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Abstract
Background: The survival benefit of adjuvant chemotherapy after surgical resection of oligometastases

from colorectal cancer (CRC) remains unclear. The prognostic role of circulating-tumor DNA (ctDNA) was

reported recently and a risk stratification strategy based on monitoring minimal/molecular residual disease

(MRD) has been proposed, however, which drug regimen is most effective for ctDNA-positive patients is

unknown.

Methods/Design: Oligometastatic CRC patients planning to undergo surgery were registered in this study.

After metastasectomy, the registered patients were enrolled in the treatment arm, in which 8 courses of

modified-FOLFOXIRI (mFOLFOXIRI; irinotecan 150 mg/m2, oxaliplatin 85 mg/m2, l-leucovorin (l-LV) 200

mg/m2, and 46-h continuous infusion of 5-fluorouracil (5-FU) 2400 mg/m2 every 2 weeks) followed by 4

courses of 5-FU/l-LV are administered. The patients who did not meet the eligibility criteria for the treat-

ment arm or did not consent to mFOLFOXIRI enrolled in the observation arm in which standard of care

treatment is provided. Prospective blood collections for retrospective ctDNA analysis are scheduled pre-

surgery, and at 28 days, 4 and 7 months after surgery. The primary endpoint is treatment compliance at 8

courses of mFOLFOXIRI and the key secondary endpoints are the ctDNA-positivity rate and survival out-

comes in ctDNA-positive and -negative groups. A total of 85 patients will be enrolled from 11 institutions.

First patient-in was on July 2020. Accrual completed in February 2024.
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Discussion: This study will potentially identify a better treatment strategy for patients with resectable oli-

gometastatic CRC having postsurgical ctDNA positivity, compared to the current standard of care ap-

proaches.
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Background

Metastsectomy is one of the promising treatment options

for oligometastatic colorectal cancer (CRC) patients[1,2].

The benefit of adjuvant therapy for CRC patients who un-

derwent curative-intent resection of oligometastases, such as

liver metastases, remains controversial. Several studies have

evaluated the efficacy of adjuvant chemotherapy for patients

with colorectal liver metastases (CLM)[3-6]. The prelimi-

nary results of the phase III JCOG0603 trial, which aimed

to confirm the superiority of mFOLFOX6 after hepatectomy

to observation in resected CLM, demonstrated that postop-

erative mFOLFOX6 conferred a disease-free survival (DFS)

benefit but did not affect the overall survival (OS)[7]. For

lung metastases from CRC no randomized controlled trial

(RCT) has been performed. Imanishi et al. retrospectively

analyzed 1273 patients who underwent surgical resection of

lung metastases from CRC using propensity score matching,

but no survival benefit of adjuvant chemotherapy, which

mostly consisted of 5-FU monotherapy, was noted[8]. Cur-

rently, there is no established standard treatment for resected

oligometastatic CRC; and the prognosis remains poor for the

majority of patients. Therefore, new treatment strategies us-

ing more effective chemotherapy regimens and biomarkers

to determine subgroups that may benefit from chemotherapy

are needed.

The TRIBE study reported FOLFOXIRI (irinotecan (IRI):

165 mg/m2, oxaliplatin (OX) 85 mg/m2, levofolinate calcium

(l-LV 200) mg/m2, and 46-h continuous infusion of 5-

fluorouracil (5-FU) 3200 mg/m2 every 2 weeks) to be one of

the most promising regimens with high efficacy among pa-

tients with metastatic CRC[9]. However, there are concerns

about the high incidence of adverse events, such as hemato-

logical toxicity. The modified-FOLFOXIRI (mFOLFOXIRI)

regimen, which consists of IRI 150 mg/m2, OX 85 mg/m2, l-

LV 200 mg/m2, and 46-h continuous infusion of 5-FU 2400

mg/m2 every 2 weeks, demonstrated manageable toxicity and

sustained efficacy in a Japanese population[10]. The efficacy

of mFOLFOXIRI has not been evaluated as adjuvant chemo-

therapy in oligometastatic CRC patients who underwent me-

tastasectomy.

Circulating tumor DNA (ctDNA) for detection of mini-

mal/molecular residual disease (MRD) has emerged as a

novel, sensitive and specific method to predictpatients’ risk

of recurrence. The prognostic role of ctDNA has been re-

ported in CRC and several other types of solid tu-

mors[11-17]. In the GALAXY trial, the largest ctDNA plat-

form study in CRC, the 18-month DFS in ctDNA-positive

patients with resected oligometastatic CRC was reported to

be 49.0%, while in those with ctDNA negativity was

92.4%[18]. Several other studies have also reported a

marked difference in survival of ctDNA-positive vs -negative

patients in this setting[13,19-22]. Furthermore, the GAL-

AXY study reported that high-risk stage II and stage III

CRC patients with postsurgical ctDNA positivity derived

benefit from adjuvant chemotherapy, whereas ctDNA-

negative patients did not. Although ctDNA-driven strategy

seems promising in identifying the patient subpopulation

who may benefit from adjuvant chemotherapy, little is

known about which chemotherapy regimen would be the

most effective in patients with surgically resected CRC with

ctDNA positivity and negativity, respectively.

Therefore, we designed a phase II study to evaluate the

utility of ctDNA as a prognostic and predictive biomarker

and the feasibility of mFOLFOXIRI among patients with

CRC undergoing curative resection of oligometastases, in-

cluding liver, lung, ovary and peritoneum metastases.

Method/Design

Objectives

The aim of this trial is to investigate the feasibility of

mFOLFOXIRI and the utility of ctDNA as a predictive

biomarker in patients with CRC after resection of oligome-

tastases.

Study setting

A multi-institutional, non-randomized phase II trial.

Endpoints

The primary endpoint is treatment compliance at 8

courses of mFOLFOXIRI. Treatment compliance at 8

courses is defined as the proportion of patients to whom
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both OX and IRI are administered for at least 8 courses ac-

cording to the protocol. The key secondary endpoints are the

ctDNA-positivity rate, and DFS and OS in ctDNA-positive

and -negative patients. The other secondary endpoints are

overall DFS, OS, and ctDNA clearance rate. OS is defined

as days from the date of surgery to death from any cause,

and it will be censored at the last day when the patient is

alive. DFS is defined as days from the date of surgery to re-

currence or death from any cause, and it will be censored at

the last day when the patient is alive without any evidence

of recurrence.

Key eligibility criteria for first registration

1) Histologically confirmed primary adenocarcinoma of the

colorectum

2) Potential R0 resection is planned for either of the follow-

ing;

1. Liver and/or ovary and/or peritoneal metastases with or

without primary tumor

2. Lung metastases with or without primary tumor

3) No past history of chemotherapy. Chemotherapy for the

primary tumor is allowed only when more than 1 year af-

ter the last use of oxaliplatin or more than 6 months after

the last use of 5-FU has passed

4) Age 20 to 75 years old

5) Eastern Cooperative Oncology Group (ECOG) perform-

ance status of 0 or 1 (PS 0 for patients aged 71 or older)

6) Sufficient organ function

7) Written informed consent from the patient (including for

collecting blood samples)

Key eligibility criteria for the treatment arm

1) R0 resection has been performed for either of the follow-

ing;

1. Liver and/or ovary and/or peritoneal metastases with or

without primary tumor

2. Lung metastases with or without primary tumor

2) Oligometastases were histologically confirmed as adeno-

carcinoma of the colorectum

3) Time since surgery is between 28 and 70 days

4) No extrahepatic metastasis or recurrence on chest-

abdominal pelvic CT or MRI within 4 weeks before en-

rollment

5) UGT1A1 polymorphism is wild-type or single heterozy-

gous type

6) Sufficient organ function

7) Written informed consent from the patient

Exclusion criteria

1) Synchronous or metachronous (within 5 years) malignan-

cies except for carcinoma in situ or mucosal tumors cura-

tively treated by local therapy

2) Active infection requiring systemic therapy

3) Pregnancy, possible pregnancy or breastfeeding

4) Psychiatric disease

5) Patients requiring systemic steroid medication

6) Current treatment with flucytosine, phenytoin or warfarin

7) Poorly controlled diabetes mellitus or routine administra-

tion of insulin

8) Severe pulmonary fibrosis or emphysema

9) Poorly controlled hypertension

10) Unstable angina within 6 months, or with a history of

myocardial infarction within 6 months

Treatment methods

The design of FANTASTIC study is shown in Figure 1.

Patients with oligometastatic CRC who plan to undergo me-

tastasectomy can be registered in this study. When the pa-

tients meet the eligibility criteria for the treatment arm after

curative surgery, they can be enrolled, and 8 courses of

mFOLFOXIRI (IRI 150 mg/m2, OX 85 mg/m2, l-LV 200

mg/m2, and 46-h continuous infusion of 5-FU 2400 mg/m2

every 2 weeks) followed by 4 courses of 5-FU/LV (l-LV

200 mg/m2, and 46-h continuous infusion of 5-FU 2400 mg/

m2 every 2 weeks; the same dose as JACCRO CC11 phase

II study [23]) will be administered. When the patients do

not meet the eligibility criteria for the treatment arm or do

not consent to mFOLFOXIRI, they will be enrolled in the

observation arm, in which standard care will be provided at

each participating site. ctDNA analysis is planned at the fol-

lowing four time points; before surgery, and 28 days, 4

months and 7 months after surgery. This study is being con-

ducted in accordance with the Clinical Trials Act (Act No.

16 of April 14, 2017) in Japan, and with the ethical guide-

lines for medical and health research involving human sub-

jects. This trial is registered in the Japan Registry of Clinical

Trials (jRCTs051200026).

ctDNA analysis

At each collection time-point, 30 mL of blood will be

drawn into Streck tubes, centrifuged, and plasma will be ali-

quoted into 15-mL tubes for storage at −80°C. Formalin-

fixed, paraffin-embedded (FFPE) tumor tissue samples from

surgical resection or biopsy were also collected. Six mL of

plasma as well as FFPE tissue samples will be shipped to

Natera, Inc. and analyzed retrospectively using a clinically-

validated, personalized, tumor-informed, 16-plex PCR-NGS

assay (Signatera™, Natera, Inc.) after the completion of the

study.

cfDNA analysis

We have previously reported the utility of the long

cfDNA fragment/β-globin-ratio as a tool to predict MRD in

patients with CLM after hepatectomy[31]. As planned ancil-

lary analysis, the remaining plasma will be used for cfDNA

analysis. cfDNA will be extracted from 1-mL of plasma,
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Figure 1.　Trial Schema of FANTASTIC study (jRCTs051200026). Oligomets, Oligometastases; mFOLFOXIRI, modi-

fied-FOLFOXIRI

and the long fragment/β-globin ratio will be measured by

real-time polymerase chain reaction.

Follow-up

All registered patients will be followed-up for at least 3

years after patient accrual is completed. Contrast-enhanced

CT of chest and abdominal will be performed every 8 weeks

after surgery.

Study design and statistical analysis

This phase II single-arm trial is separated into two co-

horts, the observational arm and the treatment arm. The

sample size was amended in 2023 after accounting for the

accrual pace. The sample size in the treatment arm was esti-

mated to be 49 patients in order to provide 80% power, with

the hypothesis that the primary endpoint has an expected

value of 50% and threshold value of 35%, based on the

JCOG0603 study using one-sided testing at a significance

level of 10%. The total sample size in the treatment arm

was set at 50 patients assuming some patients would be lost

to follow-up. The sample size of the observational arm was

set as 50 patients assuming that half of the patients at the

first registration will proceed to the observational arm. In to-

tal, the initial planned sample size was 100 patients. In Oct

2023, the sample size was recalculated. The amended sam-

ple size in the treatment arm is calculated to be 36 patients

in order to provide 70% power. Considering the ratio of pa-

tients in the observational arm to the treatment arm, the

amended total sample size is 85. All statistical analyses will

be conducted at the Shizuoka Cancer Center. In-house moni-

toring will be performed every year by the Shizuoka Cancer

Center to improve study progress, data integrity and patient

safety. This study was approved by a certified review board

in Hyogo Medical University (Certification No. C0016).

Discussion

The risk-based treatment strategy using strong biomarkers

such as ctDNA is being investigated in several clinical trials.

Clinical trials to compare less-intensive treatment such as

observation to standard care are under recruitment for CRC

patients with ctDNA-negativity after curative surgery[24,25].

On the other hand, clinical trials to compare more intensive

adjuvant therapy such as FOLFOXIRI are currently ongoing

for ctDNA-positive patients after curative surgery

(CIRCULAE-US, NCT05174169; AFFORD, NCT05427669;

DYNAMIC-III, ACTRN126170015, and CLAUDIA, NCT

05534087)[26]. Among these, FANTASTIC study is ex-

pected to be the first study to provide us with the results re-

garding the efficacy of mFOLFOXIRI in patients with re-

sected oligometastatic CRC who are ctDNA positive. Ac-

crual to the study completed in February 2024. Protocol de-

fined treatment and follow-up are ongoing.

Among CRC patients, ctDNA clearance is shown to be

prognostic of better outcomes[18,27]. Thus, the “first strike”

using intensive chemotherapy may be effective to eradicate

MRD[27]. As mentioned previously, which chemotherapy

regimen is most effective to eradicate MRD remains un-

known. Since the addition of anti-epidermal growth factor

receptor (EGFR) and anti-vascular endothelial growth factor

(VEGF) therapy to CRC patients after curative surgery does

not result in improved prognosis[5,28], FOLFOXIRI is con-

sidered to be one of the most effective regimens for surgi-

cally resected metastatic CRC. However, FOLFOXIRI is as-

sociated with adverse events such as hematological toxicity,

which can be difficult to manage. In the QUATTRO study,
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which evaluated the efficacy of FOLFOXIRI+bevacizumab

in Japanese patients with metastatic CRC, grade 3/4 neutro-

penia was observed in 72.5% of all registered patients[29].

Thus, further improvement of the FOLFOXIRI regimen is

needed to reduce the toxicity while maintaining efficacy.

The JACCRO CC11 study, which evaluated the safety and

efficacy of mFOLFOXIRI in patients with metastatic CRC,

reported an overall response rate of 75.8%, which was com-

parable with that reported by the TRIBE study using FOL-

FOXIRI (IRI 150 mg/m2) +bevacizumab regimen[9]. The

frequency of febrile neutropenia in the JACCRO CC11 was

5%, lower than that in the TRIBE study (8.8%)[9]. There-

fore, we adopted mFOLFOXIRI as the adjuvant chemother-

apy regimen and planned a phase II study to evaluate its

feasibility in patients with oligometastatic CRC who are

ctDNA-positive after surgery. The observational arm was de-

signed to compare the efficacy of mFOLFOXIRI with other

regimens such as CAPOX/mFOLFOX.

Although ctDNA is considered to be a powerful prognos-

tic biomarker, not all ctDNA tests have similar performance.

Bando et al. reported the discordance between tissue and

plasma-based analyses mainly due to lung and peritoneal

metastases[30]. We have previously reported the utility of

the long cfDNA fragment/β-globin-ratio as a tool to predict

MRD in patients with CLM after hepatectomy[31]. In this

study, the sensitivity of a tumor-informed ctDNA assay for

lung and peritoneal metastasis should be carefully inter-

preted.

In conclusion, the safety and efficacy of mFOLFOXIRI

and ctDNA-guided treatment strategy will be evaluated in

this study. When the potential efficacy of mFOLFOXIRI for

ctDNA positive patients is verified, a phase III RCT is

planned to evaluate the efficacy of mFOLFOXIRI compared

with mFOLFOX6 among CRC patients who are ctDNA-

positive after resection of oligometastases in the Japan Clini-

cal Oncology Group (JCOG).
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