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Cancer-cell-derived cell-free DNA can predict
distant metastasis earlier in pancreatic
cancer: a prospective cohort study
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Abstract

Background: Carbohydrate antigen 19-9 (CA19-9) is the only biomarker for monitoring
responses during treatments of pancreatic cancer, but its accuracy for disease outcome is
controversial. Fluid biopsy is a new method for diagnosis and monitoring treatment response.
In this study, we investigate the usefulness of cell-free DNA (cfDNA] in predicting disease
progression during the treatment of pancreatic cancer.

Methods: Biopsy-proved advanced pancreatic cancer patients who received systemic
chemotherapy were enrolled after signed informed consent. CA19-9 and cfDNA in blood were
measured before and after every two cycles of treatments, and the disease progression was
monitored by computed tomography (CT) with 3-month interval.

Results: In total, 74 patients and 148 blood samples were enrolled in this study. Patients
whose average blood cfDNA concentration of >9.71ng/mL before and after first two courses
of chemotherapy would subsequently show new distant metastasis (NDM) on CT scans
3months later. The accuracy was 94.37% (AUC 0.9705, p <0.0001) and the progression-free
survival (PFS) and overall survival (0S) of patients with cfDNA concentration of >9.71ng/
mL were worse than those patients with cfDNA concentration of <9.71ng/mL (median PFS:
95 days versus 322 days, p<0.0001; median 0S: 150days versus 431 days, p<0.0001). The
cfDNA concentration of >9.71ng/mL is a predictor for PFS, 0S, and distant metastasis-

free survival by multivariate analysis. Comparison of KRAS G12 variants detected by next-
generation sequencing from tumor tissue issue and remnant DNA of cfDNA showed that
increased cfDNA was primarily derived from cancer cells.

Conclusion: The cancer-cell-derived cfDNA levels could be served as a powerful biomarker
for prediction of NDM in patients with advanced/metastatic pancreatic cancer.
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Clinical relevance

This study investigated the usefulness of cell-free
DNA (cfDNA) in predicting the outcome during
the treatment of pancreatic cancer. KRAS G12
variants were also tested from tumor specimen
and remnant DNA of cfDNA by next-generation
sequencing (NGS). We found that the value of
cancer-cell-derived cfDNA is a better marker
than carbohydrate antigen 19-9 (CA19-9). The
elevated cfDNA value could predict the outcome

and new distal metastasis earlier than abdominal
computed tomography (CT) during the treat-
ment of pancreatic cancer patients.

Background

Pancreatic cancer is the 12th and 11th most com-
mon cancer in men and women worldwide,
respectively, with more than 460,000 new cases
in 2018. It is estimated to become the second
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leading cause of death in the United States before
2030.1-4 Surgery remains an effective therapy for
patients with pancreatic ductal adenocarcinoma
(PDAC), whose main lesion sites are controlled
or defined locally.>% Early and accurate predic-
tion of patient outcomes with advanced or meta-
static cancer after systemic treatments to
determine resectability is critical; however, there
is still no convincing biomarker.”1° For example,
current methods are unable to adequately define
the accurate level of response to systemic treat-
ments, because restaging after systemic treat-
ments is mostly based on imaging findings via CT
or magnetic resonance imaging, which are not
obtained timeously for predictive prognosis of
treatment and do not often accurately reflect the
therapeutic effect after systemic therapy.!0!!
Hence, novel biomarkers that can be acquired in
real time during intervals between chemotherapy
and surgery are required.

Currently, CA19-9 in serum is the only clinical
indicator used to monitor responses to treatments
in PDAC; however, its application in predicting
disease outcomes and treatment responses in
advanced and metastatic cancer is unclear, with
low correlation to imaging data for re-evaluation
of responses.!? Furthermore, CA19-9 expression
in pancreatic cancer patients is based on gene
regulation of the Lewis blood group (Le).
Generally, approximately 5-7% of patients with
Le(a-b-) could not express CA19-9, and the ratio
was up to 10% in Caucasian population.!®> To
overcome this, several liquid biopsy biomarkers
from blood, which are less invasive and can be
repeatedly obtained, have been developed.!l;14
cfDNA is a minimally invasive biomarker that
originates from mechanisms of cell lysis, apopto-
sis, necrosis, and active release of DNA fragments
into circulating cells during tumorigenesis!> and
may be used as a reliable method to detect tumor-
specific mutations.1%17 It is believed to be primar-
ily derived from apoptotic cells in healthy
individuals of hematopoietic origin. In cancer
patients, it is derived from both hematopoietic
and tumor origins.!1:18:19 Previous studies showed
that cfDNA levels correlated with tumor burden
and were elevated with tumor growth in colorec-
tal, breast, lung, and ovarian cancer patients.18:20-23
Currently, the clinical use of cfDNA in lung can-
cer, breast cancer, and colon cancer is relatively
established, and several commercial kits have
been approved by the U.S. Food and Drug
Administration that are used to predict treatment
outcome, analyze genetic mutations, test drugs,

and personalize medicine use.2%25 However, the
application of cfDNA in pancreatic cancer
remains elusive,?% with only few reports.27-28

In this study, we aimed to determine the prognos-
tic utility of cfDNA with longitudinal, serial sam-
pling from patients with PDAC, who were initially
diagnosed with advanced or metastatic cancer
under systemic chemotherapies, to predict early
treatment response. As CA19-9 was not elevated
in every pancreatic cancer patient, its limitations
were predicting disease outcomes, especially in
those patients who did not express CA19-9 or
those who had a CA19-9 level greater than the
linear range of the machine.

Methods

Patients” information and grouping

Patients were eligible for this study if they were
aged >18years old, had a cytologically and path-
ologically confirmed diagnosis of pancreatic ade-
nocarcinoma, and staged via CT scanning. The
eligibility criteria were as follows: pathologically
proven PDAC with advanced stage (III) or meta-
static cancer (IV) and Eastern Cooperative
Oncology Group (ECOG) score <1 before treat-
ment. The exclusion criteria were those who
could not be followed up by the study cutoff day.
In all, 74 patients, who were initially staged III or
IV, were enrolled between July 2020 and
November 2021. The study was conducted ethi-
cally in accordance with the National Cheng
Kung University Hospital’s Institutional Review
Board (IRB) (B-ER-10594), and all blood sam-
ples were collected during daily practice at each
outpatient appointment (with IRB approval and
written informed consent from patients) or dur-
ing admission. The workflow of this study is sum-
marized and illustrated in Figure 1.

The clinical characteristics and demographic data
of patients, including age, sex, tumor stage, tumor
size, metastatic site, and outcome variables were
collected. Disease progression and treatment
response status, defined by Response Evaluation
Criteria in Solid Tumors (RECIST version 1.1),
were confirmed via CT scan and followed up
approximately every 8-12weeks. According to
CT imaging with RECIST criteria 1.1, we sepa-
rated the progressive disease (PD) group into two
different severities: new distant metastasis
(NDM) and local progression disease (LPD).
Patients with NDM were characterized with
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Figure 1. Workflow of liquid biopsy analysis for pancreatic cancer patients in this study.

whole abdominal plus chest CT scan to identify
any new target lesions occurring at new non-pan-
creatic organs and sites, such as the liver, lung,
and peritoneum. In contrast, new lesions found at
adjacent sites on the pancreas or the main pancre-
atic tumor enlargement were defined as local PD.
For clear illustration of disease progression after
chemotherapy, disease scores examined by CT
were defined as follows: 2, NDM; 1, LPD; 0, ini-
tial diagnosis or stable disease (SD); —1, partial
response (PR); —2, complete response.

Measurement of cfDNA and CA19-9

Approximately 6-8mL of one patient’s whole
blood specimen was collected in Streck Cell-Free
DNA BCT®™ (Streck, La Vista, NE, USA. Cell-
free plasma in the upper layer was separated using
centrifugation at 1600g for 10 min at 25°C. The
plasma was subsequently centrifuged at 12,000¢g
for 10 min to remove any possible cells or debris

(avoiding genomic DNA contamination), and
cfDNA from the resulting supernatant was
extracted using the iCatcher Circulating cfDNA
4000 Kit and iCatcher 12 instrument (Catchgene,
Taipei, Taiwan) according to the manufacturer’s
instructions. cfDNA quantities were measured
using the Quant-iT™ dsDNA HS Assay Kit
(Thermo Fisher Scientific, MA, USA). cfDNA
integrity with target regions, 25-500base pairs
(bp), were measured using high-sensitivity large
fragment 50Kkb analysis kits (Thermo Fisher
Scientific). cfDNA concentrations for each speci-
men (ng per mL of whole blood) shown in this
study were calculated as follows: total extracted
cfDNA (ng) X cfDNA integrity (%)/volume of
whole blood (mL).

CA19-9 (U/mL) in blood of patients was rou-
tinely measured during every two cycles of chem-
otherapy. CA19-9 levels were measured via the
electrochemiluminescence immunoassay using
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the Elecsys CA19-9 Immunoassay on a Cobas
e601 platform (Roche, Basel, Sweden) according
to the manufacturer’s instructions. The resulting
CA19-9 values were in the range of 2—10,000U/
mL (normal range, <34 U/mL).

DNA next-generation sequencing

The analyses of KRAS G12 variants in cfDNA
were performed via NGS using the NextSeq 2000
System (Illumina, CA, USA). Approximately
40ng cfDNA per sample was used for library
preparation using the Trusight Oncology 500 Kit
(Illumina) according to the manufacturer’s
instructions. The sequence data were processed
and analyzed using the TruSight Oncology 500
Local App version 1.3 (Illumina). The average
sequencing depth was approximately 1500X.
Variant allele frequencies (VAFs) were calculated
as altered variant reads/total reads.

Genomic DNA was extracted from 6 X 10 um tis-
sue sections using the GeneRead DNA FFPE Kit
(Qiagen, Venlo, The Netherlands). DNA con-
centrations were measured using a Qubit high-
sensitivity kit (Thermo Fisher Scientific).
Subsequently, 40ng of DNA was used as input
for library preparation. Input DNA was sheared
on a Covaris M220 Focused-ultrasonicator
(Covaris, MA, USA) using a microTUBE-50
AFA Fiber Screw-Cap (Covaris) following the
manufacturer’s instructions. DNA libraries were
prepared wusing the hybrid capture-based
TruSight Oncology 500 Library Preparation Kit
(Illumina) following Illumina’s assay protocol.
Libraries were sequenced using NexSeq550
(Illumina).

Isolation of circulating tumor cells

Circulating tumor cell (CTC) characterization
was performed after collecting ~10 mL of periph-
eral blood before and after treatment. The blood
was processed with Ficoll-Paque separation, red
blood cell lysis and negative selection with deple-
tion of CD45-positive leukocytes using magnetic
microbeads. Thereafter, resulting cells were
stained with fluorescence-conjugated anti-epithe-
lial cell adhesion molecule (EpCAM), anti-
cytokeratin 7 antibodies, and anti-CD45
antibodies. Stained cells were analyzed using a
cytometry machine. Positive CTCs were defined
as both EpCAM positive and cytokeratin 7 posi-
tive yet CD45 negative.

Statistical analysis

The cutoff values of cfDNA concentrations
between the NDM group and the non-NDM
group (including LPD, SD, and PR patients)
were determined and calculated by receiver oper-
ating characteristic (ROC) curve analysis with the
highest sensitivity and specificity. Survival analy-
sis based on cutoff values was performed using
the Kaplan—Meier method, providing p values,
with the use of the log-rank (Mantel-Cox) test.
Cox proportional hazards regression analysis was
performed to analyze prognostic factors for pro-
gression-free survival (PFS), distant metastasis-
free survival (DMFS), and overall survival (OS).
Hazard ratios (HRs) and corresponding 95%
confidence intervals (95% CIs) were estimated.
Statistical analyses were performed using
Microsoft Excel 2016; GraphPad Prism software,
version 7.00; or SPSS software, version 17.0.

Results

Demographic of patients

In all, 74 patients were eligible for inclusion in the
present study from July 2020 to November 2021.
Basic demographics are shown in Table 1. The
median age was 65.7years (range, 36.2-84.1);
the male—female ratio was 39:35. The liver was
the most common metastatic site (54.1%), fol-
lowed by the peritoneum (12.2%) and the lungs
(5.4%) prior to any treatment. As all patients
were initially diagnosed with locally advanced or
metastatic cancer, they received systemic chemo-
therapy every 2weeks or at least twice a month.
cfDNA concentrations were monitored monthly
until the patient died or underwent the operation.
The median number of follow-up days was 232
(range, 68—456). In the 74 patients, 18 (24.3%)
were stage III and 56 (75.7%) were stage IV. The
median tumor size was 3.7cm (range, 0.7—
7.5cm). Primary tumors of 37 patients (50%)
were located in the pancreatic head and neck por-
tion, 18 patients in the body (24.3%), and 18
patients in the tail (24.3%). The initial CA19-9
level before treatment was from <2 to >10,000
(the lower and upper limits of the linear range in
the central laboratory). The normal value of
CA19-9 was defined as <34 U/mL in our study
based on the laboratory results. The ECOG per-
formance of all enrolled patients was 0 in 62
patients (83.8%), 1 in 10 patients (13.5%), and 2
in 2 patients (2.7%). Following several cycles of
chemotherapy, 17 patients (23%) underwent
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surgery, which included eight patients at stage III
and nine patients at stage IV.

CfDNA is a potential predictive biomarker

To prove this hypothesis, liquid biopsies of
patients before and after two cycles of chemother-
apy were collected, and the levels of cfDNA,
CA19-9, and CTC were examined, as shown in
Figure 1. According to RECIST criteria with
minor modifications, disease progression and
responses of these patients in the first CT scan
after the 2- or 3-month treatment were classified
as NDM, LPD, SD, and PR. Notably, cfDNA
concentrations in both pre- and post-treatment in
NDM patients showed high yet random levels
(Figure 2(a)). To determine the optical threshold
between the NDM group and non-NDM
(LPD + SD + PR) groups, ROC analysis was per-
formed. The average values of cfDNA with a cut-
off concentration of 9.71ng/mL before and after
the two courses of treatment showed the best pre-
dictive AUC value (0.9705; p<<0.0001) and
accuracy (94.37%) with 90.91% sensitivity (95%
CI: 58.72-99.77%) and 95% specificity (95% CI:
86.08-98.96%) (Figure 2(b)). Those patients
with an average cfDNA concentration of
>9.71ng/mL showed significantly worse PFS
compared to other patients with cfDNA concen-
tration of <9.71ng/mL (median PFS: 95days
versus 322 days, p<0.0001; Figure 2(c)). In addi-
tion, those patients also had shorter DMFS
(median DMFS: 95days wversus 447 days,
$»<0.0001) and OS (median OS: 150days versus
413 days, p<<0.0001) (Figure 2(d) and 2(e)).
These results indicated that monitoring the value
of cfDNA in the first month could predict disease
progression. When the cfDNA concentration of
patients was over the cutoff value (9.71ng/mL),
they would potentially get worse within 3 months
and succumb to death in the following half year.

For comparison, CA19-9 concentration measure-
ments were also included in this study. Unlike
cfDNA, the CA19-9 levels of the 74 patients were
evidently fluctuated and diverse (Supplemental
Figure 1(a)). In the four groups with different dis-
eases status outcomes (NDM, LPD, SD, and
PR), the CA19-9 concentrations before and after
two cycles of chemotherapy were similar and scat-
tered from <35 (the normal standard) to
>10,000U/mL (above the detection limit of the
assay used). The ROC analysis results showed
that the AUC values of pre- and post-treatment
were only 0.7121, p=0.0261 (Supplemental

Table 1. Basic demographic characteristics of the patients and tumors

(n=74).
Characteristics Total (n=74) Percentage (%)
Age, years [median, range) 65.7 (36.2-84.1)
Sex
Male 39 52.7
Female 85 473
Stage
I 18 24.3
\% 56 75.7
ECOG status
0 62 83.8
1 10 13.5
2 2 2.7
Follow-up days (median, range) 232 (68-456)
Tumor site
Head and neck 37 50.0
Body 18 24.3
Tail 18 24.3
Liver 1 1.4
Primary tumor size (median, range)] 3.7 (0.7-7.5)
N stage (n=52)
NO 4 5.4
N1 38 51.4
N2 32 43.2
Initial metastatic site (n=56)
Oligometastatic organ 40 71.4%
Multiple metastatic organ 16 28.6%
New distant metastatic site (n1=11)
Oligometastatic organ 9 81.8%
Multiple metastatic organ 2 18.2%
Initial cfDNA (ng/mL)
Median (range) 5.27 (1.21-48.5)
Initial CA19-9 (U/mL)
<34 11(<2-33.1) 14.9%
35-10,000 51 (38.8-8650) 68.9%
>10,000 12 16.2%

CA19-9, carbohydrate antigen 19-9; cfDNA, cell-free DNA; ECOG, Eastern Cooperative Oncology Group.
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Figure 2. The average of cfDNA concentration before and after treatments provided a predictive biomarker for
disease progression. (a) The dot plots of average of cfDNA concentrations from patients with pre-treatment
and post-treatment in four groups of disease outcomes. (b) The ROC curve analyses of NDM and non-NDM
(LPD + SD + PR). Kaplan-Meier analysis of PFS(c), new DMFS (d], and OS (e) in pancreatic cancer patients
were showed according to the cutoff value by the ROC curve. We also showed the difference of median survival
days of patients calculated by the value of cfDNA.

Bars in the dot plots=median.

cfDNA, cell-free DNA; DMFS, distant metastasis-free survival; LPD, local progressive disease; NDM, new distant metastasis;
0S: overall survival; PFS, progression-free survival; PR, partial response; ROC, receiver operating characteristic; SD, stable

disease.

Figure 1(b)), indicating that the initial CA19-9
concentration was not a suitable early predictive
biomarker for disease progression. CTC numbers
were also evaluated, and the trends were also dif-
outcomes

ferent among the four
(Supplemental Figure 2).

disease

To confirm that the average cfDNA concentra-
tion was a suitable indicator of prognosis, Cox
regression analysis was used. The possible risk
factors, such as age, disease stage, tumor size, T
or N status, cfDNA, and CA19-9 levels, were also
evaluated. In univariate Cox regression analyses,
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Table 2. Analysis of factors associated with PFS and OS.

Factor PFS 0sS

Univariate Multivariate Univariate Multivariate

HR (95% CI) pValue HR(95% CI) p Value HR (95% CI) pValue HR(95% CI) p Value
Age >65years 1.09 (0.56-2.10) 0.8 0.98 (0.47-2.04)  0.964
Stage (Il versus V) 1.57 (0.72-3.44) 0.258 2.85(0.99-8.19)  0.052 3.21(1.05-9.78) 0.04
Tumor size: 0.83(0.43-1.59) 0.572 2.15(2.03-4.49)  0.041 4.2 (1.73-10.31) 0.002
>3.7cm
N stage 1.88 (1.06-3.32) 0.03 1.69 (0.94-3.02)  0.079 3.07 (1.52-6.18)  0.002 3.44 (1.59-7.42) 0.002
cfDNA average: 6.85(3.28-14.27)  <0.001 6.25(3-13.02) <0.001 4.16(2.01-8.63)  <0.001 6.75 (2.85-16) <0.001
>9.71ng/mL
CA19-9: >34U/mL  1.70(0.6-4.82) 0.317 1.97 (0.60-6.51)  0.267

CA19-9, carbohydrate antigen 19-9; cfDNA, cell-free DNA; HR, hazard ratio; OS, overall survival; PFS, progression-free survival.

the average cfDNA concentration of >9.71ng/
mL was highly associated with worse PFS
(HR=6.85; p<<0.001) and OS (HR=4.16;
$<<0.001). Multivariable analyses of factors asso-
ciated with PFS and OS showed that average
cfDNA concentration of >9.71ng/mL was the
best variable for PFS (HR=6.25, 3-13.02;
$»<0.001) and OS (HR=6.75, 2.85-16;
$<<0.001) (Table 2). In contrast, other factors,
such as CA19-9 concentration in blood (>34 U/
mL), did not show any significant HR. Moreover,
the association between average cfDNA and
NDM was further confirmed using univariate and
multivariate Cox regression analyses with statisti-
cally significant HR; 11.34,4.81-26.71, p<0.001
(Table 3). Collectively, these analyses demon-
strated that early detection of cfDNA in blood
could be a predictive prognostic biomarker for
later disease progression.

Elevated cfDNA was primarily derived from

tumor cells

The early elevated cfDNA in blood revealed the
occurrence of NDM, implying that tumor cells
would release unexplored messages, such as cir-
culating tumor DNA (ctDNA) into the blood
before the formation of new lesions. To elucidate
the increase in cfDNA from ctDNA, cfDNA sam-
ples were subjected to NGS to detect KRAS G12
variants, which were thought to be high in patients
with pancreatic cancer. In total, 35 pairs of
cfDNA from patients with pre- or post-treatment
and 30 tissue DNA samples from patients were
sent to detect the presence of KRAS G12C,

G12D, G12V, or G12R (Figure 3(a) and 3(b)).
Notably, there were no G12C variants detected in
these patients, and the others were randomly pre-
sent in cfDNA or tissue DNA of patients. In addi-
tion, there were no evident differences in G12
variant ratios in both cfDNA and tissue DNA
from the four disease outcomes (Supplemental
Table 1), indicating that KRAS G12 variants
were not the main factor of disease progression in
our study. VAFs of KRAS G12 from pre- and
post-treated cfDNA were also summarized for
comparison between the four disease outcomes
(Figure 3(c)), and the VAFs in the NDM group
appeared drastically increased or decreased,
which was almost consistent with the cfDNA
concentrations (Figure 3(c)). Therefore, we com-
pared the cfDNA quantities, VAF, and CTC
numbers in pre- and post-treated liquid biopsies
of NDM patients (Figure 3(d)). Consistent with
our hypothesis, cfDNA quantities were mostly
synchronized with VAFs and extremely close to
CTC numbers (Supplemental Figure S2). This
suggested that elevated cfDNA observed in the
NDM group, over the baseline level or indicated
cutoff value in our study, may primarily originate
from cancer cells, including CTCs.

Case demonstration

Two typical cases showed that the appearance of
elevated cfDNA was prior to the observation of
new distant lesions on CT scan. A 62-year-old
male patient (Case #58) was initially diagnosed
with clinical stage III cancer (T4N2MO) (Figure
4(a)). The cfDNA concentration before treatment
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Table 3. Analysis of factors associated with distant metastasis PFS.

Factor Univariate of DMFS Multivariate of DMFS

HR (95% Cl) p Value HR (95% Cl) p Value

Age: >6byears 1.16 (0.51-2.6) 0.728

Disease stage (Il or IV) 0.65 (0.29-1.48) 0.306

Tumor size: >3.7cm 1.11 (0.5-2.45) 0.803

N status 1.61(0.81-3.19) 0.170 1.23 (0.60-2.52) 0.576

cfDNA average: >9.71ng/mL 12.40 (5.28-27.83) <0.001 11.34 (4.81-26.71) <0.001

CA19-9: >34U/mL 2.61(0.51-9.23) 0.298

CA19-9, carbohydrate antigen 19-9; cfDNA, cell-free DNA; Cl,

HR, hazard ratio; PFS, progression-free survival.

confidence interval; DMFS, distant metastasis-free survival;

was 8.22ng/mL, drastically elevated to 17.40ng/
mL after two cycles of chemotherapy, and subse-
quently declined to 10.09ng/mL in the second
month post-treatment. New distant lesions at the
S6 liver and L2 spine were found on the following
CT scan in the third month post-treatment. In
contrast, CA19-9 levels were all under detectable
limitation (2U/mL) throughout the monitoring
period, indicating that CA19-9 could not serve as
a marker in this case. The other case was a 48-year-
old male patient (Case #61) initially diagnosed
with clinical stage III cancer (T4N1MO) (Figure
4(b)). Similarly, the ¢fDNA concentration evi-
dently increased 1-month post-treatment. A new
distant lesion in the lung was revealed in the fol-
lowing CT scan in the third month post-treat-
ment. CA19-9 levels were also monitored; notably,
CA19-9 concentration increased in the third
month post-treatment, which was later than the
cfDNA concentration. Thus, these two cases
raised the role of cfDNA in predicting the new dis-
tant lesions prior to CT scanning.

Discussion

This is the first study to demonstrate that average
cfDNA concentrations within 1 month could pre-
dict disease outcomes in advanced/metastatic
PDAC, especially in patients who suffered from
rapidly NDM and succumbed to poor survival.
The cfDNA can provide an earlier indication of
disease progression than regular CT scan imag-
ing, whereas CA19-9 cannot. The leading mes-
sage of average cfDNA concentration could
provide a first-step indicator to clinicians for fil-
tering tumor irresectability due to the high risk of

NDM in the high-level group, which is always
decided by a regular image scan. However, this
has limitations in detecting occult distant
metastasis.?930

Our study shows whole serial, longitudinal infor-
mation of cfDNA quantity and disease progres-
sion, which started with  pre-systemic
chemotherapy and continued monitoring until
surgery or quitting. Complete yet simple evidence
is convenient in that it allows quick decision mak-
ing regarding irresectability without complicated
analyses and predicts the high possibility of
extremely poor prognosis. Previous studies used
ctDNA, rather than cfDNA, to serve as a prog-
nostic biomarker in pancreatic cancer.2427,28,31
One of the ctDNA criteria is the detection of
genetic mutations in tumor-related gene panels or
differential mutation allele frequency of target
genes, for example, KRAS and 1p53. Similar
observations in those studies have also shown a
positive correlation between the presence of
ctDNA and disease progression.27-31:32 Qur study
used the quantity of cfDNA as a clear cutoff value
and could alert approximately 13.5% (10 out of
74) of stage III or IV patients to the possibility of
NDM lesions within 2—3 months after treatment.
In cancer patients, the cfDNA is thought to be
primarily derived from dead resident or CTCs.
The cfDNA levels positively correlated with dis-
ease progression in several cancers.!8:20 For exam-
ple, the cfDNA concentrations in patients with
colorectal cancer could serve as the first threshold
to categorize ‘disease-positive’ and ‘disease-nega-
tive’ recurrent groups.3? In the present study, we
used the average cfDNA value between the initial
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Figure 3. The KRAS G12 variant-containing cfDNA derived from tissue cancer cells and/or CTCs could be
served as a predictive indicator for the occurrence of NDM. (a, b) Integrated analyses of KRAS G12 variants
of patients’ cfDNA and tissue DNA. (c] The VAF of KRAS G12 in cfDNA from patients with different disease
outcomes. (d) Integrated comparisons of cfDNA, VAF of KRAS G12 G12, and CTCs among indicated patients.

cfDNA, cell-free DNA; CTC, circulating tumor cell; NDM, new

and after two cycles of chemotherapy as the
threshold to determine whether NDM occurred.
There were no evident cfDNA levels in patients
without NDMs, implying that there was a

distant metastasis; VAF, variant allele frequency.

baseline cfDNA level in the blood. Our evidence
showed that the KRAS G12 variant-containing
cfDNA enforced the correlation between ctDNA
and tumor cells. Therefore, an elevated cfDNA
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Figure 4. Case demonstration of patients with new distal lesions found after monitoring a fluctuation of cfDNA, not CA19-9,
concentrations. (a) This patient was diagnosed as locally advanced disease initially, with clinical stage Ill (T4AN2M0). Initial cfDNA
level was 8.22ng/mL. He was treated with systemic chemotherapy, and the cfDNA increased rapidly to 17.40ng/mL after two cycles
of chemotherapy. The first following CT scan which was done at 3months after treatment revealed new liver metastasis at Sé and
bone metastasis at L2. However, the CA19-9 level was below the detection level (<2U/mL) during the whole treatment course. (b)
This patient was diagnosed as locally advanced disease initially, with clinical stage Ill (TAN1MO). Initial cfDNA level was 3.66 ng/mL.
He was treated with systemic chemotherapy, and the cfDNA increased rapidly to 18.99 ng/mL after two cycles of chemotherapy. The
first following CT scan after 3months of chemotherapy showed one new lung metastasis. The CA19-9 level increased slower than
cfDNA, with a late elevation at the same time when CT scan was done.

CA19-9, carbohydrate antigen 19-9; cfDNA, cell-free DNA; CT, computed tomography.
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over the cutoff value would be derived from can-
cer cells, which may be functionally progressive
before new lesions are established.

The size of cfDNA is approximately 160bp because
cfDNA fragments are associated with nucle-
osomes.33:34 A study using 344 plasma samples from
200 cancer patients wvia paired-end sequencing
showed that cfDNA fragments were dominant at
167bp, suggesting that they were released from
apoptotic caspase-dependent cleavage.?> In pancre-
atic cancer, the cfDNA integrity, known as the per-
centage of fragment length, was investigated and
showed no evident correlation with disease sever-
ity.3¢ However, a recent report indicated that small
mutant cfDNA fragments are prevalent in patients
with pancreatic cancer.3” In addition, tumor-derived
mutations are carried by short cfDNA fragments.
Targeting short sequencing amplicons increases the
sensitivity of cfDNA assays and should be consid-
ered when evaluating their clinical performance.3®
Therefore, our study focused on the 25-500bp
cfDNA fragments, evaluated the cfDNA integrity,
and calculated the cfDNA concentrations by com-
bining both cfDNA quantity and integrity to achieve
real cfDNA conditions in patients with pancreatic
cancer. Detecting ctDNA is relatively expensive and
difficult to obtain when compared with detecting
cfDNA. In this study, most of the cfDNA fragments
are released from tumor cells, which is equal to that
of ctDNA. Monitoring cancer-cell-derived cfDNA
in liquid biopsies is quicker and simpler than other
costly practices. These findings suggest that we
could longitudinally and continuously measure
cfDNA in our daily practice to predict treatment
responses and disease outcomes in the future.

Although our study provides the first step in pre-
dicting possible distal metastasis in patients with
pancreatic cancer, there exist several limitations.
First, these naive patients receiving two cycles of
chemotherapy only, without evaluation via a CT
scan after treatment, we cannot stop chemother-
apy or change regimen. So, patients may be lost
rapidly with possible new distal lesions that could
not be defined. Second, unresectability owing to
new distal lesions was predicted in stage III
patients; because we cannot define unresectabil-
ity only by elevated cfDNA levels observed in this
study. Third, there was no validation cohort.
Such biomarker study needs a large number of
pancreatic cancer patients, and it is also a chal-
lenge to enroll patients to complete within several
years. For example, our previous genome-wide

study in pancreatic cancer patients recruited sub-
jects for the past 5 years.?® However, we are confi-
dent in providing more evidence in the near future
to confirm that changes in cfDNA concentration
is a predictive biomarker. Our findings indicate
that the average value of cfDNA levels within
1 month was a leading marker in pancreatic can-
cer, which is alarming for patients with the occur-
rence of new lesions on distal tissues/organs. A
quick and simple analysis of cfDNA quantity
allows clinicians to re-evaluate patients or to
change the systemic treatment strategy because of
the increased risk of rapid NDM. In addition, this
is the first study to recruit pancreatic cancer
patients at stage III and stage IV, who have low
resectability, to strive for any possible cure. We
are planning a clinical trial to validate our find-
ings in a prospectively randomized study.
Furthermore, clinical pilot study applying cfDNA
quantification after neoadjuvant therapies in
resectable or borderline resectable cancer patients
to determine the most suitable patients to receive
curative surgical resection is ongoing.

Conclusion

The cfDNA could be a leading marker for pre-
dicting NDM of advanced pancreatic cancer dur-
ing treatment. The utility of cfDNA in predicting
early recurrence in resectable disease and the pos-
sible resectability in borderline resectable/
advanced disease are highly expected.
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