
Vol.:(0123456789)

Targeted Oncology (2024) 19:181–190 
https://doi.org/10.1007/s11523-024-01043-2

ORIGINAL RESEARCH ARTICLE

A Phase II Study of FOLFIRI Plus Ziv‑Aflibercept After Trifluridine/
Tipiracil Plus Bevacizumab in Patients with Metastatic Colorectal 
Cancer: WJOG 11018G

Toshihiko Matsumoto1   · Yoshiyuki Yamamoto2 · Masahito Kotaka3 · Toshiki Masuishi4 · Yasushi Tsuji5 · 
Hirokazu Shoji6 · Kenro Hirata7 · Takao Tsuduki8 · Akitaka Makiyama9 · Naoki Izawa10 · Naoki Takahashi11 · 
Masahiro Tsuda12 · Hisateru Yasui13 · Takashi Ohta14 · Yosuke Kito15 · Satoshi Otsu16 · Shuichi Hironaka16,17 · 
Kentaro Yamazaki18 · Narikazu Boku19 · Ichinosuke Hyodo20 · Kenichi Yoshimura21 · Kei Muro4

Accepted: 5 February 2024 / Published online: 1 March 2024 
© The Author(s) 2024

Abstract
Background  Non-inferiority of trifluridine/tipiracil (FTD/TPI) plus bevacizumab (BEV) to irinotecan/fluoropyrimidine plus 
BEV in metastatic colorectal cancer was investigated in the phase III TRUSTY study, and we conducted a phase II study of 
FOLFIRI (5-FU+leucovorin+irinotecan) plus zib-aflibercept (AFL) after FTD/TPI plus BEV. However, the TRUSTY study 
failed during the recruitment of our patients.
Objective  We present the findings of a phase II study on the efficacy of FOLFIRI plus zib-aflibercept (AFL) after FTD/TPI 
plus BEV, including clinical results with plasma biomarker analyses.
Methods  This was a multicenter, single-arm, phase II study in patients with metastatic colorectal cancer refractory or intoler-
ant to oxaliplatin, fluoropyrimidine, BEV, and FTD/TPI. The primary endpoint was progression-free survival. Fifteen plasma 
angiogenesis-associated biomarkers were analyzed using a Luminex® multiplex assay U-kit.
Results  Between January 2020 and May 2022, 26 patients (median age, 68 years) from 15 sites were enrolled. The median 
progression-free survival was 4.9 months (85% confidence interval, 3.4 month–not estimated). The overall response and 
disease control rates were 8% and 62%, respectively. The median levels of vascular endothelial growth factor-A and placental 
growth factor, both targets of AFL, were below the measurable limit of 30 pg/mL and 16 pg/mL, respectively. Patients were 
divided into two groups at the median levels of baseline biomarkers. The progression-free survival did not differ between high 
and low expressers of placental growth factor (p = 0.7), while it tended to be shorter in those with high levels of osteopontin 
(p = 0.05), angiopoietin-2 (p = 0.07), and tissue inhibitor of matrix metalloproteinases-1 (p = 0.1).
Conclusions  This study did not meet the primary endpoint. Hence, FOLFIRI plus AFL should not be used after FTD/TPI 
plus BEV for metastatic colorectal cancer. Further studies are needed to determine factors not targeted by AFL that may 
affect the efficacy of the treatment.
Clinical Trial Registration  jRCTs041190100.

Extended author information available on the last page of the article

Key Points 

Patients who received FOLFIRI 
(5-FU+leucovorin+irinotecan) plus zib-aflibercept had a 
median progression-free survival of 4.9 months.

FOLFIRI plus aflibercept after trifluridine/tipiracil plus 
bevacizumab did not improve survival in patients with 
metastatic colorectal cancer.

However, some angiogenic biomarkers tended to be cor-
related with better efficacy of FOLFIRI plus aflibercept, 
and FOLFIRI plus aflibercept may be effective regardless 
of the levels of placental growth factor.

1  Introduction

Ziv-aflibercept (AFL) is a potent anti-angiogenic agent 
that binds to circulating vascular endothelial growth factor 
(VEGF)-A, VEGF-B, and placental growth factor (PlGF), 
suppressing endothelial cell proliferation. Compared to 
bevacizumab (BEV), AFL binds more potently to VEGF-
A. It also blocks PlGF and suppresses the growth of BEV-
resistant tumors [1]. Moreover, the switching from BEV 
to AFL induced higher tumor suppression than continuing 
BEV in mouse xenograft models of colorectal cancer [2]. 
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Clinically, the phase III VELOUR study demonstrated the 
survival benefit of FOLFIRI (5-FU+leucovorin+irinotecan) 
plus AFL compared with that of FOLFIRI in patients with 
metastatic colorectal cancer (mCRC) after the failure of first-
line chemotherapy [3]. The post-hoc circulating biomarker 
analysis in the VELOUR study suggested that in patients 
with high baseline plasma VEGF-A and PlGF levels, the 
progression-free survival (PFS) and overall survival (OS) 
could be improved with FOLFIRI plus AFL therapy [4]. 
However, this has not been validated in another clinical 
study. Furthermore, the dynamics of angiogenesis-asso-
ciated biomarkers after AFL administration and acquired 
resistance to AFL remain unclear.

Trifluridine/tipiracil (FTD/TPI) monotherapy is a stand-
ard third-line or later-line chemotherapy for mCRC [5]. Tri-
fluridine/tipiracil plus BEV has shown promising efficacies 
in several phase II studies [6–11]. Based on these reports, 
a phase III study (TRUSTY) was initiated in October 2017, 
which investigated the non-inferiority of FTD/TPI plus BEV 
to fluoropyrimidine (FP) plus irinotecan (IRI) plus BEV in 
patients with mCRC refractory to oxaliplatin (OX)-based 
chemotherapy plus BEV [12]. Anticipating that FTD/TPI 
plus BEV would be a second-line treatment option instead 
of FOLFIRI plus anti-VEGF agents, we started a phase II 
study to evaluate the efficacy and safety of third-line FOL-
FIRI plus AFL therapy in patients with mCRC previously 
treated with OX, FP, BEV, and FTD/TPI from January 2020. 
However, the TRUSTY study was discontinued in October 
2020 because it did not demonstrate the non-inferiority of 
FTD/TPI plus BEV to FP plus IRI plus BEV in OS [12]. 
Therefore, our phase II study had to be completed with a 
reduced sample size.

In this paper, we report the exploratory results of efficacy 
and safety for the third-line FOLFIRI plus AFL therapy, 
focusing on plasma angiogenesis-associated biomarkers, 
including VEGF-A and PlGF.

2 � Patients and Methods

2.1 � Study Design

This multicenter, single-arm, prospective phase II study was 
conducted with the support of the West Japan Oncology 
Group in compliance with the Declaration of Helsinki and 
Japanese ethical guidelines for clinical studies. Written 
informed consent was obtained from all patients before 
study enrollment. This study was approved by the certified 
Review Board of Aichi Cancer Center Hospital and has 
been registered in the Japan Registry of Clinical Trials 
(jRCTs041190100).

2.2 � Patients

The full inclusion and exclusion criteria have been described 
in the study protocol (in the ESM). Eligible patients were 
aged ≥20 years with histologically confirmed metastatic 
colorectal adenocarcinoma, had a measurable lesion by 
Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1, and were refractory or intolerant to OX, FP, 
BEV, and FTD/TPI.

2.3 � Treatment Procedures

The FOLFIRI plus AFL regimen consisted of a drip 
infusion of AFL (4 mg/kg), IRI (150 mg/m2), l-leucovorin 
(200 mg/m2), and a bolus infusion of 5-FU (400 mg/
m2) followed by a 46-hour continuous infusion of 5-FU 
(2400 mg/m2). The treatment was repeated every 2 weeks 
until progressive disease (PD), unacceptable toxicity, or 
withdrawal of consent. The IRI dose was reduced to 120 mg/
m2 when patients had the following gene polymorphisms: 
homozygous UGT1A1*28 or UGT1A1*6, or heterozygous 
UGT1A1*28 and UGT1A1*6. The dose reduction plan has 
been described in the study protocol (in the ESM).

2.4 � Responses and Adverse Events

Tumor assessments by computed tomography or magnetic 
resonance imaging were repeated every 8 weeks. Tumor 
responses were evaluated according to RECIST version 1.1. 
Adverse events were evaluated every 2 weeks according to 
the Common Terminology Criteria for Adverse Events ver-
sion 5.0.

2.5 � Endpoints

The primary endpoint was PFS, defined as the time from 
enrollment to disease progression or death from any cause. 
The secondary endpoints were OS, overall response rate 
(ORR), disease control rate (DCR), and safety. Overall 
survival was defined as the time from enrollment to death 
from any cause. Overall response rate was defined as the 
proportion of patients achieving a complete or partial 
response, and DCR was defined as the proportion of patients 
achieving a complete/partial response or stable disease. All 
endpoints were analyzed in eligible patients who received 
at least one dose of FOLFIRI plus AFL.

2.6 � Biomarker Analyses

Plasma samples were collected at three timepoints: (i) 
before treatment (baseline); (ii) 29 days after the initiation 
of therapy; and (iii) within 30 days after the discontinuation 
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of therapy and before the post-trial therapy. The Luminex® 
technology-based multiplex assay U-kit was used to 
measure 17 biomarkers: hepatocyte growth factor, PlGF, 
VEGF-A, VEGF-D, interferon-γ, interleukin (IL)-6, IL-8, 
angiopoietin-2 (Ang-2), neuropilin-1, thrombospondin-2, 
osteopontin (OPN), soluble vascular epithelial growth 
factor receptor 1 (sVEGFR1), sVEGFR2, sVEGFR3, 
soluble intercellular adhesion molecule 1, soluble vascular 
cell adhesion molecule 1, and tissue inhibitor of matrix 
metalloproteinase-1. The results for sVEGFR1 and 
sVEGFR2 obtained after AFL administration were excluded 
from the analyses because they might have been affected by 
the VEGFR1 and VEGFR2 domains of AFL.

2.7 � Statistical Analysis

In previous clinical studies on the third-line or later-line 
chemotherapy for patients with mCRC, the median PFS was 
3.7 months with FTD/TPI plus BEV [6] and 4.1 months 
with IRI plus cetuximab [13]. In the VELOUR study, which 
was a second-line chemotherapy trial, the median PFS was 
6.9 months with FOLFIRI plus AFL [3]. On the basis of 
these results, the null hypothesis for median PFS was set at 
3.9 months, and the alternative hypothesis for median PFS 
was set at 6.2 months. The null hypothesis was tested using 
normal approximation [14]. Initially, the required sample 
size was calculated to be at least 46 patients to preserve a 
power of 0.80 with a one-sided significance level of 0.05. 
Considering possible dropouts, the target sample size was 
50 patients.

When the enrollment of the TRUSTY study was termi-
nated because of futility on 1 October, 2020, 17 patients had 
been enrolled, after which the patient accrual became slower 
than the planned schedule. At that point, the protocol was 
amended to decrease the number of patients to 25 to preserve 
a power of 0.75 with a one-sided alpha of 0.15. The same 
certified review board approved the amended protocol on 
23 August, 2021.

All the analyses were performed using SAS (version 
9.4) and JMP version 12.2 (SAS Institute, Cary, NC, USA). 
Both PFS and OS were estimated using the Kaplan–Meier 
method. Two-sided confidence intervals (CIs) for the median 
values were calculated using the Brookmeyer–Crowley 
method. In biomarker analyses, the cut-off values for each 
marker to divide the patients into two groups were set at the 
median. Changes in the plasma biomarker levels during the 
treatment were analyzed by one-way analysis of variance. 
Given the exploratory nature of this study, the significance 
level was set at ≤ 0.1, and the adjustment of multiple com-
parisons was not performed.

3 � Results

3.1 � Patient Characteristics

Between January 2020 and May 2021, a total of 26 eligible 
patients were enrolled. The baseline characteristics of these 
patients are summarized in Table 1. The patients’ median 
age was 68 (range 47–80) years. Ten patients (38%) were 
male and 15 patients (58%) had ECOG PS 1, eight (31%) 
had right-sided tumors, 18 (69%) had metastases in two or 
more organs, 12 (46%) had RAS mutations, and six (23%) 
had RAS wild-type tumors and had been previously treated 
with anti-EGFR inhibitors. Median time from the start of 
initial treatment for metastatic disease to enrollment in this 
study was 21 months (range 9.6–75 months).

3.2 � Efficacy

The data cut-off was on 31 May, 2022, with a median fol-
low-up of 18 months (95% CI 15–23). The median PFS 
was 4.9 months (85% CI 3.4–not estimated) (Fig. 1a). The 
lower limit of the 85% CI for the median PFS was lower 
than the threshold of 3.9 months, and therefore, this study 
did not meet the primary endpoint. The median OS was 
13 months (95% CI 8.3–17) (Fig. 1b). The ORR was 8% 
(95% CI 0.9–25) and the DCR was 62% (95% CI 41–80) 
(Table 2). Median relative dose intensity was 73% for AFL, 
69% for IRI, 38% for bolus 5-FU, and 68% for continuous 
5-FU. The treatment was discontinued because of disease 
progression in 24 patients (92%) and adverse events in 
two patients (cerebral infarction and respiratory failure). 
Subsequent treatments administered to 20 patients (77%), 
which included regorafenib to seven patients (27%), an 
anti-EGFR antibody-containing regimen to five patients 
(19%), and other regimens to eight patients (31%).

3.3 � Safety

The adverse events are shown in Table 3. The common 
grade 3 or 4 adverse events were neutropenia in 11 patients 
(42%), reduced white blood cell count in six patients 
(23%), anemia and fatigue in five patients (19%) each, 
appetite loss and hypertension in three patients (12%) 
each, proteinuria and thromboembolism in one patient 
(4%) each. While there were no cases of febrile neutrope-
nia, grade 5 treatment-related adverse events (respiratory 
failure) occurred in one patient (4%). Cycle delays were 
reported in 23 patients (88%) and dose modifications for 
AFL, IRI, and 5-FU were required in seven patients (27%), 
17 patients (65%), and 19 patients (73%), respectively. 
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Major reasons for dose modification were proteinuria 
(86%) for AFL and neutropenia (63%) for IRI and 5-FU.

3.4 � Biomarker Analyses

Pretreatment samples were collected for biomarker analyses 
in 25 patients (96%). The median values of five pretreatment 
biomarkers (VEGF-A, VEGFR1, VEGER3, interferon-γ, 
and IL-6) were lower than the detectable limit. The PFS was 
compared between patients with baseline high and low levels 

of 12 biomarkers, which were Ang-2, hepatocyte growth 
factor, PlGF, VEGF-D, OPN, neuropilin-1, VEGFR2, IL-8, 
TIMP-1, thrombospondin-2, soluble intercellular adhesion 
molecule, and soluble vascular cell adhesion molecule 1. 
Patients with high and low PlGF levels (median PFS 4.0 vs 
5.4 months, p = 0.7) showed no difference in PFS. However, 
differences were seen in the PFS of patients with high and 
low levels of Ang-2 (median PFS 2.9 vs 9.0 months, p = 
0.07), OPN (median PFS 3.3 vs 5.5 months, p = 0.05), and 
TIMP-1 (median PFS 3.3 vs 6.2 months, p = 0.1) (Table 4). 

Table 1   Patient characteristics

ECOG Eastern Cooperative Oncology Group, EGFR epithelial growth factor receptor, mAb monoclonal antibody, mod moderately differentiated 
tubular adenocarcinoma, muc mucinous adenocarcinoma, por poorly differentiated adenocarcinoma, PS performance status, well, well-
differentiated tubular adenocarcinoma, sig signet-ring cell carcinoma
a Primary tumors located from the cecum to the transverse colon and those located from the descending colon to the rectum were coded as right-
sided and left-sided, respectively

Characteristics Categories No. of patients (%)

Age Median years (range) 68 (47–80)
Sex Male 10 (38%)

Female 16 (62%)
ECOG PS 0 11 (42%)

1 15 (58%)
Primary tumor locationa Right 8 (31%)

Left 18 (69%)
Tumor differentiation Well, moderate 22 (85%)

Por, Muc, Sig 4 (15%)
Primary tumor resection Yes 23 (88%)

No 3 (12%)
RAS status Mutant 12 (46%)

Wild type 14 (54%)
BRAF status V600E mutant 2 (8%)

Wild type 12 (46%)
Unknown 12 (46%)

Microsatellite instability Stable 14 (54%)
Unknown 12 (46%)

Metastatic sites Liver 17 (65%)
Lung 18 (69%)
Lymph node 8 (31%)
Peritoneum 7 (27%)
Bone 1 (4%)

Number of metastatic sites 0–1 8 (31%)
≥ 2 18 (69%)

Prior systemic agents Fluoropyrimidine 26 (100%)
Trifluridine/tipiracil 26 (100%)
Oxaliplatin 26 (100%)
Bevacizumab 26 (100%)
Anti-EGFR mAb 6 (23%)

Time from initial treatment for metastatic disease to enrollment in 
this study.

Median months (range) 21 (9.6–75)
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No biomarkers correlated with ORR and DCR (Table 1 of 
the Electronic Supplementary Material [ESM]).

Biomarker samples on day 29 and PD were obtained 
from 21 and 20 patients, respectively. Analyses of biomark-
ers collected at the three timepoints revealed remarkable 
increases (p < 0.05) in VEGF-A (p = 0.007), PlGF (p < 
0.001), and soluble vascular cell adhesion molecule 1 (p 

= 0.007) (Fig. 2). There were no significant differences in 
DCR between high and low levels of day-29 VEGF-A (75% 
and 62%, respectively, p = 0.52) and day-29 PlGF (64% and 
70%, respectively, p = 0.76). No remarkable changes were 
seen in the other biomarkers (Fig. 1 of the ESM).

4 � Discussion

The majority of our patients (96%) were those in whom sec-
ond-line FTD/TPI plus BEV therapy for mCRC had failed 
in the TRUSTY study, wherein the therapy did not demon-
strate its non-inferiority to FOLFIRI plus BEV in terms of 
OS and therefore was no longer used before FOLFIRI plus 
BEV therapy [12]. Moreover, our study of FOLFIRI plus 
AFL therapy after FTD/TPI plus BEV did not meet the pri-
mary endpoint for PFS. These results support the idea that 
FOLFIRI plus AFL should be recommended as a second-
line therapy. Considering that BEV showed an additional 
efficacy to FTD/TPI in the third-line setting [6, 7], it is not 
clear why the therapeutic effect of AFL was not as good as 
expected in this study. A possible reason for the relatively 
poor prognosis may be because of the long time from the 
initial treatment to enrollment with a median of 21 months, 

Fig. 1   Kaplan–Meier survival curves for a progression-free survival 
and b overall survival

Table 2   Response to FOLFIRI plus AFL treatment

AFL aflibercept, CI confidential interval, FOLFIRI 
5-FU+leucovorin+irinotecan

Response No. of patients (%)

Complete response 0 (0)
Partial response 2 (8)
Stable disease 14 (54)
Progressive disease 9 (35)
Non-evaluable 1 (4)
Overall response rate 8% (95% CI 0.9–25)
Disease control rate 62% (95% CI 41–80)

Table 3   Treatment-related adverse events

AST aspartate aminotransferase, WBC white blood cell

Adverse event No. of patients (%)

All grades > Grade 3

Hematologic
 Neutropenia 21 (81) 18 (69)
 WBC count decreased 19 (73) 7 (27)
 Anemia 14 (54) 5 (19)
 Platelet count decreased 8 (31) 1 (4)

Nonhematologic
 Proteinuria 18 (69) 1 (4)
 Appetite loss 17 (65) 3 (12)
 Fatigue 16 (62) 5 (19)
 Stomatitis 14 (54) 1 (4)
 AST elevation 14 (54) 0 (0)
 Alopecia 13 (50) –
 Diarrhea 11 (42) 0 (0)
 Hypertension 10 (39) 3 (12)
 Nausea 9 (35) 1 (4)
 Vomiting 5 (19) 0 (0)
 Infection 5 (19) 0 (0)
 Dysgeusia 4 (15) 0 (0)
 Hemorrhage 2 (8) 0 (0)
 Thromboembolism 1 (4) 1 (4)
 Respiratory failure 1 (4) 1 (4)
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Table 4   Baseline biomarker analysis of efficacy

Ang-2 angiopoietin-2, CI confidence interval, HGF hepatocyte growth factor, IL-8 interleukin-8, NRP-1 neuropilin-1, OPN osteopontin, OS 
overall survival, PFS progression-free survival, PlGF placental growth factor, sICAM-1 soluble intercellular adhesion molecule-1, sVCAM-1 
soluble vascular cell adhesion molecule-1, TIMP-1 tissue inhibitor of matrix metalloproteinase-1, TSP-2 thrombospondin-2, VEGF-D vascular 
endothelial growth factor-D, VEGFR-2 vascular endothelial growth factor receptor-2

Factors (median pg/mL) No. of patients PFS months (95% CI) HR (95% CI)
P-value

OS months (95% CI) HR (95% CI)
P-value

Ang-2 (1100)
 Low 11 9.0 (2.4–11.2) 0.47 (0.20–1.09)

0.07
14.9 (9.3–23.6) 0.51

(0.19–1.38)
0.18

 High 14 2.9 (1.8–5.1) 11.5 (5.1–17.3)

HGF (160)
 Low 12 5.2 (1.8–9.0) 1.32 (0.58–3.01)

0.51
13.4 (5.1–23.6)) 0.66 (0.31–2.12)

0.66 High 13 4.0 (2.2–9.2) 10.7 (7.9–17.3)
PlGF (16)
 Low 12 5.4 (1.8–11.2) 0.84 (0.37–1.89)

0.67
14.5 (6.6–23.6) 0.65

(0.25–1.72)
0.64

 High 13 4.0 (2.0–7.0) 10.7 (5.1–17.3)

VEGF-D (192)
 Low 12 5.8 (1.8–11.2) 0.75 (0.33–1.71)

0.49
12.0 (7.9–23.6) 0.84

(0.32–2.18)
0.71

 High 13 4.0 (2.0–5.4) 14.5 (5.5–17.3)

OPN (14000)
 Low 12 5.4 (1.8–11.70 0.41 (0.16–1.05)

0.05
13.3 (5.1–23.6) 1.02

(0.39–2.65)
0.97

 High 13 3.3 (2.0–5.4) 14.6 (7.9–NE)

NRP-1 (182000)
 Low 12 3.8 (1.8–11.2) 1.12 (0.50–2.52)

0.78
13.3 (4.9–23.6) 1.15

(0.44–3.30)
0.77

 High 13 4.6 (2.4–9.0) 14.5 (7.9–NE)

VEGFR2 (5320)
 Low 12 2.6 (1.8–9.2) 1.36 (0.61–3.04)

0.45
11.2 (4.9–14.9) 1.69

(0.66–4.40)
0.28

 High 13 5.1 (2.4–9.0) 13.4 (9.6–NE)

IL-8 (6)
 Low 12 7.2 (1.8–11.2) 0.68 (0.30–1.55)

0.35
14.8 (9.3–23.6) 0.58

(0.22–1.52)
0.26

 High 13 3.3 (2.0–5.3) 9.6 (5.1–NE)

TIMP-1 (254000)
 Low 12 6.2 (1.8–11.2) 0.49 (0.21–1.16)

0.10
14.9 (7.8–23.6) 0.51

(0.19–1.36)
0.17

 High 13 3.3 (2.0–5.3) 10.5 (5.1–14.6)

TSP-2 (5760)
 Low 12 2.6 (1.8–11.2) 1.14 (0.50–2.57)

0.76
13.4 (5.5–23.6) 0.73

(0.28–1.93)
0.53

 High 13 5.1 (2.4–7.0) 10.7 (6.6–17.3)

sICAM-1 (26900)
 Low 12 4.7 (1.8–9.3) 0.77 (0.34–1.77)

0.54
12.0 (7.82–NE) 1.18 (0.45–3.08)

0.73 High 13 4.6 (2.0–9.0) 14.6 (5.5–23.6)
sVCAM-1 (1140000)
 Low 12 5.4 (1.8–9.3) 1.04 (0.47–2.43)

0.91
13.3 (4.9–23.6) 1.28 (0.49–3.34)

0.61 High 13 4.0 (2.4–9.0) 14.9 (7.8–NE)
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suggesting the long duration of BEV exposure. Furthermore, 
it is also concerned that the IRI dose of 150 mg/m2 (global 
standard dose, 180 mg/m2) used in this study caused the 
negative results. However, in our previous phase III study 
(WJOG4407) comparing first-line FOLFIRI (IRI 150 mg/
m2)+BEV and FOLFOX+BEV, FOLFIRI+BEV showed a 
slightly better tendency of efficacy than FOLFOX+BV, sug-
gesting that this difference of 30 mg/m2of IRI did not have a 
substantial impact on efficacy [15]. Therefore, it is unlikely 
that the dose of IRI at 150 mg/m2caused the negative results 
of this study.

In the VELOUR study, the frequency of all grade/≥ 
grade 3 proteinuria was 62.2%/7.8%, and all grade/≥ 3 
grade hypertension was 41.4%/19.3% [3]. In comparison, 
in our study, all grade adverse events were almost similar, 
but > grade 3 adverse events were generally less frequent. 
Approximately 30% of patients in the VELOUR study 
received prior BEV, while all patients received it in our 
study. Possible reasons for this could be that compared to 
the VELOUR study, our study had a shorter PFS, and was 
conducted approximately 12 years later, when improved 
management of BEV-related proteinuria and hypertension 
was prevalent. However, ≥ grade 3 anorexia (12% vs 3.4%) 
and fatigue (19% vs 16.8%), and dose modification of IRI 
(37% vs 65%) and 5-FU (39% vs 73%) tended to be more 
common in our study than in the VELOUR study. These 
results might be because of the differences in patient 

backgrounds caused by the different treatment lines. The 
median age was 61 years, and 57.8% of patients had two or 
more metastatic organs in the VELOUR study of second-line 
treatment [3], while the median age was 68 years, and 69% 
had two or more metastatic organs in our study of third-line 
treatment.

For the biomarker analyses, we used the U-kit, 
a f luorescence-based assay that measures multiple 
angiogenesis-associated factors simultaneously. In vitro 
experiments showed that levels of VEGF and PlGF 
decreased in response to the addition of AFL (data not 
shown). Therefore, plasma samples collected during AFL 
therapy were assayed for unbound (free) forms of VEGF-A 
and PlGF. High plasma VEGF-A levels have been reported 
to decrease to lower than the measurable levels (<30 pg/mL) 
at disease progression with the first-line BEV-containing 
chemotherapy [16]. Similarly, the baseline levels of free 
VEGF-A were low in our patients, probably because of its 
binding to BEV used in the prior treatments. Substantial 
elevation in VEGF-A levels was observed in some patients 
on day 29 and at the time of disease progression, although 
the levels still appeared to be suppressed in many patients 
(Fig. 2). This increase in VEGF-A levels should be studied 
further in relation to the plasma trough concentration of AFL 
and its association with tumor progression. Placental growth 
factor levels were significantly elevated on day 29 despite 
FOLFIRI plus AFL therapy, indicating the inadequate 

Fig. 2   Biomarker dynamics at 
baseline, day 29, and progres-
sive disease (PD). Box plots 
indicating median, quartile, and 
maximum/minimum values. 
PlGF placental growth factor, 
sVCAM-1 soluble vascular cell 
adhesion molecule 1, VEGF-A 
vascular endothelial growth 
factor
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suppression of circulating PlGF, which could be a cause for 
this study’s failure.

In contrast to our findings, the VELOUR study reported 
elevated plasma VEGF-A levels in patients who received 
prior BEV-containing chemotherapy [17]. It also showed an 
improvement in PFS and OS in patients with high VEGF-A 
levels (> 144 pg/mL), almost to the levels seen in patients 
with low VEGF-A levels in the FOLFIRI plus AFL arm 
[17]. This discrepancy could be because the VELOUR 
study probably measured VEGF-A levels, including the 
BEV-binding form, which was considered to reflect the 
total VEGF-A production from the tumor. Another study 
suggested that the BEV-VEGF-A complex accumulates in 
the blood during BEV-combined treatments because of a 
decrease in its endothelial clearance [18]. However, we could 
not assess VEGF levels in the same way because the U-kit 
measured only the free VEGF-A, and its baseline levels were 
very low. Hence, differences in the assays measuring free 
and bound forms of VEGF-A may affect the results, and this 
should be taken into consideration in future investigations.

We found no significant differences in the PFS and OS 
between patients with high and low plasma levels of PlGF, 
consistent with the VELOUR study. The baseline PlGF 
levels were relatively high in our study (median 16 pg/mL) 
than in the VELOUR study (median 8 pg/mL) [17]. Patients 
with high PlGF levels reportedly had significantly worse 
PFS following chemotherapy plus BEV [19]. These findings 
suggest that the effect of AFL is not correlated with PlGF 
levels.

Among other biomarkers, OPN, Ang-2, and TIMP-1 
tended to correlate with PFS. These have already been 
reported as candidate predictive biomarkers for the 
efficacy of anti-angiogenesis therapy for mCRC [20–27]. 
Furthermore, OPN, Ang-2, and TIMP-1 have been reported 
to be prognostic factors for colorectal cancer [22, 26, 28]. A 
remarkable elevation in VCAM-1 levels has been reported 
for FOLFIRI plus AFL therapy [24]. These factors could be 
potential targets for new agents that could be added to or 
given after AFL therapy.

Our study has several limitations. First, the study design 
included a single treatment arm and had a small sample size. 
FOLFIRI plus AFL as a third-line treatment has little clinical 
significance after the TRUSTY study. Second, a U-kit was 
used for the biomarker analyses, which might have produced 
inconsistent findings. However, feasible results using this kit 
have been already reported in a few papers [16] [19] [29]. 
Third, while the median value was used as the cut-off for 
each angiogenesis factor, it may not be easy to establish the 
appropriate cut-off values in different treatments. Finally, 
we did not include a validation cohort, and the multiple 
comparisons of the biomarker analyses were not adjusted 
because of the exploratory nature of our study.

5 � Conclusions

FOLFIRI plus AFL after FTD/TPI plus BEV did not 
improve survival in patients with mCRC. Further, OPN, 
Ang-2, and TIMP-1 levels could be predictive indicators of 
PFS following FOLFIRI plus AFL treatment.

Supplementary Information  The online version contains supplemen-
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