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Introduction: Pancreatic ductal adenocarcinoma (PDAC) is one of the most aggressive
cancers and poses a challenge to the treating clinician. With the emergence of genomic
profiling technologies, circulating tumor DNA (ctDNA) is increasingly recognized as
a versatile biomarker for risk stratification and disease monitoring. We aimed to compare
two commercially available NGS panels in a cohort of patients with advanced PDAC
undergoing palliative chemotherapy.

Methods: CtDNA was isolated with a magnetic bead-based protocol from two consecutive
blood samples before and during chemotherapy in 21 patients with PDAC. Mutations were
assessed by using a panel covering 15 (GP15) or 50 (GP50) cancer-associated genes. Results
were compared to tumor tissue (GP15), if available.

Results: Isolation of ctDNA resulted in a high mean value of 1.9 ng/uL (total volume of ~40
uL). Although the same number of patients were positive for at least one mutation (76%), the
most commonly mutated oncogene in PDAC, KRAS, was detectable in an additional 25% of
all patients with the GP15 panel due to a higher coverage. The genomic concordance rate
between tissue DNA and ctDNA analyses was 65.22%.

Discussion: Our study demonstrates the feasibility of an NGS-based approach for ctDNA
analysis and underlines the importance of using a disease-specific panel with a sufficiently
high coverage.

Keywords: pancreatic ductal adenocarcinoma, PDAC, liquid biopsy, circulating tumor
DNA, ctDNA, next generation sequencing, NGS, KRAS, TP53

Introduction
Pancreatic ductal adenocarcinoma (PDAC) ranks among the top leading causes of
cancer deaths in the Western world and, in contrast to other tumor entities of the
gastrointestinal tract like colorectal cancer, its incidence is rising.'” The dismal
prognosis of this cancer type is caused by late diagnosis mostly in advanced stages
with no chance for curative resection, a very high relapse rate and resistance to
most of the tested therapies and targeted drugs.>> Current cancer statistics show
a five year survival rate of only 5-10 % with no meaningful improvements during
the last 20 years.°®

Integrated analysis of the genomic landscape has identified four commonly
mutated genes, namely KRAS, TP53, SMAD4, and CDKN24."° Given the afore-
mentioned late detection rate, lack of reliable biomarkers and aggressive biology of
PDAC, there is a strong need for finding new biomarkers to guide decision-making
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in the clinical management of patients affected by this type
of cancer. One non-invasive and promising tool for early
detection, predicting tumor recurrence and monitoring
treatment responses as well as resistance is the analysis
of circulating tumor DNA (ctDNA). CtDNA is a relatively
small and highly variable fraction of circulating cell-free
DNA (cfDNA), which is primarily composed of germline
DNA that originates from normal cells.'®!" Assessment of
ctDNA derived from the primary tumor and metastatic
sites, which can be isolated from the peripheral blood
provides a real-time picture of the tumor burden and
treatment escape mechanism.'>'? Several studies have
shown that ctDNA can be used to analyze somatic
sequence alterations in various cancers through Next-

1419 In the case of

Generation Sequencing (NGS).
PDAC, a majority of studies report a very high overlap
(>50%) of detected mutations between bulk tumor and
ctDNA 2026 However, the detection rate for the most
frequently mutated gene KRAS largely varies in recently
published reports ranging from 21.1% to almost 100%.2%"
6 1t is clear that patient selection and related factors such
as disease stage as well as the methods, which were used
to isolate and analyze the ctDNA are crucial factors for the
practical applicability of liquid biopsy in this disease. To
date, liquid biopsy for PDAC is not routinely used in the
clinic but potential applications range from using it as
a prognostic biomarker for survival to monitoring treat-
ment responses and disease recurrence as well as identify-
ing molecular targets for personalized therapy.®’ Therefore
our aim was to assess the clinical applicability of two
commercially available NGS gene panels to detect the
most frequent mutations in ctDNA from two consecutive
blood samples in patients with non-resectable locally
advanced or metastatic PDAC who underwent systemic

treatment.

Experimental Section

Patients

This is a single-center, prospective, observational study
including patients with histologically proven non-
resectable PDAC, which was either locally advanced or
metastasized and who underwent a systemic treatment at
the Medical University of Vienna between 05/2016 and
05/2018. The electronic medical history was queried for
patient demographics, performance status, date of diagno-
sis, date of advanced disease, diagnosis and carbohydrate

antigen 19-9 (CA19-9) level at baseline, treatment details

and survival data. ECOG (Eastern Cooperative Oncology
Group) performance status was derived, if not stated expli-
citly, from the medical history including comorbidities and
overall assessment of the treating physician. Recurrent
PDAC after resection of curative intent was stated as
stage IV disease. The here presented data analysis received
prior approval by the ethical committee of the Medical
University of Vienna (EK 274/2011) and was performed
according to Helsinki criteria of good scientific practice.
Written consent of the study participants was obtained
after they were informed about the study purpose and
prior to study commencement.

Isolation and Quantification of Cell-Free
DNA from Blood Samples

Peripheral blood from patients was collected in cell-free
DNA collection tubes (Roche) at day one of the first
administration of the systemic chemotherapy regimen as
well as 4-6 weeks after the first blood sample. Blood
samples were proceeded within 12 hours of collection
via a 2-step centrifugation protocol. First, plasma was
separated from the other blood components by centrifuga-
tion at 2000 x g for 20 minutes. After transferring the
upper plasma layer to a new conical tube, it was respun
at 3200 x g for 30 minutes to remove cell debris.
Subsequently the resulting plasma supernatant was stored
at —20 °C in 10 mL cryotubes (VWR) until DNA isolation.
Circulating DNA isolation from 5-10 mL plasma was
performed on the Chemagic 360 Instrument (Perkin
Elmer) with the isolation kit CMG-1111 (chemagic
cfDNA 10k Kit special H12) according to manufacturer’s
instruction. Cell-free DNA was eluted in ~40 uL elution
buffer. DNA quantification was performed with Qubit®™
dsDNA HS Assay Kit (Invitrogen) according to the
instructions provided by the manufacturer and purity was
determined by Agilent 2200 TapeStation System. Cell-free
DNA was stored at —20 °C until further analysis.

Isolation and Quantification of Genomic
DNA

Genomic DNA was isolated from formalin fixed, paraffin
embedded (FFPE) tissue sections using GeneRead DNA
FFPE Kit (Qiagen) according to the user manual. DNA
quantification was performed with Qubit® dsDNA HS
Assay Kit (Invitrogen) according to the instructions pro-
vided by the manufacturer and purity was determined by
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Agilent 2200 TapeStation System. Genomic DNA was
stored at —20 °C until further analysis.

Analyses of Cell-Free DNA and
Sequencing Panels

TruSight Tumor 15 (GP15)

Library preparation was conducted using the Illumina
TruSight Tumor 15 covering 15 genes, which are fre-
quently mutated in solid tumors. Subsequent sequencing
of pooled libraries was performed in several runs on the
MiniSeq Illumina platform using MiniSeq High Output
Reagent Kit (300-cycles). Data analysis was conducted
(LRM)
Software with TruSight Tumor 15 analysis module.

using on-instrument Local Run Manager
Passed-filter reads were aligned to human reference gen-
ome UCSC hgl9 using banded Smith Waterman algo-
rithm. Variants were called using Somatic Variant Caller
developed by Illumina. All vcf-datasets were annotated
using the Illumina VariantStudio 3.0 Software. Across all
samples, several hotspot codons were manually evaluated
using the Integrative Genomics Viewer (IGV) for potential
low-abundance variants (0.1> VAF <2.0%). Annotated
plasma variants had to have allele frequencies above
a background threshold of the mean of our control samples

(three different non-PDAC c¢fDNA samples).

AmpliSeq™™ Cancer HotSpot Panel for Illumina
(GP50)

Library preparation was conducted using AmpliSeq™
Library PLUS with AmpliSeq™ Cancer HotSpot Panel
v2 for Illumina®. This panel is designed to amplify 207
amplicons covering hotspot regions of 50 genes with
Final

sequenced together using MiniSeq High Output Reagent

known association to cancer. libraries were
Kit (300-cycles). Data analysis was conducted using DNA
Amplicon workflow via Basespace Sequence Hub. The
NGS data alignment was performed with Burrows-
Wheeler Aligner (BWA) and subsequently Somatic
Variant Caller was used. Variant annotation was performed
with [llumina VariantStudio 3.0 Software. Across all sam-
ples, several hotspot codons were manually evaluated
using the Integrative Genomics Viewer (IGV) for potential
low-abundance variants (0.1> VAF <2.0%). Annotated
plasma variants had to have allele frequencies above
a background threshold of the mean of our control samples
(HD701 and HD729 Reference Standards (Horizon)).

Statistics

Descriptive statistics were calculated as mean, median or
percentages as appropriate. Correlation between variant
allele frequencies (VAF) between the two panels was
calculated with Spearman correlation coefficient. The
threshold for statistical significance was set at a p-value
of less than 0.05.

Results

Patient Characteristics

A total of 21 patients with histologically proven PDAC were
included in this study. Table 1 lists patient and tumor char-
acteristics. There were 12 female (57.1%) and nine male
(42.9%) patients. The median age at time of diagnosis of
advanced disease was 64.3 years (interquartile range (IQR)
57.9-68.9 years). Three patients (14.3%) presented with

Table | Characteristics of Patients and Tumors

Cancer Management and Research 2021:13

Median age at diagnosis of advanced disease (median, 64.3
range) (57.9-68.9)
Gender (%)

Female 12 (57.1)

Male 9 (42.9)
Disease stage (%)

Locally advanced (unresectable) 3 (14.3)

Metastatic 18 (85.7)
Prior surgical resection (%) 8 (38.1)
Median CA 19-9 levels in kU/I (range) 481.5

(59.4-3355.0)

CA 19-9 levels (%)

Within normal range 3 (14.3)

Above normal range 18 (85.7)
Site of metastatic disease (%)

Liver Il (52.4)

Peritoneum 5 (23.8)

Lung 4 (19.0)

Other | (4.8)
Number of metastatic sites (%)

0 3 (14.3)

| 14 (66.7)

2 2 (9.5)

>3 2 (9.5)
ECOG Performance Status (%)

0 17 (81)

| 4 (19)

Abbreviations: CA-19-9, carbohydrate antigen [9-9; ECOG, Eastern
Cooperative Oncology Group.
https: 625 I
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locally advanced (unresectable) disease and 18 patients
(85.7%) had metastasis at time of study inclusion. There
were eight patients (38.1%) with a prior surgical resection.
The median CA 19-9 levels were 481.5 kU/l (IQR 59.4—
3355.0 kU/l). Levels of CA 19-9 were within the normal
range in three patients (14.3%) and above in 18 patients
(85.7%). The primary site of metastatic disease was liver (n
= 11; 52.4%) followed by peritoneum (n = 5; 23.8%) and
lung (n = 4; 19%). There were three patients (14.3%) with
locally advanced disease, while 14 patients (66.7%) had one
organ affected by metastatic spread and four patients (19%)
had two or over two metastatic sites. The ECOG performance
status was zero in 17 patients (81%) and one in four
patients (19%).

cfDNA Efficiency

In general, the amount of cfDNA, which can be obtained
from plasma is relatively small compared to genomic
DNA extracted from formalin-fixed paraffin-embedded
(FFPE) tissue. Moreover, the fraction of cfDNA that
originates from tumor cells (ctDNA) is extremely low.
First, we analyzed quantity and quality of our cfDNA,
which has been isolated using a magnetic bead-based
protocol applicable for higher plasma volumes. All sam-
ples were isolated successfully and compared to other
studies we revealed a considerably high mean cfDNA
value of 1.9 ng/uL (range 0.49-4.76 ng/ul) in
a volume of ~40 pL.***%3% One sample yielded 53 ng/
pL cfDNA, which is substantially higher than the cfDNA
amount of other samples and therefore not included into
the mean-calculation. Due to the high concentration of
DNA, we wanted to exclude contamination with high-
molecular weight genomic DNA (gDNA) wherefore we
performed fragment size analysis with the TapeStation
System. CfDNA is highly fragmented and shows a size
distribution of ~ 130 bp-180 bp. Generally, fragments
higher than 1000 bp are considered as gDNA. The aver-
age cfDNA peak of our samples was around 180 bp and
shows that there is little to no genomic DNA contamina-
tion (see quality control of representative PDAC samples
in Supplementary Figure S1). Even the quality of the
cfDNA sample with 53 ng/uL was sufficient for NGS
(Supplementary Figure S2). In summary, we conclude

that all our samples were suitable for downstream appli-
cations such as NGS without any adaptation, which
usually are necessary in cases of low cfDNA yields.

Mutational Profile of PDAC ctDNA

Revealed with 15-Gene Panel

In a next step, we analyzed a total of 42 samples from 21
PDAC patients using a small gene panel containing 15
genes with a high coverage and high sensitivity. Paired-
end sequencing resulted in average 3.84 Mio passed filter
reads per sample and mean amplicon coverage of 23.086.
The ctDNA variant detection limit depends on the back-
ground signal of our control samples. The control samples
revealed allelic frequencies of 0-0.21%.

Sixteen out of 21 sequenced patients (76.2%) exhibited
at least one variant (see Figure 1A). The number of gene
mutations per patient ranged from 1-3 in at least one time
point. The identified variants revealed allelic frequencies
of 0.1-22% and were distributed over the following six
cancer-related genes: KRAS (n = 14; 66.6%), TP53 (n =17,
33.3%), PIK3CA (n =2; 9.5%), EGFR (n = 1; 4.8%), MET
(n=1;4.8%), PDGFRA (n = 1; 4.8%) (see Figure 1B). All
detected variants with known or likely pathogenic effect
are listed in detail in Supplementary Table S1. In all 16

patients at least one mutation was detected at baseline
level. In eight of 16 patients (50%) all baseline variants
were still found in the follow-up sample at varying per-
centages. In two patients (12.5%) (#3 and #15) one base-
line mutation was also present in the follow-up sample at
varying frequencies while a new mutation was identified in
the subsequent sample and appeared during therapy. In
patient #7 two baseline variants were also present with
very low allele frequency in the consecutive sample while
a TP53 variant disappeared. In the remaining five patients
(31.3%) the baseline mutation was not detectable in
the second sample. In summary, our 15-gene panel was
sufficient to identify at least one tumor-associated muta-
tion in 76.2% of our cases, which was suitable for follow-
up monitoring.

Mutational Profile of PDAC ctDNA

Revealed with 50-Gene Panel

Since KRAS, TP53, SMAD4, and CDKN2A are known driver
genes for PDAC and GP15 does not cover the latter two, all 42
samples were concomitantly analyzed with a larger panel
containing 50 genes, which automatically leads to lower cov-
erage and thus lower sensitivity. Paired-end sequencing
resulted in average 1.08 Mio passed filter reads per sample
and mean amplicon coverage of 4370. The detection limit of
cfDNA variants depends on the background signal of our
control samples, which revealed allelic frequencies of 0—
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0.149%. Sixteen out of 21 sequenced patients (76.2%) exhib-
ited at least one variant (see Figure 1A). The number of gene
mutations per patient ranged from 1-4 in at least one time
point. The identified variants revealed allelic frequencies of
0.17-23% and were distributed over the following five cancer-
related genes: KRAS (n = 10; 47.6%), TP53 (n = 9; 42.8%),
SMAD4 (n=5;23.8%), CDKN2A4 (n=2;9.5%), PIK3CA (n=
1; 4.8%) (see Figure 1B). All detected variants with known or
likely pathogenic effect are listed in detail in Supplementary
Table S2. In patient #5 a mutation was only detectable in the
consecutive sample, but not at baseline. In six patients the
baseline variants were still found in the follow-up sample at
varying percentages. In patient #4 one baseline mutation was
also present in the consecutive sample while an additional
mutation disappeared during therapy. In patient #2 the baseline
mutations were not detectable during therapy, but a new var-
iant emerged in the follow-up sample reflecting different sub-
clones. In the remaining seven patients the detected baseline
mutation disappeared under therapy. In summary, with this 50-
gene panel we were able to detect at least one tumor-associated
mutation in 76.2% of our cases, even if the variant-frequency
of some mutations is very low.

| 5-Gene versus 50-Gene Panel for PDAC
ctDNA Analysis

As stated above, KRAS and TP53 are the two most com-
monly mutated genes in PDAC. The overlap for these two
genes in our samples analyzed with GP15 and GP50 is shown
in Figure 1C. Moreover, a strong correlation of the variant
allele frequency (VAF) for KRAS (Pearson r (r) = 0.9868,
p=<0.0001) and 7P53 (r = 0.9854, p = 0.0001) between the
two sequencing panels for all analyzed samples was observed
(see Figure 1D).

When comparing GP15 results with GP50, nine out of
21 patients (43.2%) revealed the same results regarding
the GP15 genes. Five patients showed additional KRAS-
mutations with GP15, which were not detectable with
GP50 because of the low variant-frequency. Patients #3
and #5 had, among others, PIK3CA and MET mutations,
respectively. These gene regions are not covered by GP50
and therefore were not detected. In two patients (#17 and
#19) a low-frequency 7P53 mutation was detected with
GP50 (Figure 1C), which was found by GP15 as well, but
had to be excluded because the allele frequency was not
above the background threshold.

As aforementioned, SMAD4 and CDKN2A are fre-
quently mutated genes in PDAC, but both genes are not

covered by GP15. In this sense, in five GP15-positive
cases additional variants in SMAD4 and CDKN2A4 were
detected with GP50. Moreover, in one GP15-negative
patient (#6) we could identify SMAD4 and CDKN2A muta-
tions, even though they are low-frequency variants.

Ultimately, we have summarized the GP15 results with
the two genes SMAD4 and CDKN2A, which were analyzed
with GP50. Overall, 24 different variants with known or
likely pathogenic effects were detected. The most com-
monly altered variants were KRAS p.G12D (n = 5), KRAS
p.GI2V (n = 3), KRAS p.GI2R (n = 3) and the low-
frequency variant CDKN2A p.Y129C (n = 2). All detected
variants and the individual response to therapy are listed in
detail in Table 2. In summary, four out of 21 (19.04%)
cases revealed no pathogenic variants. It has been shown
in previous studies that a therapy response is associated
with a decreasing or unchanged mutant allele frequency,
whereas an increase of ctDNA is associated with refrac-
tory disease.’®*%*! As a result, in seven of 21 (33.33%)
PDAC patients the observed ctDNA dynamics suggests
a correlation between ctDNA levels and response/non-
response to cancer treatment. In ten of 21 (47.62%)
patients a discordance of genetic and clinical data was
observed (Table 2).

Comparison of Primary and Recurrent

Tumors

Depending on the availability, FFPE tissue samples of the
primary tumor (n = 8) or liver metastasis (n = 3) were
retrieved. To compare the mutations of the primary (FFPE)
and recurrent tumor (which is represented by the ctDNA)
the GP15 was used. In tissue DNA, alterations in KRAS
were observed in all (n = 11) and in 7P53 in 81% (n =9) of
the available samples. In five (45.45%) patients blood-
tissue mutational profiles were fully concordant
(Table 3). KRAS and TP53 mutations were detectable in
the tumor tissue of three (27.27%) patients, while ctDNA
analysis only revealed the KRAS mutation in the respective
sample (partially concordant mutational profiles). The
remaining three (27.27%) patients only had detectable
TP53 and/or KRAS mutations in the primary tumor or
liver metastases but not in the corresponding ctDNA ana-
lysis with the GP15. Overall, genomic concordance rate
between tissue DNA and ctDNA analyses was 65.22%,
which means that 15/23 mutations that were present in the
primary tumor/metastatic site could also be detected in
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Table 2 Mutational Profile of 21 PDAC Patients (GP15 Results Combined with GP50 SMAD4 and CDKN2A Results). Paired-End
Sequencing Resulted in a Mean Amplicon Coverage of 23.086 (GP15) and 4370 (GP50), respectively.

Patient | Sample Gene Amino Acid | Variant Detection Codon Change Therapy ctDNA Dynamics
# Symbol | Change Frequency | Threshold Response | versus CT Results
(%) Controls
| Ist sample | KRAS p.G12D 4.43 0.053 c.35G>A PD Unexpected (decrease of
SMAD4 p.Y131D 1.84 0.008 c.392A>G VAF in PD)
2nd sample | KRAS p.GI2D 201 0.053 c35G>A
SMAD4 p.YI131D 0.00 0.008 c.392A>G
2 Ist sample | PIK3CA p-Q546L 4.40 0.000 c. 1637A>T PR Consistent
KRAS p.Gl2v 6.96 0.000 c35G>T
TP53 p.R273H 1.91 0.050 c.818G>A
SMAD4 p.Q256* 0.00 0.061 c.766C>T
2nd sample | PIK3CA p-Q546L 0.00 0.000 c. 1637A>T
KRAS p.GI2V 0.00 0.000 c35G>T
TP53 p-R273H 0.00 0.050 c.818G>A
SMAD4 p.Q256* 0.56 0.061 c.766C>T
3 Ist sample | PIK3CA p.GI1007V 0.25 0.104 c.3020G>T SD Unexpected (increase of
EGFR p.Q791H 0.22 0.023 c2373G>T VAF and new variant in
PDGFRA p.L839P 0.00 0.034 c.2516T>C follow-up sample in SD)
2nd sample | PIK3CA p.-G1007V 1.58 0.104 c.3020G>T
EGFR p.Q79IH 1.50 0.023 c2373G>T
PDGFRA | p.L839P 1.25 0.034 c2516T>C
4 Ist sample | KRAS p.GI2R 1.37 0.015 c.34G>C PD unexpected (decrease of
TP53 p.D208vV 1.82 0.000 €.623_624delACinsTT VAF in PD)
2nd sample | KRAS p.GI2R 0.19 0.015 c.34G>C
TP53 p.D208vV 0.33 0.000 €.623_624delACinsTT
5 Ist sample | MET p.GI1201V 2.06 0.212 c.3602G>T PD Consistent
SMAD4 p.R496H 0.00 0.035 c.1487G>A
2nd sample | MET p.GI201V 0.00 0.212 c.3602G>T
SMAD4 p.R496H 0.43 0.035 c.1487G>A
6 Ist sample | SMAD4 p.R445* 0.17 0.062 c.1333C>T PD Consistent
CDKN2A | p.Y129C 0.23 0.029 c.385A>G
2nd sample | SMAD4 p.R445* 0.24 0.062 c.1333C>T
CDKN2A | p.Y129C 0.48 0.029 c.385A>G
7 Ist sample | KRAS p.G12D 4.54 0.053 c.35G>A PR Consistent
TP53 p.P152T 1.66 0.000 c454C>A
KRAS p.Al46T 0.19 0.049 c437C>T
2nd sample | KRAS p.GI12D 0.09 0.053 c35G>A
TP53 p.P152T 0.00 0.000 c454C>A
KRAS p.Al46T 0.15 0.049 c437C>T
8 Ist sample | KRAS p.GI2V 0.79 0.000 c35G>T SD Consistent
2nd sample | KRAS p.Gl12V 0.17 0.000 c35G>T
9 Ist sample | / PR /
2nd sample | /
10 Ist sample | KRAS p.Gl12V 0.87 0.000 c35G>T PR Unexpected (stable VAF
2nd sample | KRAS p.GI12V 0.43 0.000 c.35G>T in PR)
I Ist sample | KRAS p.G12D 0.41 0.053 c.35G>A PD Unexpected (decrease of
2nd sample | KRAS p.GI12D 0.12 0.053 c35G>A VAF in PD)
(Continued)
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Table 2 (Continued).

Patient | Sample Gene Amino Acid | Variant Detection Codon Change Therapy ctDNA Dynamics
# Symbol | Change Frequency | Threshold Response | versus CT Results
(%) Controls
12 Ist sample | KRAS p.Al46T 0.24 0.049 c437C>T sD Unexpected (mutation
2nd sample | KRAS p-Al46T 0.00 0.049 c437C>T disappeared during
therapy in stable disease)
13 Ist sample | KRAS p.Q6IR 21.73 0.037 c.182A>G PD Unexpected (decrease of
TP53 p.F212SfsTer3 16.58 0.000 €.635_636delTT VAF in PD)
2nd sample | KRAS p.Q6IR 8.04 0.037 c.182A>G
TP53 p.F212SfsTer3 2.90 0.000 c.635_636delTT
14 Ist sample | KRAS p.GI2R 15.18 0.015 c.34G>C SD Consistent
TP53 p.G245V 16.74 0.000 c.734G>T
2nd sample | KRAS p.GI2R 0.87 0.015 c.34G>C
TP53 p.G245V 1.67 0.000 c.734G>T
15 Ist sample | KRAS p-Al34S 0.00 0.000 c.400G>T PD Consistent
TP53 p.Y126D 1.41 0.009 c.376T>G
2nd sample | KRAS p-Al34S 1.47 0.000 c.400G>T
TP53 p.Y126D 0.36 0.009 c.376T>G
16 Ist sample | KRAS p.G12D 2.79 0.053 c.35G>A PD Unexpected (decrease of
TP53 p-R282W 1.32 0.090 c.844C>T VAF in PD)
2nd sample | KRAS p.GI2D 1.83 0.053 c.35G>A
TP53 p.R282W 1.10 0.090 c.844C>T
17 Ist sample | KRAS p.GI2R 0.85 0.015 c.34G>C SD Unexpected (mutations
CDKN2A | p.Y129C 0.40 0.029 c.385A>G disappeared during
2nd sample | KRAS p.GI2R 0.00 0.015 c.34G>C therapy in stable disease)
CDKN2A | p.Y129C 0.00 0.029 c.385A>G
18 Ist sample | / PD /
2nd sample | /
19 Ist sample | / SD /
2nd sample | /
20 Ist sample | / SD /
2nd sample | /
21 Ist sample | KRAS p.G12D 0.46 0.053 c.35G>A PD Unexpected (decrease of
SMAD4 p.R135% 0.64 0.073 c403C>T VAF in PD)
2nd sample | KRAS p.GI2D 0.08 0.053 c.35G>A
SMAD4 p.R135% 0.00 0.073 c403C>T

Abbreviations: PD, progressive disease; SD, stable disease; PR, partial response; VAF, variant allele frequency.

ctDNA. More precisely, concordance rate was 72.72% for

KRAS and 44.44% for TP53.

Discussion

Liquid biopsy is increasingly recognized as a versatile tool for
the detection of disease relapse and treatment monitoring of
cancer patients.*>** However, the plethora of potential meth-
ods, ranging from PCR-based techniques to NGS-based sys-
tems, complicates the comparison between different studies

and ultimately limits the conclusions, which could be drawn
on their clinical utility. Due to declining costs, the wide avail-
ability and the possibility to simultaneously detect multiple
different mutations, NGS-based methods have also become
very popular when analyzing low input samples like ctDNA
from blood plasma of cancer patients. Given that a substantial
proportion of patients, even if they present with metastatic
disease, have unexpectedly low amounts of ctDNA,* it is

important to consider that the coverage of the used sequencing
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Table 3 Comparison of Mutations of cfDNA (Baseline) and Primary Tumor Sample/Metastatic Site of Eleven PDAC Patients

Patient | Sample Gene Amino Acid Variant Tissue Gene Amino Acid Variant
# Symbol Change Frequency (%) | Type Symbol Change Frequency (%)
Blood Derived ctDNA Primary Tumor/Metastatic Site (FFPE)
2 Ist sample | PIK3CA p-Q546L 4.40 LMB PIK3CA p-Q546L 132
KRAS p.Gl2v 6.96 KRAS p.Gl2v 28.2
TP53 p.R273H 1.91 TP53 p-R273H 19.1
3 Ist sample | PIK3CA p-G1007V 0.25 PT PIK3CA p-G1007V 0.23
EGFR p.Q791H 0.22 EGFR p.Q79IH 0.14
6 Ist sample | / / / PT KRAS p.GI2D 74
7 Ist sample | KRAS p.GI2D 4.54 PT KRAS p.GI2D 10.6
TP53 p.P152T 1.66 TP53 p.P152T 6.3
KRAS p.Al46T 0.19 KRAS p.-Al46T 0.07
8 Ist sample | KRAS p.Gl2V 0.79 PT KRAS p.Gl2v 34
TP53 p.D28IN 1.4
I Ist sample | KRAS p.GI2D 0.41 PT KRAS p.GI2D 6.4
TP53 p-Al138V 8.1
13 Ist sample | KRAS p.Q6IR 21.73 PT KRAS p.Q6IR 233
TP53 p.F212SfsTer3 16.58 TP53 p-F212SfsTer3 18.8
14 Ist sample | KRAS p.GI2R 15.18 LMB KRAS p.GI2R 22.2
TP53 p.G245V 16.74 TP53 p.G245V 26
18 I'st sample | / / / PT KRAS p.GI2N 5.2
TP53 p-R175H 4.8
20 Ist sample | / / / LMB KRAS p.GI2v 23
TP53 p-R248Q 9
21 Ist sample | KRAS p.GI2D 0.46 PT KRAS p.GI2D
TP53 p-C135_T140delinsS | 8.6

Abbreviations: LMB, liver metastasis biopsy; PT, primary tumor.

panel is mostly determined by the number of analyzed genes.
The aim of this study was to assess the clinical applicability of
two commercially available NGS gene panels (15 versus 50
genes), to detect the most frequent mutations in ctDNA from
two consecutive blood samples in patients with advanced
PDAC, which undergo systemic treatment.

Generally, the amount of total cfDNA, which can be
isolated from plasma is quite small. Most studies give
remarkably little detail about the quantity of cfDNA, which
they have gained with their chosen DNA extraction methods.
Some few studies reported about cfDNA levels in PDAC
patients, which are much lower than our yield.***** By
using a bead-based isolation approach applicable for higher
plasma volumes, we were able to obtain relatively high mean
cfDNA values (1.9 ng/uL in a volume of ~40 pL) with
minimal genomic DNA contamination. These samples were

suitable for NGS without any adaptation. The cfDNA sample
collected at the second time point of patient #10 revealed
a concentration of 53 ng/uL, much higher than our mean
value. Such a high value suggests the assumption that geno-
mic DNA contamination is present; even so the quality con-
of cfDNA
(Supplementary Figure 2). Therefore, this sample was used

trol displayed a characteristic profile

for further analysis without any concerns. A non-malignant
pathological process leading to the release of high amounts
of c¢fDNA into the blood stream*>*’
explanation since KRAS p.G12V variant allele frequency

cannot be the only

was almost unchanged in both samples (Table 2) despite of
20x cfDNA concentration differences (2.51 ng/ul. versus
53.0 ng/uL).

To the best of our knowledge, we present here for the
first time results of this promising isolation approach.
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Some downstream applications require high levels of
cfDNA, therefore our results could be of interest for the
medical and biobanking communities.

With our 15-gene panel at least one tumor-associated
mutation in 76.16% of the patients in our cohort could be
identified. With our 50-gene panel we were able to detect
in 76.16% of the cases a mutation as well; even though the
mutation-positive cases are slightly different. Differences
are mainly caused by the number of assessed genes, ampli-
con coverages and amplicon positions. Variant allele fre-
quency of some mutations detected with the 50-gene panel
is very low. Although we have used controls to determine
the background threshold, these results are still not reliable
enough for routine clinical practice, as with the 7P53 low-
frequency variants in patients #17 and #19. One possible
option to overcome this issue is to combine NGS results
with droplet digital PCR just for specific low-frequency
mutations.>' Since droplet digital PCR is a more sensitive
method,*®* it would help to validate true positive low-
level mutations detected by NGS.

Despite the same detection rate of 76.16% for at least
one mutation, the 15-gene panel seems to be more infor-
mative (five additional KRAS mutations were detected),
sensitive and reliable based on our results in respect of
routine clinical practice.

During tumorigenesis KRAS mutations are among the
first to occur and consequently they are seen as founder
mutations. ¥ 3332 Correspondingly, KRAS is the most
frequently mutated gene in patients with PDAC. In accor-
dance with these studies, we also predominantly detected
mutations in KRAS, more precisely in codon 123! In
general, therapy response is associated with a decreasing
or unchanged mutant allele frequency, whereas an increase
of ctDNA is associated with refractory disease.’®**!
With both our panels we were able to observe changes of
the ctDNA allele frequencies under therapy. In 33.33% (7/
21) of our cases a correlation between mutational fre-
quency and therapy response assessed by CT-scans can
be assumed. For example in patient #14 the mutational
frequencies of both detected mutations dropped and corre-
spondingly the follow-up CT-scan showed that the tumor
lesions were not progressing. Furthermore, it can be
hypothesized that both mutations originate from the same
tumor clone because of the similar allele frequency
(Table 2). In contrast, in 47.62% (10/21) of our cases
a discordance of genetic and clinical data was observed.
Patient #4 revealed a KRAS and 7P53 mutation and the
allele frequency of both decreased during therapy, which

would indicate a therapy response. Contrary to this, dis-
ease reassessment by CT-scan revealed a disease progres-
sion. Based on such findings we propose that it is
important to be cautious with the interpretation of muta-
tion frequencies in respect to clinical response.
Furthermore, in patients #12 and #17 baseline mutations
were not detectable during therapy, although disease reas-
sessment showed a stable disease. Regarding the radiolo-
gical response evaluation, it should be considered that
standard imaging methods cannot always reliably distin-
guish between vital tumor tissue and fibrotic masses,
which could complicate the assessment of treatment
responses.

In eleven of 21 patients (52.38%) primary tissue or
metastatic sites were analyzed for comparison. In 5/11
patients sequencing analysis revealed a complete blood-
tissue concordance of the mutational landscape and in 3/11
patients there was a partial concordance. In the latter case
(#8, #11 and #21), KRAS mutations are presented in both
analyses, whereas 7P53 mutations were not detectable in
ctDNA. One possible explanation for the absence of 7P53
mutations could be a different clonal composition of the
tumor in further treatment lines compared to the primary
tumor. Treatment could have eradicated most of these
clones during first line treatment.>® In patients #18 and
#20 KRAS and TP53 mutations were detected only in the
tissue of the primary tumor or metastasis but missing in
ctDNA analyses. A reason for the discrepancy in the
mutational profile between tissue and ctDNA might be
low ctDNA levels in these samples, a limitation, which
under

been described who are

39,53,54 In

has in patients

treatment. summary, the genomic concordance
rate between tissue and ctDNA in our cohort was
65.22% for all mutations and in particular 72.72% for
KRAS, which is higher than the rates reported by
a previous study from Patel et al.>> These results empha-
size the potential of ctDNA as a biomarker in PDAC and
underline the promising cfDNA-isolation technique.
Limitations of this study are the relatively small
number of included patients and that blood samples
were only collected early in the treatment course,
which would miss potential outgrowing tumor clones
that arise shortly before therapy response evaluation.
We decided to collect blood samples early in the treat-
ment course because we speculated to be able to antici-
pate the treatment response before radiological
reassessment would be performed. Our results demon-

strate that by following these early ctDNA dynamics we
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were successful in predicting the clinical outcome in
about half of all patients with a detectable mutation at
baseline. In the other half of the patients treatment
responses were not predictable. The selection of the
NGS sequencing panels was based on the covered
genes, however at the time of study initiation no
PDAC-specific product suitable for ctDNA was avail-
able. We would highly encourage the development of
a commercially available NGS sequencing panel opti-
mized for ctDNA analysis in PDAC, which focuses
only on a limited number of genes that are typically
mutated in this disease, like KRAS, TP53, CDKN2A,
SMAD4, and KDM6A. With this gene panel it would be
possible to simultaneously assess multiple genes to max-
imize the rate of patients with at least one mutation,
which can be monitored during therapy while maintain-
ing a sufficiently high coverage essential for detecting
low-abundance ctDNA.

Conclusions

This study demonstrates the feasibility of using an NGS-
based analyzing method for ctDNA in PDAC patients
undergoing a palliative chemotherapy. Our results under-
score the importance of precise DNA isolation to yield
high quality samples for further ctDNA analysis and the
selection of a gene panel with a high coverage. Further
validation of our findings, with a specifically for this
purpose developed NGS-based gene panel, in a larger
patient cohort is warranted.
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