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ABSTRACT

Introduction: A new concept of “NeoRAS wild-type (WT)” which means conversion
of RAS status from RAS mutant to RAS WT after the treatment has been reported.
Previous observational and proof-of-concept studies have demonstrated the
efficacy of epidermal growth factor receptor inhibitors in patients with NeoRAS WT
metastatic colorectal cancer (MCRC). Moreover, post hoc biomarker analyses of
these studies have suggested that not only the RAS status in the circulating tumor
DNA (ctDNA) but also other gene mutational status may be useful as biomarkers of
epidermal growth factor receptor inhibitors for NeoRAS WT mCRC.

Methods and analysis: This trial is a multicenter, single-arm phase Il trial to
assess the efficacy and safety of panitumumab plus irinotecan therapy for NeoRAS
mMCRC patients. The key eligibility criteria include RAS mutant mCRC initially
proven in tumor tissue refractory or intolerant to fluoropyrimidine, oxaliplatin, and
irinotecan; RAS WT in ctDNA (defined as plasma mutant allele frequencies of all
RAS < 0.1%) within 28 days prior to enroliment; and Eastern Cooperative Oncology
Group performance status <2. The primary endpoint is a response rate. The target
sample size is 30 patients. Biomarker analyses are planned to be performed using
next-generation sequencing-based ctDNA analysis.

Ethics and dissemination: This study was approved by the certified review board
of national cancer center hospital. Results of this study will be submitted for
publication in a peer-reviewed journal.

Trial registration: jRCT, s031210565. Registered date, January 20, 2022.

Keywords: Metastatic colorectal cancer, Circulating tumor DNA, Liquid biopsy,
NeoRAS, EGFR inhibitor

Strengths and limitations of this study

e The C-PROWESS trial is a prospective multicenter, single-arm phase Il trial.
e The trial is designed to assess the efficacy and safety of panitumumab plus
irinotecan therapy in patients with NeoRAS; however, no comparator is a

limitation.
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Translational Research of biomarkers using liquid biopsies at baseline and
after discontinuation of the treatment is planned to be performed protocol.
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INTRODUCTION

RAS mutations (MTs) induce the activation of the protein kinase pathway and
promote carcinogenesis and cancer growth.[1] Patients with RAS MT metastatic
colorectal cancer (MCRC) have a poorer prognosis than those with RAS wild-type
(WT) mCRC.[2, 3] Epidermal growth factor receptor (EGFR) inhibitors (i.e.,
cetuximab and panitumumab), which are key drugs for mCRC, are ineffective for
patients with RAS MT mCRC (KRAS/NRAS exons 2, 3, and 4).[4-10] Therefore,
more treatment options for patients with RAS-MT mCRC are warranted clinically.

International guidelines recommend RAS genetic testing prior to the administration
of an EGFR inhibitor in patients with mCRC.[11-13] Repeat biopsies are not
performed in routine clinical practice to monitor the RAS MT status,[11-13]; the
consistency of the RAS MT status before and after chemotherapy remains unclear.

There have been some reports that RAS MT observed at the initial diagnosis
converted to a RAS WT after treatment.[14] These cases have been called as “Neo
RAS WT” mCRC.[14] The incidence of Neo RAS WT mCRC has been reported to
range from 10.7% to 40% when assessed in tumor tissue samples,[15, 16] and from
18.8% to 83.3% in the circulating tumor DNA (ctDNA).[17-23]

There have been several reports of the use of EGFR inhibitors in patients with Neo
RAS WT. Mohamed et al., in a proof-of-concept study of EGFR inhibitors in patients
with Neo RAS WT,[23] reported that the objective response rate was 55.6% and
progression-free survival (PFS) was 9 months in Neo RAS WT mCRC patients
treated with fluorouracil, folinic acid, irinotecan, and cetuximab.[23] This result
suggested that EGFR inhibitors may be effective in Neo RAS WT mCRC patients.

Although retrospective analyses and proof-of-concept studies have indicated the

potential efficacy of EGFR inhibitors in NeoRAS WT mCRC,[14, 23] the safety and
efficacy have not been validated prospectively. Furthermore, the definition of
NeoRAS WT mCRC has not been established.

Therefore, this trial will evaluate the efficacy of panitumumab and irinotecan in
NeoRAS WT mCRC patients confirmed in ctDNA after prior treatment.

METHODS AND ANALYSIS

Trial design
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The C-PROWESS trial is a multicenter, single-arm phase Il trial assessing the
efficacy and safety of panitumumab and irinotecan in NeoRAS WT mCRC patients.
The overall trial scheme is illustrated in Fig. 1.

Patient

Key eligibility criteria are: 1) RAS MT (KRAS/NRAS exon 2,3,4) and BRAF VG600E
WT mCRC initially diagnosed in the tumor tissue; 2) refractory or intolerant to
fluoropyrimidine, oxaliplatin, and irinotecan; 3) RAS WT in ctDNA (mutant allele
frequencies of all RAS < 0.1%) within 28 days prior to enroliment; 4) an Eastern
Cooperative Oncology Group performance status < 2; and 5) a preserved organ
function. Details of the eligibility criteria are presented in Table 1.
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Table 1 Eligibility criteria for the C-PROWESS trial

Inclusion criteria

1) Histologically proven diagnosis of colorectal adenocarcinoma

2) Advanced or recurrent colorectal cancer (excluding appendix and anal canal cancer)

3) RAS mutation (MT) (KRAS/NRAS exon 2, 3, or 4 MT) confirmed by tumor histology prior to first-line
chemotherapy

4) Confirmation of refractory or intolerant to previous treatments with chemotherapies including
fluoropyrimidines, oxaliplatin, or irinotecan (irinotecan is applied to refractory only), regardless of prior
treatment with trifluridine tipiracil hydrochloride, regorafenib, or angiogenesis inhibitors

5) Confirmation of the RAS WT within 28 days from test result date by ctDNA analysis using the OncoBEAM
(TM) RAS CRC KIT

6) At least one measurable lesion according to RECIST version 1.1 criteria evaluated by CT or MRI wi thin 28
days before registration

7) Eastern Cooperative Oncology Group (ECOG) performance status <= 2

8) Age >= 20 years

9) Adequate organ functions (bone marrow, liver, renal functions) as defined by the following laborat ory
values obtained within 15 days prior to the stu dy enroliment:

a.Absolute neutrophil count >= 1500/ mm3 b.Platelets >= 75000/mm3

c.Serum total bilirubin <= 1.5 mg/dL

d.Serum AST(GOT) and ALT(GPT) <= 100 U/L(exc ept for patients with tumor involvement of the liver who
must have AST and ALT <= 200 U/L)

10) A life expectancy of at least 60 days

11) Written Informed consent

Exclusion criteria

1) Evidence of BRAF V600E MT by tumor histology

2) Treated with blood transfusion, blood products, or hematopoietic factor products such as Granulo cyte
Colony Stimulating Factor within 7 days prior to enroliment in this study

3) A history of severe drug hypersensitivity or severe drug allergy

4) Active infection (fever of 38 degree or higher du e to infection)

5) Ascites, pleural effusion, or pericardial effusion requiring continuous drainage

6) Uncontrolled diabetes mellitus

7) Uncontrolled hypertension

8) Patients who have been treated with any of the following treatments prior to starting study drug:
a.Extensive surgery <= 4 weeks prior to starting stu dy drug (e.g., surgical treatment with organ resection,
excluding colostomy) b.Proctocolectomy <= 2 weeks prior to starting the study drug

c.Any chemotherapy <= 2 weeks prior to starting the study drug

d.Radiotherapy <= 2 weeks prior to starting the study drug

9) Clinically significant electrocardiographic abnor mality or clinically significant cardiovascular accidents
within 6 months prior to study enroliment, including myocardial infarction, severe unstable angina, or New
York Heart Association functional class ification class Ill or IV congestive heart failure

10) Patients with severe lung disease (interstitial pneumonia, pulmonary fibrosis, severe emphysema)
11) History of clinically significant mental disorder or central nervous system disorder

12) Symptomatic brain metastasis or clinically suspected brain metastasis upon symptoms

13) Diarrhea that interferes with daily life

14) Intestinal paralysis, intestinal obstruction

15) Co-existing active malignancies

16) Pregnant or lactating women; women of childbearing potential or men with women partners of
childbearing potential who are unwilling to use a highly effective method of contraception or avoid intercourse
during and upon completion of the study

17) Patients who have been assessed by the site physician as inappropriate for this study

18) Patients who have been treated with EGFR inhibitors prior to starting the study drug
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Treatment

Patients will receive panitumumab at 6 mg/kg and irinotecan at 150 mg/m? biweekly
until progressive disease, unacceptable toxicity, withdrawal of informed consent, or
death. The starting dose of irinotecan can be reduced to 120 mg/m? according to
UGT1A1 status (homozygosity/double heterozygosity).

Outcomes and statistical considerations

The primary endpoint of the C-PROWESS trial is a response rate (RR), defined as
the proportion of patients who achieve a complete or partial response by the
investigator's assessment. The secondary endpoints include PFS, overall survival
(OS), a disease control rate, and incidences of adverse events. The response is
evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST)
version 1.1, using computed tomography at 6 and 12 weeks after the start of the
protocol treatment and repeated every 8 weeks thereafter. The RR threshold is set
at 4%, according to the results of previous clinical trials with TAS102 (+
bevacizumab)[24-26] or regorafenib.[27] The required sample size is 30, whereas
an RR of 15% is deemed to be promising (one-sided a = 0.10; B = 0.2). The primary
endpoint is planned to be analyzed in all the patients that receive at least one dose
of the protocol treatment and who satisfy all the inclusion and exclusion criteria. All
the statistical analyses will be performed using the SAS software, version 9.2 (SAS
Institute).

Biomarker analysis

Samples for liquid biopsies are planned be collected at baseline and after
discontinuation of the protocol treatment (Fig. 1). The ctDNA will be analyzed using
a highly sensitive digital polymerase chain reaction method, the OncoBEAM RAS
CRC kit, and targeted next-generation sequencing, Guardant360. The OncoBEAM
RAS CRC kit, which has been approved in Japan to detect RAS mutations in the
ctDNA derived from mCRC, detects 34 mutations in KRAS/NRAS codons 12, 13,
59, 61, 117, and 146 in plasma.[28] Guardant360, which is a hybrid capture-based
next-generation sequencing panel of the ctDNA developed by Guardant Health,
detects other gene alterations.[29] Exploratory analyses will be performed to
identify the proportion of patients without RAS and other mutations related to
resistance to anti-EGFR inhibitors (defined as “True Neo RAS WT”). The clinical
outcomes (RR, PFS, OS, and disease control rate) of true Neo RAS WT patients
receiving panitumumab and irinotecan combination therapy will be compared to
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those of patients without true Neo RAS WT and the overall study population.
Moreover, the clinical outcomes will be compared according to the presence or
absence of each genetic and epigenetic abnormality using exome sequencing and
immunohistochemical staining in tissue samples and in ctDNA analysis before and
after treatment with the protocol treatment using NGS, to explore the relationship
with clinical outcomes and the mechanism of resistance.

Trial organization
Eight core high volume centers in Japan participated in this trial.
Clinical Questions

The clinical questions to be addressed in this study will be the definition of NeoRAS
WT mCRC and the therapeutic effect of EGFR inhibitors on NeoRAS WT mCRC.

First, because “Neo RAS WT” mCRC is currently defined by RAS MT status
evaluated only in the tissue, it is not possible to determine whether the RAS MT has
completely disappeared or missed. Therefore, we will perform more sensitive
analysis using an NGS of the ctDNA before administering the protocol treatment to
confirm the incidence of Neo RAS patients. If the proportion of true Neo RAS WT
mMCRC cases is clarified, they will be a target of new treatment strategy with EGFR
inhibitors.

Second, our trial will evaluate the relationship between gene mutations other than
RAS in ctDNA and the efficacy of EGFR inhibitors in NeoRAS WT mCRC. The
ORR, PFS, and OS may differ according to the presence or absence of some
genetic abnormality that may lead to primary resistance to EGFR inhibitors such as
EGFR extracellular domain, Erb-B2 Receptor Tyrosine kinase 2,
Phosphatidylinositol-4,5-Bisphosphate 3-Kinase Catalytic Subunit alpha, among
others, in the ctDNA (NGS) prior to protocol treatment.

In addition, we plan to measure the ctDNA RAS again after the administration of the
protocol treatment. This will allow us to understand how frequently RAS MT
reappears after treatment and whether the same RAS MT reappear or different
variants of RAS MT newly appear. If the same RAS increases after the
administration of treatment, it may be due to tissue heterogeneity in which dominant
clones with/out RAS mutation in tumors is changed by an EGFR inhibitor.
Furthermore, the mechanism of resistance will be clarified.
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Summary

Our trial will evaluate the efficacy of panitumumab and irinotecan in patients with
NeoRAS WT mCRC. Moreover, developing personalized therapeutic regimens
based on the ctDNA results will be a breakthrough in developing treatments for
other cancers.
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ABSTRACT

Introduction: A new concept of “NeoRAS wild-type (WT),” which means conversion
of RAS status from RAS mutant to RAS WT after treatment, has been reported.
Previous observational and proof-of-concept studies have demonstrated the efficacy
of epidermal growth factor receptor inhibitors in patients with NeoRAS WT metastatic
colorectal cancer (mMCRC). Moreover, post hoc biomarker analyses of these studies
have suggested that not only the RAS status in the circulating tumor DNA (ctDNA)
but also other gene mutational status may be useful as biomarkers of epidermal
growth factor receptor inhibitors for NeoRAS WT mCRC.

Methods and analysis: This trial is a multicenter, single-arm, phase Il trial to assess
the efficacy and safety of panitumumab plus irinotecan therapy for patients with
NeoRAS mCRC. The key eligibility criteria include RAS mutant mCRC initially
proven in tumor tissue refractory or intolerant to fluoropyrimidine, oxaliplatin, and
irinotecan; RAS WT in ctDNA (defined as plasma mutant allele frequencies of all
RAS < 0.1%) within 28 days before enroliment; and Eastern Cooperative Oncology
Group performance status <2. The primary endpoint is the response rate. The target
sample size is 30 patients. Biomarker analyses are planned to be performed using
next-generation sequencing-based ctDNA analysis.

Ethics and dissemination: This study was approved by the certified review board
of National Cancer Center Hospital. The main results of the trial will be presented in
international meetings and in medical journals.

Trial registration: jRCT, s031210565. Registration date, January 20, 2022.

Keywords: Metastatic colorectal cancer, Circulating tumor DNA, Liquid biopsy,
NeoRAS, EGFR inhibitor

Strengths and limitations of this study

e The C-PROWESS trial is a prospective multicenter, single-arm, phase Il
trial.

e The trial is designed to assess the efficacy and safety of panitumumab plus
irinotecan therapy in patients with NeoRAS

e However, no comparator is a limitation.
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Translational Research of biomarkers using liquid biopsies at baseline and
after discontinuation of the treatment is planned to be performed.
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INTRODUCTION

RAS mutations (MTs) induce the activation of the protein kinase pathway and
promote carcinogenesis and cancer growth.! Patients with RAS MT metastatic
colorectal cancer (MCRC) have a poorer prognosis than those with RAS wild-type
(WT) mCRC.23 Epidermal growth factor receptor (EGFR) inhibitors (such as
cetuximab and panitumumab), which are key drugs for mCRC, are ineffective for
patients with RAS MT mCRC (KRAS/NRAS exons 2, 3, and 4).410

International guidelines recommend RAS genetic testing prior to the administration
of an EGFR inhibitor in patients with mCRC.1"-13 Repeat biopsies are not performed
in routine clinical practice to monitor the RAS MT status;'!-'3 the consistency of the
RAS MT status before and after chemotherapy remains unclear.

Recent advances in diagnostic technology for the detection of genetic mutations by
liquid biopsy, especially circulating tumor DNA (ctDNA), have made minimally
invasive, simple, and repeatable testing possible.'#16 It is well known that RAS
status can change before and after treatment. First reported was the identification of
RAS MTs in ctDNA in EGFR inhibitor-resistant RAS WT mCRC patients.'”-'® This
involved acquired resistance to EGFR inhibitors, and several clinical trials have
reported that re-measuring the RAS status before treatment is an important predictor
of treatment efficacy when considering EGFR inhibitor re-challenge.?: 20 21

On the other hand, there have been some reports that RAS MT observed at the initial
diagnosis converted to RAS WT after treatment.?> These cases have been called
“NeoRAS WT” mCRC.22 The incidence of NeoRAS WT mCRC has been reported to
range from 10.7% to 40% when assessed in tumor tissue samples,?® 24 and from
18.8% to 83.3% in the circulating tumor DNA (ctDNA).25-31

There have been several reports of the use of EGFR inhibitors in patients with
NeoRAS WT. Mohamed et al., in a proof-of-concept study of EGFR inhibitors in
patients with NeoRAS WT,3' reported that the objective response rate was 55.6%
and progression-free survival (PFS) was 9 months in patients with NeoRAS WT
mMCRC treated with fluorouracil, folinic acid, irinotecan, and cetuximab.3! This result

suggested that EGFR inhibitors may be effective in patients with NeoRAS WT mCRC.
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Although retrospective analyses and proof-of-concept studies have indicated the
potential efficacy of EGFR inhibitors in NeoRAS WT mCRC,%% 31 the safety and
efficacy have not been validated prospectively. Furthermore, the definition of
NeoRAS WT mCRC has not been established.

Therefore, this trial will evaluate the efficacy of panitumumab and irinotecan in
patients with NeoRAS WT mCRC confirmed in ctDNA after prior treatment.

METHODS AND ANALYSIS
Trial design

This trial is a multicenter, single-arm, phase Il trial to investigate the safety and
effiCacy of Panitumumab and iRinOtecan in NeoRAS Wild type mEtaStatic
colorectal cancer patientS (C-PROWESS trial). The overall trial scheme is illustrated
in Fig. 1.

Patients

The key eligibility criteria are as follows: 1) RAS MT (KRAS/NRAS exon 2,3,4) and
BRAF V600E WT mCRC initially diagnosed in the tumor tissue; 2) refractory or
intolerant to fluoropyrimidine, oxaliplatin, and irinotecan; 3) RAS WT in ctDNA
(mutant allele frequencies of all RAS < 0.1%) within 28 days prior to enroliment; 4)
an Eastern Cooperative Oncology Group performance status < 2; and 5) preserved
organ function. The details of the eligibility criteria are presented in Table 1.

Table 1 Eligibility criteria for the C-PROWESS trial

Inclusion criteria

1) Histologically proven diagnosis of colorectal adenocarcinoma
2) Advanced or recurrent colorectal cancer (excluding appendix and anal canal
cancer)

3) RAS mutation (MT) (KRAS/NRAS exon 2, 3, or 4 MT) confirmed by tumor
histology prior to first-line chemotherapy
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4) Confirmation of refractoriness or intolerance to previous treatments with
chemotherapy, including fluoropyrimidines, oxaliplatin, or irinotecan (irinotecan
is applied to refractory disease only), regardless of prior treatment with
trifluridine tipiracil hydrochloride, regorafenib, or angiogenesis inhibitors

5) Confirmation of the RAS WT within 28 days from the test result date by
ctDNA analysis using the OncoBEAM™ RAS CRC KIT

6) At least one measurable lesion according to the RECIST version 1.1 criteria
evaluated by CT or MRI within 28 days before registration

7) Eastern Cooperative Oncology Group (ECOG) performance status < 2

8) Age = 20 years

9) Adequate organ function (bone marrow, liver, renal function) as defined by
the following laboratory values obtained within 15 days prior to enrollment in the
study:

a.Absolute neutrophil count 2 1500/ mm3 b.Platelets = 75000/mm?3

c.Serum total bilirubin < 1.5 mg/dLd; Serum AST(GOT) and ALT(GPT) < 100
U/L (except for patients with tumor involvement of the liver who must have AST
and ALT <200 U/L)

10) A life expectancy of at least 60 days
11) Written informed consent

Exclusion criteria

1) Evidence of BRAF V600E MT by tumor histology

2) Treated with blood transfusion, blood products, or hematopoietic factor
products such as Granulocyte Colony Stimulating Factor within 7 days prior to
enrollment in this study

3) A history of severe drug hypersensitivity or severe drug allergy

4) Active infection (fever of 38°C or higher due to infection)

5) Ascites, pleural effusion, or pericardial effusion requiring continuous drainage
6) Uncontrolled diabetes mellitus

7) Uncontrolled hypertension

8) Patients who have been treated with any of the following treatments prior to
starting the study drug: a.Extensive surgery < 4 weeks prior to starting the study
drug (e.g., surgical treatment with organ resection, excluding colostomy)
b.Proctocolectomy < 2 weeks prior to starting the study drug

c.Any chemotherapy < 2 weeks prior to starting the study drug
d.Radiotherapy < 2 weeks prior to starting the study drug
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9) Clinically significant electrocardiographic abnormality or clinically significant
cardiovascular accidents within 6 months prior to study enroliment, including
myocardial infarction, severe unstable angina, or New York Heart Association
functional classification class Ill or IV congestive heart failure

10) Patients with severe lung disease (interstitial pneumonia, pulmonary fibrosis,
or severe emphysema)

11) History of clinically significant mental disorder or central nervous system
disorder

12) Symptomatic brain metastasis or clinically suspected brain metastasis upon
symptoms

13) Diarrhea that interferes with daily life

14) Intestinal paralysis, intestinal obstruction

15) Co-existing active malignancies

16) Pregnant or lactating women; women of childbearing potential or men with
female partners of childbearing potential who are unwilling to use a highly
effective method of contraception or avoid intercourse during and upon
completion of the study

17) Patients who have been assessed by the site physician as inappropriate for
this study

18) Patients who have been treated with EGFR inhibitors prior to starting the
study drug

Treatment

Patients will receive panitumumab at 6 mg/kg and irinotecan at 150 mg/m?
biweekly until progressive disease, unacceptable toxicity, withdrawal of informed
consent, or death. The starting dose of irinotecan can be reduced to 120 mg/m?
according to UGT1A1 status (homozygosity/double heterozygosity).

Outcomes and statistical considerations

The primary endpoint of the C-PROWESS trial is response rate (RR), defined as the
proportion of patients who achieve complete or partial response by the investigator’'s
assessment. The secondary endpoints include PFS, overall survival (OS), disease
control rate, incidences of adverse events, and the ratio of Neo RAS WT mCRC after
failure of fluoropyrimidines, oxaliplatin, and irinotecan. The response is evaluated
according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1,
using computed tomography at 6 and 12 weeks after the start of the protocol
treatment and repeated every 8 weeks thereafter. The RR threshold is set at 4%,
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according to the results of previous clinical trials with tipiracil/trifluridine (+
bevacizumab)3234 or regorafenib.3® The required sample size is 30, whereas an RR
of 15% is deemed to be promising (one-sided a = 0.10; B = 0.2). The primary
endpoint is planned to be analyzed in all the patients that receive at least one dose
of the protocol treatment and who satisfy all the inclusion and exclusion criteria.
Participant enrolment started on 1 February 2022 and will end on 31 January 2023.

Biomarker analysis

Samples for liquid biopsies are planned to be collected at baseline and after
discontinuation of the protocol treatment (Fig. 1). The ctDNA will be analyzed using
a highly sensitive digital polymerase chain reaction method, the OncoBEAM RAS
CRC kit, and targeted next-generation sequencing, Guardant360. The OncoBEAM
RAS CRC kit, which has been approved in Japan to detect RAS mutations in the
ctDNA derived from mCRC, detects 34 mutations in KRAS/NRAS codons 12, 13, 59,
61, 117, and 146 in plasma.3¢ Guardant360, a hybrid capture-based next-generation
sequencing panel of the ctDNA developed by Guardant Health, detects other gene
alterations.3” Exploratory analyses will be performed to identify the proportion of
patients without RAS and other mutations related to resistance to anti-EGFR
inhibitors (defined as “True NeoRAS WT?”). The clinical outcomes (RR, PFS, OS,
and disease control rate) of patients with true NeoRAS WT receiving panitumumab
and irinotecan combination therapy will be compared to those of patients without true
NeoRAS WT and the overall study population. Moreover, the clinical outcomes will
be compared according to the presence or absence of each genetic and epigenetic
abnormality using exome sequencing and immunohistochemical staining in tissue
samples and in ctDNA analysis before and after treatment with the protocol
treatment using NGS, to explore the relationship with clinical outcomes and the
mechanism of resistance.

Trial organization
Eight core high-volume centers in Japan will participate in this trial.
Ethics and dissemination

This study was approved by the certified review board of the national cancer center
hospital (jJRCT, s031210565; Registration date, January 20, 2022.). The main results
of the trial will be presented in international meetings and in medical journals.
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Clinical Questions

The clinical questions to be addressed in this study will be the definition of NeoRAS
WT mCRC and the therapeutic effect of EGFR inhibitors on NeoRAS WT mCRC.

First, when “NeoRAS WT” mCRC is defined by RAS MT status only, it is not possible
to determine whether the RAS MT has completely disappeared or has not been
measured due to a low volume of ctDNA. Therefore, we will perform NGS analysis
using ctDNA before administering the protocol treatment to confirm the incidence of
“True NeoRAS WT” mCRC patients. “True NeoRAS WT” mCRC is defined as the
disappearance of RAS and the detection of other genetic mutations after treatment.
If the proportion of “True NeoRAS WT” mCRC patients is clarified, it may be even
more useful in the enrichment of the population that will respond to treatment with
EGFR inhibitors.

Second, our trial will evaluate the relationship between gene mutations other than
RAS in ctDNA and the efficacy of EGFR inhibitors in NeoRAS WT mCRC. The ORR,
PFS, and OS may differ according to the presence or absence of some genetic
abnormality that may lead to primary resistance to EGFR inhibitors, such as EGFR
extracellular domain, Erb-B2 Receptor Tyrosine kinase 2, Phosphatidylinositol-4,5-
Bisphosphate 3-Kinase Catalytic Subunit alpha, among others, in the ctDNA (NGS)
prior to protocol treatment.

In addition, we plan to measure the ctDNA RAS again after the administration of the
protocol treatment. This will allow us to understand how frequently RAS MT
reappears after treatment and whether the same RAS MT reappears or different
variants of RAS MT newly appear. If the same RAS variant allele frequency
increases after the administration of treatment, it may be due to tissue heterogeneity
in which dominant clones with/out RAS mutation in tumors are changed by an EGFR
inhibitor. Furthermore, the mechanism of resistance to EGFR inhibitors will be
clarified.

Limitations
The limitations of this study are the small sample size and lack of a control arm.

Summary

1
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Our trial will evaluate the efficacy of panitumumab and irinotecan in patients with
NeoRAS WT mCRC to develop personalized therapeutic regimens based on the
CctDNA results.
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Figure legend

Fig. 1 Overall trial scheme.

Liquid biopsies for the OncoBEAM RAS CRC kit and Guardant360 will be
performed at baseline, and the OncoBEAM RAS CRC kit will be used after the
discontinuation of the protocol treatment.

OncoBEAM: OncoBEAM RAS CRC kit; *Substitution of results immediately before
enrollment.
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B SPIRITV

STANDARD PrROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and

related documents*

Section/item Item Description

No

Administrative information

Title 1

Trial registration 2a

2b
Protocol version 3
Funding 4
Roles and 5a
responsibilities

5b

5c

5d

Introduction

Background and  6a
rationale

6b

Objectives 7

Descriptive title identifying the study design, population, interventions,
and, if applicable, trial acronym (Page1, Line 2-4)

Trial identifier and registry name. If not yet registered, name of
intended registry (Page3, Line 23)

All items from the World Health Organization Trial Registration Data
Set

Date and version identifier

Sources and types of financial, material, and other support (Page11,
Line 18-19)

Names, affiliations, and roles of protocol contributors (Page11, Line 9-
16)

Name and contact information for the trial sponsor (No involvement)

Role of study sponsor and funders, if any, in study design; collection,
management, analysis, and interpretation of data; writing of the report;
and the decision to submit the report for publication, including whether
they will have ultimate authority over any of these activities (No
involvement)

Composition, roles, and responsibilities of the coordinating centre,
steering committee, endpoint adjudication committee, data
management team, and other individuals or groups overseeing the
trial, if applicable (see Item 21a for data monitoring committee)
(Page11, Line 5-7)

Description of research question and justification for undertaking the
trial, including summary of relevant studies (published and
unpublished) examining benefits and harms for each intervention
(Page 5, Line 2-33, Page 6, Line 1-4)

Explanation for choice of comparators (No comparator)

Specific objectives or hypotheses (Page 6, Line 3-4)
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Trial design 8

BMJ Open

Description of trial design including type of trial (eg, parallel group,
crossover, factorial, single group), allocation ratio, and framework (eg,
superiority, equivalence, noninferiority, exploratory) (Page 6, Line 8-
11)

Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant 13

timeline

Sample size 14

Recruitment 15

Description of study settings (eg, community clinic, academic hospital)
and list of countries where data will be collected. Reference to where
list of study sites can be obtained (Page 9, Line 25)

Inclusion and exclusion criteria for participants. If applicable, eligibility
criteria for study centres and individuals who will perform the
interventions (eg, surgeons, psychotherapists) (Table1)

Interventions for each group with sufficient detail to allow replication,
including how and when they will be administered

Criteria for discontinuing or modifying allocated interventions for a
given trial participant (eg, drug dose change in response to harms,
participant request, or improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any
procedures for monitoring adherence (eg, drug tablet return,
laboratory tests)

Relevant concomitant care and interventions that are permitted or
prohibited during the trial

Primary, secondary, and other outcomes, including the specific
measurement variable (eg, systolic blood pressure), analysis metric
(eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each
outcome. Explanation of the clinical relevance of chosen efficacy and
harm outcomes is strongly recommended (Page 8, Line 9-21, Page 9,
Line 1)

Time schedule of enrolment, interventions (including any run-ins and
washouts), assessments, and visits for participants. A schematic
diagram is highly recommended (see Figure) (Page 9, Line 1-2)

Estimated number of participants needed to achieve study objectives
and how it was determined, including clinical and statistical
assumptions supporting any sample size calculations (Page 9, Line
17-20)

Strategies for achieving adequate participant enrolment to reach
target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:
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Sequence 16a
generation
Allocation 16b
concealment
mechanism

Implementation 16c¢

Blinding 17a
(masking)

17b
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Method of generating the allocation sequence (eg, computer-
generated random numbers), and list of any factors for stratification.
To reduce predictability of a random sequence, details of any planned
restriction (eg, blocking) should be provided in a separate document
that is unavailable to those who enrol participants or assign
interventions

Mechanism of implementing the allocation sequence (eg, central
telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are
assigned

Who will generate the allocation sequence, who will enrol participants,
and who will assign participants to interventions

Who will be blinded after assignment to interventions (eg, trial
participants, care providers, outcome assessors, data analysts), and
how

If blinded, circumstances under which unblinding is permissible, and
procedure for revealing a participant’s allocated intervention during
the trial

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b
Data 19
management
Statistical 20a
methods

20b

20c

Plans for assessment and collection of outcome, baseline, and other
trial data, including any related processes to promote data quality (eg,
duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with
their reliability and validity, if known. Reference to where data
collection forms can be found, if not in the protocol

Plans to promote participant retention and complete follow-up,
including list of any outcome data to be collected for participants who
discontinue or deviate from intervention protocols

Plans for data entry, coding, security, and storage, including any

related processes to promote data quality (eg, double data entry;
range checks for data values). Reference to where details of data
management procedures can be found, if not in the protocol

Statistical methods for analysing primary and secondary outcomes.
Reference to where other details of the statistical analysis plan can be
found, if not in the protocol (Page 8, Line 20-21)

Methods for any additional analyses (eg, subgroup and adjusted
analyses) (Page 9, Line 5-23)

Definition of analysis population relating to protocol non-adherence
(eg, as randomised analysis), and any statistical methods to handle
missing data (eg, multiple imputation)
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Methods: Monitoring

Data monitoring  21a

21b
Harms 22
Auditing 23

BMJ Open

Composition of data monitoring committee (DMC); summary of its role
and reporting structure; statement of whether it is independent from
the sponsor and competing interests; and reference to where further
details about its charter can be found, if not in the protocol.
Alternatively, an explanation of why a DMC is not needed

Description of any interim analyses and stopping guidelines, including
who will have access to these interim results and make the final
decision to terminate the trial

Plans for collecting, assessing, reporting, and managing solicited and
spontaneously reported adverse events and other unintended effects
of trial interventions or trial conduct

Frequency and procedures for auditing trial conduct, if any, and
whether the process will be independent from investigators and the
sponsor

Ethics and dissemination

Research ethics 24
approval

Protocol 25
amendments

Consent or assent 26a

26b

Confidentiality 27

Declaration of 28
interests

Access to data 29

Ancillary and 30
post-trial care

Plans for seeking research ethics committee/institutional review board
(REC/IRB) approval (Page 9, Line 28-29)

Plans for communicating important protocol modifications (eg,
changes to eligibility criteria, outcomes, analyses) to relevant parties
(eg, investigators, REC/IRBs, trial participants, trial registries, journals,
regulators)

Who will obtain informed consent or assent from potential trial
participants or authorised surrogates, and how (see ltem 32) (Table1)

Additional consent provisions for collection and use of participant data
and biological specimens in ancillary studies, if applicable

How personal information about potential and enrolled participants will
be collected, shared, and maintained in order to protect confidentiality
before, during, and after the trial

Financial and other competing interests for principal investigators for
the overall trial and each study site (Page 11, Line 22)

Statement of who will have access to the final trial dataset, and
disclosure of contractual agreements that limit such access for
investigators

Provisions, if any, for ancillary and post-trial care, and for
compensation to those who suffer harm from trial participation
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Dissemination 31a
policy
31b
31c
Appendices

Informed consent 32
materials

Biological 33
specimens
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Plans for investigators and sponsor to communicate trial results to
participants, healthcare professionals, the public, and other relevant
groups (eg, via publication, reporting in results databases, or other
data sharing arrangements), including any publication restrictions

Authorship eligibility guidelines and any intended use of professional
writers

Plans, if any, for granting public access to the full protocol, participant-
level dataset, and statistical code

Model consent form and other related documentation given to
participants and authorised surrogates (Supplemental)

Plans for collection, laboratory evaluation, and storage of biological
specimens for genetic or molecular analysis in the current trial and for
future use in ancillary studies, if applicable

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013
Explanation & Elaboration for important clarification on the items. Amendments to the
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT
Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported”

license.
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