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Background

The first-line chemotherapy for patients with RAS and BRAF wild-type metastatic colorectal cancer (mCRC) commonly involves cytotoxic regimens, such as FOLFOX and FOLFIRI, combined with epidermal growth factor receptor (EGFR) antibodies. When progression occurs following anti-EGFR antibody-combined chemotherapy, anti-angiogenic inhibitors can be used as second-line treatment. Although randomized controlled trials have shown that anti-angiogenic inhibitors [bevacizumab, ramucirumab, and aflibercept (AFL)] carry survival benefit when combined with FOLFIRI as second-line chemotherapy, such trials did not provide data on patients with mCRC refractory to anti-EGFR antibody-combined chemotherapy. Therefore, our group planned a multicenter, nonrandomized, single-arm, prospective, phase II study to investigate the safety and efficacy of FOLFIRI plus AFL as a second-line chemotherapy for patients with mCRC refractory to oxaliplatin-based chemotherapy combined with anti-EGFR antibodies.



Methods

FOLFIRI (irinotecan 180 mg/m2, l-leucovorin 200 mg/m2, bolus 5-FU 400 mg/m2, and infusional 5-FU 2400 mg/m2/46 h) and AFL (4 mg/kg) will be administered every 2 weeks until progression or unacceptable toxicities occur. The primary endpoint will be the 6-month progression-free survival (PFS) rate, whereas the secondary endpoints will include overall survival, PFS, response rate, disease control rate, adverse events, and relative dose intensity for each drug. A sample size of 41 participants will be required. This study will be sponsored by the Non-Profit Organization Hokkaido Gastrointestinal Cancer Study Group and will be supported by a grant from Sanofi.



Discussion

There is only an observational study reporting data on FOLFIRI plus AFL for patients with mCRC who previously received anti-EGFR antibodies; therefore, a prospective clinical trial is needed. This study will prospectively evaluate the efficacy and safety of FOLFIRI plus AFL in patients with mCRC who are resistant to anti-EGFR antibodies and have limited data. Moreover, this study will reveal predictive biomarkers for AFL-based chemotherapy.



Clinical trial registration

Japan Registry of Clinical Trials, jRCTs011190006. Registered 19 November, 2019, https://jrct.niph.go.jp/latest-detail/jRCTs011190006.
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Introduction

The incidence of colorectal cancer (CRC) has increased over the decades and is the second most common cause of cancer-related death in Japan. Estimates in 2016 revealed 201,446 new CRC cases, with 50,099 deaths throughout Japan (1). Metastatic CRC (mCRC) carries a poor prognosis with no currently available cure. Chemotherapy remains the standard treatment for mCRC and aims to prolong survival and improve patients’ quality of life. Nowadays, chemotherapy regimens, such as combinations of 5-fluorouracil (5-FU), leucovorin (LV), and oxaliplatin (FOLFOX) and 5-FU, LV, and irinotecan (FOLFIRI), have been recommended as first-line therapies usually in combination with monoclonal antibodies, such as an anti-vascular endothelial growth factor (VEGF)-A antibody [bevacizumab (BEV)] or anti-epidermal growth factor receptor (EGFR) antibodies (cetuximab or panitumumab) (2). Other studies have also recommended FOLFOXIRI, a combination chemotherapy comprising 5-FU, LV, oxaliplatin, and irinotecan (IRI), with or without BEV (3, 4). Chemotherapies comprising anti-EGFR antibodies have been recommended as the first-line chemotherapy for patients with RAS and BRAF wild-type mCRC. Indeed, a subgroup analysis of the FIRE-3 study showed that anti-EGFR antibody-based regimens promoted better survival outcomes than BEV-based regimens for left-sided mCRC (5), with several subgroup analyses of prospective clinical trials showing similar outcomes (6, 7). Nowadays, chemotherapy with anti-EGFR antibodies (cetuximab or panitumumab) has been the most recommended regimen in the ESMO-Asian consensus guidelines for patients with RAS wild-type left-sided mCRC (8).

Aflibercept (AFL) is a recombinant fusion protein containing portions of the extracellular domains of VEGF receptors 1 and 2 fused to the Fc portion of human immunoglobulin G1 (9). Interestingly, the VELOUR study, which compared FOLFIRI with or without AFL, showed that FOLFIRI plus AFL had better survival outcomes than FOLFIRI alone (median overall survival [OS]: 13.50 vs. 12.06 months, hazard ratio [HR] = 0.817, p = 0.0032) (9). Moreover, ML18147 (10) and RAISE (11) have found that BEV-based chemotherapy and FOLFIRI plus ramucirumab (RAM), a monoclonal antibody targeting VEGF receptor 2, were efficacious second-line therapies. ML18147 showed that continuous BEV plus second-line chemotherapy after progression with BEV plus first-line chemotherapy prolonged survival compared with second-line chemotherapy alone (median overall survival [OS]: 11.2 vs. 9.8 months, HR = 0.81, p = 0.0062) (10). RAISE also showed the efficacy of FOLFIRI plus RAM for patients with mCRC refractory to the first-line chemotherapy with BEV, oxaliplatin, and fluoropyrimidines compared with FOLFIRI plus placebo (median OS: 13.3 vs. 11.7 months, HR = 0.844, p = 0.0219) (11). Notably, ML18147 and RAISE have included participants who received BEV as their first-line chemotherapy, whereas VELOUR included those who received first-line chemotherapy without BEV. In the VELOUR study, the subgroup analysis defined by RAS or BRAF status showed that WT (all RAS wild-type and BRAF wild-type) and BRAF mutant-type (mut) tended to have better OS outcomes with FOLFIRI plus AFL (WT: HR = 0.76, 95% confidence interval [CI] 0.53–1.10; BRAF mut: HR = 0.42, 95% CI 0.16–1.09), which is a promising result for patients receiving first-line chemotherapy with anti-EGFR antibodies (12). However, the VELOUR study did not report results for patients who received first-line therapy with anti-EGFR antibodies, whereas little evidence regarding this population was presented. Therefore, no clinical studies have yet demonstrated the efficacy of adding a molecular-targeted agent to second-line chemotherapies for mCRC refractory to first-line treatment including anti-EGFR antibodies.

Considering the lack of evidence, second-line regimens have been selected based on physicians’ discretion or patient preference. Therefore, this multicenter clinical study sought to investigate the efficacy and safety of FOLFIRI plus AFL for unresectable advanced or recurrent CRC refractory to combination therapy with oxaliplatin and panitumumab or cetuximab.



Materials and methods


Study design and treatment

This multicenter, nonrandomized, single-arm, prospective, phase II study was designed to investigate the safety and efficacy of FOLFIRI plus AFL as the second-line chemotherapy for patients with mCRC refractory to oxaliplatin-based chemotherapy combined with anti-EGFR antibodies (Figure 1). The inclusion and exclusion criteria are summarized in Table 1.




Figure 1 | Study design. ECOG PS, Eastern Cooperative Oncology Group Performance Status.




Table 1 | Eligibility criteria.



The treatment protocol starts 7 days after study registration; the treatment schedule is outlined in Figure 2. AFL (4 mg/kg) will be given as a continuous intravenous infusion over 60 min on day 1, followed by a continuous infusion of IRI (180 mg/m2) over 90 min and l-leucovorin (200 mg/m2) over 120 min. Immediately after completing the l-leucovorin infusion, 5-FU (400 mg/m2) will be provided via rapid intravenous injection, followed by a continuous intravenous infusion of 5-FU (2400 mg/m2) delivered over 46 h using an infusion pump. This 2-week treatment course will be repeated until disease progression or unacceptable toxicities occur.




Figure 2 | Treatment schedule for FOLFIRI+AFL. 5-FU, 5-fluorouracil; AFL, aflibercept beta; CI, continuous infusion; IRI, irinotecan; l-LV, l-leucovorin.



This study will be conducted in accordance with the Declaration of Helsinki and Ethical Guidelines for Medical and Health Research Involving Human Subjects. HGCSG1801 received approval on October 9, 2019, by Hokkaido University Certified Review Board. All patients will be required to provide written informed consent before enrollment.



Endpoints and assessments

The primary endpoint will be the 6-month progression-free survival (PFS) rate, whereas the secondary endpoints will include OS, PFS, overall response rate (ORR), disease control rate (DCR), safety profile, and relative dose intensity.

The OS period will be defined as the duration from the first administration of the study treatment until death due to any cause. Surviving cases will be censored on the last confirmed survival day. The PFS period will be defined as the duration from the first administration of the study treatment until disease progression or death due to any cause, whichever comes first. Cases with no confirmed progression will be censored on the last confirmed PFS date. ORR and DCR will be evaluated based on the Response Evaluation Criteria in Solid Tumors version 1.1 (13). Regarding safety, the frequency of adverse events will be evaluated using the Common Terminology Criteria for Adverse Events v5.0.

The exploratory endpoint will indicate the relationship between primary/secondary endpoints and changes in the following biomarkers: placental growth factor (PlGF), hepatocyte growth factor (HGF), interleukin (IL)-6, IL-8, angiopoietin-2, neuropillin-1, tissue inhibitor of metalloproteinase-1 (TIMP-1), soluble intercellular adhesion molecule-1, soluble vascular cell adhesion molecule-1, thrombospondin-2 (TSP-2), osteopontin (OPN), sVEGFR1, sVEGFR2, sVEGFR3, VEGF-A, VEGF-D, interferon gamma, and transforming growth factor β1.



Biomarker analysis

Blood plasma will be collected three times (before study treatment initiation, before the fifth–sixth cycle, and after study discontinuation) to measure angiogenic factors mentioned earlier. These factors will be analyzed concurrently using the multiplex assay kit Ukit (G&G Science Co., Ltd.) from the MILLIPLEX® MAP multiplex assay kit lineup by Millipore (www.merckmillipore.jp/1milliplex-jp).

The MILLIPLEX® kit is a dedicated reagent for multiplex assay systems using Luminex xMAP® technology (https://www.merckmillipore.com/JP/en/life-science-research/protein-detection-quantification/Immunoassay-Platform-Solutions/luminex-instruments/xmap-technology/OUGb.qB.D_kAAAFB6sYRRk_Q,nav). Samples will be incubated with magnetic bead analytes (MILLIPLEX® MAP) stained stepwise with two fluorescent dyes to specifically bind the target protein to the magnetic bead analyte. Thereafter, the sample will be reacted with a biotin-labeled detection sample and fluorescently labeled with streptavidin-PE, followed by the identification of the magnetic bead analyte and fluorescence intensity quantification using two types of lasers. The analyses of these factors will be performed by GG.



Statistical analysis

The full analysis set (FAS) will include all enrolled patients. However, patients with serious protocol violations (no informed consent or serious violations of the study procedures) will be excluded. The safety analysis set (SAS) will include all enrolled patients who receive one dose of the study treatment. All efficacy analyses will be performed in the FAS population, whereas safety analysis will be performed in the SAS population.

The VELOUR study reported 6-month PFS rates of 38.9% and 58.4% for FOLFIRI and FOLFIRI + AFL, respectively, as second-line chemotherapy for mCRC refractory to first-line chemotherapy containing oxaliplatin and fluoropyrimidines, respectively (9). Based on the aforementioned results, we hypothesized a 6-month PFS rate of 58.4% for FOLFIRI plus AFL in patients previously treated and exhibited progression with anti-EGFR agents plus oxaliplatin-based first-line chemotherapy. Given the threshold and expected 6-month PFS rates of 38.9% and 58.4%, respectively, as well as a two-sided significance level (alpha error) of 0.1, a registration period of 2 years, and a follow-up period of 18 months, 37 cases will be required when the probability that the lower limit of the CI calculated using the Greenwood formula (14) exceeds the threshold is 80%. Consequently, the target number of cases will be set at 41 to account for ineligible cases.

This study primarily sought to evaluate the efficacy of FOLFIRI + AFL. The main analysis will utilize the Kaplan–Meier method (15) to evaluate the 6-month PFS rate (i.e., primary endpoint) in the FAS population. The 90% CI will be calculated using the Greenwood formula for the observed 6-month PFS rate, with significance being indicated when the lower limit of the 90% CI exceeds the threshold of 38.9%.

Secondary endpoints will be analyzed to supplement the main analysis results. OS and PFS will be evaluated using the Kaplan–Meier method, and the ORR and DCR will be calculated using the Clopper–Pearson 95% CI (16).




Discussion

Limited data have been available on the optimal second-line regimen for mCRC refractory to anti-EGFR antibodies. The QoLiTrap study reported promising data of FOLFIRI plus AFL for patients who previously received anti-EGFR antibodies (ORR 23.7%, median PFS 9.4 months and median OS 17.4 months); however, it is an observational study and included patients receiving FOLFIRI plus AFL as second- or later-line therapy (17). Therefore, a prospective clinical trial is needed.

The present study will evaluate the efficacy and safety of FOLFIRI plus AFL in patients who have progressed with EGFR inhibitors, as well as changes in angiogenesis-related biomarkers during FOLFIRI plus AFL chemotherapy, to identify predictive biomarkers for AFL-based chemotherapy.

Although no predictive markers for the efficacy of angiogenesis inhibitors, such as RAS or BRAF, in EGFR antibody therapy have previously been identified, some promising factors have been reported. Accordingly, PlGF and HGF were significantly increased during BEV-combined chemotherapy before imaging indicated progression, whereas VEGFR2 was significantly increased after BEV administration and then decreased at the time of progression (18). Moreover, patients with high IL-8 levels upon treatment initiation had a significantly shorter PFS versus those with low levels. A biomarker study in the CALGB80405 trial showed that low VEGF-D and low PlGF may indicate BEV effectiveness and that factors, including angiopoietin-2, HGF, ICAM-1, IL-6, OPN, TIMP-1, TSP-2, VCAM-1, VEGFR3, can be prognostic indicators (19).

The biomarker analysis in the VELOUR study (20, 21) revealed that high levels of VEGF-A, VEGFR2, PlGF, and VEGFR3 and low levels of IL-8 indicated the efficacy of FOLFIRI + AFL, with neuropilin-1 and angiopoietin-2 having been identified as prognostic factors.

The Angiogenesis Panel that will be used in the biomarker analysis of the present study is a kit that can simultaneously measure 17 angiogenic factors. By evaluating changes in these factors before, during, and after study treatment administration, prognostic and prognostic factors can be identified.

The results of this study will elucidate the efficacy and safety of FOLFIRI plus AFL in mCRC refractory to anti-EGFR antibodies, as well as identify biomarkers for such a regimen.
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Inclusion criteria

1. Age 20-85 years
2. Histologically confirmed colorectal adenocarcinoma
3.ECOGPSOor1

4. Documented disease progression 90 days or more after the start of first-line
chemotherapy containing anti-EGFR antibodies, oxaliplatin, and
fluoropyrimidines

5. Adequate major organ and hematologic functions 14 days before registration
Neutrophil > 1500/mm®

Platelet > 100,000/mm’

Hemoglobin > 9.0 g/dL

AST <100 U/L (pts with liver metastases: < 200 U/L)

ALT < 100 U/L (pts with liver metastases: < 200 U/L)

Total bilirubin < 2.0 mg/dL

Creatinine < 1.5x upper limit of normal

Urine protein (UP) < 1+ or UP/creatinine ratio (UPCR) <2.0 without hematuria
(pts with UP 22+ and UPCR > 1; UP <3.5 g in 24-h urine collection without
hematuria)

6. Expected survival time =6 months upon registration

7. With documented informed consent
Exclusion criteria

1. Symptomatic CNS invasion and/or brain metastases
. Uncontrollable infections
. Uncontrollable diarrhea, anorexia, or nausea

. Uncontrollable hypertension

. Inability of oral intake
. Radiation to all lesions
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5. Uncontrollable, symptomatic plural effusion, or ascites

6.

7

8. UGT1A1 *6 homo, *28 homo, or *6 and *28 double hetero
9.

. History of other malignancies within 5 years (except for curative resection of
carcinoma in situ)

10. Pregnant women

11. Irinotecan-containing regimen as first-line therapy
12. Following status:

Gastrointestinal or abdominal inflammations
Gastrointestinal or other bleeding

Hemorrhagic diathesis, coagulopathy, or treated with anticoagulants
Thromboembolism

No wound healing from major surgery

13. Administration of aflibercept-containing medications
14. Dihydropyrimidine dehydrogenase deficiency

15. Interstitial pneumonia or pulmonary fibrosis

16. Participation in the clinical trial is determined as unsuitable

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CNS, central nervous system;
ECOG PS, Eastern Cooperative Oncology Group Performance Status; EGFR, endothelial
growth factor receptor; UGT1A1, uridine diphosphate glucuronosyltransferase 1A1.





