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Abstract

Background: Anti-epidermal growth factor receptor (EGFR) therapy has been identified to prolong the sur-
vival of metastatic colorectal cancer (mCRC) patients without RAS mutations. However, its efficacy is not
always consistent for these patients. Genomic profiles of primary tumors and metastases are not always
concordant; thus, chemotherapeutic agents can alter the tumor molecular profile. This molecular heterogene-
ity may explain resistance to anti-EGFR therapy. Liquid biopsy using circulating tumor DNA (ctDNA) is a
novel, non-invasive diagnostic tool that can accommodate this molecular heterogeneity, providing a compre-
hensive, real-time view of the molecular landscape. In this study, we evaluated the predictive value of
genomic mutations in ctDNA for primary and acquired resistance to anti-EGFR therapy.

Methods/Design: This study is a prospective, multicenter, observational study of mCRC patients with wild-
type tissue RAS treated with cytotoxic agents and anti-EGFR antibodies as first-line therapy. Genomic mu-
tations, including RAS, BRAF, PIK3CA, and EGFR in ctDNA, are assessed via Droplet Digital PCR before
starting chemotherapy and every 3 months thereafter until disease progression. The target sample size is es-
timated to be 100. The primary endpoint is the response rate in patients without RAS mutation in their
blood sample before starting chemotherapy.

Discussion: This study will clarify the predictive value of baseline RAS mutation in ctDNA for responses to
anti-EGFR therapy; the frequency of emerging RAS, BRAF, PIK3CA, and EGFR mutations in ctDNA; and
the association with secondary resistance to anti-EGFR therapy in first-line therapy for wild-type tissue RAS
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mCRC patients.
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Background

Colorectal cancer (CRC), which is responsible for ap-
proximately 880,000 deaths worldwide in 2018, has been
determined as the leading cause of cancer death [1]. Anti-
epidermal growth factor receptor (EGFR) therapy has been
found to prolong survival of metastatic CRC (mCRC) pa-
tients without RAS mutation[2,3]. However, its efficacy is
not always consistent for these patients, and spatial hetero-
geneity (disparate RAS mutational profiles between primary
and metastatic tumors) is thought to be the reason. Approxi-
mately, 10% of metastatic tumors have RAS mutations in pa-
tients with RAS wild-type primary tumors [4]. Additionally,
continuous administration of chemotherapeutic and/or tar-
geted agents can alter tumor genetic profiles (temporal het-
erogeneity), which could also promote resistance [5]. There-
fore, reliable detection of RAS mutational status is essential
just before initialization of anti-EGFR therapy. However,
routine, serial tissue biopsies have limited capacity to com-
prehensively obtain real-time information.

Liquid biopsy, which analyzes circulating nucleic acids,
cell-free DNA (cfDNA), and circulating tumor DNA
(ctDNA) in body fluids, permits comprehensive, real-time
profiling of the tumor genetic landscape [5]. Our observa-
tional studies have found that approximately 10% of mCRC
patients with RAS wild-type primary tumors had RAS muta-
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tions in cfDNA. In addition to RAS mutations, we have re-
ported spatial heterogeneity other than RAS mutations, using
liquid biopsy [6-8].

Recently, spatial heterogeneity of RAS mutations in
cfDNA has been reported as a negative predictor of anti-
EGFR therapy [9-11]. Also, emerging mutations in RAS,
BRAF, PIK3CA, and EGFR (temporal heterogeneity) have
been identified by liquid biopsy in patients who have ac-
quired resistance to anti-EGFR therapy [12-14]. However,
these studies were limited to patients who had undergone
second- or third-line chemotherapy. Theoretically, the de-
tected heterogeneity in these clinical settings cannot be un-
equivocally classified as spatial or temporal heterogeneity,
owing to the influence of previous anticancer drugs adminis-
tered. Our previous pilot study of first-line therapy with a
small sample size (n = 30) suggested a consequence that
spatial and temporal heterogeneity can cause primary and
secondary resistance independently [15]. This multicenter,
prospective, observational, and relatively large study, com-
prising 100 mCRC patients, evaluates the efficacy of serial
assessment of RAS, BRAF, PIK3CA, and EGFR mutations in
cfDNA to predict responses and to explore definitive mecha-
nisms of primary and secondary resistance to anti-EGFR
therapy in first-line therapy for RAS wild-type primary tu-
mors.
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Methods/Design

This prospective, multicenter, observational study is or-
ganized by the Department of Gastrointestinal and Hepato-
Biliary-Pancreatic Surgery, Nippon Medical School, Tokyo,
Japan. Patients are being recruited at 15 centers in Japan.
Written informed consent will be obtained from each patient
prior to any procedures.

Study schedule

This project was registered with the University Hospital
Medical Information Network (UMIN 000031177) on July
1, 2018. Its estimated completion date is December 31,
2023 for patient recruitment, follow-up, and data analysis.

Patient selection criteria

Inclusion criteria
1. Histologically proven colorectal adenocarcinoma
2. RAS wild-type in the primary tumor
3. With distant metastatic tumors, one or more of which
are unresectable
4. Chemotherapy naive for distant metastasis
. Age between 20 and 80 years
6. Eastern Cooperative Oncology Group Performance St-
atus of 0 or 1
7. With measurable lesions, based on the Response Evalu-
ation Criteria in Solid Tumors, version 1.1
8. Able to take food by mouth
9. With a life expectancy of at least 3 months
10. Exhibiting sufficient organ function for up to weeks
prior to enrollment in the study with the following pa-
rameters considered:
* Leukocyte count >3,500/mm’
* Absolute neutrophil count >1,500/mm’
e Platelet count >75,000/mm’
* Hemoglobin level >8.0 g/dL
* Aspartate aminotransferase level <2.5 x upper limit
of normal
* Alanine aminotransferase level <2.5 x upper limit of
normal
* Total bilirubin level <1.5 mg/dL
* Serum creatinine level <1.5 mg/dL
* No active infectious disease
* No recognizable diarrhea or non-hematological ad-
verse events (except for alopecia, dysgeusia, or pig-
mentation)
11. Providing signed, written informed consent prior to e-
nrollment in the study

|91

Exclusion criteria

1. Contraindications for anti-EGFR antibody or history of
treatment with anti-EGFR antibody
2. History of severe drug allergy
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3. Females who are pregnant or planning a pregnancy and
males intending to impregnate their partners

4. With serious complications (interstitial pneumonia, pul-
monary fibrosis, renal failure, liver failure, uncontrolla-
ble diabetes mellitus, or uncontrollable hypertension)

5. With pleural effusion and ascites, requiring treatment

6. With active duplicated cancers

7. With serious abnormalities in an electrocardiogram,
clinically problematic heart failure, or ischemic heart
diseases

8. Clinical or radiological evidence of brain metastases

9. Synchronous or metachronous multiple malignancy
within the last 5-year disease-free interval

10. Any other criteria for which the investigator deems
patients unsuitable for this present study

Treatment regimens

The combined regimens of cytotoxic drugs (i.e., doublet
regimen) and anti-EGFR antibodies listed below are to be
administered as first-line therapy for included patients.

1) mFOLFOX* and cetuximab or panitumumab

* (400 mg/m’ bolus of 5-fluorouracil [FU]; 2400 mg/m’
continuous infusion of 5-FU; 200 mg/m’ of levofoli-
nate; 85 mg/m’ of oxaliplatin) every 2 weeks

2) FOLFIRI* and cetuximab or panitumumab

* (400 mg/m’ bolus of 5-FU; 2400 mg/m® continuous
infusion of 5-FU; 200 mg/m’ of levofolinate; 150
mg/m’ of irinotecan) every 2 weeks

3) CapOX* and cetuximab or panitumumab

* (130 mg/m’ bolus of oxaliplatin on day 1; 2000 mg/
m?/day of oral capecitabine on days 1-14) every 3
weeks

4) SOX* and cetuximab or panitumumab

* (130 mg/m® bolus of oxaliplatin on day 1; 80-120
mg/day, body surface area (BSA) of less than 1.25
m’, 80 mg/day; 100 mg/day for BSA=1.25-1.5 m2,
and 120 mg/day for BSA >1.5 m’, of oral S-1 on
days 1-14) every 3 weeks

5) IRIS* and cetuximab or panitumumab

* (125 mg/m’ bolus of irinotecan on day 1, 14; 80-120
mg/day of oral S-1 on days 1-14) every 4 weeks

Cetuximab is administered weekly (initial dose of 400
mg/m’ on day 1 and followed by weekly doses of 250 mg/
m?) or biweekly (500 mg/m?), and panitumumab is adminis-
tered biweekly (6 mg/kg).

QOutcomes

1) Primary endpoint
* Response rate in patients without RAS, BRAF, PIK3CA,
and EGFR mutations in cfDNA (before starting chemo-
therapy)
2) Secondary endpoint
e Early tumor shrinkage rate in patients without RAS,
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BRAF, PIK3CA, and EGFR mutations in cfDNA (be-
fore starting chemotherapy)

* Progression-free survival (PFS) in patients without
RAS, BRAF, PIK3CA, and EGFR mutations in cfDNA
(before starting chemotherapy)

* Overall survival (OS) in patients without RAS, BRAF,
PIK3CA, and EGFR mutations in cfDNA (before start-
ing chemotherapy)

e Frequency of RAS, BRAF, PIK3CA, and EGFR muta-
tion in cfDNA (before starting chemotherapy) of pa-
tients without RAS and BRAF mutations in their tissue
sample

* Frequency of RAS, BRAF, PIK3CA, and EGFR muta-
tion in cfDNA (after acquired resistance)

3) Safety evaluation
¢ Adverse event with the worst grade

Study outline and variable measures

1) Before enrollment

* Patient characteristics: gender, performance status,
medical history, comorbidity, allergy, and blood pres-
sure

* Tumor characteristics: primary/recurrent, location of
primary tumor, histological findings, clinical stage, lo-
cation of metastatic tumor, number of metastatic or-
gans, and RAS mutation status of primary tumor

2) Within 14 days before enrollment

* Blood examination: white blood cell, neutrophils, plate-
let count and hemoglobin, AST, ALT, total bilirubin,
LDH, creatinine clearance (CCr), and electrolyte levels

* Tumor marker: CEA and CA19-9

3) Within 21 days before enrollment

* Radiological findings: computed tomography and mag-

netic resonance imaging
4) Before treatment initiation, but after enrollment

e Liquid biopsy: RAS, BRAF, PIK3CA, and EGFR muta-

tions in cfDNA
5) During treatment until termination of first-line treatment

* Blood examination: every treatment cycle

* Tumor markers: every month

* Radiological findings: every 3 months

* Liquid biopsy: every 3 months and at treatment termi-
nation

¢ Adverse events:

¢fDNA extraction and assay for RAS, BRAF, PIK3CA, and
EGFR mutations

Blood samples are collected, and cfDNA is extracted from
1 mL of plasma into 30 pL of elution buffer using a Max-
well® RSC cfDNA Plasma Kit (Promega, Madison, WI,
USA). Genetic mutations (i.e., ctDNA) of RAS, BRAF, PIK3
CA, and EGFR were detected in cfDNA using QX200 Drop-
let Digital PCR (ddPCR, Bio-Rad Laboratories, Hercules,
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California, USA). The threshold was defined as a mutation
allele frequency (MAF) >0.1%.

Data collection

Researchers at each hospital maintain individual patient
data, including images, laboratory data, and other records.
All data are collected by the Nippon Medical School Data
Center. The data center oversees data sharing within the
trial. Clinical data entry, central monitoring, and data man-
agement are performed. All data aggregation and statistical
analysis are performed at Nippon Medical School Data Cen-
ter. Only clinical data managers of Nippon Medical School
Data Center can access reported case data. Interim analysis
and auditing are not planned for the study.

Sample size calculation

We assumed a threshold response rate of 78% of included
patients without assessment of liquid biopsy, based on a pre-
vious study evaluating responses to anti-EGFR therapy in
mCRC patients with RAS wild-type primary tumors (PEAK
trial) [16]. With an expected response rate of 90% using lig-
uid biopsy, simulation results require a sample size of 78
with o = 0.05 (two-sided) for 90% power, based on the one-
arm binominal test using the SWOG statistical tool. Our
previous pilot study showed that the response rate of pa-
tients without RAS mutations in tissue samples or liquid bi-
opsy was 92% (23/25) [15]. If the estimated dropout is 8%,
a target sample size of 85 is thus necessary. Considering the
reported detection rate of RAS mutations in cfDNA as 10%
of mCRC patients with RAS wild-type primary tumor, at
least 100 patients should be recruited so as to include 85 pa-
tients without RAS mutations in cfDNA.

Statistical considerations

All patients receiving anti-EGFR antibody are subjected
to analysis. After enrollment, ineligible patients are excluded
from this study. Response rates with 95% confidence inter-
vals are calculated for all eligible patients. The Kaplan-
Meier method is used to calculate PFS and OS, whereas
univariate analyses are performed using the log-rank test.
Correlations are analyzed using Spearman’s rank correlation
coefficient.

Ethical considerations

The study protocol was approved by the Ethics Commit-
tee of Nippon Medical School (Tokyo, Japan) on October
19, 2017 (Registration number: 229023), and an amendment
was approved on October 20, 2020. Written informed con-
sent is obtained from each patient before his/her participa-
tion in the study. Each researcher is committed to imple-
menting obligations of the law in accordance with provi-
sions of the Helsinki Declaration.
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Dissemination policy

Results of this present study will be submitted for publi-
cation in peer-reviewed journals, and important findings will
be presented at domestic and international conferences.
Authorship is assigned in accordance with guidance from
the International Committee of Medical Journal Editors.

Discussion

Spatial and temporal heterogeneities have been deter-
mined to affect the outcome of molecular targeted therapy;
however, conventional molecular diagnosis based on tissue
biopsy is limited in terms of detecting these two heteroge-
neities. With the use of liquid biopsy, the two heterogenei-
ties can now be diagnosed, thus contributing to the more ac-
curate prediction for molecular targeted therapy. Liquid bi-
opsy includes ctDNA, circulating tumor cells, and circulat-
ing non-coding RNAs, with ctDNA being the most widely
used because of its high sensitivity [5,17,18]. In this present
study, we try to clarify the utility of liquid biopsy in predict-
ing the efficacy of anti-EGFR therapy and mechanism of
primary and secondary resistance in terms of spatial and
temporal heterogeneity.

Only our previous small study showed that RAS spatial
heterogeneity can cause primary resistance to anti-EGFR
therapy, whereas RAS, BRAF, and EGFR temporal heteroge-
neity can cause secondary resistance to anti-EGFR therapy
in first-line chemotherapy [15]. Some authors showed RAS
heterogeneity can cause primary resistance to anti-EGFR
therapy for mCRC patients undergoing second- or third-line
treatment [9-11]. However, the detected heterogeneity in
these clinical settings cannot be unequivocally classified as
spatial or temporal heterogeneity theoretically, owing to the
influence of previous anticancer drugs administered. Also, if
it was spatial heterogeneity, we cannot clarify the reason for
the occurrence.

Thus, our study design, limited to first-line therapy, would
eliminate the influence of previous treatments and temporal
heterogeneity on response prediction. We will evaluate the
influence of temporal heterogeneity to acquired resistance
using samples obtained after acquiring resistance.

Another limitation of our previous study is that NRAS and
PIK3CA were not included. Anti-EGFR therapy reportedly
induces both emerging RAS and non-RAS mutations in
EGFR signaling [12-14]. Toledo et al. [19] included 25
mCRC patients who received FOLFIRI and cetuximab as
first-line therapeutics and showed that heterogeneity of
NRAS and PIK3CA in addition to that of KRAS and BRAF
cause primary and secondary resistance. Kim et al. [20] re-
ported that cfDNA mutations in non-RAS genes should be
considered in exploring mechanisms of acquired resistance
despite low frequencies of emerging RAS mutations. Fur-
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thermore, recent studies suggest multiple molecular mecha-
nisms for secondary resistance in individual patients
[12,13,21]. Therefore, assessing cfDNA mutations in genes
other than RAS (BRAF, PIK3CA, and EGFR) in our study
with a relatively large sample size should illuminate this ge-
netic complexity and its association with secondary resis-
tance.

This study had some limitations. First, this was a single-
arm, not randomized trial, which involves a potential selec-
tion bias. Second, the emerging temporal heterogeneity can-
not be identified from either cytotoxic or anti-EGFR agent,
or both. This study will help clarify the predictive value of
baseline RAS, BRAF, PIK3CA, and EGFR mutations in
cfDNA for responses to anti-EGFR therapy. It will also
characterize the frequency of temporal heterogeneity of
these genes and their association with secondary resistance
to anti-EGFR therapy.
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