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BACKGROUND: Regorafenib or trifluridine/tipiracil as third-line treatment have limited efficacy in metastatic colorectal cancer
(mCRC).
METHODS: This Phase 2 trial evaluated the efficacy and safety of irinotecan plus cetuximab rechallenge as third-line treatment in
KRAS wild-type mCRC patients who achieved clinical benefit with first-line cetuximab-containing therapy. The primary endpoint was
3-month progression-free survival (PFS) rate. A sample size was calculated; 30 patients with a 3-month PFS rate of 45% deemed
promising and 15% unacceptable. Patients with greater and less than the cut-off value of cetuximab-free intervals (CFIs) were
classified into the long and short CFI groups, respectively, in subgroup analyses.
RESULTS: Among 34 eligible patients who received treatment at least once, 3-month PFS rate was 44.1% (95% confidence interval,
27.4–60.8%). The median PFS and overall survival (OS) were 2.4 and 8.2 months, respectively. The response and disease control
rates were 2.9 and 55.9%, respectively. PFS and OS were significantly longer in the long- than in the short CFI group.
CONCLUSIONS: Irinotecan plus cetuximab rechallenge as third-line treatment for KRAS wild-type mCRC was safe and had
promising activity, especially in those with a long CFI, warranting further investigation in a Phase 3 randomised trial.
CLINICAL TRIAL REGISTRATION: UMIN000010638
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BACKGROUND
5-fluorouracil/leucovorin plus oxaliplatin or irinotecan (FOLFOX or
FOLFIRI) in combination with an anti-epidermal growth factor
receptor (EGFR) antibody (cetuximab or panitumumab) is a standard
first- or second-line therapy in patients with RAS wild-type
metastatic colorectal cancer (mCRC).1–3 In addition, anti-EGFR
antibodies with or without irinotecan are used as standard third-
line treatment in patients who have not been previously treated
with anti-EGFR antibodies.4–6 Patients who are refractory to these
drugs can receive regorafenib or trifluridine/tipiracil (FTD/TPI) as a

third-line or later treatment option. Although regorafenib and FTD/
TPI were shown to achieve a significantly longer overall survival (OS)
than placebo in the CORRECT and RECOURSE trials, these drugs have
limited efficacy, with a response rate (RR) ranging from 1 to 1.6%.7,8

The development of new drugs and strategies is necessary to
improve outcomes in patients receiving third-line treatment.
Santini et al. reported that cetuximab rechallenge had promis-

ing efficacy in patients who achieved clinical benefit in response
to first-line cetuximab plus chemotherapy. The RR of FOLFIRI (or
irinotecan) plus cetuximab rechallenge was 54%, which was much
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higher than that of regorafenib or FTD/TPI. However, the study by
Santini et al. was a single-arm Phase 2 study, and no study had
reproduced the efficacy of cetuximab rechallenge at that time.9

Therefore, we conducted a Phase 2 study of irinotecan plus
cetuximab rechallenge as third-line treatment in patients with
KRAS exon 2 wild-type mCRC (Clinical trial information:
UMIN000010638).

METHODS
Study design and treatment schedule
This was a Phase 2, multicentre, open-label, non-randomised trial
to evaluate the efficacy and safety of irinotecan plus cetuximab
rechallenge as third-line treatment in patients with KRAS exon 2
wild-type mCRC. Patients received 150mg/m2 irinotecan intrave-
nously every 2 weeks. Cetuximab was administered as a 2-h
intravenous infusion at a loading dose of 400 mg/m2, followed by
weekly 1-h infusions of 250 mg/m2. Irinotecan was allowed to be
discontinued after day 15 based on the investigator’s decision. All
patients received an H1-histamine antagonist and dexamethasone
before cetuximab and 5-hydroxytryptamine-3 receptor antagonist
before irinotecan.
The protocol for the present study was reviewed and approved

by the Institutional Review Boards of all participating institutions.

Eligibility criteria
Inclusion criteria were (1) histologically confirmed unresectable
colorectal adenocarcinoma, (2) KRAS exon 2 wild-type, (3)
achievement of complete response, partial response or stable
disease for at least 6 months with first-line cetuximab plus doublet
chemotherapy, (4) refractoriness or intolerance to two regimens,
including oxaliplatin and irinotecan, (5) Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0–2, (6)
measurable lesion according to the Response Evaluation Criteria
in Solid Tumors (RECIST) version 1.1, (7) adequate bone marrow,
hepatic and renal function (white blood cell count, ≥3000/μL and
≤12,000/μL; neutrophil count, ≥1500/μL; haemoglobin, ≥9.0 g/dL;
platelet count, ≥100,000/μL; total bilirubin, ≤2.0 mg/dL; aspartate
and alanine aminotransferase, ≤100 IU/L or ≤300 IU/L in patients
with liver metastases; creatinine, ≤1.5 mg/dL), (8) age > 20 years,
(9) life expectancy of at least 3 months and (10) written informed
consent. Exclusion criteria were (1) history of malignant tumours
within 5 years before the study treatment initiation, (2) sympto-
matic brain metastases, (3) severe complications (infection, lung
and heart disease and liver and renal dysfunction), (4) massive
pleural effusion, ascites and pericardial effusion and (5) other
serious medically important abnormalities.

Toxicity and dose modifications
Toxicity was assessed according to the National Cancer Institute
Common Toxicity Criteria (version 4.0). In the presence of ≥grade
3 skin toxicity, cetuximab dose interruption was required until
regression to ≤grade 2. If grade ≥3 skin toxicity occurred two
times, the dose of cetuximab was reduced to 200 mg/m2, and if
grade ≥3 skin toxicity occurred once more, the dose of cetuximab
was reduced to 150mg/m2. In the presence of ≥grade 2 diarrhoea
and ≥grade 3 haematological toxicity, irinotecan dose interruption
was required until regression to ≤grade 1 and ≤grade 2,
respectively. In the presence of ≥grade 3 haematological toxicity
and thrombocytopenia and grade 4 neutropenia, irinotecan dose
was sequentially reduced to 120 and 100 mg/m2. Supportive
therapy was administered when necessary. The protocol treat-
ment was repeated until disease progression, unacceptable
toxicity, death or withdrawal of consent.

Outcome measures and statistical analysis
All patients underwent computed tomography (CT) at chemother-
apy initiation and every 8 weeks to evaluate tumour response

according to RECIST version 1.1. The primary endpoint was 3-
month progression-free survival (PFS). A sample size was
calculated; 30 patients with a 3-month PFS rate of 45% deemed
promising and 15% unacceptable (one-sided α, 0.05; β, 0.2). The
secondary endpoints were RR, disease control rate (DCR), PFS, OS,
time to treatment failure (TTF) and safety. RR was defined as the
proportion of patients with complete or partial response. DCR was
defined as the proportion of patients with complete, partial
response or stable disease. Complete, partial response and stable
disease were without confirmation of response. PFS was defined
from the date of enrolment to the first observation of disease
progression or death from any cause. OS was defined from the
date of enrolment to death from any cause. PFS and OS were
estimated using the Kaplan–Meier method. Deepness of response
(DpR) defined as the rate of tumour shrinkage from baseline CT
was evaluated as an exploratory analysis.
Post hoc subgroup analysis according to cetuximab-free interval

(CFI) was conducted to explore predictive factors for irinotecan
plus cetuximab rechallenge. CFI was defined as the interval
from the date of the last cetuximab dose in first-line treatment
to the date of the first cetuximab dose in the present
study. Receiver-operating characteristic (ROC) analysis using a 3-
month PFS rate as the second variable was performed to
determine an optimal cut-off value of CFI. Patients with greater
and less than the optimal cut-off value for CFI were classified into
long and short CFI groups, respectively. In subgroup analyses,
DCR, rate of DpR > 0%, PFS and OS were compared between the
two CFI groups. Several cut-off values of CFI based on a previous
report10 were used as it was unclear whether the cut-off value of
CFI in the present study was appropriate. All analyses were
conducted using SAS version 9.2 (SAS Institute, Cary, NC, USA) and
R version 3.4.1 (The R Foundation for Statistical Computing,
Vienna, Austria).

RESULTS
Patient characteristics
The study included 36 patients enrolled between May 2013 and
October 2015. One patient could not receive protocol treatment
due to rapid disease progression after enrolment in the study. The
safety population included patients who received the protocol
treatment at least once. Thirty-four of the 35 patients received the
protocol treatment. One patient proved to be ineligible after
initiation of protocol treatment because no blood evaluation had
been performed for this patient before study enrolment. The full
analysis set comprised patients meeting the eligibility criteria who
received the protocol treatment at least once, and included 34
patients after the exclusion of one ineligible patient.
The study cohort characteristics are summarised in Table 1.

Briefly, the median age was 64.5 (range, 41–80) years, 11
patients (32%) were female, 33 patients (97%) had an ECOG PS
of 0–1, primary colorectal tumours were not resected in 9
patients (27%) at the time of enrolment in this study, 30 patients
(88%) had left-sided tumours (rectum, sigmoid or descending
colon), 29 patients (85%) had liver metastases, 8 patients (24%)
had peritoneal metastases and 25 patients (77%) had two or
more metastatic sites. With first-line cetuximab-containing
treatments, 29 patients (85%) had partial response and 5
patients (15%) had stable disease for 6 months or more. In
addition, 15 patients (44%) received irinotecan-based regimens
as first-line treatment; all 15 patients received oxaliplatin-based
regimens as second-line treatment. Among 34 patients, 33 of
the 34 patients (97%) received bevacizumab as second-line
treatment.

Treatment exposure
The median number of doses was 8 (range, 1–37) for cetuximab
and 4 (range, 1–13) for irinotecan, whereas the median
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relative dose intensity was 80.3% (60.2 mg/m2/week; range,
22.7–80.6 mg/m2/week) for irinotecan and 90.1% (225.3 mg/m2/
week; range, 66.0–280.5 mg/m2/week) for cetuximab. Irinotecan
and cetuximab dose modifications were required in 8 (23.5%)
and 5 (14.7%) patients, respectively, due to adverse events.
Irinotecan and cetuximab dose interruptions were required in 18
(52.9%) and 17 (50.0%) patients, respectively. All patients had
discontinued irinotecan plus cetuximab at the time of analysis.
The median follow-up duration was 13.2 (range, 1.1–29.2)
months, and the median TTF was 2.2 months (95% confidence
interval [CI], 1.8–3.2 months). The reasons for discontinuation
included disease progression in 32 patients (94%), grade 3 skin
toxicities that were not resolved within 35 days from the last
dose of cetuximab in one patient (3%) and grade 2 anorexia in
one patient (3%). There were no treatment-related deaths
during the study period.

Efficacy
Among 34 patients in the full analysis set, 3-month PFS rate was
44.1% (95% CI, 27.4–60.8%) (Fig. 1). The median PFS and OS were
2.4 months (95% CI, 2.0–3.7 months) and 8.2 months (95% CI,
6.1–11.7 months), respectively (Figs. 1, 2). One patient achieved
partial response with an RR of 2.9% (95% CI, 0.07–15.3%), and 18
patients achieved stable disease with a DCR of 55.9% (95% CI,

37.9–72.8%). The median DpR was −6.7% (range, −66.0 to 31.7%),
and 9 patients (27%) had a DpR of > 0%.

Subgroup analysis according to CFI
The median CFI was 330 (range, 56–1224) days. The optimal CFI
cut-off value of 372 days was determined by ROC analysis (area
under the curve= 0.81).
Among 34 patients, 11 and 23 patients were classified into the

long and short CFI groups. The DCRs were 82% and 44% for the long
and short CFI groups, respectively (p= 0.064). The rate of DpR of
>0% was higher in the long- than in the short CFI group (55% vs.
13%, respectively, p= 0.033) (Fig. 3). The CFIs of three patients with
a rate of DpR of >0% in the short CFI group were 338, 181 and
176 days, respectively, from the right of patients in Fig. 3. The 3-
month PFS rates were 81.8% and 26.1% in the long and short CFI
groups, respectively. The median PFS was 4.6 months in the long CFI
group and 2.1 months in the short CFI group (hazard ratio, 0.40; 95%
CI, 0.18–0.86; p= 0.020) (Fig. 4a). The median OSs were 14.1 and
6.3 months in the long and short CFI groups, respectively (hazard
ratio, 0.31; 95% CI, 0.13–0.74, p= 0.008) (Fig. 4b).
Using several cut-off values of CFI, including 4.4, 6 and

8.8 months, the PFS and OS were longer in the long- than in
the short CFI group (Supplementary Figs. 1, 2 and Supplementary
Table 1).

Adverse events
Among 35 patients in the safety population, common grade 3–4
adverse events included neutropenia (n= 10, 29%), anaemia (n=
2, 6%), elevated aspartate aminotransferase (n= 2, 6%), anorexia
(n= 2, 6%) and fatigue (n= 2, 6%). There were no grade 3–4 skin
toxicities. Common grade 1–2 skin toxicities were skin rash (n=
28, 80%), dry skin (n= 20, 57%) and paronychia (n= 16, 46%)
(Table 2).

Table 1. Patient characteristics.

Characteristics N= 34 (%)

Age Median (years) (range) 64.5 (41–80)

Sex Male 23 (68)

Female 11 (32)

ECOG PS 0 20 (59)

1 13 (38)

2 1 (3)

Site of primary tumour Right-sided colona 4 (12)

Left-sided
colorectumb

30 (88)

Prior resection of the
primary tumour

Yes 25 (74)

No 9 (26)

Metastatic sites Liver 29 (85)

Lung 14 (41)

Peritoneum 8 (24)

No. of metastatic sites 1 9 (26)

2 or 3 19 (56)

≥4 6 (18)

First-line Tx Oxaliplatin-based 19 (56)

Irinotecan-based 15 (44)

Best overall response in first-
line Tx

CR 0 0

PR 29 (85)

SD 5 (15)

Second-line Tx Oxaliplatin-based 15 (44)

Irinotecan-based 19 (56)

Bevacizumab 33 (97)

Best response in second-
line Tx

PR 5 (15)

SD 27 (79)

PD 2 (6)

ECOG Eastern Cooperative Oncology Group, PS performance status, No.
number, Tx treatment.
aCaecum, ascending and transverse colon.
bDescending and sigmoid colon and rectum.
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Fig. 1 Progression-free survival. The median progression-free
survival and 3-month progression-free survival rate are 2.4 months
(95% CI, 2.0–3.7 months) and 44.1% (95% CI, 27.4–60.8%). CI
confidence interval.
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Fig. 2 Overall survival. The median overall survival is 8.2 months
(95% CI, 6.1–11.7 months). CI confidence interval.
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DISCUSSION
In the present Phase 2 study, we demonstrated that irinotecan plus
cetuximab rechallenge as third-line treatment was safe and had
promising activity in patients with KRAS wild-type mCRC who
exhibited clinical response to cetuximab plus cytotoxic agents as
first-line chemotherapy, warranting further investigation in a Phase 3
randomised trial. Specifically, patients with long CFIs might be good
candidates for cetuximab rechallenge compared to those with short

CFIs. To our knowledge, the present study is the first to show long
CFI as a predictive marker for the efficacy of cetuximab rechallenge.
The current results showing the efficacy of cetuximab rechallenge

are different than those reported by Santini et al. who observed an
RR of 54% with a median PFS of 6.6 months.9 Neither the study by
Santini et al. nor the present study defined the inclusion criteria for
the period between the date of the last cetuximab dose and the
date of disease progression. In the present study, we collected the
data at the end of enrolment to determine the causes for
discontinuation of cetuximab as first-line treatment. In our cohort,
the discontinuation was due to reasons other than progressive
disease, such as adverse events in 5 patients (15%), indicating that
these patients might have sensitivity to cetuximab. Although the
study by Santini et al. did not report the causes for cetuximab
discontinuation as first-line treatment, it remains possible that the
rate of patients who discontinued cetuximab as first-line treatment
due to reasons other than progressive disease was higher in their
study compared with the present study. In the CRICKET trial, a Phase
2 study of cetuximab plus irinotecan rechallenge, the RR, DCR,
median PFS and OS were 21%, 54%, 3.4 months and 9.8 months,
respectively. Except for the RR, the efficacy outcomes were
comparable between the CRICKET trial and the present study. One
cause for the higher RR observed in the CRICKET trial might be
due to the inclusion of patients with RAS and BRAF V600E wild-type
mCRC, which was different from the present study.11 Therefore, a
future Phase 3 study should enrol patients with RAS/BRAF wild-type
mCRC. In addition, only left-sided mCRC patients should be eligible
because previous studies have shown that right-sided mCRC
patients had poor responses to anti-EGFR antibodies. In a Phase
2 study of panitumumab plus irinotecan rechallenge for patients
with KRAS wild-type mCRC, the JACCRO CC-09, RR, DCR, median PFS
and OS were 8%, 50%, 3.1 months and 8.9 months, respectively,12

suggesting that the efficacy outcomes of cetuximab rechallenge
might be similar to those of panitumumab rechallenge.
During treatment with anti-EGFR antibodies, clonal evolution

occurs, and tumour cells acquire gene alterations associated with
resistance to anti-EGFR antibodies, such as KRAS, NRAS, EGFR, MET
and ERBB2. In fact, in the CRICKET trial, 5 of the 6 patients who
achieved PR did not have RAS mutations based on circulating
tumour DNA (ctDNA) analysis just before the cetuximab
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Fig. 3 Deepness of response by cetuximab-free interval. The rate
of deepness of response >0% is higher in the long- than in the short
CFI group (55% vs. 13%, respectively, p= 0.003). The CFIs of three
patients with a rate of DpR of >0% in the short CFI group were 338,
181 and 176 days, respectively, from the right of patients. *Patients
who discontinued first-line cetuximab-containing treatment due to
reasons other than progressive disease. CFI cetuximab-free interval,
DpR deepness of response.
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Fig. 4 Progression-free survival (a) and overall survival (b) by
cetuximab-free interval. a The median progression-free survival is
4.6 months in the long CFI group and 2.1 months in the short CFI
group (hazard ratio, 0.40; 95% CI, 0.18–0.86; p= 0.020). b The
median overall survival is 14.6 months in the long CFI group and
6.3 months in the short CFI group (hazard ratio, 0.31; 95% CI,
0.13–0.74; p= 0.008). CFI cetuximab-free interval, CI confidence
interval.

Table 2. Adverse events.

N= 34

All grades (%) ≥Grade 3 (%)

Neutropenia 13 (37) 10 (29)

Anaemia 19 (54) 2 (6)

Thrombocytopenia 5 (14) 1 (3)

Febrile neutropenia 1 (3) 1 (3)

Anorexia 23 (66) 2 (6)

Nausea 12 (34) 0 0

Diarrhoea 8 (23) 0 0

Mucositis 16 (46) 0 0

Fatigue 15 (43) 2 (6)

Alopecia 16 (46) – –

Skin rash 28 (80) 0 0

Dry skin 20 (57) 0 0

Paronychia 16 (46) 0 0

Infusion-related reaction 1 (3) 0 0

Hypomagnesaemia 18 (51) 0 0

Increased AST 21 (60) 2 (6)

Increased ALT 18 (51) 1 (3)
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rechallenge.11 These gene alterations associated with acquired
resistance to anti-EGFR antibodies diminished and eventually
disappeared with the lapse of time.10,13 This phenomenon provides
further support to the superior efficacy of cetuximab rechallenge in
patients with long CFIs compared to those with short CFIs observed
in the present study. Therefore, CFI may be a surrogate marker for
acquired gene alteration status. Although we did not conduct ctDNA
analysis just before the cetuximab rechallenge to assess acquired
resistance to anti-EGFR antibodies, gene alterations associated with
acquired resistance to anti-EGFR antibodies might have disappeared
in patients with long CFIs, and might have remained in patients with
short CFIs. Therefore, these study results provide valuable informa-
tion for clinical practice, especially in countries where ctDNA analysis
has not yet been approved.
The frequency of skin toxicities associated with cetuximab was

lower in the present study compared with the study by Santini et al.,
and the EPIC study in which patients received cetuximab for the first
time.9,14 Although the underlying mechanism might be the shorter
treatment duration in the present study compared with the other
studies, this outcome suggests that cetuximab rechallenge might
not increase the rate of cetuximab-associated adverse events.
The present study has several limitations. First, patients with KRAS

exon 2 wild-type CRC were eligible. However, a few tumours with
RAS or BRAF V600E mutations may have been included. Because
only patients who achieved clinical benefit (complete, partial
response or stable disease for ≥6 months) with first-line cetux-
imab-containing therapy were enrolled, we believe that most of the
patients with RAS or BRAF V600E mutations were excluded from the
present study. Second, the speed of tumour growth as natural
history and efficacies of first-line cetuximab-containing treatment or
doublet with or without bevacizumab in second-line treatment may
affect CFI. However, the higher rate of DpR of > 0% in the long CFI
group might indicate a treatment effect of cetuximab rechallenge
rather than natural history. In addition, PFS of first-line doublet plus
cetuximab and tumour shrinkage of second-line doublet with or
without bevacizumab were not associated with the outcome of
cetuximab rechallenge (data not shown). Third, it remains unclear
whether the cut-off value of CFI defined by ROC analysis in this
study was appropriate. Especially, because even though one
responder had a short CFI according to the CFI cut-off value
determined by ROC analysis, the patient’s CFI (338 days) was higher
than the median CFI. Therefore, further validation studies are
needed to confirm the appropriate value of CFI as a predictive
marker for the efficacy of anti-EGFR antibody rechallenge.

CONCLUSION
This Phase 2 study showed that irinotecan plus cetuximab
rechallenge as third-line treatment was safe and has promising
activity in patients with KRAS wild-type mCRC who had a clinical
response to cetuximab plus cytotoxic agents as first-line
chemotherapy, warranting further investigation in a Phase 3
randomised trial. Specifically, patients with long CFIs might be
good candidates for cetuximab rechallenge, whereas patients with
short CFIs might not benefit from the cetuximab rechallenge.
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