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Background: Chemotherapy in combination with anti-epidermal growth factor receptor (EGFR) antibody is considered a
first-line treatment regimen for RAS wild-type and left-sided metastatic colorectal cancer (mCRC), whereas second-line
treatment regimens have not yet been established. Few studies have prospectively evaluated second-line treatment
with anti-vascular endothelial growth factor antibody after first-line anti-EGFR antibody therapy for RAS wild-type
mCRC.
Patients and methods: This non-randomized phase II trial investigated the clinical outcomes of second-line
ramucirumab (RAM) plus fluorouracil, levofolinate, and irinotecan (FOLFIRI) after first-line anti-EGFR antibody in
combination with doublet or triplet regimen in patients with RAS wild-type mCRC. The primary endpoint was the 6-
month progression-free survival (PFS) rate. The secondary endpoints were PFS, overall survival (OS), objective
response rate (ORR), rate of early tumor shrinkage (ETS), and safety. We hypothesized a threshold 6-month PFS rate
of 30% and an expected 6-month PFS rate of 45%. Treatment was considered effective if the lower limit of the 90%
confidence interval (CI) of the 6-month PFS rate was >0.30.
Results: Ninety-two patients were enrolled in the study. The primary tumor was located on the left side in 86 (95.6%)
patients. Twenty (22.0%) patients had received triplet plus cetuximab as previous therapy. Six-month PFS rate was
58.2% (90% CI 49.3% to 66.2%) with a median PFS of 7.0 months (95% CI 5.7-7.6 months). Median OS was 23.6
months (95% CI 16.5-26.3 months). The ORR and ETS rate were 10.7% and 16.9%, respectively, in 83 patients with
measurable lesions. The 6-month PFS rate was comparable between patients previously treated with doublet and
triplet regimens; however, median PFS was longer for the doublet regimen (7.4 versus 6.4 months, P ¼ 0.036).
Conclusions: Our study demonstrated prospectively that RAM plus FOLFIRI is an effective second-line treatment after
anti-EGFR antibody-containing first-line therapy in RAS wild-type and left-sided mCRC. Furthermore, the results were
similar for patients who were previously treated with triplet regimen.
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INTRODUCTION

Colorectal cancer is the third most common carcinoma in
the world in terms of the number of cases, and is the
second leading cause of cancer-related death in Japan.1,2

Regardless of RAS gene mutation, the use of anti-vascular
endothelial growth factor (VEGF) antibody drugs as
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second-line chemotherapy for patients who failed or were
intolerant to first-line chemotherapy with anti-VEGF anti-
body drugs is the standard of care in metastatic colorectal
cancer (mCRC).2-7 Ramucirumab (RAM) is a fully human
immunoglobulin G1 monoclonal antibody VEGF receptor-2
antagonist that prevents ligand binding and receptor-
mediated pathway activation in endothelial cells.8 Based
on the results of the RAISE trial, RAM plus fluorouracil,
levofolinate, and irinotecan (FOLFIRI) is considered one of
the standard treatments for second-line chemotherapy.2

Based on the results of several clinical trials, combination
chemotherapy with anti-EGFR antibody has been posi-
tioned as the standard of care for first-line treatment in
patients with RAS wild-type mCRC.9-12 In particular, doublet
plus anti-EGFR antibody regimen has been considered a
first-line treatment regimen for RAS wild-type and left-
sided mCRC;12 however, second-line treatment regimens
for RAS wild-type and left-sided mCRC have not yet been
established. Few studies have prospectively evaluated
second-line treatment in combination with anti-VEGF
antibody after first-line anti-EGFR antibody-containing
therapy for RAS wild-type mCRC.

We therefore conducted a prospective trial to investigate
the efficacy and safety of RAM plus FOLFIRI as second-line
treatment in patients with RAS wild-type mCRC who were
refractory or intolerant to oxaliplatin and fluorouracil
(doublet) or oxaliplatin, irinotecan and fluorouracil (triplet)
plus anti-EGFR antibody chemotherapy.
PATIENTS AND METHODS

Patients

An investigator-initiated, single-arm, non-randomized,
multicenter, phase II trial of RAM plus FOLFIRI as second-
line therapy was carried out at 45 institutions in Japan.
The eligibility criteria were as follows: age �20 years, his-
tologically confirmed adenocarcinoma of colon or rectum
with wild-type RAS, Eastern Cooperative Oncology Group
performance status score of 0 or 1 and normal organ
function, neutrophil cell count �1.5 � 103 cells per mm3,
hemoglobin count �9.0 g/dl, platelet count �10.0 � 104

per mm3, urine protein test <1þ, prothrombin time-
international normalized ratio <1.5, and activated partial
thromboplastin time no higher than the upper limit of
normal plus 5 s. Eligible patients were refractory or intol-
erant to first-line doublet or triplet chemotherapy in com-
bination with anti-EGFR antibody. In addition, patients who
did not obtain early tumor shrinkage (ETS) in first-line
treatment could participate in this study even if there was
no disease progression. The exclusion criteria were evidence
of symptomatic central nervous system metastasis or any
other condition or therapy that in the investigators’ opinion
might pose a risk to the patient or interfere with the study
objectives.

All patients provided written informed consent before
enrollment. The protocol was approved by central and local
ethics review boards and the study was conducted
2 https://doi.org/10.1016/j.esmoop.2023.101636
according to the principles of Good Clinical Practice and the
Declaration of Helsinki. This trial is registered in jRCT
(jRCTs061180002).

Protocol treatment

On day 1 of each 2-week cycle, patients received RAM 8
mg/kg as a 60-min intravenous infusion, followed by the
FOLFIRI regimen (intravenous irinotecan 150 mg/m2 given
over 90 min followed by or concurrent with intravenous
levofolinate 200 mg/m2 given over 120 min, followed by
fluorouracil 400 mg/m2 given as an intravenous bolus
infusion, and then 2400 mg/m2 given as a continuous
infusion over 48 h). Irinotecan dose reduction (125 mg/m2

or 100 mg/m2) was acceptable at the discretion of the
attending physician for patients with uridine diphosphate
glucuronosyltransferase family 1 member A1 (UGT1A1)
gene polymorphisms of a homozygous *28 or *6, and
compound heterozygous *28 and *6. Treatment was
continued until radiographic confirmation of disease
progression.

Study endpoints

The primary endpoint was 6-month progression-free sur-
vival (PFS) rate, which was defined as the rate of patients
who did not experience disease progression or death from
any cause during the period from randomization to 6
months. Secondary endpoints included PFS, overall survival
(OS), objective response rate (ORR), rate of ETS (defined as
a >20% reduction of the sum of the longest diameters of
the target lesion at 8 weeks after treatment), and safety.
The investigators assessed tumor response at baseline and
every 8 weeks based on RECIST version 1.1. The response
was confirmed in additional imaging carried out 4 weeks
later. Safety was assessed according to the National Cancer
Institute-Common Terminology Criteria for Adverse Events
(NCI-CTCAE), version 4.0.

Statistical considerations

The median PFS of doublet plus molecular targeted therapy
in second-line treatment has been reported as w6 months
in mCRC.2-4,13,14 In the ML18147, RAISE, and VELOUR trials,
which evaluated the efficacy of doublet plus anti-VEGF
inhibitor after bevacizumab-containing doublet chemo-
therapy, the 6-month PFS rate was 40%-46%.2-4 The 6-
month PFS rate was w30% for patients who received
doublet chemotherapy without a molecular targeted drug
as second-line therapy.2-4,13,14 We hypothesized a threshold
6-month PFS rate of 30% and an expected 6-month PFS rate
of 45% for the protocol treatment. A sample size of 74
patients was required (one-sided a ¼ 0.05; b ¼ 0.2).
Considering that some patients would be excluded from the
analysis due to ineligibility after enrollment and the
decrease in power due to the existence of censoring, 90
cases would be required to maintain a power >80%.

Survival analysis for PFS was carried out using the
KaplaneMeier method, and the Greenwood formula was
Volume 8 - Issue 5 - 2023
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Table 1. Patient characteristics

Characteristics Items n [ 91

Age, years Median (range) 66.0 (29-84)
Sex, n (%) Male/female 49 (53.8)/42 (46.2)
PS, n (%) 0/1 74 (81.3)/17 (18.7)
Previous therapy, n (%) Doublet þ anti-EGFR 68 (74.7)

Doublet þ anti-EGFR (ETS
not achieved)

3 (3.3)

Triplet þ anti-EGFR 20 (22.0)
Primary tumor, n (%) Present 36 (39.6)

Resected 55 (60.4)
Primary tumor location,
n (%)

Left 86 (95.6)

Right 4 (4.4)
Metastatic site, n (%) Liver 64 (70.3)

Lung 38 (41.8)
Para-aortic lymph nodes 21 (23.1)
Regional lymph nodesa 18 (19.8)
Peritoneum 18 (19.8)
Pleural effusion 1 (1.1)
Bone 3 (3.3)

UGT1A1 polymorphism,
n (%)

e/e 40 (40.4)

e/*28 or e/*6 30 (33.0)
*28/*28, *6/*6, or *28/*6 6 (6.6)

Prior baseline
chemotherapy, n (%)

FOLFOXIRI 19 (20.9)

FOLFOX 70 (76.9)
CAPOX 2 (2.2)

Prior anti-EGFR
antibody, n (%)

Cetuximab 48 (52.7)

Panitumumab 43 (47.3)

CAPOX, capecitabine and oxaliplatin; EGFR, epidermal growth factor receptor; ETS,
early tumor shrinkage; FOLFOX, fluorouracil, levofolinate, and oxaliplatin; FOLFOXIRI,
fluorouracil, levofolinate, oxaliplatin, and irinotecan; PS, performance status.
aAll patients with regional lymph nodes also had distant organ metastases.

Months since registration

6-Month PFS rate
58.2% (90% CI 49.2% to 66.2%) 

Median PFS
7.0 months (95% CI 5.7-7.6 months)

Figure 1. Progression-free survival (PFS).
CI, confidence interval.
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used to obtain a 90% confidence interval (CI) when esti-
mating the probability of PFS at 6 months. The lower limit
of the 90% CI was set as the threshold PFS probability at 6
months. If the lower limit of the 90% CI was >0.30, which
was set as the threshold PFS probability at 6 months, the
treatment was considered to be effective.
RESULTS

Ninety-two patients were enrolled in the study between
October 2018 and December 2020. A safety analysis was
carried out on all patients before initiation of treatment.
One patient did not receive anti-EGFR antibody as first-line
therapy and was excluded from the efficacy evaluation. The
primary tumor was located in the left-sided colon or rectum
in 86 (95.6%) patients. Twenty (22.0%) patients had
received triplet plus cetuximab as previous therapy
(Table 1). All patients with regional lymph nodes also had
distant organ metastases.

At the data cut-off of 31 August 2022, the median
number of treatment cycles was 11 (range 1-53 cycles) and
one (1.1%) patient still received the protocol treatment at
the end of the follow-up period. The dose intensity (actual/
planned) values for the agents were as follows: RAM,
73.5%; irinotecan, 60.6%; levofolinate, 71.3%; bolus fluo-
rouracil, 47.5%; and continuous fluorouracil, 69.6%. The
Volume 8 - Issue 5 - 2023
reason for discontinuation of treatment was disease pro-
gression in 63 (70.0%) patients, delayed administration of
>28 days due to adverse events in 13 (14.4%), adverse
events in 6 (6.7%), withdrawal of patient consent in 4
(4.4%), and other in 4 (4.4%).
Efficacy

The primary endpoint of 6-month PFS rate was 58.2% (90%
CI 49.3% to 66.2%), which met the expected 6-month PFS
rate of 45%. Median PFS was 7.0 months (95% CI 5.7-7.6
months) (Figure 1). Median OS was 23.6 months (95% CI
16.5-26.3 months) (Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2023.101636).

One (1.2%) patient achieved complete response and 8
(9.5%) achieved partial response. The confirmed ORR was
10.7% (95% CI 4.1% to 17.3%). The remaining 64 (76.2%)
patients had stable disease, thus achieving a disease control
rate (DCR) of 86.9% (95% CI 79.7% to 94.1%). Fourteen
(16.9%) of 84 measurable patients achieved ETS at the first
assessment of tumor shrinkage (Figure 2). As an exploratory
analysis, the treatment effect was analyzed separately for
patients with and without ETS. Median PFS was 5.9 months
(95% CI 4.1-7.4 months) in patients with ETS and 10.1
months (95% CI 3.7-13.0 months) in those without ETS
(P ¼ 0.027) (Supplementary Figure S2, available at https://
doi.org/10.1016/j.esmoop.2023.101636).

The 6-month PFS rate was 58.3% (95% CI 46.1% to 68.7%)
and 57.9% (95% CI 33.2% to 76.3%) in patients who had
received doublet and triplet regimens, respectively, in first-
line treatment. Median PFS was significantly longer in the
doublet regimen group compared to the triplet regimen
group: 7.4 months (95% CI 5.7-9.0 months) versus 6.4
months (95% CI 3.8-7.4 months), P ¼ 0.036 (Figure 3). The
ORR was 12.1% (95% CI 4.2% to 20.0%) in the doublet
regimen group and 5.6% (95% CI 0.0% to 16.1%) in the
triplet regimen group; however, DCR was 84.8% (95% CI
76.2% to 93.5%) in the doublet regimen group and 94.4%
(95% CI 83.9% to 100%) in the triplet regimen group.
https://doi.org/10.1016/j.esmoop.2023.101636 3
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Figure 2. Percentage change from baseline in the sum of diameters of measurable tumors at the first.
ETS, early tumor shrinkage.
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Safety and adverse events

Safety analysis was carried out on all 92 patients. The
overall incidences of hematological and non-hematological
toxicities are shown in Table 2. There were no treatment-
related deaths. Grade 3 or 4 neutropenia was the most
common adverse event, which occurred in 69 (47.8%) pa-
tients. In addition, three (3.3%) patients had grade 3 febrile
neutropenia. The common grade 3 or 4 non-hematological
toxicities were hypertension (27.2%), hypoalbuminemia
(13.1%), anorexia (2.2%), and pneumonitis (2.2%). All-grade
proteinuria and thromboembolism, which were considered
adverse events related to RAM, occurred in 33.7% and 1.1%
of patients, respectively. There were no grade 3 or 4 cases
of proteinuria or thromboembolism.
DISCUSSION

Our study prospectively showed the efficacy and safety of
RAM plus FOLFIRI in RAS wild-type mCRC patients who
were refractory or intolerant to anti-EGFR antibody-con-
taining first-line chemotherapy; in particular, 95% of the
patients in this study were left-sided primary cases. To the
best of our knowledge, this is the first clinical and pro-
spective trial to demonstrate the efficacy of second-line
chemotherapy in combination with anti-VEGF drug after
anti-EGFR antibody-containing therapy in mCRC with RAS
wild-type and left-sided primary tumors.

The present results demonstrated a 6-month PFS rate of
58.2%, a median PFS of 7.0 months, and a median OS of
23.6 months for second-line RAM plus FOLFIRI. The 6-month
PFS rate, median PFS, and median OS were 43.7%, 5.7
months, and 13.3 months, respectively, in the RAISE trial,
whereas subgroup analysis in the ML18147 trial found a
median PFS of 6.4 months and a median OS of 15.4 months
in KRAS wild-type patients.2,15 In a subgroup analysis of the
FIRE-3 trial for RAS wild-type mCRC, median PFS and me-
dian OS were 7.3 and 16.3 months, respectively, for FOLFOX
plus bevacizumab in second-line treatment after FOLFIRI
4 https://doi.org/10.1016/j.esmoop.2023.101636
plus cetuximab, which possibly indicates a better thera-
peutic effect of anti-VEGF antibody in patients with RAS
wild-type mCRC.14 As most of the patients in the present
study were RAS wild-type, it is difficult to directly compare
present results with those of the RAISE trial, which included
RAS mutations.2 However, a subgroup analysis of the RAISE
trial showed a median PFS of 5.7 months for RAS wild-type
patients in the RAM plus FOLFIRI group.16 Based on these
historical data, anti-VEGF antibody may be more effective in
RAS wild-type mCRC when administered after anti-EGFR
antibody compared with continued administration of anti-
VEGF antibody after tumor progression. The results of this
study are comparable with those of other studies, despite
expecting the results to be worse because 20% of the
enrolled patients received triplet regimen in first-line
treatment. OS data were prolonged compared to previous
reports. We believe this was because drugs such as
trifluridineetipiracil and regorafenib were likely not
administered in previous studies and are likely to have been
given post-treatment in many patients in this study. Our
findings support the favorable clinical outcomes of second-
line treatment with anti-VEGF antibody-containing regimen
in patients with RAS wild-type mCRC after first-line treat-
ment with anti-EGFR antibody plus doublet or triplet
regimen. From a preclinical perspective, the present results
are supported by an animal model in which resistance to
anti-EGFR antibody was accompanied by increased expres-
sion of VEGF and corresponding sensitivity to anti-VEGF
agents.17,18 In the GI-SCREEN Ukit study, VEGF-D levels in
blood increased after use of anti-EGFR antibody drugs.19 In
the RAISE study, patients with higher VEGF-D levels in blood
before RAM plus FOLFIRI therapy showed better treatment
response.20 These results confirm that anti-EGFR anti-
body-containing treatment in first-line therapy followed by
anti-VEGF antibody-containing treatment is a reasonable
strategy in patients with RAS wild-type mCRC.

Two randomized phase II trials (PRODIGE-18 and SPIRITT)
have shown that combining anti-VEGF antibodies in first-line
Volume 8 - Issue 5 - 2023
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Months since registration

6-Month PFS rate
Double 58.3% (95% CI 46.1% to 68.7%)
Triplet 57.9% (95% CI 33.2% to 76.3%)

Double 7.4 months (95% CI 5.7-9.0 months)
Triplet 6.4 months (95% CI 3.8-7.4 months)

P = 0.036

Figure 3. Progression-free survival (PFS) by previous treatment (doublet or triplet).
CI, confidence interval.
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therapy with anti-EGFR antibodies in second-line therapy for
patients with RAS wild-type mCRC does not prolong survival,
although the ORR was higher than continuing to use anti-
VEGF antibodies beyond progressive disease.21,22 However,
in the STRATEGIC-1 trial, designed to compare treatment
strategies for patients with RAS/BRAF wild-type mCRC,
comparison between FOLFIRI plus cetuximab followed by
Table 2. Adverse events in the safety population (n [ 92)

All grades
n (%)

Grade 3
n (%)

Grade 4
n (%)

Hematological
Leucopenia 61 (66.3) 18 (19.6) 0
Neutropenia 69 (75.0) 31 (33.7) 13 (14.1)
Anemia 44 (47.8) 5 (5.4) 0
Thrombocytopenia 42 (45.7) 7 (7.6) 2 (2.2)
Febrile neutropenia 3 (3.3) 3 (3.3) 0

Non-hematological
Hypertension 54 (58.7) 25 (27.2) 0
Malaise 43 (46.7) 0 0
Hypoalbuminemia 40 (43.5) 9 (9.8) 3 (3.3)
Anorexia 39 (42.4) 2 (2.2) 0
Diarrhea 30 (32.6) 0 0
Oral mucositis 33 (35.9) 1 (1.1) 0
Proteinuria 31 (33.7) 4 (4.3) 0
Fatigue 30 (32.6) 1 (1.1) 0
Increased AST 29 (31.5) 3 (3.3) 0
Nausea 28 (30.4) 0 0
Increased ALT 27 (29.3) 2 (2.2) 0
Increased alkaline phosphatase 22 (23.9) 1 (1.1) 0
Alopecia 21 (22.8) 0 0
Fever 14 (15.2) 0 0
Hypokalemia 12 (13.0) 2 (2.2) 0
Hyponatremia 10 (10.9) 0 0
Gastrointestinal bleeding 4 (4.3) 0 0
Pneumonitis 2 (2.2) 2 (2.2) 0
Thromboembolism 1 (1.1) 1 (1.1) 0

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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FOLFOX plus bevacizumab and OPTIMOX plus bevacizumab
followed by FOLFOX plus bevacizumab followed by anti-EGFR
antibody found a tendency for longer median OS in the
former group (34.4 versus 37.8 months), although the dif-
ference was not statistically significant.23 The PARADIGM
trial recently showed that the standard of care for first-line
treatment of RAS wild-type, left-sided mCRC is FOLFOX
plus anti-EGFR antibody.12 These results suggest that a
standard regimen is an irinotecan-based chemotherapy with
anti-VEGF antibody in second-line treatment for mCRC with
RAS wild-type and left-sided primary tumors. The present
data suggest that RAM plus FOLFIRI will be a clinically
applicable regimen in clinical practice.

The frequency of hypertension in patients who received
RAM plus FOLFIRI in the RAISE trial was 53% in all grades,
but was higher in the present study. The reason for this
difference may be that in the RAISE study, patients had been
previously treated with bevacizumab, and management for
adverse events of hypertension had already begun, whereas
in our study, patients had not been previously treated with
anti-VEGF antibody drugs, and hypertension appeared after
initiation of treatment.2 In addition, the dose intensity was
w10% lower in the present study than in the RAISE study, in
which the mean dose intensity of each agent was 86.0% for
RAM, 75.5% for irinotecan, 80.8% for levofolinate, and 69.8%
for fluorouracil.2 There was no significant difference in the
dose reduction criteria between the two trials. As more se-
vere toxicities such as myelosuppression were observed in
our study, the intensity of treatment may have been slightly
lower in the present Japanese patients than in the patient
population in the RAISE trial.

The present study has several limitations. This study is a
single-arm non-randomized trial. At this time, there are no
comparative studies of anti-VEGF antibody drugs such as
bevacizumab, aflibercept, and RAM in second-line
https://doi.org/10.1016/j.esmoop.2023.101636 5
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treatment after first-line treatment with bevacizumab.
Therefore, it is unclear which of the three drugs should be
applied in second-line therapy after anti-EGFR antibody
drugs. However, our promising results indicate clearly that
RAM in second-line treatment after first-line treatment with
bevacizumab should be the treatment of choice. Partici-
pants in this study included a variety of cases with differ-
ences in prior treatment, and those who were refractory to
irinotecan and who did not experience ETS and disease
progression in the previous treatment were eligible for
enrollment. There have been no prospective trials of sub-
sequent treatment of patients who received triplet or
doublet regimen in combination with anti-EGFR antibody;
therefore, we designed this trial with atypical eligibility
criteria to enable the collection of novel evidence regarding
second-line treatment for mCRC. Another limitation of this
paper is the inclusion of a heterogeneous treatment pop-
ulation, which included not only patients who received
doublet as primary treatment but also those who received
triplet as primary treatment. The results of the TRIPLETE
trial, a phase III trial, which compared triplet plus pan-
itumumab and doublet plus panitumumab in the first-line
treatment of RAS wild-type mCRC with the primary
endpoint of ORR, did not demonstrate superiority of the
triplet plus panitumumab group.24 However, the DEEPER
trial, a phase II trial that compared triplet plus cetuximab
and triplet plus bevacizumab in the first-line treatment of
RAS wild-type mCRC with the primary endpoint of deepness
of response, met its primary endpoint.25 Although the
present exploratory results should be interpreted with
caution, we consider that they suggest the clinical utility of
RAM plus FOLFIRI after triplet treatment.

In conclusion, this study is the first prospective trial to
demonstrate the efficacy of anti-VEGF antibody combination
chemotherapy as second-line therapy after first-line combi-
nation chemotherapy with anti-EGFR antibody in patients
with RAS wild-type mCRC. Our results indicate that anti-VEGF
antibody including RAM plus FOLFIRI is a clinically useful
second-line treatment for patients with RAS wild-type, left-
sided primary mCRC, and is the first treatment regimen to
demonstrate efficacy and safety, specifically after first-line
anti-EGFR antibody combination therapy. Because efficacy
was not impaired by the triplet regimen in first-line treat-
ment, RAM plus FOLFIRI could be used as a treatment option
after first-line triplet plus anti-EGFR antibody.
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