanidinium
hydrochloride); these salts disrupt the macromolecules and allow water molecules to be separated
from the silica and DNA once the molecules are charged. It can create a bridge favorable for the

binding of DNAs and standards on the silica.

According to a preferred embodiment, the process for detecting and/or quantifying cell-free DNA
according to an embodiment useful for understanding the invention, further implements in the
extraction step (i) at least one control sample preferably consisting of a lyophilisate of culture medium
of a mutated or non-mutated cell line, to be rehydrated to mimic the biological fluid sample.

In particular, a mutated cell line is defined as a cell line whose genome has modifications such as
single-nucleotide variants (SNVs), deletions, insertions, copy-number variations (CNVs), etc.

This quality control of the extraction efficiency makes it possible to verify the inter-test reproducibility of
the extraction by calculating the same two ratios on this control sample, respectively the ratio of the
copy number of circulating DNA to the copy number of the first exogenous DNA fragment of 50-2000
base pairs and the ratio of the copy number of the first exogenous DNA fragment of 50-2000 base
pairs (ICE) to the copy number of the second exogenous DNA fragment of 50-150 base pairs (LED),

which must not vary from one extraction series to another.

The control sample according to the invention undergoes the same reactions as the biological fluid

sample from the subject of interest from which circulating DNA is to be extracted, in particular the



10

15

20

25

30

DK/EP 3565902 T3

18

addition of standards (exogenous ICE and LED DNA fragments, extraction, amplification,

quantification and control).

(i2) Isolation of circulating DNA

The isolation of circulating DNA can be performed using one of the following methods:
a. By affinity of circulating DNA for a support (silica membrane, magnetic beads, etc.),
preferably a silica membrane support, or
b. By extraction method between two immiscible liquid phases (phenol/chloroforms,
TRIzol, Piotr Chomczynski and Nicoletta Sacchi methods)

c. By density gradient (for example cesium chloride, etc.).

According to a particular embodiment of the invention, the affinity method will be used on a membrane
support, preferably a silica membrane support in an extraction column.
MIDI columns are preferably used according to the supplier's recommendations, in the presence of

activation and binding buffers.

According to a particular embodiment, the step of isolating and binding circulating DNA on the silica
membrane support consists in:

- applying the silica membrane activation buffer in each MIDI column, incubating and then applying
vacuum (—0.4 bar);

- adding a binding buffer per ml of plasma to each lysed sample;

- mixing the contents of the tube by drawing/expelling at least 5 times;

- placing the funnels on each column;

- applying the lysed sample mixture to the MIDI columns;

- applying vacuum at —0.4 bar for 5 minutes, making sure that all the lysate has passed through the

column.

The activation and binding buffers are the buffers used in standard extraction protocols.
According to a particular embodiment, a guanidinium hydrochloride-ethanol binding buffer will be

used.
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According to a preferred embodiment of the process for detecting and/or quantifying cell-free DNA
according to the invention, the extraction column in the cell-free DNA isolation step (i2) is surmounted
by a loading accessory, preferably a funnel, allowing the entire sample/extraction solution mixture, i.e.
a volume ranging from preferably 1 ml to 14 ml, to be loaded.

This configuration allows all (manual) or half (automated) of the plasma—proteolysis buffer—binding

solution mixture to be handled in a single pipetting operation.

The step of isolating and binding circulating DNA is followed by a membrane washing step according
to the supplier’s standard recommendations (several washing cycles, application of vacuum at —-0.4

bar for 5 minutes).

(i3) Elution of circulating DNA

According to a particular embodiment, before eluting the circulating DNA, the vacuum, for example at

least —0.6 bar for 10 minutes, is applied to completely dry the membrane of any trace of ethanol.

An elution buffer is then added according to the supplier's recommendations.

According to a preferred embodiment of the process for detecting and/or quantifying cell-free DNA
according to the invention, the step (i3) of eluting the cell-free DNA isolated in step (i2) is performed in
the presence of an elution buffer supplemented with albumin, gelatin, or substitutes.

This advantageously increases the extraction efficiency and stabilizes the reproducibility of the eluted
volume.

According to a first embodiment, the elution step is performed in the presence of an elution
buffer supplemented with albumin, such as bovine serum albumin (BSA), preferably at 0.5 mg/ml
eluate.

According to another preferred embodiment, the elution step is performed in the presence of
an elution buffer supplemented with gelatin, such as that marketed by SIGMA under the trade name

Prionex®, preferably used at 1%.

(i4) Optionally precipitation and (i5) concentration of circulating DNA

According to a particular embodiment, the extraction process does not comprise a precipitation step

(i4).
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According to a preferred embodiment of the process for detecting and/or quantifying cell-free DNA
according to the invention, the step (i5) of concentrating the pure cell-free DNA is performed on a
concentration plate by ultrafiltration.

This concentration step can be performed by excluding the aqueous phase, and advantageously
without adding chaotropic salts for the binding and alcohol washing of the circulating DNA.

The volume to be concentrated can range from 20-300 pl, the volume to be recovered can range from
25-300 pl.

(i6) Preservation and/or storage of circulating DNA
The circulating DNA obtained must be stored at 5°C + 3°C if the digital PCR (dPCR) or droplet digital
PCR (ddPCR) or quantitative PCR (qPCR) is performed following, otherwise the circulating DNA must

be stored at —80°C for longer storage.

According to a particular preferred embodiment of the invention, the cell-free DNA extraction step is
performed according to the following steps:

(i1) proteolysis of the plasma, and in parallel of the control sample (CQI), in which the standard(s)
(exogenous ICE and LED DNA fragments), with proteinase K and lysis buffers containing guanidinium
hydrochloride chaotropic salts, have been added;

(i2) isolation of cell-free DNA on a silica membrane, in the presence of a guanidinium hydrochloride-
ethanol binding buffer, added in large volume to fix the DNA to the silica, the % ethanol affecting the
size of the fragments retained. The volume is added to the silica column equipped with a removable
funnel in one step in manual mode and in two steps in automatic mode. Three washing steps are
necessary to remove inhibitors and salts. Then drying for 10 minutes removes the ethanol present on
the silica membrane;

(i3) elution of the free DNA by a first step in which the free DNA is desorbed by an EDTA-free buffer
weakly buffered at pH 8.5. Advantageously, the extraction step according to the invention does not
provide for the addition of entraining RNA that could interfere with certain subsequent applications
such as amplification with the NGS method. Elution is preferably performed in buffer supplemented
with albumin or gelatin, which optimizes the volume and yield of the extracted DNA.

(i4) and (i5) the eluate can be concentrated by ultrafiltration if necessary, for downstream applications.



10

15

20

25

30

DK/EP 3565902 T3

21

Processes with the extraction step for Streck Cell-free DNA BCT® blood collection tubes have also
been developed. The stabilizing reagents in BCT tubes require prolonged proteolysis to effectively

isolate circulating DNA.

Amplification and quantification of circulating DNA

This step of amplification and quantification of the cell-free DNA and the exogenous DNA fragment(s)
(ICE and optionally LED standards) extracted in the previous step, can be performed by methods well
known to the skilled person.

According to a particular embodiment, the process of the invention allows co-amplification, in
particular in the same well, of an exogenous ICE fragment and a genomic sequence having a mutation
or a DNA sequence from the donor (transplantation), allowing changes in the concentration of mutated

DNA or ‘donor’ DNA to be monitored between two extractions over time.

According to preferred embodiments of the invention, it can be performed by a digital PCR, gPCR
(real-time quantitative PCR) and/or next-generation sequencing (NGS) method, according to the

suppliers’ recommendations.

Preferentially, digital PCR (dPCR) will be used for its ability to multiplex amplifications, its sensitivity,
its absolute quantification, its high resolution for variations in amount obtained according to the
Poisson law.

gPCR will be used as a substitute when dPCR is not available.

Finally, NGS, with its reading depth capability, will be used instead to quantify exogenous DNA (ICE
and LED) and genomic DNA.

According to a particular embodiment, DNA will be absolutely quantified using a PCR system
comprising:

- A system for amplifying extracted circulating DNA comprising sense and antisense primers
to amplify a region of the human genome and specific probes, advantageously labeled
with fluorophores, for detecting amplified circulating DNA;

- A system for amplifying the extracted first exogenous DNA fragment (ICE) comprising

sense and antisense primers to amplify said first fragment and specific probes,
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advantageously labeled with fluorophores, for detecting said first amplified exogenous
DNA fragment (ICE);

- Optionally a system for amplifying the extracted second exogenous DNA fragment (LED)
comprising sense and antisense primers to amplify said second fragment and specific
probes, advantageously labeled with fluorophores, for detecting said second amplified

exogenous DNA fragment (LED).

The absolute quantified values for each DNA (circulating DNA, exogenous ICE and optionally LED
DNA fragments), extracted from a biological fluid sample from a subject of interest, a reference subject
(healthy subject, control) or a control sample, respectively, will make it possible to calculate the ratios
according to the step of standardizing the amount of extracted cell-free DNA and optionally its size

profile described below.

Standardization of the amount of extracted cell-free DNA

According to an embodiment useful for understanding the invention, the step of standardizing the
amount of extracted cell-free DNA and optionally its size profile, characteristic of the process for
detecting and quantifying circulating DNA, comprises, for DNA extracted from the biological fluid
sample and, advantageously in parallel, for DNA extracted from the control sample:

- calculating a first ratio (Grewis) of the copy number of cell-free DNA to the copy number
of the first exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs
according to the invention, preferably 60-160 base pairs, more preferably 70-150 base
pairs and better 80-140 base pairs (ICE), and

- optionally calculating a second ratio of the copy number of the first exogenous DNA
fragment of 50-2000 base pairs (ICE) to the copy number of the second exogenous DNA
fragment of 50-150 base pairs (LED),

After each DNA extraction, amplification and quantification, the Grewis (first ratio) is calculated for the
biological fluid sample (e.g., plasma) and for the control sample and, optionally, the extraction

efficiency of small fragments around 80-120 bases (second ratio) is verified.
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The value of the first ratio (Grewis) serves as a reference that can be compared between each
extraction and thus defines the variations in the amount of circulating DNA in a given subject over time
or in a subject of interest compared to a reference (healthy subject, control).

If the value of the first ratio (Grewis) increases between two extractions, it means that the amount of
circulating DNA in the subject increased between the first and second extraction.

If the value of the first ratio (Grewis) decreases between two extractions, it means that the amount of
circulating DNA in the subject decreased between the first and second extraction.

If the value of the first ratio (Grewis) for a subject of interest is higher than the same ratio for a
reference (healthy subject, control), this means that the amount of circulating DNA in the subject of

interest is higher, indicating active apoptosis, necrosis and/or secretion.

The value of the second ratio, in contrast, must not vary from one extraction to another.

The numerical values are not important; for example, a value of the second ratio equal to 1 should be
selected, i.e. identical proportions of the first exogenous DNA fragment (ICE) and the second
exogenous DNA fragment (LED).

If the second ratio increases, this means that the DNA of small size has not been extracted correctly,

and that the results obtained on the quantification of circulating DNA are biased.

USES

Another embodiment useful for understanding the invention relates to the use of a process for
detecting and/or quantifying cell-free DNA from a biological fluid sample from a subject of interest
according to the invention, in a method for analyzing a biological sample from a subject of interest
likely to release cell-free DNA, in particular a subject suffering from or likely to develop a cancer or a
clinical condition selected in particular from stroke or myocardial infarction, acute renal failure, hepatic
cytolysis, trauma, surgery, graft rejection, or a subject undergoing intensive muscular exercise, or a
subject undergoing medical treatment such as biopsy, surgery, radiotherapy, chemotherapy,
immunotherapy, or active principle (chemical or biological).

This process for detecting and/or quantifying cell-free DNA may be used in particular in methods of in
vitro analysis of biological fluid samples (e.g., blood plasma) from the subject of interest for diagnostic,
prognostic, theranostic, or monitoring changes in a specific physiological state of an individual.
According to a preferred particular embodiment, this process for detecting and/or quantifying cell-free

DNA will be used to monitor changes in a specific physiological state of an individual under treatment,
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for example surgical treatment, or medicinal treatment (e.g., drugs), or radiotherapy treatment or any

other method causing cell death inducing variation in the amount of cell-free DNA.

By way of example, it is possible to measure, for a subject of interest likely to release circulating DNA,
for example a subject suffering from or likely to develop cancer, and from a biological fluid sample
(plasma), at a time t0 of its life, the value of the first ratio (Grewis).

This value at tO can have a biological value for the diagnosis of a pathology, prognosis of a medical
event (metastasis, recurrence of the disease, death, etc.), in particular compared to a reference
subject (control, healthy subject) and/or response to medical treatment (surgery, drugs,
radiotherapies, etc.).

Thus, by measuring this ratio (Grewis) at different times t1, t2, t3, etc. during the life of said subject of
interest, the variations of this ratio can be monitored, indicating an increase or decrease in the amount
of circulating DNA in said subject. These are longitudinal variations (over time) in the amount of

circulating DNA in said subject of interest.

Another embodiment useful for understanding the invention therefore also relates to an in vitro
process for the diagnosis, prognosis, theranosis, or the monitoring of changes in a specific
physiological state of a subject of interest likely to release circulating DNA, in particular a subject
suffering from or likely to develop a cancer or a clinical condition selected in particular from stroke or
myocardial infarction, acute renal failure, hepatic cytolysis, trauma, surgery, graft rejection, or a
subject undergoing intensive muscle exercise, or a subject undergoing medical treatment such as
biopsy, surgery, radiotherapy, chemotherapy, immunotherapy, or active principle (chemical or
biological) comprising the following steps:

(i) at a time t0, detecting and/or quantifying cell-free DNA from a biological fluid

sample from a subject of interest according to the process of the invention as

described above;

(ii) at a time t1, repeating step (i), and

(iiiy comparing the ratio (Grewis) of the copy number of circulating DNA to the copy

number of exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base

pairs according to the invention, preferably 60-160 base pairs, more preferably 70-

150 base pairs and better 80-140 base pairs (ICE), obtained at time t1, with the

same ratio obtained at time tO.
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Steps (ii) and (iii) can be repeated as many times as necessary (for example at t2, t3, t4, etc.) to
monitor changes in a specific physiological state of a subject of interest, and consequently the effect of

medical treatment (surgery, drugs, radiotherapy, etc.) on said subject.

Alternatively, another embodiment useful for understanding the invention relates to an in vitro process
for the diagnosis, prognosis, theranosis of a subject of interest likely to release circulating DNA, in
particular a subject suffering from or likely to develop a cancer or a clinical condition selected in
particular from stroke or myocardial infarction, acute renal failure, hepatic cytolysis, trauma, surgery,
graft rejection, or subject to intensive muscle exercise, or subject to medical treatment such as biopsy,
surgery, radiotherapy, chemotherapy, immunotherapy, or active principle (chemical or biological)
including at least the following steps:

(i) at a time t, detecting and/or quantifying cell-free DNA from a biological fluid sample
from a subject of interest according to the process for detecting and/or quantifying
cfDNA according to the invention; and

(i) comparing the ratio (Grewis) of the copy number of circulating DNA to the copy number
of exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs
according to the invention, preferably 60-160 base pairs, more preferably 70-150 base
pairs and better 80-140 base pairs (ICE), obtained at time t, with the same ratio

obtained in a reference subject (healthy subject, control).

The description will now illustrate a few applications of the process according to the invention.

Applications in the field of oncology

Major therapeutic advances have been made in recent years with the development of MAP-kinase
inhibitors (tyrosine kinase inhibitors: TKIs) and immune checkpoint inhibitors (anti-CTLA4 and anti-
PD1; immunotherapies). Given the cost and toxicity of these molecules, and the increasing complexity
of treatment regimens, it is increasingly essential to be able to benefit from biomarkers to guide
therapeutic choices in order to optimize management and limit toxicities. Less than a decade ago,
several teams demonstrated high levels of circulating DNA in patients with gastric, ovarian or prostate
cancer. Due to the relative ease of access and nature of the sample, the use of cfDNA has in recent
years been anticipated to become a tool to assist in monitoring patients’ progress or response to

cancer treatments (Aung, K. L et al., Hugo J; 2010).
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To date, cfDNA can thus be used in clinical research to analyze somatic mutations of genes of
therapeutic interest in certain diseases such as non-small cell lung cancers, colon cancers, thyroid
cancers, and melanomas. But as of today, only osimertinib (Astra Zeneca) is authorized for the
treatment of adult patients with locally advanced or metastatic non-small cell lung cancer (NSCLC)
with the EGFR T790M mutation. The MA specifies that the EGFR T790M mutation status is
determined by a validated analytical method using circulating tumor DNA (ctDNA) obtained from a
plasma sample. Many analytical methods (targeted or non-targeted) can be used to search for gene
abnormalities from cfDNA. It is thus possible to detect copy-number abnormalities (CNA), point
mutations, insertions, deletions, insertions/deletions, genome methylations by targeted methods:
gPCR, pyrosequencing, high-resolution melting (HRM) curve, MassARRAY, SnapShot, dPCR, etc. or
non-targeted techniques: CGH-array, SNP-array, Sanger sequencing, NGS, etc. These analyses can
be used to provide a prognosis, a diagnosis or even to predict the response to curative treatment.
Apart from the sensitivity problems that are not only inherent in analytical performance but also in
cfDNA concentration and mutation, it is not possible to date to make a typical analytical result “normal”
because there is no routine clinical method to ensure the presence of tumor DNA. In this case the
result is made “non-contributory” and a new solid or liquid biopsy is required. cfDNA can be detected
in healthy controls and subjects with non-malignant conditions, trauma (Laktionov, P. P. et al., 2004.),
therapeutic procedures (Davis, G. L. et al., Arthritis Rheum, 1973) and sports practice (Velders M. et
al., Clinical Biochemistry, 2014) can also result in the release of DNA into the bloodstream. As a
result, the identification of cancer-specific genetic markers is a guarantee to only monitor tumor DNA
(Luke, J. J. et al., J Natl Cancer Inst, 2014). The approach used by some laboratories for the analysis
of tumor cfDNA is to look for individual somatic genomic abnormalities as markers of tumor pathology.
Taking the example of melanoma, the BRAF V600E variant can thus allow the monitoring of
treatments with BRAF-specific inhibitors (Sanmamed, M. F. et al., Clin Chem, 2015). In this case, the
choice of target is obvious, but does not allow a global approach to the pathology since only about
50% of patients have the V600 mutation and the variant monitored is the target of the treatment and
therefore subject to drug pressure. Other, rarer mutations can also be analyzed. This approach,
however, is complex, costly and difficult to perform in routine diagnosis because it must be adapted to
the molecular profile of each patient, which means performing exome NSG analyses. Thus, no pre- or
post-analytical technique can ensure the presence of contributing material, and therefore, for each

new liquid biopsy an analysis is performed without any selective criteria.

The process of the invention thus has three applications in the field of oncology:
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1- monitoring response to treatment by measuring the fluctuation in total cfDNA over time:

Analysis of cfDNA fluctuations to monitor the response to treatment (surgery, radiotherapy,
chemotherapy and other active principles including targeted therapies such as immunotherapies) by
quantifying circulating DNA released by the cell death/lysis of the tumor, its metastases or their
periphery. The extraction technique according to the invention, IDXtract (ID-Solutions, France), makes
it possible to be free from the constraints previously stated, thanks to the addition in the plasma to be
extracted of calibrated exogenous DNA: ICE (non-human sequence). The ICE fragment undergoes
the extraction steps and ensures the efficiency of the extraction. The gqPCR/dPCR kit according to the
invention, IDQuant (ID-Solutions, France), makes it possible to co-amplify exogenous ICE DNA with
one or more human genome sequences. It is possible to determine the amount of cfDNA and ICE for
the same test sample and to calculate the value of the cfDNA/ICE ratio and express it per ml of
plasma (cfDNA/ICE/mI plasma = Grewis). The variation in Grewis over time for the same subject of
interest ensures that fluctuations in cfDNA of physiological/pathological origin can be monitored

longitudinally without artefacts.

2- monitoring a mutation:

The detection/quantification of genomic abnormalities concomitant with the measurement of Grewis
and/or the exogenous ICE sequence alone makes it possible to monitor changes in the concentration
of mutated DNA between the different liquid biopsies performed longitudinally. The results are
normalized to the ICE fragment (added to the plasma before cfDNA extraction) calibrated by dPCR,
expressed per ml of plasma and/or Grewis. Mutant variations make it possible, for example, to track
the increase over time in the mutated cfDNA sequence linked directly or indirectly to the emergence of
tumor cell clones resistant to targeted or non-targeted treatment, in progress. For example, it is

possible to define a decision threshold value for changing the therapeutic line.

3- the role of analytical ‘hub’ before genomic analysis:

The analysis of somatic genomic abnormalities from tissues is performed only after ensuring that
tumor cells are present in the sample. As previously explained, in the case of liquid biopsies and
particularly plasma, there is no method to ensure the presence of circulating tumor DNA in the total
free DNA (cfDNA) sample. There is no method to ensure that the results will be contributory before
genomic analysis is performed. The use of Grewis variations according to the invention makes it

possible to play the role of analytical “hub”:
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- Decrease or no variation in Grewis: no genomic analysis required;

- Increase in Grewis: genomic analysis recommended.

Applications in the field of transplantation

Although short-term successes after solid organ transplantation are convincing, the incidence of acute
rejection varies between types of transplants. Acute discharges are observed for intestinal, cardiac,
and pulmonary transplants (approximately 55%, 30-45% and 35-40%, respectively). For liver,
simultaneous kidney-pancreas, and acute renal transplantation, rejection is less frequent with
incidences, 2 years after transplantation, of 4-6%, 13-30%, 20%, and 12-14%, respectively.

Thus, even for long-term transplantation, the survival of the recipient remains unsatisfactory. Despite
the prescription of immunosuppressive drugs (ISDs), excessive or insufficient immunosuppression
may occur. In the case of pancreatic, kidney and liver transplants, the measurement of blood markers
such as lipase/amylase, serum creatinine and liver enzymes, respectively, is recommended for routine
post-transplant monitoring. However, in the field of kidney transplantation, deterioration of graft
function cannot be detected until significant damage occurs. After heart transplantation, monitoring of
cardiac enzymes is not recommended due to the low sensitivity of these markers in the diagnosis of
acute rejection.

Non-invasive detection of rejects appears of even greater interest in the case of infra-clinical
rejections, which are currently only detectable from biopsies. Currently, AlloMap® is the only
commercially available non-invasive organ transplant monitoring test. This is an RT-qPCR test of the
expression profile of 11 genes, based on peripheral blood mononuclear cells (PBMCs), validated in
heart transplant recipients. It is used in heart transplant follow-up to detect acute rejection in patients
between 6 months and 5 years after transplantation. For the kidney, the same type of approach is
being validated.

Since the discovery of acellular DNA (cfDNA) derived from the donor (cfDNA) in the recipient’s blood

and urine, the clinical interest of cfDNA in the field of transplantation has been growing rapidly.

Today, lung transplantation is an established therapy for patients with advanced lung diseases.
Although survival after lung transplantation has improved statistically over the past decade, there are

still complications such as:
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e Complications related to ischemia-reperfusion during the transplantation procedure, defined as
primary graft dysfunction (PGD). This complication is the leading cause of death in the first month
after lung transplantation (LT);

o Acute rejection, which occurs in 33% of recipients in the first year after transplantation. Young
recipients have a higher acute rejection rate, around 36%;

o Infectious complications related to both immunosuppression and direct interface between lung and
external environment;

e Chronic rejection, which affects 49% and 76% of recipients after 5 and 10 years, respectively.
The early stages of rejection are diagnosed by transbronchial lung biopsy after bronchoscopy which is
very sensitive and specific. However, this technique is expensive, invasive and has limited predictive
value. Non-invasive detection of rejects therefore appears of interest, particularly in the case of infra-
clinical rejects, which are currently only detectable from biopsies.
The identification of non-invasive markers that predict complications in lung transplantation has
become a real challenge.
In comparison to molecular gene expression signatures that predict specific organ rejection, the
guantification of the donor's cfDNA can be a universal marker for any type of solid organ
transplantation. Persistent increase or high levels of circulating DNA may indicate an acute biopsy-
confirmed rejection in renal, pancreatic or cardiac transplant patients. With regard to liver
transplantation, the cfDNA level increases in the case of rejection but also in cases of stress,
inflammation and with the number of transfusions.

In 2015, De Vlaminck et al. conducted a prospective study on 51 lung transplant patients (398

samples). The circulating DNA level of the donor is estimated in the recipient by the technique of real-

time amplification of SNP polymorphisms. The quantification of the donor's cfDNA was significantly
higher in the “moderate” or “severe acute cellular rejection” group compared to the “stable” group. In

2017, Zou et al. confirmed these data in 18 lung transplant recipients by detecting the donor’s cfDNA

by amplifying HLA polymorphisms by digital PCR. Despite all these promising results, routine analysis

is not yet effective because the artifactual variability induced by pre-analytical processes is neglected,

in particular the cfDNA extraction steps or the coefficients of variation are close to 20%.

Apart from the lung, all transplants can be monitored for rejection: heart, kidney, bone marrow, etc.

The process of the invention advantageously has two applications in this field of transplantation:

1- monitor the occurrence of graft rejection:
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Analysis of cfDNA fluctuations to detect and monitor the occurrence of graft rejection by quantifying
circulating DNA released by cell death/lysis of the organ or transplanted cells (donor). The extraction
technique according to the invention, IDXtract (ID-Solutions, France), makes it possible to be free from
the constraints previously stated, thanks to the addition to the plasma to be extracted of calibrated
exogenous DNA: ICE (non-human sequence). The ICE fragment undergoes the extraction steps and
ensures the efficiency of the extraction. The gPCR/dPCR kit according to the invention, IDQuant (ID-
Solutions, France), makes it possible to co-amplify exogenous ICE DNA with one or more human
genome sequences. It is possible to determine the amount of cfDNA and ICE for the same test sample
and to calculate the value of the cfDNA/ICE ratio and express it per ml of plasma (cfDNA/ICE/mI
plasma = Grewis). The variation in Grewis over time for the same subject of interest ensures that
fluctuations in cfDNA of physiological/pathological origin can be monitored longitudinally without
artefacts. Thus, the variation in total cfDNA, detected by real-time quantitative PCR or digital PCR, can

reflect a rejection process;

2- monitor changes in the concentration of “donor” DNA:

The detection/quantification of a donor’s DNA signature from cfDNA by ddPCR concomitant with the
measurement of Grewis and/or the exogenous ICE sequence makes it possible to monitor changes in
the “donor” DNA concentration between the different liquid biopsies performed longitudinally. The
results are normalized to the ICE fragment (added to the plasma before cfDNA extraction) calibrated
by dPCR, expressed per ml of plasma and/or Grewis. Sequence variations in donor DNA or chimerism
make it possible, for example, to monitor the increase over time of these sequences, which may be
directly or indirectly related to acute or sub-clinical rejection. It is possible, for example, to:

o Detect the increase in the amount of circulating DNA from the donor which can signal an acute

rejection event regardless of the type of organ transplantation.
o Define a decision-making threshold value for change in therapeutic practice
e See an interest as biomarkers of organ integrity (Kanzow P et al., Transplantation 2014) with

standardized longitudinal monitoring.

Diagnosis of a pathological condition
In comparison with mean cfDNA amount values obtained in reference subjects (e.g. healthy subjects:
n =24 subjects, mean = 9.38 ng/ml plasma + 4.47 ng/ml, median = 8.94 ng/ml, min = 3.21 ng/ml,

max = 23.38 ng/ml), the obtaining of “abnormal” Grewis values, meaning values higher or even much
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higher than the values of the reference subjects, signals a pathological condition, it is possible to refer

the patient to more specialized consultations to refine the diagnosis.

Another embodiment useful for understanding the invention further relates to the use of at least a first
exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base pairs according to the
invention, preferably 60-160 base pairs, more preferably 70-150 base pairs and better 80-140 base
pairs (ICE), for use in standardizing a method for extracting and quantifying cell-free DNA and/or in a
method for analyzing fluctuations in cell-free DNA in a subject of interest over time by measuring the
ratio (Grewis) of the copy number of cell-free DNA to the copy number of the first exogenous DNA
fragment of 50-2000 base pairs, preferably 50-200 base pairs according to the invention, preferably

60-160 base pairs, more preferably 70-150 base pairs and better 80-140 base pairs (ICE).

KITS AND SETS FOR EXTRACTION, AMPLIFICATION-QUANTIFICATION OF CIRCULATING
DNA

Another embodiment useful for understanding the invention is a kit or set for extracting cell-free DNA
from a biological fluid sample from a subject of interest, comprising:

0] At least a first exogenous DNA fragment of 50-2000 base pairs, preferably 50-200 base
pairs according to the invention, preferably 60-160 base pairs, more preferably 70-150
base pairs and better 80-140 base pairs (ICE);

(i) Buffers and enzymes, in particular a cell-free DNA proteolysis buffer, proteolysis
enzyme, binding buffer, wash buffer, and elution buffer,

(i) Devices for isolating cell-free DNA, in particular silica membrane extraction columns
and advantageously extraction columns surmounted by loading accessories, preferably
funnels,

(iv) Multi-well plates, in particular 24-well DeepWell 25 ml plates

(v) Screw-cap tubes, preferably 1.5 ml, and

(vi) A user manual,

said exogenous ICE DNA fragment being provided in said kit or provided separately to said Kit,

forming an extraction set.



10

15

20

25

DK/EP 3565902 T3

32

According to an embodiment not covered by the text of the claims, the circulating DNA extraction kit
according to the invention comprises:

0] At least a first non-human exogenous DNA fragment of 300 base pairs and optionally a second
non-human exogenous DNA fragment of 110 base pairs, both of which being DNA sequences
encoding the precursor of an aggregating serine protease from Cerastes cerastes

(i) Buffers and enzymes: a proteolysis buffer advantageously supplemented with bovine serum
albumin (BSA) and/or purified pork gelatin (Prionex®), a lysis enzyme, preferably proteinase K, a
binding buffer, a wash buffer, an elution buffer,

(iii) Silica membrane extraction columns, 24-well DeepWell 25 mli plates, funnels, 1.5 ml screw-cap
tubes and

(iv) A user manual.

According to a particular embodiment not covered by the text of the claims, the circulating DNA
extraction kit according to the invention comprises:

0] At least a first non-human exogenous DNA fragment (ICE) of 110 base pairs encoding the
precursor of an aggregating serine protease from Cerastes cerastes

(i) Buffers and enzymes: a proteolysis buffer advantageously supplemented with bovine serum
albumin (BSA) and/or purified pork gelatin (Prionex®), a lysis enzyme, preferably proteinase K, a
binding buffer, a wash buffer, an elution buffer,

(iii) Silica membrane extraction columns, 24-well DeepWell 25 mli plates, funnels, 1.5 ml screw-cap
tubes and

(iv) A user manual.

According to a particular embodiment not covered by the text of the claims, a kit may be characterized

by the parameters defined in Table 1 below:
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Table 1
Technology Silica membrane technology
Format Midi columns with removable funnel
Sample 1 to 10 ml of plasma, in particular 1 to

5 ml of plasma

Blood collection tubes EDTA, Cell-free DNA BCT® (Streck),

Roche
Fragment size =50 bp
Yield From 1 to 1000 ng
Elution volume before concentration 100-200 ul
Elution volume after concentration 50 ul

Preparation time

2 h 15 min per 24 preparations

According to a particular embodiment not covered by the text of the claims, it will be a kit for extracting
cell-free DNA from blood plasma.

This kit allows the purification of cell-free DNA from a volume of up to 100 ml of plasma, notably 10 ml
of plasma, in particular 5 ml of plasma.

The kit contains Midi columns, preferably with loading accessories for said columns, preferably funnels
allowing the entire sample/extraction solution mixture to be loaded at once and allowing 1 to 24
samples to be processed in parallel.

The binding, washing, drying and eluting of cell-free DNA is done with a vacuum chamber device, and
column supports (Starter S and Midi)

Extraction is done advantageously without entraining DNA or RNA (formation of a complex with the
DNA in order to facilitate its isolation). Indeed, these entraining DNA or RNA cause an overestimation
of cell-free DNA concentrations when total, double or single strand DNA quantification techniques are

used.
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According to a particular embodiment, the cell-free DNA extraction kit according to the invention is
used in combination with a cell-free DNA amplification and quantification kit, supplied together or

separately.

According to a first embodiment, the cell-free DNA extraction kit according to the invention and the

cell-free DNA amplification and quantification kit are packaged together.

According to a first embodiment, the cell-free DNA extraction kit according to the invention and the

cell-free DNA amplification and quantification kit are packaged separately.

The cell-free DNA amplification and quantification kit will generally comprise at least:

0] specific sense and antisense primers for the cell-free DNA of the subject of
interest and for the exogenous DNA fragment(s) as defined in the invention,
for the amplification step,

(i) labeled probes for the cell-free DNA of the subject of interest and for the
exogenous DNA fragment(s) as defined in the invention for the detection
and quantification step,

(iii) reaction buffers,

(iv) multi-well plates and

(V) a user manual.

FIGURES

Figure 1: Graphical representation of variability of circulating DNA after extraction and of the
normalization of the extraction and the quantification through the use of an exogenous ICE fragment
according to the process of the invention;

Figure 2: Graphical representation of the concomitant analysis of genomic abnormalities (EGFR
mutations) and the exogenous ICE sequence and/or Grewis;

Figure 3: Graphical representation of the concomitant analysis of genomic abnormalities (EGFR

mutations) and Grewis.

The present invention will be detailed in the following illustrative and non-limiting examples.
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EXAMPLES

Plasma samples are prepared according to the following protocol:

e Plasma is prepared from whole blood collected on a BCT (Streck) or Cell-Free DNA
Collection Tube (Roche) or EDTA tube. For EDTA tubes, the plasma must be prepared
within 4 hours of the blood test;

e The tubes are centrifuged at 1600 x g for 10 minutes at room temperature;

o The supernatant (corresponding to the plasma) is collected and then transferred into a
15 ml conical tube;

e The recovered plasma is centrifuged at 4500 g for 10 minutes at room temperature;

o The plasma is transferred to a conical tube and the volume is measured,;

o The plasma volume is adjusted to the higher milliliter if necessary with phosphate buffer

and then transferred to a 50 ml tube or placed in a 25 ml DeepWell.

Preferably, the plasma samples are prepared from a subject of interest likely to release cfDNA, i.e. a
subject suffering from or likely to develop a cancer or a clinical condition selected from stroke or
myocardial infarction, acute renal failure, hepatic cytolysis, trauma, surgery, graft rejection, or subject
to intensive muscle exercise, or subject to medical treatment such as biopsy, surgery, radiotherapy,

chemotherapy, immunotherapy, or active principle (chemical or biological).

Example 1: Standardized extraction of circulating DNA from a plasma sample

1.1 Plasma proteolysis

Proteolysis of the plasma samples as prepared above is performed according to the following protocol:

e |n addition to the plasma samples, a control sample CQI (lyophilized culture medium of human
lung cell line NCI-H1975, CRL-5908) also known as extraction quality control according to the
invention is used to control the extraction quality;

e To each plasma sample and control sample, 30 ul of liquid proteinase K is added per ml of
sample;

e According to an embodiment not covered by the text of the claims, next, to each sample per mi
(plasma and control sample) are added 20,000 copies of the first exogenous DNA fragment of
300 base pairs (ICE) represented by SEQ ID NO: 1 described below and 20,000 copies of the
second exogenous DNA fragment of 110 base pairs (LED) represented by SEQ ID NO: 2
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described below, both of which being DNA sequences encoding the precursor of an aggregating
serine protease from Cerastes cerastes;

The samples are briefly vortexed and then incubated for 5 minutes at room temperature;

400 pl of lysis buffer (LYS) per ml of plasma or control is then added to each sample;

The samples are briefly vortexed and incubated at 56°C for 30 minutes with shaking or 1 hour for
Streck tubes.

SEQ ID NO: 1:
CCTAATGACACTTATCCCAAAGTCCCTCATTGTGCTAACATTAACATACTTGAGCATTCGCTGTGT
GAAAGAGCTTACAATGATCTTTCGGCGAGTAGCAGAACATTGTGTGCAGGTATCGAAAAAGGAGG
CATAGATACATGTAAGGGTGACTCTGGGGGACCCCTCATCTGTAATGGACAAATCCAGGGCATTG
TATCTTGGGGAGATGAAGTTTGTGGTAAACCTAATAAGCCTGGCGTCTATACCAAGGTCTTTGATT
ATACTGACTGGATCCGGAACATTATTGCAGGAAATACA

SEQ ID NO: 2:
GCTGAACAAACCAGTTAACAACAGTACACACATCGCGCCTCTCAGCTTGCCTTCCAGTCCTCCCA
GTGTGGGCTCAGATTGCCGTATTATGGGATGGGGCACAATCACAT

1.2 Isolation of circulating DNA on the columns:

The isolation and binding of circulating DNA on the columns is performed according to the following

protocol:

During lysis incubation, 1 ml of silica membrane activation buffer (ACTIVB) is applied in each

MIDI column, incubated for 1 minute and vacuumed is applied at —0.4 bar for 1 minute;

2 ml of binding buffer (BB) per ml of plasma is added to each lysed sample;
The contents of the tube are mixed by drawing/expelling at least 5 times;
The funnels are placed on each column;

The lysed sample mixture is applied to the MIDI columns;

Finally, the vacuum is applied at —0.4 bar for 5 minutes, making sure that all the lysate has

passed through the column.

1.3 Washing the membrane:

The membrane washing step is performed according to the following protocol:

¢ 4 ml of wash buffer Wash 1 is added to each column, which is then incubated for 1 minute;

e The vacuum is applied at —0.4 bar for 5 minutes;
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2 ml of wash buffer Wash 2 is added to each column, which is then incubated for 1 minute;
The vacuum is applied at —0.4 bar for 2 minutes;
2 ml of buffer Wash 2 is added to each column, which is then incubated for 1 minute;

Finally, the vacuum is applied at —0.4 bar for 2 minutes.

1.4 Elution of circulating DNA

Before eluting the circulating DNA, the vacuum, at least —0.6 bar, is applied for 10 minutes to

completely dry the membrane of any trace of ethanol.

Elution of circulating DNA is then performed according to the following protocol:

150 pl of elution buffer, supplemented with 1% Prionex (ELU) just before use and previously
heated to 70°C, is then added to each column;

The columns are incubated for 5 minutes at room temperature;

The vacuum is applied at —0.5 bar for 30 seconds;

Finally, the vacuum is applied again at —0.5 bar for 10 sec

1.5 Optional concentration of circulating DNA samples for single analysis

Concentration of the circulating DNA is performed according to the following protocol:

All eluates are loaded into the ultrafiltration plate;

The vacuum is applied at —0.5 bar for 10 minutes (complete passage of the volume);
50 i of elution buffer is added to each well containing the samples;

The plates are shaken for 5 minutes at room temperature;

Finally, the samples are transferred to a new, pre-labeled tube.

1.6 Storage and/or preservation of extracted circulating DNA
The circulating DNA obtained must be stored at 5°C + 3°C if ddPCR or gPCR is performed following,

otherwise the circulating DNA must be stored at —80°C for longer storage.

According to an alternative embodiment of the invention, to each sample per ml (plasma and control

sample) are added between 10,000 and 20,000 copies of a first exogenous DNA fragment of 110 base

pairs (ICE) represented by SEQ ID NO: 2 encoding the precursor of an aggregating serine protease

from Cerastes cerastes and playing the role of both ICE and LED.
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Example 2: Detection and quantification of circulating DNA with internal control (ICE)- 300 base

pair fragment (embodiment not covered by the text of the claims)

The detection of the circulating DNA extracted in example 1 and its quantification is performed by
digital droplet PCR (ddPCR) according to the following protocol, for a reaction volume of 20 pl/sample:
- 10 pl of ddPCR Supermix for probes (no dUTP) (Bio-Rad) is added
- 0.1 pl of a sense primer directed against the first exogenous DNA fragment for the exogenous
internal control ICE (TGG-ACA-AGG-ACA-TCA-TGC-TGA-T corresponding to SEQ ID NO: 3) is
added at 100 uM;
- 0.1 pl of an antisense primer directed against the first exogenous DNA fragment for the exogenous
internal control ICE (GAC-TGG-AAG-GCA-AGC-TGA-GA corresponding to SEQ ID NO: 4) is added at
100 uM;
- 0.06 ul of HEX and BHQ1 labeled probe directed against the exogenous internal control ICE (AAC-
CAG-TTA-ACA-ACA-GTA-CAC-ACA-TCG-CGC corresponding to SEQ ID NO: 5) is added at 100 uM;
- 0.1 pl of a sense primer directed against the human RPP-30 gene (GAT-TTG-GAC-CTG-CGA-GCG
corresponding to SEQ ID NO: 6) is added at 100 uM;
- 0.1 pl of an antisense primer directed against the human RPP-30 gene (GAG-CGG-CTG-TCT-CCA-
CAA-GT corresponding to SEQ ID NO: 7) is added at 100 uM;
- 0.06 pl of FAM and MGB labeled probe directed against the human RPP-30 gene (CTG-ACC-TGA-
AGG-CTC-T corresponding to SEQ ID NO: 8) is added at 100 pM;
- 1.48 pl of molecular biology grade H,O is added,;
- 8 Ml of the extracted DNA (extracted circulating DNA and exogenous DNA fragment) is added;
- the mixture is homogenized and loaded into a well of a DG8 cartridge (Bio-Rad)
- 70 pl of oil for droplet generation is added to the DG8 cartridge (Bio-Rad)
- the DG8 gasket (Bio-Rad) is installed and droplets are generated using the Bio-Rad Droplet
Generator;
- the sample is transferred to a 96-well plate, sealed and a finite-time PCR is performed according to
the program below:

Step 1: 95°C 10 min

Step 2: 94°C 30 sec

Step 3: 60°C 1 min

Repeat steps 2 and 3 40 times

Step 4: 98°C 10 minutes
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Step 5: 12°C 1 sec
At the end of the PCR, the 96-well plate is transferred to the Bio-Rad droplet reader and the droplets

are read.

The same amplification and quantification step is performed for the DNA extracted from the plasma

sample and for the DNA extracted from the control sample.

The results obtained for the RPP30 gene represent the extracted circulating DNA copy number. The
results obtained for the extracted exogenous DNA fragment (ICE) represent the extracted ICE copy
number.

The Grewis calculation is done by dividing the value obtained for RPP30 by the value obtained for
ICE. This value serves as a reference value that can be compared between each extraction for the

same subject and thus determine the variation in the amount of free DNA of that subject over time.

A ratio (Grewis) representative of the amount of circulating DNA in the sample from the subject of

interest is obtained.

Example 3: Detection and quantification of circulating DNA with additional control of the (LED)-

300 base pair ICE fragment and 110 base pair LED fragment size profile (embodiment not

covered by the text of the claims)

The detection of the circulating DNA extracted in example 1 and its quantification is performed by
digital droplet PCR (ddPCR) according to the following protocol, for a reaction volume of 20 pl/sample:
- 10 pl of ddPCR Supermix for probes (no dUTP) (Bio-Rad) is added

- 0.1 pl of a sense primer directed against the first exogenous DNA fragment for the exogenous
internal control ICE (TGG-ACA-AGG-ACA-TCA-TGC-TGA-T corresponding to SEQ ID NO: 3) is
added at 100 uM;

- 0.1 pl of an antisense primer directed against the first exogenous DNA fragment for the exogenous
internal control ICE (GAC-TGG-AAG-GCA-AGC-TGA-GA corresponding to SEQ ID NO: 4) is added at
100 uM;

- 0.06 ul of HEX and BHQ1 labeled probe directed against the exogenous internal control ICE (AAC-
CAG-TTA-ACA-ACA-GTA-CAC-ACA-TCG-CGC corresponding to SEQ ID NO: 5) is added at 100 uM;
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- 0.1 pl of a sense primer directed against the second exogenous DNA fragment for extraction control
of small LED fragments (ATG-ACA-CTT-ATC-CCA-AAG-TCC-CTC corresponding to SEQ ID NO: 9)
is added at 100 uM;
- 0.1 pl of an antisense primer directed against the second exogenous DNA fragment for extraction
control of small LED fragments (CAA-TGT-TCT-GCT-ACT-CGC-CGA corresponding to SEQ ID
NO: 10) is added at 100 pM;
- 0.06 pl of FAM and MGB labeled probe directed against the exogenous internal control LED (CAT-
ACT-TGA-GCA-TTC-GCT-GT corresponding to SEQ ID NO: 11) is added at 100 pM;
- 1.48 pl of molecular biology grade H,O is added,;
- 8 Ml of the extracted DNA (extracted circulating DNA and second exogenous DNA fragment) is
added:;
- the mixture is homogenized and loaded into a well of a DG8 cartridge (Bio-Rad)
- 70 pl of oil for droplet generation is added to the DG8 cartridge (Bio-Rad)
- the DG8 gasket (Bio-Rad) is installed and the droplets are generated using the Bio-Rad Droplet
Generator;
- the sample is transferred to a 96-well plate, sealed and a finite-time PCR is performed according to
the program below:

Step 1: 95°C 10 min

Step 2: 94°C 30 sec

Step 3: 60°C 1 min

Repeat steps 2 and 3 40 times

Step 4: 98°C 10 minutes

Step 5: 12°C 1 sec
At the end of the PCR, the 96-well plate is transferred to the Bio-Rad droplet reader and the droplets

are read.

The same extraction, amplification and quantification steps are performed for DNA extracted from the

plasma sample and for DNA extracted from the control sample.

The results obtained for the extracted exogenous DNA fragment (ICE) represent the extracted ICE
copy number. The results obtained for the second extracted exogenous DNA fragment (LED)

represent the extracted LED copy number.
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The calculation of the small fragment extraction control is performed by dividing the value obtained for
ICE by the value obtained for LED.

ICE/LED ratios close to 1 are obtained, which must remain stable from one extraction to another. If
this ratio increases, it means that the DNA of small size has not been extracted correctly, and that the

results obtained on the quantification of circulating DNA are biased.

Amplification and quantification can also be performed by simultaneously using the three targets

(circulating DNA, ICE and LED) as described in examples 2 and 3 above, respectively.

Example 4: Detection and quantification of circulating DNA with 110 base pair internal control

(ICE) also playing the role of LED (embodiment not covered by the text of the claims)

Example 2 above is repeated using, as exogenous ICE fragment, the 110 base pair fragment
corresponding to sequence SEQ ID NO: 2.

The detection of the circulating DNA extracted in example 1 and its quantification is performed by
digital droplet PCR (ddPCR) according to the following protocol, for a reaction volume of 20 pl/sample:
- 10 pl of ddPCR Supermix for probes (no dUTP) (Bio-Rad) is added

- 0.1 pl of a sense primer directed against the exogenous DNA fragment for the exogenous internal
control ICE (ATG-ACA-CTT-ATC-CCA-AAG-TCC-CTC corresponding to SEQ ID NO: 9) is added at
100 uM;

- 0.1 pl of an antisense primer directed against the exogenous DNA fragment for the exogenous
internal control ICE (CAA-TGT-TCT-GCT-ACT-CGC-CGA corresponding to SEQ ID NO: 10) is added
at 100 uM;

- 0.06 pl of FAM and MGB labeled probe directed against the exogenous internal control ICE (CAT-
ACT-TGA-GCA-TTC-GCT-GT corresponding to SEQ ID NO: 11) is added at 100 pM;

- 0.1 pl of a sense primer directed against the human RPP-30 gene (GAT-TTG-GAC-CTG-CGA-GCG
corresponding to SEQ ID NO: 6) is added at 100 uM;

- 0.1 pl of an antisense primer directed against the human RPP-30 gene (GAG-CGG-CTG-TCT-CCA-
CAA-GT corresponding to SEQ ID NO: 7) is added at 100 uM;

- 0.06 pl of FAM and MGB labeled probe directed against the human RPP-30 gene (CTG-ACC-TGA-
AGG-CTC-T corresponding to SEQ ID NO: 8) is added at 100 pM;

- 1.48 pl of molecular biology grade H,O is added,;

- 8 Ml of the extracted DNA (extracted circulating DNA and exogenous DNA fragment) is added,;

- the mixture is homogenized and loaded into a well of a DG8 cartridge (Bio-Rad)
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- 70 pl of oil for droplet generation is added to the DG8 cartridge (Bio-Rad)
- the DG8 gasket (Bio-Rad) is installed and the droplets are generated using the Bio-Rad Droplet
Generator;
- the sample is transferred to a 96-well plate, sealed and a finite-time PCR is performed according to
the program below:

Step 1: 95°C 10 min

Step 2: 94°C 30 sec

Step 3: 60°C 1 min

Repeat steps 2 and 3 40 times

Step 4: 98°C 10 minutes

Step 5: 12°C 1 sec
At the end of the PCR, the 96-well plate is transferred to the Bio-Rad droplet reader and the droplets
are read.
The same amplification and quantification step is performed for the DNA extracted from the plasma
sample and for the DNA extracted from the control sample.
The results obtained for the RPP30 gene represent the extracted circulating DNA copy number. The
results obtained for the extracted exogenous DNA fragment (ICE) represent the extracted ICE copy
number.
The Grewis calculation is done by dividing the value obtained for RPP30 by the value obtained for
ICE. This value serves as a reference value that can be compared between each extraction for the
same subject and thus determine the variation in the amount of free DNA of that subject over time.
A ratio (Grewis) representative of the amount of circulating DNA in the sample from the subject of

interest is obtained.

Figure 1a shows an intra-test variability of cfDNA after extraction, in the absence of exogenous ICE
DNA fragment. In the presence of an exogenous ICE fragment, calibrated by ddPCR and added to the
plasma before extraction, a homogeneity of the value of the genomic DNA to ICE ratio (Grewis) is

observed in Figure 1b. The ICE fragment is used to normalize the extraction and the quantification.
The variation in Grewis alone over time for the same subject of interest ensures that fluctuations in

cfDNA of physiological/pathological origin can be monitored longitudinally without artefacts.
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Example 5: Process for monitoring the physiological state of a subject of interest with

concomitant investigation of EGFR mutation in non-small cell lung cancers

Used in combination with a cfDNA extraction and detection kit as described in examples 1 and 4 is an
IDEGFR kit for the detection and quantification by digital PCR of EGFR mutations involved in patient
stratification for targeted therapies using tyrosine kinase inhibitors and associated resistance.

This is a multiplex quantification system that allows, for each sample, the simultaneous amplification in
two reactions of activating mutations (L858R and Del19 - 1% reaction) and resistance mutations
(T790M and C797S - 2™ reaction). Activating mutations of the gene encoding EGFR appear mainly in
non-small cell lung cancer (NSCLC) and cause constitutive activation of EGFR protein kinase activity,
thus contributing to the oncogenic process. The most common mutations include a variety of deletions
at exon 19 and an L858R substitution in exon 21. These mutations constitute 85% of the EGFR
mutations observed in NSCLC. The T790M and C797S mutations represent two mutations described
as conferring resistance to the targeted therapies erlotinib and osimertinib, respectively.

The IDEGFR kit contains the following reagents:

- A target positive control (TPC-IDEGFR) comprising a mixture of synthetic DNA carrying the
different mutations and calibrated to the concentration mentioned in the associated quality
control sheet;

- An amplification reaction mixture (ARM-IDEGFR sensi) containing Taq polymerase and
oligonucleotides for the detection of EGFR (FAM/HEX) and L858R (FAM) mutations and Exon
19 (HEX) deletion;

- An amplification reaction mixture (ARM-IDEGFR resist) containing Taq polymerase and
oligonucleotides for the detection of EGFR (FAM low) and T790M (FAM high) and C797S
(HEX) mutations;

- A negative extraction control (NEC) prepared and extracted in the same manner as the
samples to be tested but not containing a sample (replaced by PBS);

- A negative amplification control (NAC) corresponding to the deposition of 13 pl of amplification
reaction mixture and 8 ul of Nuclease-free water.

Circulating DNA is extracted from the samples according to the protocol described in example 4,
before being amplified.

The amplification reaction by finite-time PCR (Bio-Rad QX200 digital PCR) is performed in each well
in the presence of 13 yl of ARM-IDEGFR (Sensi or Resist) for each sample and for positive and
negative controls. The following are added to each reaction mix:

- 8 ul of DNA extracted from each sample to be analyzed
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- 8 ul of TPC-IDEGFR DNA
- 8 ul of NEC extract
- 8 ul of nuclease-free water (NAC).
The amplification phase is performed according to the following program:
1) Polymerase activation (10 min at 95°C, 1 cycle);
2) DNA denaturation/elongation (15 seconds at 95°C and 60 seconds at 60°C, 40 cycles);
3) Droplet consolidation (10 minutes at 98°C, 1 cycle);
4) Cooling (infinite time at 12°C, 1 cycle).
The results are analyzed using the QuantaSoft™ Analysis Pro software.
A mutation is considered positive if the positive droplet value is greater than or equal to 2.

A mutation is considered undetected if its value is zero or less than 2 positive droplets.

Figure 2a shows the results of the co-amplification of cfDNA (RPP30) and ICE by dPCR. Figure 2b
shows the analysis of EGFR mutations by the IDEGFR tube mutations ARM-IDEGFR sensi kit.

Figure 3a illustrates the analysis of EGFR mutations by the IDEGFR tube mutations ARM-IDEGFR

resist kit with ICE co-amplification. And Figure 3b illustrates the analysis of EGFR mutations by the
IDEGFR tube mutations ARM-IDEGFR resist kit.

The detection/quantification of genomic abnormalities concomitant with the measurement of Grewis
and/or the exogenous ICE sequence makes it possible to monitor changes in the concentration of
mutated DNA between the different liquid biopsies performed longitudinally.

Based on the fluctuation in the % mutant normalized by Grewis, the targeted treatment is adapted.

Example 6: Process for detecting/quantifying a donor’s DNA signature from cfDNA by ddPCR

concomitant with the measurement of Grewis and/or the exogenous ICE sequence

In combination with a cfDNA extraction and detection kit as described in examples 1 and 4, a digital
PCR detection and quantification kit for donor DNA (after transplantation) is used. The protocol is
similar to the protocol described in example 5 for mutated DNA, except that the probes used are

specific to donor DNA rather than mutated DNA.

The variation over time of Grewis is due, in a pathological state, to a fluctuation in

physiological/pathological cfDNA:
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- Anincrease in the ratio indicates graft rejection;
- A decrease in the ratio indicates that the graft has taken;

- A steady state indicates that the graft is intact.
The detection/quantification of ‘donor’ DNA concomitant with the measurement of Grewis and/or the

exogenous ICE sequence also makes it possible to monitor changes in the concentration of “donor”

DNA between the different liquid biopsies performed longitudinally.

Example 7: Use of the measurement of Grewis and/or of the exogenous ICE sequence in an

analytical process of genomic analysis (‘hub’ role)

A cfDNA extraction, detection and amplification kit is used according to the protocols described in
examples 1 and 4, in the presence of an ICE fragment.
The variation in Grewis due, in a pathological state, to a physiological/pathological cfDNA fluctuation
can be used to decide whether it is appropriate to carry out a subsequent genomic analysis:
- No fluctuation or increase in Grewis: genomic analysis is pointless;
- If Grewis increases: genomic analysis is useful; cfDNA is concentrated at the end of the
extraction step before amplification or any other genomic analysis with targeted or non-

targeted sequencing technique (NGS and others).

Example 8: In vitro process to assist in the diagnosis of a pathological condition

In comparison with average values obtained on healthy subjects and a persistence of “abnormal”
Grewis values, it is possible to direct the subject of interest towards more specialized consultations to
refine the diagnosis:
- Decrease in the ratio (Grewis): response to medical treatment, whatever its nature (surgery,
active principle, etc.), suggesting the efficacy of the treatment and therefore its maintenance;
- Increase in the ratio (Grewis): insufficient or no response to treatment, suggesting a change in
treatment;

- Steady state of the ratio (Grewis): the treatment is still effective.
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Patentkrav

1. Fremgangsmade til at detektere og/eller kvantificere cellefrit DNA fra en bi-
ologisk vaeskeprove fra et individ af interesse, der adskiller sig fra et normalt
eller sundt individ, omfattende mindst:

(i) et trin til at ekstrahere cellefrit DNA fra en biologisk vaeskeprgve, hvori der
er blevet tilsat mindst en effektiv maengde af et farste eksogent DNA-fragment
pa 50-200 basepar, fortrinsvis 60-160 basepar, mere fortrinsvis 70-150 base-
par og bedre 80-140 basepar (ICE);

(i) et trin med co-amplifikation og kvantificering af det cellefrie DNA og det
eksogene ICE-DNA-fragment, der er ekstraheret i trin (i), og

(iii) et trin med standardisering af maengden af ekstraheret cellefrit DNA, om-
fattende at beregne et forste forhold pr. ml biologisk vaeskeprgve af kopiantal-
let af cellefrit DNA til kopiantallet af det farste eksogene DNA-fragment pa 50-
200 basepar, fortrinsvis 60-160 basepar, mere fortrinsvis 70-150 basepar og
bedre 80-140 basepar (ICE),

kendetegnet ved, at individet af interesse er ramt af eller udvikler en cancer
eller en patologisk tilstand udvalgt fra slagtilfeelde eller myokardieinfarkt, akut
nyresvigt, hepatisk cytolyse, traume, transplantatafstedning eller en medicinsk
behandling sasom biopsi, kirurgi, stralebehandling, kemoterapi, immunterapi
eller aktivt princip.

2. Fremgangsmade til at detektere og/eller kvantificere cellefrit DNA fra en bi-
ologisk vaeskeprgve ifglge krav 1, kendetegnet ved, at individet af interesse,
der adskiller sig fra et normalt eller sundt individ, er ramt af eller udvikler en

cancer.

3. Fremgangsmade ifelge krav 1 eller 2, kendetegnet ved, at den biologiske
vaeske er udvalgt fra gruppen bestaende af fuldblod, serum, plasma, urin, spyt,
knoglemarvsvaeske, lymfe, cerebrospinalvaeske, tarevaeske, sved, meelk,

kammervand, synovialvaeske, pleuraveeske, peritonealveeske, fostervand,
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galde, seedveeske, sputum, fortrinsvis plasma.

4. Fremgangsmade til at detektere og/eller kvantificere cellefrit DNA fra en bi-
ologisk vaeskeprgve ifglge et af kravene 1 til 3, kendetegnet ved, at ekstrak-
tionstrinnet (i) omfatter felgende trin:

(i1) Proteolyse af den biologiske veeskeprgve fra et individ af interesse, der
adskiller sig fra et normalt eller sundt individ, hvortil der er tilfgjet mindst et
forste eksogent DNA-fragment pa 50-200 basepar, fortrinsvis 60-160 basepar,
mere fortrinsvis 70-150 basepar og bedre 80-140 basepar (ICE),

(i2) Isolering af cellefrit DNA, iseer ved affinitet pA en membranbeerer, fortrins-
vis en silicamembranbaerer i en ekstraktionssgijle,

(i3) Eluering af det cellefrie DNA, der er isoleret i trin (i2) i en vandig fase,

(i4
(i5
(

i6) Eventuelt konservering og/eller opbevaring af det cellefrie DNA.

)
) Eventuelt udfeeldning af det cellefrie DNA,

) Fortrinsvis koncentration af det cellefrie DNA,

)

5. Fremgangsmade til at detektere og/eller kvantificere cellefrit DNA fra en bi-
ologisk vaeskeprove fra et individ af interesse, der adskiller sig fra et normalt
eller sundt individ, ifglge et hvilket som helst af kravene 1 til 4, kendetegnet
ved, at det omfatter co-amplifikation, iseer i samme bragnd, af et cellefrit DNA,
et eksogent DNA-fragment (ICE) og en genomisk DNA-sekvens valgt fra en

muteret DNA-sekvens eller en donor-DNA-sekvens i det seerlige tilfaelde af et

transplanteret individ af interesse, som kan have en transplantatafstedning .

6. Fremgangsmade til at detektere og/eller kvantificere cellefrit DNA fra en bi-
ologisk vaeskeprove fra et individ af interesse, der adskiller sig fra et normalt
eller sundt individ, ifglge et hvilket som helst af kravene 1 til 5, kendetegnet
ved, at trin (i) med amplifikation og kvantificering af det cellefrie DNA, der er
ekstraheret i det foregaende trin, udferes ved hjeelp af en digital PCR-, Q-PCR-
og/eller NGS-metode, iseer digital PCR.
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7. Anvendelse af fremgangsmaden til at detektere og/eller kvantificere cellefrit
DNA fra en biologisk veeskeprove fra et individ af interesse, der adskiller sig
fra et normalt eller sundt individ, ifalge et hvilket som helst af kravene 1 til 6, i
en fremgangsmade til analyse af en biologisk prgve fra et individ af interesse,
der adskiller sig fra et normalt eller sundt individ, og som sandsynligvis vil fri-
give cellefrit DNA, hvilket individ af interesse er ramt af eller udvikler en cancer
eller en patologisk klinisk tilstand udvalgt iseer fra slagtilfeelde eller myokardie-
infarkt, akut nyresvigt, hepatisk cytolyse, traume, transplantatafstadning eller
et individ, der gennemgar en medicinsk behandling, sasom biopsi, kirurgi, stra-
lebehandling, kemoterapi, immunterapi eller aktivt princip.

8. Fremgangsmade til in vitro-analyse, iseer til diagnose, prognose, theranose
eller overvagning af aendringer i en specifik fysiologisk tilstand af et individ af
interesse, der adskiller sig fra et normalt eller sundt individ, og som sandsyn-
ligvis vil frigive cirkulerende DNA, hvilket emne af interesse er ramt eller ud-
vikler en cancer eller en Klinisk tilstand udvalgt iseer fra slagtilfeelde eller myo-
kardieinfarkt, akut nyresvigt, hepatisk cytolyse, traume, transplantatafstadning
eller et individ, der gennemgar en medicinsk behandling sdsom biopsi, kirurgi,
stralebehandling, kemoterapi, immunterapi eller aktivt princip, omfattende fal-
gende trin:

(i) pa et tidspunkt t0, pavisning og/eller kvantificering af cellefrit DNA fra en
biologisk veeskepragve fra et individ af interesse, der adskiller sig fra et normalt
eller sundt individ, ifglge et hvilket som helst af kravene 1 til 6;

(i) pa et tidspunkt t1, gentagelse af trin (i), og

(iii)y sammenligning af forholdet pr. ml biologisk veeskeprgve mellem kopiantal-
let af cirkulerende DNA og kopiantallet af eksogent DNA-fragment pa 50-200
basepar, fortrinsvis 60-160 basepar, mere fortrinsvis 70-150 basepar og bedre
80-140 basepar (ICE), opnaet pa tidspunktet t1, med det samme forhold op-
naet pa tidspunktet t0.
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9. Fremgangsmade til in vitro-analyse ifglge krav 8, isaer beregnet til at:

- analysere fluktuationer i cellefrit DNA for at overvage respons og/eller resi-
stens over for medicinsk behandling sasom biopsi, kirurgi, stralebehandling,
kemoterapi, immunterapi eller aktivt princip, eller

- analysere fluktuationer i cellefrit DNA for at overvage forekomsten af trans-
plantatafstadning, eller

- analysere fluktuationer i cellefrit DNA for at beslutte, om der skal udfgres en
efterfalgende analyse af genomiske abnormiteter, eller

- overvage andringer i koncentrationen af muteret DNA, eller

- overvage andringer i koncentrationen af donor-DNA i det sezerlige tilfeelde af
et transplanteret individ af interesse, der sandsynligvis vil fa en transplantataf-
stadning.

10. Fremgangsmade til in vitro-diagnosticering, -prognose, -theranose af et in-
divid af interesse, der adskiller sig fra et normalt eller sundt individ, og som
sandsynligvis vil frigive cirkulerende DNA, hvor individet af interesse er ramt
af eller udvikler en cancer eller en patologisk klinisk tilstand udvalgt iszer fra
slagtilfeelde eller myokardieinfarkt, akut nyresvigt, hepatisk cytolyse, traume,
transplantatafstedning eller et individ, der gennemgar en medicinsk behand-
ling sdsom biopsi, kirurgi, stralebehandling, kemoterapi, immunterapi eller ak-
tivt princip, der omfatter fglgende trin:

(i) pa et tidspunkt t, pavisning og/eller kvantificering af cellefrit DNA fra en bio-
logisk veeskeprove fra et individ af interesse, der adskiller sig fra et normalt
eller sundt individ, ifglge et hvilket som helst af kravene 1 til 6;

(if) sammenligning af forholdet pr. ml biologisk vaeskeprave mellem kopiantal-
let af cirkulerende DNA og kopiantallet af eksogent DNA-fragment pa 50-200
basepar, fortrinsvis 60-160 basepar, mere fortrinsvis 70-150 basepar og bedre
80-140 basepar (ICE), opnaet pa tidspunktet t, med det samme forhold opnaet
i et referenceindivid (sundt individ, kontrol)
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11. Anvendelse i en fremgangsmade til at detektere og/eller kvantificere celle-
frit DNA fra en biologisk vaeskeprgve fra et individ af interesse, der adskiller
sig fra et normalt eller sundt individ, ifglge et hvilket som helst af kravene 1 til
6, eller i en fremgangsmade til in vitro-analyse ifglge krav 8 eller i en frem-
gangsmade til in vitro-diagnosticering, -prognose, -theranose af et individ af
interesse, der adskiller sig fra et normalt eller sundt individ ifglge krav 10, af et
kit eller seet til ekstraktion af cellefrit DNA fra en biologisk vaeskeprove af et
individ af interesse, der adskiller sig fra et normalt eller sundt individ, hvor in-
dividet af interesse er ramt af eller udvikler en cancer eller en patologisk klinisk
tilstand udvalgt fra slagtilfeelde eller myokardieinfarkt, akut nyresvigt, hepatisk
cytolyse, traume, transplantatafstadning, eller et individ, der gennemgar en
medicinsk behandling, sasom biopsi, kirurgi, stralebehandling, kemoterapi, im-
munterapi eller aktivt stof, omfattende:

(i) Mindst et farste eksogent DNA-fragment pa 50-200 basepar, fortrinsvis 60-
160 basepar, mere fortrinsvis 70-150 basepar og bedre 80-140 basepar (ICE);
(i) Buffere og enzymer, iseer en cellefri DNA-proteolysebuffer, proteolyseen-
zym, bindingsbuffer, vaskebuffer og elueringsbuffer,

(iii) Indretninger til isolering af cellefrit DNA, iseer silicamembranekstraktions-
swjler og fordelagtigt ekstraktionssgiler forsynet med ladetilbehgr, fortrinsvis
tragte,

(iv) Multibrandsplader, iseer DeepWell 24-brgndplader pa 25 mL

(v) Skruerar, fortrinsvis 1,5 ml, og

(vi) En brugervejledning,

hvor det eksogene ICE-DNA-fragment er tilvejebragt i kittet eller leveret sepa-
rat til kittet, hvilket danner et ekstraktionsseet.

12. Anvendelse ifglge krav 11 i en in vitro-fremgangsmade ifglge et hvilket
som helst af kravene 1 til 10, af et kit eller saet til ekstraktion af cellefrit DNA
som defineret i krav 11, i kombination med et cellefrit DNA-amplifikations- og
kvantificeringskit, leveret sammen eller separat, hvor det cellefrit DNA-amplifi-
kations- og kvantificeringskit mindst omfatter:
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(i) specifikke sense- og antisense-primere for det cellefrie DNA fra individet af
interesse, der adskiller sig fra et normalt eller sundt individ, og for det eksogene
DNA-fragment som defineret i krav 1,

(i) prober, der er markeret for henholdsvis cellefrit DNA fra

individet af interesse, som adskiller sig fra et normalt eller sundt individ, og for
det eksogene DNA-fragment som defineret i krav 1,

(iii) reaktionsbuffere

(iv) plader med flere brende og

(v) en brugervejledning.

13. Anvendelse i en fremgangsmade til at detektere og/eller kvantificere celle-
frit DNA fra en biologisk vaeskeprgve fra et individ af interesse, der adskiller
sig fra et normalt eller sundt individ, ifglge et hvilket som helst af kravene 1 til
6, eller i en fremgangsmade til in vitro-analyse ifglge krav 8 eller i en frem-
gangsmade til in vitro-diagnosticering, -prognose, -theranose af et individ af
interesse, der adskiller sig fra et normalt eller sundt individ ifelge krav 10, af
mindst en farste eksogent DNA-fragment pa 50-200 basepar, fortrinsvis 60-
160 basepar, mere fortrinsvis 70-150 basepar og bedre 80-140 basepar (ICE),
hvilket gar det muligt at standardisere en fremgangsmade til ekstraktion og
kvantificering af cellefrit DNA og/eller analyse af fluktuationerne i cellefrit DNA
i et individ af interesse, der adskiller sig fra et normalt eller sundt individ, hvor
individet af interesse er ramt af eller udvikler en cancer eller en patologisk Kli-
nisk tilstand, udvalgt fra slagtilfaelde eller myokardieinfarkt, akut nyresvigt, le-
vercytolyse, traumer, transplantatafstgdning eller et individ, der gennemgar en
medicinsk behandling sdsom biopsi, kirurgi, stralebehandling, kemoterapi, im-
munterapi eller aktivt princip, over tid ved at male forholdet pr. ml biologisk
vaeskeprgve mellem kopiantallet af cellefrit DNA og kopiantallet af den forste
eksogent DNA-fragment pa 50-200 basepar, fortrinsvis 60-160 basepar, mere
fortrinsvis 70-150 basepar og bedre 80-140 basepar (ICE).
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