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ABSTRACT ARTICLE HISTORY
Background: While circulating tumour (ct)DNA is an indicator of minimal residual disease and nega- Received 29 January 2022
tive prognostic factor in stage II-lll colon cancer, no study has ever analysed the value of this bio- Accepted 27 June 2022

marker in colon cancer patients treated with neoadjuvant chemotherapy. We sought to fill this gap by
using prospectively collected plasma samples from 80 stage Ill colon cancer patients, receiving one
cycle of neoadjuvant FOLFOX followed by surgery +/— adjuvant FOLFOX in the PePiTA trial.

Material and Methods: Samples were collected at baseline, 2 weeks and surgery. NPY and WIF1 were
selected as universal methylation markers for ctDNA, and analysed with ddPCR technology. ROC curves
were applied for cut-off points, and outcome measures included 5-year disease-free survival (DFS) and
6-year overall survival (OS).

Results: After a median follow-up of 52.5 months, baseline circulating-free (cf) DNA was an independ-
ent prognostic factor for DFS (HR 3.35, 95% Cl: 1.15-9.77, p=.03), and a trend towards a similar asso-
ciation was observed for relative cfDNA changes between baseline and surgery (HR 2.57, 95% Cl:
0.94-7.05, p=.07). Among 60 ctDNA assessable patients, 25 (42%) had detectable ctDNA at baseline.
While detection of ctDNA at any pre-operative timepoint was not associated with outcome, patients
with ctDNA increase (change of the worst trending methylation marker >11%, or mean ctDNA change
of NPY and WIF1 > 0%) between baseline and surgery showed a trend towards worse 5-year DFS (HR
3.66, 95% Cl: 0.81-16.44, p=.09).

Conclusion: This is the first study of ctDNA in the neoadjuvant setting of early-stage colon cancer.

KEYWORDS

Colon cancer; circulating
tumour DNA; cell-free DNA;
neoadjuvant treatment

Results are hypothesis-generating and should be confirmed in larger series.

Background

Oxaliplatin-based adjuvant chemotherapy is a standard treat-
ment for stage lll, and an option for high-risk stage Il colon
cancer patients, who undergo curative-intent resection of
their primary tumour [1]. This treatment, however, is benefi-
cial only in 5%-23% of cases, the vast majority of people
being unnecessarily treated and exposed to short- and long-
term toxicities, which may have a negative impact on their
quality of life [2,3]. Better criteria than pathological tumour
stage are needed to assess individual patient risk and opti-
mise treatment decisions, ultimately reducing overtreatment
to a minimum. While a number of prognostic factors have
been identified, all the attempts to validate predictive bio-
markers for adjuvant chemotherapy have been unsuccessful.
The only biomarker routinely used in routine practice is

microsatellite instability or mismatch repair deficiency, which
allows identifying patients with pathological stage Il tumours
who do not benefit from adjuvant single agent fluoropyrimi-
dine therapy [4].

Circulating tumour (ct)DNA after surgery or completion of
adjuvant chemotherapy is an indicator of minimal residual
disease, and a strong predictive factor for tumour recurrence
in stage Il and Ill colon cancer [5-7]. In this setting, many tri-
als are ongoing to assess prospectively the value of ctDNA
analysis as a tool to guide the post-operative management,
and de-escalation and intensification strategies are generally
proposed for ctDNA negative and ctDNA positive patients,
respectively [8-11]. Not surprisingly given the current stand-
ards of care including upfront surgery followed by adjuvant
chemotherapy, no study has ever analysed the prognostic
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value of ctDNA in early-stage colon cancer patients who
receive neoadjuvant chemotherapy.

Based on these premises, we sought to evaluate the prog-
nostic value of baseline and early, on-treatment changes of
circulating-free (cf)DNA and ctDNA in stage II-lll colon cancer
patients who were treated with one cycle of neoadjuvant
FOLFOX followed by surgery plus or minus adjuvant chemo-
therapy within the context of a prospective clinical trial.

Material and methods
Study population

PePiTA was an academic, multicentre, single-arm, phase I
trial sponsored by the Institut Jules Bordet, and registered at
ClinicalTrials.gov (NCT00994864) [12]. This trial was run
between January 2010 and January 2016, at 21 sites across
Belgium. The primary objective was to evaluate the associ-
ation between in vivo tumour chemosensitivity to one cycle
of neoadjuvant FOLFOX (as assessed by metabolic response
on '8F-FDG PET/CT scan on day 14) and 3-year disease-free
survival (DFS) in clinical stage Ill colon cancer.

Inclusion criteria and study procedures were previously
discussed in detail [12]. In short, eligibility was restricted to
patients 18 years or older, diagnosed with adenocarcinoma
of the colon compatible at the endoscopy examination with
a stage lll cancer (i.e., invasion of more than one third of the
circumferential colonic lumen), and considered amenable to
curative (RO) resection. All eligible patients were treated with
one cycle of neoadjuvant FOLFOX chemotherapy followed by
surgery and adjuvant FOLFOX chemotherapy (for a maximum
of 12 cycles in total). For patients with pathological stage I-Il
tumours, the decision about adjuvant chemotherapy was left
to the investigators’ discretion.

Patients who were enrolled in PePiTA, and had available
plasma samples were eligible for this retrospective analysis.

Plasma sample collection and circulating nucleic
acid analysis

Since June 2013, plasma samples were prospectively col-
lected for all patients enrolled in the PePiTA trial at pre-
defined time points including baseline, after 2 weeks (i.e.,
after one cycle of neoadjuvant FOLFOX), and before surgery.
Clarified plasma was prepared from each sampling by a
first centrifugation step at 1600xg for 10 min at 4°C, and a
second centrifugation at 10,000xg for 10 min, within one
hour of blood collection. Samples were then stored at
—80°C for downstream applications. ¢fDNA was isolated
using the QIAmp Circulating Nucleic Acids Kit (Qiagen,
Hilden, Germany) from 3 mL of plasma in an elution volume
of 30 pL, and quantified with the Qubit fluorometer (Life-
Technologies, Carlsbad, USA). cfDNA samples were bisulphite
converted using the EZ DNA Methylation-Gold™ Kit (Zymo
Research, Irvine, USA). Polymerase-chain reaction (PCR) was
used to test the bisulphite conversion process with primers
provided by the manufacturer (Zymo Research, Irvine, USA).

The NPY and WIF1 genes were selected as universal
methylation markers for ctDNA, and digital droplet (dd)PCR
technology according to previously reported methods was
used [13]. Commercially available genomic DNA (Promega,
Madison, USA) and hypermethylated DNA (Zymo Research,
Irvine, USA) were each diluted to a final concentration of
2 ng/pL, bisulphite converted, and used as negative and
positive controls, respectively. The maximum number of false
positive droplets in negative controls was 4 for WIF1
(n = 10) and 1 for NPY (n = 18), with mean false positive
droplets being 1.89 (standard deviation [SD] 0.99) and 0.17
(SD 0.37), respectively. The calculated limit of blank was 4.95
for WIF1 and 1.64 for NPY. Samples with >5 positive droplets
for WIF1 and/or >2 positive droplets for NPY were consid-
ered as ctDNA positive. Samples with <10,000 droplets were
not considered assessable.

All primers and probes were manifactured by Applied
Biosystems (Thermo Fisher Scientific, Waltham, USA). Probe
sequences are detailed in Supplementary Table 1. ddPCR
conditions for WIF1 were: Step 1: 2’ at 50°C. Step 2: 10’ at
95°C. Step 3: 44 cycles at 95°C for 15” and 57.7°C for 1’
2°C/second ramp rate. Step 4: 10’ at 98 °C. ddPCR conditions
for NPY were: Step 1: 2’ at 50°C. Step 2: 10" at 95 °C. Step 3:
44 cycles at 95°C for 15" and 55.5°C for 1" 1.5°C/second
ramp rate. Step 4: 10’ at 98°C.

Data were processed with the QuantaSoft V1.6 software
(Bio-Rad, Hercules, USA).

Pathological analysis

Assessment of tumour regression on samples from the resec-
tion specimens was retrospectively carried out by an expert
gastrointestinal pathologist, who was blinded to the cf/
ctDNA results and other clinical data. Tumour regression
grade (TRG) was scored according to the College of
American Pathologists (CAP) - modified Ryan schema [14].

Statistical analysis

Levels of cfDNA were expressed as ng/ml, while changes of
cfDNA after neoadjuvant chemotherapy were analysed as
relative variations compared with baseline. Levels of ctDNA
were expressed as methylated copies/ml, while changes of
ctDNA after neoadjuvant chemotherapy were analysed as
relative variations compared with baseline, using worst and
mean relative variations of NPY and WIF1 for patients with
methylation of both genes.

Outcome measures were 5-year DFS and 6-year overall
survival (OS). ROC curves of 5-year DFS were applied for all
cut-off points for survival analyses, while Kaplan-Meier
method, Cox proportional hazards models and log-rank tests
were used to estimate survival and to test for associations.
When feasible based on the number of assessable patients,
multivariable analyses were performed using logistic regres-
sion, and including all variables from the univariable analyses
with a p-value of < .2. P-values less than 0.05 were consid-
ered statistically significant. Statistical analyses were carried
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out with the SPSS for MacOS version 25.0
Chicago, USA).

(SPSS Inc,,

Regulatory approval

The PePiTA trial was approved by the Institutional Review
Board at the Institute Jules Bordet and by an Ethics
Committee (CE1669). All patients provided a written
informed consent.

Data availability statement

Raw data are available upon request.

Results

Eighty out of the 240 PePiTA trial patients (33.3%) were eli-
gible for this retrospective study (Figure 1). Baseline charac-
teristics are summarised in Supplementary Table 2. Median
age was 63 years, and the primary tumour was localised in
the left colon or rectum in 56% of cases. All patients had
received one cycle of neoadjuvant FOLFOX chemotherapy,
followed by an RO resection. Following analysis of the

Subjectsenrolledinthe
PePiTA trial
(N=240)

Subjects enrolled before
06/2013
(N=160)

4

A 4

Subjects with baseline
plasmasample available
(N=80)

cfDNA analysis population

Baseline ctDNA
> unassessable
(N=20)

A 4

Subjects with assessable
ctDNA at baseline
(N=60)

ctDNA analysis population

Subjects with positive
ctDNA at baseline
(N=25)

Figure 1. Study flow diagram.
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surgical samples, 36 (45%) were found to have pathological
stage Ill tumours, all except one receiving adjuvant FOLFOX
chemotherapy for a maximum of 12 cycles. Only one of the
remaining 44 (55%) patients with pathological stage | or Il
tumours was given adjuvant chemotherapy. At the time of
this analysis, 11 patients had suffered tumour recurrence and
10 had died. After a median follow-up of 52.5 months, 5-year
DFS was 68% (95% confidence intervals [Cl]: 52-84) and 6-
year OS 84% (95% Cl: 74-94) (Supplementary Figure 1).

Median time from the start of neoadjuvant chemotherapy
to the collection of baseline plasma samples was —1 days
(range —21-0), and median cfDNA value was 1.080 ng/ml
(range 0—3.220). Patients with high baseline cfDNA (i.e.,
>1.100 ng/ml) had numerically worse 5-year DFS (HR 2.62,
95% Cl: 0.93-7.34, p=.07) and 6-year OS (HR 3.24, 95% Cl:
0.67-15.61, p=.14) than those with low baseline cfDNA
(Figure 2). Plasma samples for the 2-week and surgery time-
points were collected at a median of 14 (range 8—22) and
20 (range 8—33) days, respectively, after the start of neoadju-
vant chemotherapy. At the same timepoints, median cfDNA
values were 1.390 ng/ml (range 0—7.820), and 1.310 ng/ml
(range 0—9.360). Median relative changes (from baseline) of
cfDNA at 2 weeks and before surgery were +20.8% (range
—100%-+853.7%) and +18.4% (range —100%-+410.6%),
respectively. At neither timepoint, these changes predicted
DFS (at 2 weeks: HR 0.96, 95% Cl: 0.38-2.43, p=.92; at sur-
gery: HR 2.04, 95% Cl: 0.78-5.30, p=.15) or OS (at 2 weeks:
HR 0.62, 95% Cl: 0.16-2.50, p =.50; at surgery: HR 1.65, 95%
Cl: 0.44-6.18, p = .46) (Figure 3 and Supplementary Figure 2).
In a multivariable analysis including ECOG Performance
Status (PS), baseline CEA, baseline cfDNA, relative cfDNA
changes between baseline and surgery, and pathological
TNM stage, baseline ¢fDNA was the only factor independ-
ently associated with DFS (HR 3.35, 95% Cl: 1.15-9.77,
p=.03). A trend towards statistically significance was
observed for pathological stage (HR 2.69, 95% Cl: 0.92-7.83,
p=.07), and relative ¢fDNA changes between baseline and
surgery (HR 2.57, 95% Cl: 0.94-7.04, p =.07) (Table 1).

Sixty patients were technically assessable for ctDNA at
baseline. Of these, 18 (30%) were found to have methylation
of NPY (median 16.85 copies/ml, range 7.50—65.90), 18 (30%)
of WIF 1 (median 9.30 copies/ml, range 2.70—59.10), 11
(18%) of both NPY and WIF1, and 25 (42%) of either NPY or
WIF1. The outcome of patients with detectable ctDNA (as
defined by the presence of methylation of either NPY or
WIF1) at baseline was not significantly different in terms of
DFS (HR 2.06, 95% Cl: 0.65-6.49, p=.22) or OS (HR 3.11, 95%
Cl: 0.57-16.99, p=.19) than that of patients with undetect-
able ctDNA (Figure 4). Similar results were observed when
detection of ctDNA at any timepoint before surgery was con-
sidered (DFS: HR 1.65, 95% Cl: 0.54-5.04, p =.38; OS: HR 2.80,
95% Cl: 0.54-14.44, p =.22). Patients with a ctDNA change of
the worst trending methylation marker >11%, or those with
a mean ctDNA change of NPY and WIF1 > 0% between
baseline and surgery, had worse 5-year DFS (HR 3.66, 95% Cl:
0.81-16.44, p=.09 for either analysis) (Figure 3). In contrast,
relative changes of ctDNA between baseline and week 2
were not associated with outcome (data not shown).
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Figure 3. Disease-free survival by c¢fDNA (A) and ctDNA (B) relative changes from baseline to surgery.
Table 1. Multivariable analysis for disease-free survival®.
95% Cl HR
P-value HR Lower Upper
Pathological stage (I/Il vs 1ll) 0.069 2.692 0.925 7.833
ECOG PS (0 vs 1) 0.484 0.666 0.213 2.080
Baseline CEA (<3 vs >3) 0.185 1.915 0.733 5.003
Baseline cfDNA (<1100 ng/ml vs > 1100 ng/ml) 0.027 3.351 1.149 9.767
0.067 2.568 0.936 7.045

Relative change of cfDNA from baseline to surgery (<18% vs > 18%)

Cl: Confidence interval; HR: Hazard ratio; ng/ml: nanogram/milliliter.

®The ‘sex’ variable was excluded from the analysis since no survival events occurred in the female group.

All variables were entered in the model as categorical.

Samples from the resection specimens were available for
76 (95%) patients. Of these, 7 (9%) were found to have some
evidence of tumour regression (TRG 2), while the remaining
69 (91%) were classified as having poor or no response (TRG
3). A DFS event occurred in 1/7 (14%) patients with TRG 2
and in 15/69 (22%) patients with TRG 3. Only 2 patients with
TRG 2 were also assessable for ctDNA changes before

surgery, and in both cases a mean ctDNA reduction >30%
was observed, versus 9 out of 16 patients with a TRG 3.

Discussion

Strong interest has recently emerged for the investigation of
neoadjuvant treatment strategies in early-stage colon cancer.
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The FOXTROT trial showed that administering three cycles of
oxaliplatin-based chemotherapy before surgery increases the
chances of clear surgical margins, reduces the risk of post-
operative complications, and is associated with a numerically
lower risk of recurrence for patients with clinical stage II-lll
tumours [15]. Due to the lack of statistical significance for
the primary endpoint, however, neoadjuvant chemotherapy
remains an investigational treatment, being generally consid-
ered a suitable option only for locally advanced, borderline
resectable tumours. Beyond the potential beneficial effects
on clinical outcome measures, a strategy of delivering neoad-
juvant chemotherapy to resectable colon cancer patients
provides an opportunity window for the in vivo assessment
of tumour chemosensitivity, and implementation of individu-
alised, peri-operative treatment approaches. In this setting,
blood-based biomarkers that can be easily sampled and rap-
idly analysed represent optimal candidates as decision-guid-
ing tools.

While several studies on circulating DNA in the neoadju-
vant setting of rectal cancer have already been conducted
[16-18], this is to our knowledge the first study investigating
circulating DNA in colon cancer patients who are treated
with neoadjuvant chemotherapy. Although evidence on the
value of cf/ctDNA has rapidly accumulated over the last few
years, this has mostly been limited to settings such as post-
resection of early-stage or metastatic tumours (i.e.,, for the
detection of minimal residual disease) [7,19,20] and palliative
treatment of unresectable disease (i.e., for the longitudinal
assessment of response to treatment and tracking of resist-
ant clones) [21,22]. For this study, we took advantage of ser-
ial plasma samples, which were prospectively collected
within the context of a phase Il clinical trial with a unique
design [12].

We found that cfDNA at baseline was an independent
prognostic factor, high levels of this being associated with a
higher risk of tumour recurrence or death following curative-
intent resection of the primary tumour. These data are in
line overall with studies in metastatic colorectal cancer
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showing an association between cfDNA, disease burden and
prognosis [23,24]. Further studies are needed to confirm our
results, and especially address whether patients with high
levels of baseline cfDNA are most likely to benefit from
intensified post-operative treatments (with regard to type
and duration of adjuvant chemotherapy) or alternative man-
agement strategies such as early target of micrometastases
with neoadjuvant chemotherapy. Notably, and in contrast
with the value of cfDNA at baseline, only a trend towards a
statistically significant association was observed between
early on-treatment changes of this biomarker and outcome.
This apparent inconsistency could possibly be due to the
confounding effect of other conditions including chemother-
apy-induced toxicity, causing increased release of non-
tumoural ¢fDNA and eventually balancing reductions of
tumour-derived cfDNA in chemotherapy-responding patients
[25]. Unfortunately, we could not account for this potential
source of bias. While contamination by genomic DNA in our
study should have been reduced by isolating plasma within
one hour after venesection, the fluorometric method used
for DNA quantification does not allow discriminating the ori-
gin of DNA [26,27].

To overcome these limitations, we also analysed ctDNA in
the same population. Based on previous data showing high
concordance between mutation- and epigenetic-based
ctDNA detection techniques, we used universal methylation
markers such as NPY and WIF1, which are especially conveni-
ent for early-stage tumours that may have not undergone
yet genomic profiling [22,28]. The main advantage of this
approach is that it does not require prior knowledge of the
genomic characteristics of the tumour, this resulting in rapid
turnaround time and reduced costs. In our study, only 42%
of patients were found to have detectable ctDNA at baseline,
which is overall in line with previous studies especially con-
sidering the high proportion of pathological stage I
patients in our series [13,18,22]. Notably, baseline ctDNA
detection was not useful in terms of prognostication,
whereas increased ctDNA levels after one cycle of
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neoadjuvant chemotherapy and before surgery appeared to
be associated, although non-statistically significantly, with
worse outcome. We acknowledge that these data should be
interpreted with a lot of caution especially bearing in mind
the substantial proportion (i.e., 25%) of non-assessable
patients due to technical failures, and the small number of
patients who could be followed up for changes of ctDNA
after neoadjuvant chemotherapy. While these caveats may
account for the lack of statistical significance, they could
have increased as well the risk of random associations.
Larger studies are needed to confirm the intriguing hypoth-
esis that early ctDNA dynamics during pre-operative chemo-
therapy can be used as a marker of treatment response and
stratification factor to select patients who benefit from deliv-
ery of further systemic treatment, either in the neoadjuvant
or adjuvant setting.

In addition to the abovementioned flaws, other limitations
should be considered when interpreting the results of our
analysis. Unfortunately, prospective collection of blood sam-
ples was not included in the initial version of the PePiTA trial
protocol, but it was added as an amendment when approxi-
mately two thirds of patients had already been recruited,
this reducing substantially the proportion of patients who
were eligible for this retrospective study. Furthermore, very
few events were observed, partly due to the high proportion
of patients with pathological stage I-II tumours. While
tumour downstaging after one cycle of chemotherapy is the-
oretically possible, such an unexpectedly high proportion
coupled with the results of the tumour regression analysis
rather suggest some clinical overstaging at study entry.
Finally, the lack of a control group makes our assumptions
regarding the potential relevance of the investigated bio-
markers in relation to the use of neoadjuvant or adjuvant
chemotherapy highly speculative. In particular, it is unknown
whether baseline <¢fDNA and pre-operative changes of
cfDNA/ctDNA are simply prognostic, or also predict benefit
from administration of further chemotherapy.

Taking all this into account, our study still represents a
first step towards understanding the potential of circulating
DNA in the developing field of neoadjuvant treatment for
colon cancer. Future efforts are needed to build on our pre-
liminary results, and to fine-tune the possible clinical applica-
tions of circulating DNA-based biomarkers in this setting.
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