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Background

In oligometastatic colorectal cancer (OCRC), there can be a
curative potential from treating metastases [1,2]. Some
patients obtain long-term survival whereas others show
aggressive biology with early recurrence and systemic dis-
semination [1]. No current parameters have shown a clinic-
ally relevant potential to predict the course of the disease
nor the optimal selection of post-treatment chemotherapy.

In various solid tumours, circulating tumour DNA (ctDNA)
has gained considerable interest as a prognostic and predict-
ive marker in both localised and metastatic disease [3,4]. In a
pilot study, we have shown that patients with detectable
ctDNA two weeks after treatment of OCRC have a high risk
of recurrence 2 years post-ablation [5]. Furthermore, we
observed a temporal clearance of ctDNA by adjuvant chemo-
therapy, but also ctDNA recurrence after the termination of
chemotherapy indicating that patients with ctDNA positive
status may need more intensified adjuvant chemotherapy
than the standard of care (SOC) [5].

Consequently, it is highly relevant to initiate a clinical trial
of ctDNA-guided adjuvant treatment. Such a strategy must
be evaluated against current SOC to investigate the true clin-
ical utility, and for that purpose, feasibility measures need to
be established prospectively. The current study will initiate
with a run-in phase investigating feasibility. This will progress
into a multicentre, phase II randomised study, investigating
the clinical utility of ctDNA-guided treatment.

Hypotheses

Patients with detectable ctDNA post-treatment of OCRC have
microscopic residual disease and consequently a high risk of
recurrence, which can be prevented with intensified adjuvant
chemotherapy. Patients without detectable ctDNA have

undergone successful radical treatment and do not benefit
from adjuvant chemotherapy. Hence, ctDNA-guided adjuvant
treatment may improve disease-free survival and minimise
chemotherapy-related toxicity.

Aim

The aim of the run-in phase is the testing of feasibility
parameters. The primary aim of the main study is to investi-
gate the benefit of ctDNA-guided adjuvant treatment com-
pared to SOC in OCRC. Secondary aims include investigating
the molecular biological response to chemotherapy, cost-
effectiveness, and quality of life (QoL) in patients undergoing
ctDNA-guided adjuvant treatment.

Material and methods

Study design

OPTIMISE is an open-label 1:1 randomised phase II study.
The protocol is available in supplementary.

Eligibility criteria

Inclusion criteria:

� Radical intended treatment for metastatic spread from
CRC by resection, radiofrequency ablation, stereotactic
body radiation therapy, or other experimental
local treatments.

� No evidence of further disease based on pre-treatment
workup according to SOC.

� Age � 18 years.
� ECOG performance status 0–2.
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� Clinically eligible for adjuvant triple chemotherapy at
investigators decision.

� Adequate bone marrow function allowing systemic
chemotherapy.

� Anticonception for fertile women and for the male
patients with a fertile partner.

� Written and verbally informed consent.

Exclusion criteria:

� Neuropathy National Cancer Institute CTCAE grade > 1.
� Other malignant tumour within 5 years except for non-

melanoma skin cancer or carcinoma in situ cervicis uteri.
� Pregnant or breastfeeding women.
� Intolerance or allergy to 5-FU, leucovorin, oxaliplatin, iri-

notecan or capecitabin.

Recruitment

Patients who meet the eligibility criteria are approached at
the treating department of oncology. Patients are included
based on both verbal and written informed consent. Patients
are informed that they may withdraw their consent at
any time.

Randomisation

Randomisation is blinded and automated. Randomisation is
performed using a predefined electronic randomisation tool
module in the Research Electronic Data Capture (REDCap).

ctDNA analysis

Circulating free DNA will be extracted from 4ml of plasma
with the QiaSymphony (Qiagen) or a Chemagic 360
(PerkinElmer) purification system for further analyses.

Detection and quantification of ctDNA will be done using
two different approaches:

1. Digital droplet PCR (ddPCR) panel detecting CRC specific
mutations in KRAS, NRAS and BRAF.

2. Tumour specific methylation assay detecting methylation
of the NPY gene.

The samples are analysed for known CRC specific muta-
tions in KRAS, NRAS and BRAF by a ddPCR panel and for
tumour DNA by a methylation assay [5–11]. Methylated
ctDNA is analysed as DNA with methylation of the NPY gene.
The purified DNA is bisulphite converted and analysed by
NPY/ALB duplex ddPCR using the QX200 system
from BioRad.

The mutational analysis has a limit of blank of
0.025–0.28% (depending on the mutation analysed) and a
limit of detection of 0.05–0.3% (depending on the mutation
analysed), whereas the methylation analysis has a limit of
blank of 0.03% and a limit of detection of 0.04%.

Interventions

The study flow is illustrated in Figure 1. Before randomisa-
tion, all study participants will undergo a PET-CT scan to
exclude metabolically detectable metastatic lesions or
another unforeseen concurrent disease.

All study participants will have the first project blood sam-
ples drawn 2–4weeks post-ablation. Hereafter project blood
samples will be drawn at follow-up visits. Follow-up with
imaging will be in accordance with the current Danish SOC.
All study participants will complete QoL questionnaires at
baseline and at 12, 24, 36, 48, and 60months.

The control group (SOC): Patients will be offered adjuvant
chemotherapy according to SOC. Blood samples will be ana-
lysed retrospectively to evaluate ctDNA status.

The experimental group (ctDNA-guided strategy): Blood
samples will be analysed prospectively. Circulating tumour-
marker positivity (Table 1) will lead to escalated adjuvant
treatment (4months of FOLFOXIRI followed by 2months of
5-FU monotherapy). Circulating tumour-marker negativity
(Table 1) opens the option of observation without further
treatment. The advice to observation, single-agent chemo-
therapy, or combination chemotherapy will be based on
shared decision-making. Conversion from circulating tumour-
marker negativity to positivity, without radiological evidence
of disease, will lead to rescue therapy (4months of
FOLFOXIRI followed by 2months of 5-FU as monotherapy).
Detection of visible metastases will lead to a referral for SOC.

Trial status

The inclusion of patients in the run-in phase began in
October 2021. Two centres are currently including. The trial
has been registered in the Clinical Trials database:
NCT04680260.

Biobank

At end of the study, any excess biological material will be
transferred to a biobank for the purpose of future research.
The biobank will be located in the Department of
Experimental Clinical Oncology at Aarhus University Hospital.
Analyses not specifically related to the current study can
only be initiated after a new application and approval by the
ethics committee.

Ethical considerations

The triplet chemotherapy regimen is more time-consuming
and toxic compared to SOC doublet adjuvant treatment and
requires a central venous catheter. The intensified adjuvant
treatment is solely given to patients with a known very high
risk of recurrence (tumour-marker positive).

Circulating DNA investigations are limited to tumour-spe-
cific genomic changes, and do not analyse for known genetic
variants related to inherited disease.

One additional PET-CT will be acquired for trial partici-
pants. Ionising radiation is a known carcinogenic and
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increases the risk of cancer. We state that the potential bene-
fit from identifying recurrence at an early stage with possible
curative treatment outweighs the risk of radiation-induced
secondary cancer.

Project blood samples are primarily drawn as part of rou-
tine management before radiological evaluations, and the
extra amount of blood is regarded negligible.

Definition of endpoints

Feasibility measures for the run-in phase:

� Inclusion of 30 patients over 12 months in two clin-
ical centres

� Compliance with randomisation >80%
� Rate of unexpected PET-CT positive cases <20%
� Circulating tumour-marker positivity rate >20%
� Eligibility for triple chemotherapy >80%

The feasibility measures will be evaluated at 12months
The primary endpoint is

� Rate of patients free from recurrent CRC at two years
post-ablation

Secondary endpoints include:

� Rate of CTCAE grade 3–5 toxicity 6 months post-ablation

Figure 1. Study flow. ctDNA, circulating tumour deoxyribonucleic acid; R, randomisation.

Table 1. Overview of conclusion on circulating tumour-marker status based
on molecular analysis.

Circulating tumour-marker status Results of molecular analysis

Circulating tumour-marker
positive

þ Detection of CRC mutation(s) by ddPCR
þ Detection of NPY methylated DNA
þ Detection of CRC mutation(s) by ddPCR
– Detection of NPY methylated DNA
– Detection of CRC mutation(s) by ddPCR
þ Detection of NPY methylated DNA

Circulating tumour-marker
negative

– Detection of CRC mutation(s) by ddPCR
– Detection of NPY methylated DNA
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� Rate of patients with tumour-marker negativity 6 months
after adjuvant treatment

� Rate of patients with tumour-marker negativity 1 year
after inclusion

� Time to molecular biological recurrence: Calculated from
the first time of tumour-marker negativity until tumour-
marker positivity

� Time to radiological recurrence: Calculated from inclusion
until radiological evidence of disease recurrence

� Rate of patients with local and distant relapse
� Overall survival: Time from inclusion until death from

any cause
� QoL
� Cost-effectiveness (explorative)

Data management

The study complies with the Data Protection Act and the
General Data Protection Regulation. The project has been
reported to the Central Denmark Region. Data are entered
into electronic case report forms (eCRF) established using
the RedCap framework at Aarhus University.

Monitoring

The trial sites will be visited by the Clinical Trial Manager
(monitor) at times agreed with the investigator. The monitor
has to ascertain protocol compliance and that the trial con-
duction conforms to applicable regulatory requirements and
established rules for Good Clinical Practice. The monitor will
review and verify the data collected in the eCRFs against the
source documents and address any discrepancies. All correc-
tions will be documented in the audit file.

Statistical analysis and sample size

All data will be presented using descriptive statistics and
analysed as intention-to-treat. Kaplan-Meier estimates will be
used to estimate median times to recurrence or death.
Endpoints will be assessed using the log-rank test or a Cox
regression model with time to event as response variable.
QoL analysis will be done using the validated Danish ver-
sions of the EORTC QLQ-C30 and –CR29. A plan for explora-
tive cost-effectiveness analyses will be drawn based on the
results from the run-in phase.

The primary endpoint is the fraction of patients alive with-
out recurrence 2 years after inclusion. A fraction of 35% is
expected by standard treatment. The study is interesting for
a further phase III trial if the fraction is increased to 50%. We
expect that a total sample size of 350 patients is needed to
full fill this. This must be revised based on the findings in
the run-in phase.

Dissemination

The results are planned for publication in a peer-reviewed
scientific journal

Discussion

Treatment of OCRC continues to gain ground, but the vast
majority of the treated patients will relapse [12,13]. The use
of adjuvant chemotherapy in this setting is still debateable,
and predictive and prognostic markers are lacking. In this
study, we evaluate ctDNA-guided adjuvant treatment.

The ultimate goal, when validating a new intervention is
to test the clinical utility, which means a direct comparison
with SOC. In this case, the SOC in terms of adjuvant chemo-
therapy after treatment for OCRC is based on limited evi-
dence [14–16]. The frequency of imaging during follow-up is
also debateable, based on limited evidence. Hence, sample
size calculations are based on rough assumptions. The run-in
phase with an evaluation of feasibility parameters and revi-
sion of sample size calculation is crucial to be able to con-
tinue with a solid large-scale multicentre study.

A PET/CT scan will be performed before randomisation.
This can compromise the external validity of the study since
this is not SOC. However, an ongoing study in colorectal can-
cer suggests a high rate of positive PET/CT scans detecting
residual disease or new cancers, which undermines the
immediate use of adjuvant treatment. It is essential to
exclude study participants with detectable residual disease
when evaluating the effect of adjuvant treatment on minimal
residual disease (MRD). Based on the results from the feasibil-
ity study, we will reconsider whether the PET/CT scan should
continue to be a mandatory part of the study.

The timing of the post-ablation blood sample can be dis-
cussed. The elimination half-life of ctDNA is less than a few
hours [17,18]. Therefore, clearance from the bloodstream is
expected within a day following a curative removal of
tumour tissue. However, a blood sample following major sur-
gery can be false negative, since tissue trauma can lead to
an elevated level of cell-free DNA and thereby dilute ctDNA
to a concentration below the detection level [19]. Therefore,
we have chosen a minimum interval of 2–3weeks from abla-
tion to blood sampling. In patients treated with SBRT, a later
time point of 4weeks was chosen to allow for the deferred
tumour reduction after radiotherapy. This time point is
chosen to allow for a reasonable time for stress response to
have settled but also for timely initiation of adjuvant chemo-
therapy if needed.

This trial is designed with randomisation against SOC,
which can be discussed. Available data show that ctDNA
positivity indicates a very high risk of recurrence, and the
ethical dilemma of randomisation can therefore be ques-
tioned. However, it is still unknown if the risk of recurrence
can be reduced by intensified chemotherapy. Furthermore,
randomisation is needed to evaluate the differences in treat-
ment-related toxicity and QoL, and hereby the overall bene-
fits or harm from the ctDNA guided approach, although
treatment regimens are well known. Feasibility for random-
isation is thus a part of the run-in phase.

To the best of our knowledge, OPTIMISE is the first
ongoing randomised trial to evaluate ctDNA-guided adjuvant
treatment in patients treated for OCRC. Hopefully, the results
will optimise the adjuvant treatment of patients treated for
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OCRC prolonging survival and reducing chemotherapy-
related toxicity.
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