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The NIVACOR trial is a phase II study assessing the efficacy and safety of nivolumab in combination with FOLFOXIRI/bevacizumab in first-line setting in patients affected by metastatic colorectal cancer (mCRC) RAS/BRAF mutated. We report safety run-in results in the first 10 patients enrolled. Patients received triplet chemotherapy with FOLFOXIRI scheme plus bevacizumab, in association with nivolumab every 2 weeks for 8 cycles (induction phase) followed by bevacizumab plus nivolumab every 2 weeks (maintenance phase), until progression of disease or unacceptable toxicities. The first ten patients were evaluated: 7 experienced at least one adverse event (AE) related to FOLFOXIRI/bevacizumab and 2 related to nivolumab. The most frequent grade 1–2 AEs related to FOLFOXIRI/bevacizumab were diarrhea and fatigue (71%), nausea and vomiting (57%); 3 (43%) had grade 3–4 neutropenia, and 2 (20%) patients developed grade 1–2 AEs nivolumab related: skin rash and salivary gland infection. Two patients delayed the dose because of serious AEs, proteinuria and salivary gland infection; one patient discontinued experimental treatment due to the ileo-urethral fistula and concurrent Clostridium infection diarrhea. No treatment- related death occurred. The safety run-in analysis of NIVACOR trial reassured using co-administration of FOLFOXIRI/bevacizumab and nivolumab was well tolerated with an acceptable toxicity profile.


Clinical Trial Registration

https://clinicaltrials.gov/, (NCT04072198).
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Introduction

Colorectal cancer is the fourth commonly diagnosed cancers and among the leading cause of cancer-related deaths globally (1). Around 40–50% of cases are diagnosed in advanced stages with a median overall survival (OS) increased over the 30 months and a 5-year survival rate of approximately 12% (1, 2). The backbone of treatment in first-line in mCRC comprises chemotherapy scheme combination (5-fluorouracil, oxaliplatin, irinotecan) combined with specific monoclonal antibody anti-epidermal growth factor receptor (EGFR), cetuximab or panitumumab, or anti-vascular endothelial growth factor (VEGF), such as bevacizumab (3, 4).

The antibodies’ choice depends on RAS mutation occurrence, which represent 50-55% of cases in mCRC. Therefore, BRAF V600E mutation represented the additional prognostic negative factor in mCRC occurring in 5–21% of cases (5–10), although recently there has been published a randomized, phase III trial of combination with an anti-BRAF inhibitor (encorafenib), cetuximab, and an anti-MEK inhibitor (binimetinib), in patients with mCRC BRAF V600E mutated, after one or two previous regimens, resulting in significantly longer OS and a higher response rate than standard therapy (irinotecan plus cetuximab) (11).

The TRIBE phase III trial demonstrated a superiority of FOLFOXIRI plus bevacizumab compared to FOLFIRI plus bevacizumab in the first-line setting in mCRC in terms of progression-free survival (PFS) (12.3 versus 9.7 months, hazard ratio 0.77, 95% CI 0.65–0.93; p = 0.006), also in BRAF mutated subgroup (12, 13). Selecting the best upfront therapy is crucial in the mCRC to warrant a better survival and response to treatment. For these reasons, the intensification of the chemotherapy backbone in previously untreated mCRC patients is recommended.

Immune checkpoint inhibitors (ICIs) have announced new opportunities in cancer therapy (14–17). Programmed death 1 (PD-1) blockade has clinical benefit in MSI-H or dMMR mCRC after previous therapies. Indeed, the FDA approved nivolumab and pembrolizumab for patients with MSI-H/dMMR mCRC evolved after treatments with fluoropyrimidine, oxaliplatin, and irinotecan (18–20). Recently, the KEYNOTE-177 phase III trial revealed that front-line pembrolizumab was superior to chemotherapy in terms of PFS (16.5 versus 8.2 months, hazard ratio, 0.60; 95% CI, 0.45 to 0.80; P=0.0002). The overall response (complete or partial response) was observed in 43.8% of patients (95% CI, 35.8 to 52.0) in the pembrolizumab arm compared to 33.1% (95% CI, 25.8 to 41.1) in the chemotherapy arm; the complete response of disease was observed in 11 and 4% of patients, respectively. Among these, 83% of patients had ongoing responses in the pembrolizumab arm (21).

The sensitivity to immune checkpoint inhibitors in MSI-H/dMMR mCRC is reasonably due to a more efficient immune background linked to a high burden of neoantigens arising from the hypermutated tumor cells, able to prompt a compelling immune response. Conversely, MSS/pMMR tumors are mainly immune deprived or immune desert, because of a low or deficient T-cell infiltration and reduced expression of checkpoint proteins (22). To recruit stimulated immune cells in the tumor microenvironment, combination strategies are investigated including immunotherapy and other drugs with immunomodulatory features, such as dual immune checkpoint blockade, radiotherapy, chemotherapy, or other targeted therapies. Furthermore, there is a rising effort to detect different biomarkers to select patients most likely responsive to immunotherapy and to recognize possible resistance mechanisms.

The NIVACOR study was designed to assess the efficacy and safety of nivolumab in combination with chemotherapy triplet scheme (FOLFOXIRI) plus bevacizumab in first-line treatment in patients affected by mCRC RAS/BRAF mutated, regardless of the microsatellite status. A preliminary safety analysis was planned after the 10th patient enrolled to detect early and acute toxicity. We present the safety run-in results of phase II NIVACOR trial.



Materials and Methods


Study Design and Population

The NIVACOR (NCT04072198) is a single arm, open-label, multicenter, phase II study with a safety run-in phase. Patients with mCRC RAS/BRAF mutated in the first-line setting received nivolumab in combination with a triplet of chemotherapy, FOLFOXIRI, plus bevacizumab for eight cycles (induction phase) and subsequently, in patients with partial response or control of disease, nivolumab and bevacizumab until progression of disease or unacceptable toxicities (maintenance phase) (Figure 1). Collateral studies are also in process; liquid biopsy will be performed at baseline, before cycle 5, and at disease progression.




Figure 1 | NIVACOR Study design. FOLFOXIRI, 5-fluorouracil, irinotecan, oxaliplatin; SD, stable disease; PR, partial response; CR, complete response; PD, progression disease.



Patients eligible for the enrolment require a histological diagnosis of adenocarcinoma, mutation of RAS or BRAF confirmed, advanced and unresectable disease untreated with previous chemotherapy for metastatic disease. All inclusion and exclusion criteria can be available in the study protocol (Table S1).



Study Objectives and Endpoints

The trial was designed to assess the efficacy of nivolumab in addition to FOLFOXIRI plus bevacizumab in terms of response rate. The primary endpoint was the objective response rate (ORR) evaluated by the investigator assessment according to RECIST 1.1 criteria. Secondary objectives were safety profile according to Common Terminology Criteria for Adverse Events (CTCAE) v.4.03, overall survival (OS), time to progression (TTP), duration of response (DoR), and quality of life evaluated with the EORTC QLQ-C30.



Treatment Scheme and Modalities

All eligible patients receive 8 cycles of nivolumab in combination with FOLFOXIRI/bevacizumab every 2 weeks (induction phase), followed by nivolumab plus bevacizumab every 2 weeks in patients that achieved partial response, complete response, or stable disease. The treatment will be continued until unacceptable toxicity, disease progression, or patient/physician’s decision. All drugs are administered intravenously. Bevacizumab at a dose of 5 mg/kg every 2 weeks; nivolumab at flat dose of 240 mg every 2 weeks. FOLFOXIRI scheme will be administered as irinotecan infusion at 165 mg/m2 for 60 min (min), followed by oxaliplatin infusion at 85 mg/m2 simultaneously with leucovorin 200 mg/m2 for 120 min, and lastly continuous infusion for 48 h of 5-fluorouracil at dose of 3,200 mg/m2.



Treatment Evaluation

Treatment visits were performed on day 1 (+3 days) of each cycle with vital signs, a physical examination, hematology and biochemical laboratory analysis, AEs description, and concomitant treatments report. Treatment efficacy was evaluated by the investigator according to Response Evaluation Criteria in Solid Tumours (RECIST) 1.1 criteria every 8 weeks during investigational treatment, and subsequently every 3 months for 3 years.



Safety Run-In Analysis

Considering the safety profile of nivolumab in combination with FOLFOXIRI/bevacizumab has not been evaluated in mCRC patients so far, a safety run-in phase was achieved. This analysis was arranged to evaluate the feasibility of the investigational treatment by noticing the first ten patients enrolled. In order to be able to describe the safety profile, an Independent Monitoring Committee (IDMC) reviewed data 28 days after the 10th patient included. At least one cycle of experimental treatment had been administered. Grading of adverse events (AEs) was collected according to the Common Terminology Criteria for Adverse Events (CTCAE) version 4.03. The IDMC provided an endorsement as to whether the study may resume, whether amendments to the protocol should be implemented, or whether the study should be closed. If the experimental treatment study was judged feasible and no major safety concerns arose, the enrollment would be resumed and involved further participating sites.



Statistical Analysis for Primary Endpoint

The sample size was estimated using the A’Hern (23) variation of the original Fleming (24) one-stage design. The study needs 64 patients to decide whether P < 0,66 or > 0,80. An overall 70 patients should be enrolled supposing 10% of patients’ discontinuation due to unacceptable toxicity or non-compliance to the treatment. Our hypothesis is that nivolumab in addition to FOLFOXIRI/bevacizumab increases the overall response rate (ORR) from 66 to 80%, the latter considered sufficiently valuable to pursue this experimental combination in a phase III trial.




Results


Patient Characteristics

Between October 2019 and June 2020, a safety run-in phase was conducted at the study Coordinating Center. Ten patients were enrolled and received experimental study treatment. According to the study protocol, IDMC reviewed the safety data when 10 patients had received at least 1 cycle of the study treatment. The median age of patients was 58 (range 32–66), and 6 patients (60%) were male. The median cycles of treatment were 5.5 (range 1–9). Nine (90%) patients had Eastern Cooperative Oncology Group (ECOG) performance status equal to 0. All of patients (100%) were KRAS G12D mutated and BRAF wild type; 2 (2%) patients had MSI-H/dMMR. Patient characteristics and baseline demographics are summarized in Table 1.


Table 1 | Patient’s characteristics.





Adverse Events in Overall Population

Adverse events (AEs) are summarized in Table 2.


Table 2 | Adverse events in whole population (n = 10).



Among all (N=10, 100%), 70% (N=7) of patients experienced at least one AE related to FOLFOXIRI plus bevacizumab, and 20% (N=2) developed immune-related AEs (irAEs) to nivolumab. The most frequent grade 1–2 AEs related to FOLFOXIRI plus bevacizumab were diarrhea (71%, N=5), fatigue (71%, N=5), nausea (57%, N=4), and vomiting (57%, N=4). Instead, grade 1–2 skin rash (50%, N=1) and salivary gland inflammation (50%, N=1) occurred as irAEs. One patient (14%) developed recurrent infusion-related toxicity to oxaliplatin during the 1st and 2nd cycle of treatment, leading to permanent drug discontinuation. Concerning grade 3–4 AEs, 43% (N=3) of patients developed neutropenia, and N=1 (14%) patient had febrile neutropenia associated to FOLFOXIRI plus bevacizumab. Additionally, 1 (14%) patient developed a G3/4 skin rash, which was attributed to toxicity of chemotherapy and possibly to oxaliplatin but did not appear during intravenous infusion but approximately 6 h after administration of the 2nd and 3rd cycle of treatment. No one patient exhibited grade 3–4 irAEs. Regarding the serious AEs (SAEs), 4 of them were reported: 1 (25%) patient revealed proteinuria associated to bevacizumab, resulting in the treatment delay; 1 (25%) patient developed salivary gland infection possibly related to nivolumab, treated with non-steroidal anti-inflammatory drug (ketoprofen) and pain relievers; and 1 patient had ileo-urethral fistula (25%) and concurrent diarrhea secondary to Clostridium difficile infection (25%) after the first cycle of FOLFOXIRI/bevacizumab plus nivolumab, leading to colostomy packaging and permanent treatment discontinuation. Despite this, the IDMC judged the study treatment combination tolerable and feasible and worthy of further investigation. The enrollment resumed and currently is concluded at 73 patients enrolled in 11 Italian participating sites.



Outcome of Patients Discontinued

Overall, 1 patient discontinued treatment for SAEs. After a median follow-up of 17 months, 4 out of 10 patients still remained in the experimental treatment.




Discussion

In the NIVACOR study, the most common toxicities reported for the experimental combination were those anticipated with FOLFOXIRI plus bevacizumab alone, as reported in the TRIBE study (12, 13).

Several clinical trials exploiting combination of chemotherapy with immune-checkpoint inhibitors have been published. Among these, we discuss studies using chemotherapy regimen with fluorouracil, oxaliplatin, and irinotecan (Table 3).


Table 3 | Most common treatment-related adverse events with immunotherapy and chemotherapy combinations in Phase II and III trials.



Khemka et al. conducted a phase Ib/II study on colorectal cancer and pancreatic adenocarcinoma patients to evaluate safety and clinical activity of nivolumab plus an oral fluoropyrimidine, capecitabine, and irinotecan (CAPIRI scheme) (25). Patients were treated with nivolumab 3 mg/kg on day 1 and day 15 every 28 days cycle along with CAPIRI until disease progression or toxicity. The most common grade 1–2 AEs were fatigue, nausea, and diarrhea in 50% of patients; no infusion-related reactions were observed. There were no dose-limiting toxicities or SAEs reported. The authors suggested the following dosing scheme for the phase 2 section of the trial: nivolumab 3 mg/kg days 1 and 15, irinotecan 175 mg/m2 day 1 and 15, capecitabine 1,000 mg twice daily 5 days on and 2 days off every week.

In a retrospective analysis, 15 patients affected by advanced gastroesophageal cancers treated with nivolumab 240 mg flat dose, irinotecan 120 mg/m2, and 5-FU 2,000 mg/m2 over 46 h (or capecitabine 1,250 mg/m2/day for 7 days on/7 days off) given every 2 weeks. One patient had febrile neutropenia, and 1 patient grade 3 liver function enzyme alteration. Most patients had grade ≤2 AEs, especially fatigue (26).

The CheckMate 649, the largest phase III randomized trial, displayed the first results comparing two arms of treatment, nivolumab plus chemotherapy (FOLFOX or XELOX) versus chemotherapy alone, in patients affected by advanced gastric/gastroesophageal junction/esophageal cancer. The most common any grade TRAEs (≥25%) across both arms were nausea, diarrhea, and peripheral neuropathy. Regarding TRAEs with potential immunologic etiology, grade 3–4 TRAE events occurred in ≤5% of patients, and there were no grade 5 events. The incidence of TRAEs in patients whose tumors expressed PD-L1 CPS ≥ 5 was consistent with all treated patients across both arms (27).

The safety of nivolumab added to S-1 plus oxaliplatin (SOX) or capecitabine plus oxaliplatin (CapeOX) as first-line therapy for advanced or recurrent HER2-negative gastric or esophageal-gastric cancer was evaluated in the part 1 of the ATTRACTION-4 study. Patients were randomized to receive nivolumab flat dose of 360 mg every 3 weeks, S-1 40 mg/m2 orally twice daily for 14 days and 7 days off (or capecitabine 1,000 mg/m2 orally twice daily for 14 days and 7 days off) plus oxaliplatin 130 mg/m2 on day 1 every 3 weeks, until disease progression or unacceptable toxicity. Among 40 patients enrolled, 38 included the safety and efficacy analysis. Most of grade 3–4 AEs were neutropenia (14.3%) in the nivolumab plus SOX group, while in CapeOX group described neutropenia (16.7%), followed by anemia, nausea, and neurological toxicities in 11.1% of cases, respectively. No treatment-related death occurred. Discontinuations due to treatment-related adverse events (TRAEs) were reported in five patients (28).

The safety of pembrolizumab combined to S-1 and oxaliplatin (SOX) as the first-line therapy in Japanese patients affected by advanced gastric or gastroesophageal junction cancer was evaluated in a phase IIb KEYNOTE-659 study. Grade >3 TRAEs were reported in 57.4% of patients. The most common grade >3 TRAEs were platelet and neutrophil counts decreased (14.8 and 13.0%), colitis and adrenal insufficiency in 5.6% of cases. No treatment-related deaths occurred (29).

Furthermore, in the KEYNOTE-059 trial, 25 patients with advanced gastric or gastroesophageal junction cancer received pembrolizumab in combination with cisplatin and continuous infusion of 5-fluorouracil. Grade 3 TRAEs occurred in 15 patients (60%), and 4 (16%) experienced grade 4 neutropenia. Pembrolizumab-related AEs were observed in 12 (48.0%) patients; grade 3 stomatitis and maculopapular rash occurred in 2 (8%) patients and 1 (4%) patient, respectively (30).

Recently, the ongoing phase II AtezoTribe study was published. Patients with mCRC, regardless of microsatellite status, were randomized 1:2 in first-line therapy to receive FOLFOXIRI plus bevacizumab (arm A) or FOLFOXIRI plus bevacizumab and atezolizumab (arm B) up to 8 cycles, followed by maintenance with 5-FU/leucovorin plus bevacizumab with or without atezolizumab until disease progression or unacceptable toxicity. A safety run-in phase was conducted in the first 8 patients enrolled (2 in arm A and 6 in arm B). No grade 4 or SAEs were described. Grade 3 AEs that emerged were neutropenia for 1 patient in arm A and 1 patient in arm B; diarrhea and hypertension were experienced in 1 patient in arm A and 1 patient in arm B. This study was judged safe, and the enrollment has been resumed and currently completed (31).

In line with the literature data, the main grade 1–2 AEs related to chemotherapy and antiangiogenetic drug affect mainly the gastrointestinal and hematological toxicity, such as diarrhea and fatigue (71%), nausea and vomiting (57%), followed by grade 3–4 neutropenia (43%) and febrile neutropenia (14%). Grade 1–2 immune-related AEs were reported in two patients as described above (skin rash and salivary gland infection). Two SAEs have been reported but both related to FOLFOXIRI and bevacizumab. Overall, these toxicities appear to be manageable.



Conclusions

The safety run-in results of the NIVACOR trial do not raise concerns regarding the co-administration of chemotherapy (FOLFOXIRI), an anti-VEGF antibody (bevacizumab), and an anti-PD-L1 antibody (nivolumab). Although the analysis concerns only the first ten patients enrolled, the study resumed and the enrolment on March 1, 2021, was concluded. Data on the primary and secondary endpoints will be presented in the final analysis, including comprehensive safety analysis across overall population.

These preliminary results support the clinicians’ decision to continue the phase II NIVACOR trial to evaluate the efficacy of the association between immune checkpoint agent with a triplet chemotherapy and anti-VEGF inhibitor in mCRC RAS/BRAF mutated, regardless of microsatellite status.
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