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Abstract

Background: Right-sided colon cancer (RCC) differs in mutation profile and risk of recurrence compared to distal colon cancer.
Circulating tumour DNA (ctDNA) present after surgery can identify patients with residual disease after curative surgery and predict
risk of early recurrence.

Methods: This is a prospective observational biomarker trial with exploration of ctDNA in 50 non-metastatic RCC patients for which
oncological right-sided colectomy was performed. Blood samples were collected preoperatively, within 1 month post surgery,
3 months (not mandatory), 6 months and every 6 months thereafter. Plasma cell free DNA and/or tumour was investigated for
cancer-related mutations by the next-generation sequencing (NGS) panel AVENIO surveillance specifically designed for ctDNA
analysis. Detected mutations were quantified using digital droplet PCR (ddPCR) for follow-up. Recurrence-free survival was explored.

Results: 50 patients were recruited. Somatic cancer-related mutations were detected in 47/50 patients. ddPCR validated results from NGS
for 27/34 (plasma) and 72/72 samples (tumour). Preoperative ctDNA was detected in 31/47 of the stage I/III patients and the majority of
ctDNA positive patients showed reduction of ctDNA after surgery (27/31). ctDNA-positive patients at first postoperative sample had high
recurrence risk compared to patients without measurable ctDNA (adjusted hazard ratio: 172.91; 95% c.i.: 8.70 to 3437.24; P: 0.001).

Conclusion: ctDNA was detectable in most patients with non-metastatic RCC before surgery. Positive postoperative ctDNA was strongly
associated with early recurrence. Detectable postoperative ctDNA is a prognostic factor with high (100%) positive predictive value for
recurrence in this cohort of non-metastatic RCC.

Clinical Trial Registration: ClinicalTrials.gov ID: NCT03776591

Introduction recurrence, suggesting that the TNM classification and
histopathological adverse features alone are not adequate®. The
histopathological basis of stratifying into ‘high risk’ and ‘low
risk’ does not consider whether minimal residual disease (MRD)
is present. Therefore, are there better methods for improving
identification of patients at higher risk of recurrence? The
evidence supports that circulating tumour DNA (ctDNA) can

Colorectal cancer remains one of the most common cancers
worldwide. Incidence is 17.2/100000 per year with annual
mortality rates of 8.4/100000'. In Norway, incidence of
colorectal cancer is among the highest in the world®. Surgery is
the main treatment for stages I-1II. Despite improved surgical
technique, pathological staging and advances in neo-adjuvant

and adjuvant therapy, 30-50% of colorectal cancer patients will contribute to a more precise risk stratification by detecting
develop recurrence. About 25% of patients with recurrence were MRD”®. ctDNA is one of the most investigated and promising
initially classified as stages I and II°. tumour-derived detached constituents detected in blood” %

TNM classification is part of the current risk stratification Levels of ctDNA correlate with tumour burden, and detection of
to guide recommendations regarding adjuvant chemotherapy  postoperative ctDNA indicates presence of MRD®®'. Initial
(ACT). However, lymph node negative patients can still develop studies focused on metastatic disease and monitoring of
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treatment response’®; however, there is no greater focus on
non-metastatic disease and the role of liquid biopsy in
predicting and detecting recurrence®*?.

Colorectal cancer is often presented as one disease process;
however, prognosis improves the more distally the cancer is
located. Right-sided colon cancer (RCC) stage III has lower
survival rates and higher risk of recurrence compared to
distal colorectal cancer'®*’. Knowledge of the embryology,
morphological differences, mutation profile and worse prognosis in
RCC compared to distal cancers has focused research efforts on
right-sided colon cancer'®*®, The RCT ‘Open D3 Right Colectomy
Compared to Laparoscopic CME for Right-Sided Colon Cancer (D3/
CME)’ started recruiting in 2016 and has included liquid biopsy
since 2017.

The aim of this study was to assess whether ctDNA provides
additional information about prognosis beyond established
risk stratification in a study population of non-metastatic
RCCs.

Methods
Study information

This is a substudy of ‘Open D3 Right Colectomy Compared to
Laparoscopic CME for Right-Sided Colon Cancer (D3/CME)
(Clinicaltrials.gov identifier NCTO03776591). The trial was
conducted at Haukeland University Hospital (HUH) and
Haraldsplass Deaconess Hospital (HDH), Bergen, Norway.
Patients were randomized to receive either open D3 resection
(HUH) or laparoscopic complete mesocolic excision (CME) with
central vascular ligation (CVL) (HDH)?°. The trial was approved
by the regional committee of ethics (REK Sor-Ost, REK 2015/
2396) and is in accordance with the Declaration of Helsinki®.
This is a prospective observational biomarker trial in patients
with stages I-III right-sided colon cancer and includes the first
consecutive 50 patients analysed with liquid biopsies. Patients
underwent surgical resection for colon cancer from September
2017 to July 2019 with clinical follow-up until 14 April 2023.
Median follow-up was 4.4 years (1-5.6). Cost and practical issues
limited the sample size.

Patients 18-85 years of age with non-metastatic adenocarcinoma
in the right colon verified by biopsy, colonoscopy or CT were
eligible for inclusion. Patients received treatment and follow-up
according to national guidelines (Norwegian Directorate of
Health)? (Supplementary material).

Sample collection

Blood samples were collected between September 2017 and
January 2021, prior to and after surgery (2-7 days or 1 month, 3
months (not mandatory), 6 months, and then successively every
6 months). Plasma was separated from K,-EDTA blood within
1 h of blood draw by centrifuging the blood for 820xg, 10 min,
before a second centrifugation for the supernatant at 10 000xg,
10 min. Purified plasma was stored at —80°C in six aliquots until
further processing performed within 2 years. Biopsies from the
primary tumour were collected intraoperatively by the surgeon
immediately after removal of the specimen and were snap
frozen as four aliquots in liquid nitrogen. Samples were stored
at —150°C until time of analysis. Analysis was performed on
presurgical plasma samples (n=29), tumour biopsies (n=45),
and/or postoperative plasma samples (n=34). ctDNA and
tumour analysis were performed retrospectively, blinded to
patient outcome.

AVENIO ctDNA surveillance panel

Purified plasma, 3-5 ml (n=62), was thawed prior to enrichment of
cell-free DNA by the AVENIO ctDNA Analysis Kit (Roche) according
to the protocol provided by the producers (Supplementary material).
Sequencing libraries were prepared from 13-50 ng cell-free DNA
using the AVENIO ctDNA Analysis Kit paired with the AVENIO
ctDNA Surveillance Kit (Roche) as described by the manufacturers.
The libraries for both ctDNA and tumour were sequenced on a
NextSeq550 (lumina) using the NextSeq 500/550 High Output v2
kit (300 cycles) (Illumina) and results were analysed using AVENIO
ctDNA Analysis Software version 2.0.0 (Roche) as recommended by
the suppliers, with hg38 as reference genome (Supplementary
material). The detection threshold was 0.1% for single nucleotide
variants.

AVENIO tumour tissue surveillance panel

A Cryostat microtome was used to make 30-um slides of fresh
frozen tissue (n=45). Slides from tumour were stained routinely
with haematoxylin/eosin and tumour content was verified by
microscopy. DNA was purified from 10 to 25mg tissue using
QIAamp DNA Mini and Blood Mini kit (Qiagen) as recommended
by the manufacturer (Supplementary material). Sequencing libraries
were prepared from 20 to 24 ng DNA harvested from fresh frozen
primary biopsies, as described above, using the AVENIO Tumour
Tissue Analysis Kit paired with the AVENIO Tumour Surveillance
Kit (both from Roche) as recommended by the manufacturer, with
minor alterations (Supplementary material). Detection threshold
was 5% for single nucleotide variants.

Digital droplet PCR

Cell-free DNA was harvested from 4-5 ml purified plasma (n=311)
using the QIAamp Circulating Nucleic Acid Kit (Qiagen) according
to the protocol provided by the producer (Supplementary material).
Digital droplet PCR (ddPCR) assays for mutations detected by the
AVENIO Surveillance gene panel were purchased from Bio-Rad
(Table S1) and ddPCR was performed as previously described®,
with minor alterations. Briefly, all samples were run as triplicates,
and results are presented as an average between replicates
calculating number of mutant DNA copies per millilitre plasma
and fractional abundance (FA) as mutant DNA copies/total DNA
copies. Results were presented as percentage of FA. Samples with
<12000 droplets generated per parallel were excluded from
further analysis. Based on validation of detection thresholds for
each individual assay using positive controls, normal controls and
non-template controls, samples generating a total of <3
mutation-positive droplets or having an FA <0.1% were defined as
having no detectable tumour DNA. ddPCR analysis was performed
on three neoadjuvant, 46 preoperative and 262 postoperative
samples (total: 311 samples, median: 7 samples per patient, range:
2-9). Twenty-five patients were assessed by two assays (53%) and
22 by one assay (47%).

Statistical analyses

Baseline and tumour characteristics were summarized using
descriptive statistics. Primary clinical endpoint examined is
recurrence-free survival (RFS). Unadjusted RFS was explored
using Kaplan-Meier plots®* and Cox regression®® was used for
unadjusted and adjusted analyses. Results were reported as
unadjusted HR or adjusted HR (aHR) with 95% c.is and
likelihood ratio P. All statistical analyses were performed using
SPSS version 26.0.0.1 (Supplementary material).
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Results

Patient and tumour characteristics are presented in Table 1. An
overview of analysed tissue, sample time, method for analysis
and results is presented in Table 2.

Biomarker detection by next-generation
sequencing

Cancer-specific mutations were found in 49/50 patients (98%). Of
these, next-generation sequencing (NGS) of the tumour biopsy
was possible for 45 patients. Mutation profiles were provided by
NGS of plasma for the other four patients (Table 2).

The patient with no cancer-specific mutations detected
underwent colonic resection after incomplete removal of a
malignant polyp (T1sm2/3). There was no remaining tumour at
the time of formal resection and the first sampling was after
polypectomy. Forty-seven of 50 patients (94%) had one to two
mutations eligible for monitoring with commercially available
ddPCR assays.

The genes most currently mutated were APC (29 patients, 58%),
TP53 (29 patients, 58%), KRAS (25 patients, 50%), BRAF (19 patients,
38%), PIK3CA (12 patients, 24%) and NRAS (6 patients, 12%)
(Table S1).

ctDNA monitoring by ddPCR

ddPCR is more cost-effective for monitoring ctDNA than NGS,
with high sensitivity and high negative predictive value given a
known mutation profile’®. To evaluate the utility of ddPCR for
MRD monitoring in stage I-1II patients, plasma and tumour
samples were analysed by selected ddPCR markers based on
mutations identified by NGS analysis in tumour and/or plasma
(Table S2).

Tumour samples from patients with mutations eligible for
monitoring by commercially available ddPCR assays (n=47) were
tested by 72 ddPCR analyses in total using 21 different assays. All
mutations found by NGS in either plasma or tumour were
confirmed present by ddPCR in the tumour (Table S2), showing
mutational concordance between pretreatment samples and
tissue. ddPCR was possible for 26 of the 29 preoperative plasma
samples initially analysed by NGS. Samples were analysed by
34 ddPCR analyses in total using 13 different assays. NGS and
ddPCR returned concurring results for 27/34 analyses (79%
concordance). ctDNA was not detected by ddPCR in plasma
samples found negative by NGS, despite tumour biopsies being
mutation positive.

Monitoring ctDNA in pre- and postoperative
cell-free plasma DNA

Median (range) preoperative plasma cell-free DNA concentration
was 11.3 (4.3-63.5) ng/ml plasma (n=47). Postoperative cell-free
DNA concentration was 38.95 (12.1-145.6) ng/ml plasma for
patients sampled 2-7 days post surgery (n=38), and 7.9 (6.7-
18.9) ng/ml plasma for patients sampled 1-2 months post
surgery (n=9).

Preoperatively, 31/47 (66%) of stage I-III patients were
ctDNA-positive using NGS and/or ddPCR (Table 2). Monitoring by
ddPCR during follow-up demonstrated that 42 patients were
negative for ctDNA, whereas five patients were positive in the
first postoperative sample. During surveillance, 38 patients
remained negative, eight patients were positive for ctDNA or
became positive (four not analysed). Ten patients had recurrent
cancer during surveillance (Table 3). Five of 10 patients with
recurrence were positive for ctDNA in their first postoperative

Table 1 Patient and tumour characteristics for n = 50 patients
with right-sided non-metastatic colon cancer included in D3/
CME-study and operated at Haraldsplass Deaconess Hospital
and Haukeland University Hospital, Bergen (Norway) between
September 2017 and July 2019

Patient variables Statistic

Age (years), mean(s.d.), median (range)
BMI (kg/m?), mean(s.d.), median (range)

69.1(10.1), 69 (39-84)
25.6(4.3), 25.4 (17.8-38.7)

Sex
Male 24
Female 26
ASA class
I 5 (10)
1 40 (80)
111 5 (10)
pTumour-stage
T1 1(2)
T2 5 (10)
T3 28 (56)
T4a 15 (30)
T4b 1(2)
pNode-stage
NO 27 (54)
Nila 9 (18)
N1b 5 (10)
Nilc 3(6)
N2a 4 (8)
N2b 2(4)
Tumour differentiation
Poor 6 (12)
Moderate 43 (86)
Well 1(2)
Tumour morphology
Adenocarcinoma 49 (98)
Signet ring cell carcinoma 1(2)
Mucinous differentiation/component 5 (10)
Tumour deposit 4 (8)
Venous invasion 12 (24)
MSI status
MSS 37 (74)
MSI 11 (22)
Unknown 2 (4)
Mutations
APC 29 (58)
BRAF 19 (38)
KRAS 25 (50)
NRAS 6 (12)
TP53 29 (58)
PIK3CA 12 (24)
Neo-adjuvant chemotherapy
No 47 (94)
Yes 3(6)
Adjuvant chemotherapy
No 30 (60)
Yes 20 (40)
Recurrence during follow-up
No 40 (80)
Yes 10 (20)

Observation time (days), mean(s.d.), 1417(354), 1448

median (range) (351-1861)
Status (April 2023)

Alive without recurrence 37 (74)

Alive with recurrence 5 (10)

Dead without recurrence 3(6)
Dead with recurrence 5 (10)

Values are n (%) unless otherwise stated. p, pathologic; T, tumour; N, node; MSI,
microsatellite instable; MSS, microsatellite stable; APC, adenomatous polyposis
coli gene; BRAF, proto-oncogene B-Raf; KRAS, Kirsten rat sarcoma; NRAS,
neuroblastoma-RAS; TP53, tumour protein 53; PIK3CA, phosphatidylinositol-
4,5-bisphosphate 3-kinase, catalytic subunit alpha.

sample, and an additional three patients became positive during
monitoring (34, 22 and 9 months after surgery), two of whom
had positive ctDNA prior to radiological confirmation, and one
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Table 2 Analysed tissue, sampling time and method for analysis for n = 50 patients with right-sided non-metastatic colon cancer
included in D3/CME-study and operated at Haraldsplass Deaconess Hospital and Haukeland University Hospital, Bergen (Norway)
between September 2017 and July 2019

Biomarker method Number of patients Tumour biopsy blood (liquid biopsy)

Intraoperative Prior to surgery Postoperative* Monitort
AVENIO Total 45 29 29 5
Biomarker positive 42 22 2 1
ddPCR assay Total 47 46 47 46
Biomarker positive 47 23 5 8
AVENIO and/or ddPCR Total 50 49 49 46
Biomarker positive 49 31 5 8

AVENIO: AVENIO ctDNA targeted kit; ctDNA: circulating tumor DNA; ddPCR: digital droplet polymerase chain reaction. *Postoperative sample between 2 and 83 days
after operation. Forty/50 patients were sampled within the first postoperative week. For the 10 patients with delayed sampling, four received chemotherapy and were
sampled after initiation of treatment. Mean cycles before sampling: 1.75. Mean time from last treatment: 17.5 days. tMonitor includes all time points after operation
excluding the first postoperative sampling, sampling at 3-38 months after operation.

Table 3 Characteristics of 10 patients (a—j) with recurrent cancer after oncologic resection of right-sided colon cancer. Patients were

operated from September 2017 until July 2019 and with follow-up until 31 October 2022

Variable Patient a Patientb  Patientc Patientd Patiente Patient f Patient g Patienth Patienti Patientj
Neo-ACT (cycles) No No No No No No No Yes (3) No No
T-stage T4a T4a T3 T3 T3 T3 T4a T3 T3 T4a
N-stage NO N2b Nila NO N2a N2a Nilc N2a Nla NO
Differentiation Low Middle Middle Middle Low Middle Middle Middle Middle High
Morphology AC AC AC AC SRCC AC AC AC AC AC
Mucinous diff Yes No No No Yes No No No No No
Tumour deposit No No Yes No No No Yes No No No
Venous invasion No No Yes No Yes Yes Yes Yes No Yes
MSI-status MSS MSS MSS MSS MSS MSS MSS MSS MSS MSS
ddPCR monitoring BRAF BRAF/TP53 BRAF KRAS/  BRAF/TP53 APC/KRAS APC/NRAS KRAS/APC TP53 TP53
marker PIK3CA*
Source NGS T/plasma  T/plasma T/plasma T T/plasma Plasma T T T T
ACT (cycles) No Yes (3) Yes (1) No No Yes (1) No Yes (4)  Yes (12) Yes (12)
ctDNA postopt Neg§ (1032) Pos (3) Pos (4) Neg (-) Neg§ (685) Neg§ (257) Pos (107) Pos (3) Pos (3)  Neg (-)
(dayst)
RFS in days# 1647 310 41 761 235 448 105 259 186 1063
Site of recurrence Per Liver/per Liver Lung Retro Liver/lung Liver/retro Lung Liver  Liver/per/
retro
Status 14 April Alive Dead Dead Alive Dead Dead Dead Alive Alive Alive

2023

ACT, adjuvant chemotherapy; T, tumour; N, node; AC, adenocarcinoma; SRCC, signet ring cell carcinoma; MSI, micro satellite instable; MSS, microsatellite stable;
ddPCR, digital droplet PCR; BRAF, proto-oncogene B-Raf; TP53, tumour protein 53; KRAS, Kirsten rat sarcoma; PIK3CA, phosphatidylinositol-4,5-bisphosphate
3-kinase, catalytic subunit alpha; APC, adenomatous polyposis coli gene; NRAS, neuroblastoma-RAS; NGS, next-generation sequencing; ctDNA, circulating tumour
DNA; Neg, negative; Pos, positive; RFS, recurrence-free survival; per, peritoneum; retro, retroperitoneal. *A monitorable PIK3CA hotspot mutation was detected.
However, a KRAS mutation with higher VAF was selected for monitoring. tIn the first postoperative sample. tDays from operation to positive ctDNA. §Turned positive
during monitoring. {Last analysed sample was more than one year before detected recurrence. #Days from operation to radiologically verified recurrence.

after. One patient that developed lung metastasis and one with
metastasis to the liver and peritoneum/retroperitoneum
remained negative in analysed postoperative samples®. Patients
with recurrence and positive ctDNA in the first postoperative
sample had a mean RFS of 0.5 years (180 days). Patients with
recurrence and negative ctDNA in the first postoperative sample
had a mean RFS of 2.3 years (831 days).

Clinical validity of ctDNA analysis

No correlation was found between preoperative positive ctDNA and
recurrence rate. Positive postoperative ctDNA was associated
with recurrence (aHR: 172.91; 95% c.i.: 8.70 to 3437.24; P: 0.001).
None of the traditional histopathological variables demonstrated
association with recurrence (Cox regression). Morphology and
venous invasion were the only negative histopathological
prognostic factors in the unadjusted analysis. They were not
significant in the adjusted model (Table 4) and are not included in
traditional risk stratification. Kaplan-Meier plots for RFS and
postoperative ctDNA status are presented in Fig. 1.

Discussion

The aim of this substudy was to investigate whether ctDNA
provided additional information about prognosis beyond
established risk stratification, and to explore best timing and
source of primary gene mapping. RCC was chosen based on
adverse prognosis and its distinct biology compared to more
distal colorectal cancers. The study confirmed that both tumour
and plasma are good sources for primary gene mapping. ctDNA
was detectable preoperatively in 66% of stage I-III RCC?,
Furthermore, mutations detected by NGS could be confirmed
and monitored by ddPCR. The major finding was that the
presence of postoperative ctDNA is a strong predictor for early
recurrence.

Mutated key oncogenes and tumour suppression genes were
comparable with rates from The Cancer Genome Atlas Dataset.
There was a higher proportion of TP53 (58% versus 34.8%) and
BRAF (38% versus 24.2%) mutations than other materials with
RCC (transverse excluded). The presence of APC (58% uversus
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Table 4 Results from Cox regression analyses of the risk of recurrence based on traditional histopathological characteristics and
presence of pre- and postoperative ctDNA in 50 patients with right-sided non-metastatic colon cancer included in D3/CME-study and

operated between September 2017 and July 2019

Variables Unadjusted models Adjusted model
n HR 95% c.i. P aHR 95% c.i. P

ctDNA positive

Preoperative 46 1.28 0.34,4.76 0.714 n.i. n.i. n.i.

Postoperative 47 91.37 10.22,817.26 <0.001 17291 8.70,3437.24 0.001
T4 versus T1-3 50 1.45 0.41,5.16 0.564 0.66 0.12,3.68 0.637
N-positive* 50 3.85 0.99,15.01 0.052 0.95 0.12,7.25 0.959
T differentiationt 50 0.72 0.14,3.71 0.698 0.40 0.05,3.38 0.398
Morphologyt 50 15.83 1.65,152.17 0.017 n.i. n.i. n.i
Mucinous diff 50 2.00 0.42,9.65 0.386 6.26 0.70,55.89 0.100
Tumour deposit 50 3.62 0.71,18.35 0.121 4.62 0.47,45.86 0.192
Venous invasion 50 5.93 1.67,21.09 0.006 413 0.93,18.29 0.062
MSI/MSS§ 48 n.i n.i. n.i n.i n.i n.i.

*N-stage: N-positive versus N-negative. tMiddle/well versus poor. $Adenocarcinoma versus Signet ring cell carcinoma. Only one patient with Signet ring cell
carcinoma: this patient had recurrence. §Not possible to analyse because all patients with recurrence were MSS. aHR, adjusted HR; ctDNA, circulating tumour DNA;
T, tumour; N, node; MSI/MSS, microsatellite instable/stable; n.i., not included in the model.

Recurrence-free survival (RFS) according to ctDNA-status

1.0

0.8

Positive ctDNA in first
postoperative sample

— Negative ctDNA

----- Positive ctDNA

+ Negative ctDNA-censored
+ Positive ctDNA-censored

1 1 1 1
1095 1460 1825 2190

Days from test to recurrence

©
2 0.6 H
2 1
5 H
@ :
€ :
3 :
0.4Ff
02f -
0 365 730
0-365 366-730
No. at risk (0-1year) (1-2years)
Patients entering 50 44
Patients at risk 50 43

731-1095 1096-1460 1461-1825 1826-2190
(2-3 years) (3-4years) (4-5years) (5-6 years)
41 39 36 15
41 37.5 25.5 8

Fig. 1 Kaplan-Meier plot for days from postoperative sampling (liquid biopsy) until postoperative recurrence in 50 patients operated for right-sided
non-metastatic colon cancer in the D3/CME-study at Haraldsplass Deaconess Hospital or Haukeland University Hospital, Bergen (Norway) between
September 2017 and July 2019 according to postoperative ctDNA status (P = 0.001)

63.6%), KRAS (50% versus 45.5%), PIK3CA (24% versus 27.3%) and
NRAS (12% versus 7.6%) was comparable?®.

ctDNA constitutes a small portion of total cell-free DNA, in
some studies less than 1%°°. The half-life of cell-free DNA is
short (minutes to hours). High levels of cell-free DNA (median
38.95 ng/ml) early postoperatively (2-7 days), due to surgical
trauma, dilute the ctDNA concentration and make it difficult
to detect cancer specific mutations. The dilution effect is less
relevant for patients with tumours that shed high levels of

ctDNA, but for patients with low tumour burden and less
ctDNA, the dilution effect can result in undetectable ctDNA
in the early postoperative period. Negative postoperative
ctDNA should be interpreted with caution as it may be
related to detection threshold. One month postoperatively,
levels of cell-free DNA dropped significantly (median
7.9ng/ml). As ACT should be initiated within 6 weeks, 4
weeks after operation is a good time point for postoperative
sampling®”.
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NGS and ddPCR are complementary methods for monitoring
ctDNA. With a unique molecular identifier and digital error
suppression, NGS is highly sensitive and gives a broad mapping of
the genetic profile. However, it is labour-intensive and expensive®?.
ddPCR is sensitive, robust and cost-effective for detection of
selected mutations, but holds potential for missing relevant
mutations by selection of a suboptimal surveillance marker. To
identify MRD with targeted analyses like RT-PCR/ddPCR/BEAMing,
the selected mutation must be present in all cancer cells. It is
known that intra-tumour mutational heterogeneity can be
present’?*. Many ctDNA studies choose a tumour-agnostic
approach with selection of surveillance mutations without
knowledge of the actual mutation profile®®. Using this strategy, a
negative result by ddPCR is not synonymous with negative ctDNA
or no MRD present. It only confirms that the selected mutation is
not present. In this trial, we chose an approach with a
broad-coverage NGS assay for initial mutation profiling for plasma,
tumour or both. This approach increased the probability of
detection of relevant mutations and allowed monitoring of eight
patients (17% of the patient cohort) lacking classical codon 600
BRAF and codon 12/13/61 KRAS mutations. Without a priori
knowledge of tumour genotype, they would not be included.
Monitoring of ctDNA was performed by ddPCR, and criteria for
selection of surveillance markers were that mutations were
detected by NGS and confirmed by ddPCR (requires commercially
available assays). Concordance between NGS and ddPCR was high
with 100% confirmation of NGS with ddPCR for tumour and 79%
for plasma. Selection bias was reduced with a broad NGS-based
approach, and the high concordance and cost-effectiveness of
ddPCR makes it possible to implement in routine diagnostics,
especially for surveillance.

Initial genomic profiling can be conducted on plasma or tumour
tissue. Plasma has been shown to be a good option for patients
receiving neo-adjuvant treatment before surgery®”, and is promising
for cancer patients when tumour biopsies are not available.
Theoretically, plasma will reflect intra-tumoural heterogeneity
better than single tumour biopsies®*>°. However, there was little
discrepancy between variants selected for monitoring by NGS in
tumour and plasma (one mutation detected in plasma and not
tumour). There was little additional gain in capturing tumour
heterogeneity by performing NGS on plasma rather than tumour.
Both plasma and tumour could be reference material for detecting
markers for monitoring, even in cases where only one tumour
biopsy was analysed. In addition to intra-tumoural heterogeneity,
there is a risk of altered mutation profile due to clonal selection
during treatment and surveillance*>**. To increase the likelihood of
capturing relevant changes, we followed two variants when
possible. Due to the limited number of patients and sampling period
in this trial, evaluation of the role of ctDNA as a diagnostic tool for
early detection of recurrence was restricted and we cannot evaluate
the predictive precision of ctDNA during surveillance. Analysis
of the remaining study population, with complete surveillance of
5 years, may clarify this.

As surgery is a curative treatment for limited disease,
theoretically, successful surgery would lead to undetectable
postoperative ctDNA. Exploration of MRD after surgery is
not included in traditional risk assessment, and tools for
surveillance are limited to less-sensitive diagnostic tools such as
carcinoembryonic antigen (CEA) measurement and CT imaging.
CEA does not detect recurrence at an early stage®>***? whereas
CT scanning has a threshold of 5-10 mm for detection of lesions
and often yields unspecific findings***®. In accordance with
previous studies®’*”*¢, this trial confirms that ctDNA is a marker

for MRD. Early postoperative ctDNA positivity was associated with
risk of recurrence, whereas traditional risk stratification variables
were non-significant. Improvements can be made to the current
method for selection of patients for ACT in colon cancer. ctDNA
holds potential to guide a tailored adjuvant treatment decision.
The clinical breakthrough would be if ctDNA status could identify
the stage III patients who will not benefit from ACT and select
high-risk stage II patients who might benefit. The potential for
downscaling of ACT or possibly skipping adjuvant treatment is
currently being further explored in clinical intervention trials with
ctDNA-guided management**®>* Only 5 of 10 patients with
recurrence were positive for ctDNA in their first postoperative
sample. Recurrence risk was low in the negative group (11%
negative versus 100% positive). Additional information from ctDNA
status compared to established risk stratification is difficult to
interpret, especially for ctDNA-negative patients. Postoperative
ctDNA status alone cannot yet guide treatment decisions, but can
supplement traditional risk stratification. ctDNA is a reliable
predictor for early recurrence by detecting MRD.

In summary, ctDNA was detectable prior to surgery for most
patients with stages I-III RCC, but its presence was not
predictive for negative outcome. Postoperative (2-83 days)
positive ctDNA was a marker for MRD and a predictor for early
recurrence. The clinical utility remains to be proven in clinical
intervention trials.
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