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Abstract

Colorectal cancer is a lethal disease if not discovered early. Even though appropriate screening and preventive strategies are in place in many countries, a significant number of patients are still diagnosed at late stages of the disease. The management of metastatic colorectal cancer remains a significant clinical challenge to oncologists worldwide. While cytotoxic regimens constitute the main treatment of choice in this patient population, addition of the five biologics (bevacizumab, cetuximab, aflibercept, panitumumab and regorafenib) to these regimens has improved clinical outcomes. The most commonly used cytotoxic regimens include doublet combinations (FOLFOX/XELOX or FOLFIRI). Many clinical trials have been published and others are underway to compare the biologic agents with one another in order to prove the superiority of one regimen over another. Metastatic colorectal cancer patients have many treatment options; however, the optimal use and sequence of targeted agents remain to be determined. This review entails concise and updated clinical data on the management of metastatic colorectal cancer. The aim of the review is to determine where to fit the five biologic targets into the treatment algorithm of metastatic colorectal cancer patients and to derive treatment sequences that would achieve best clinical outcome based on the current available data. 
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INTRODUCTION

Colorectal cancer (CRC) is a lethal disease if not discovered early. Even though appropriate screening and preventive strategies are in place in many countries, a significant number of patients are still diagnosed at late stages of the disease. It is reported that approximately 20%-25% of patients present with distant metastatis at diagnosis[1,2]. Treatment goals for these patients are usually palliative rather than curative with the exception of a small number of patients with stage Ⅳ disease, liver-confined disease who may be surgically cured. 

Recent advances in chemotherapy-based regimens have increased median overall survival (OS) for patients with metastatic CRC (mCRC) from 11-12 mo in the 5-fluorouracil (5-FU) era[3] to more than 24 mo in the era of biologic compounds and doublet/triplet chemotherapy regimens[4-6]. 

The continuum of care approach to the management of patients with metastatic rectal cancer is the same as that for patients with metastatic colon cancer. The three active conventional chemotherapy agents for mCRC are fluoropyrimidines, irinotecan and oxaliplatin. The most widely used cytotoxic backbone involves double-agent chemotherapy with either FOLFOX/XELOX or FOLFIRI with no significant differences between either regimen[7,8], while triple-agent chemotherapy (FOLFOXIRI), although achieving better progression free survival (PFS), response rate (RR) and OS than FOLFIRI in some trials[9,10], is only reserved to patients who can tolerate such an aggressive regimen. 5-FU/LV or capecitabine, which have been shown to be inferior to FOLFOX[11-13] and FOLFIRI[14,15] in terms of OS (with FOLFIRI regimen), PFS and RR, are still a treatment of choice in patients who cannot tolerate treatment with oxaliplatin and irinotecan. The addition of biological targets to these four cytotoxic regimens has shown better treatment outcomes in the majority of patients; however, debate still exists with regards to the best sequence of treatment, and which agents to be used in first line and then following progression. In the discussion that follows, we review the literature of clinical trials to come out with treatment sequences that achieve the best outcome in mCRC patients. 

Data for this review were compiled using MEDLINE/PubMed, American Society of Clinical Oncology and European Society of Medical Oncology abstract databases published before July 2013. The search terms included colorectal cancer, bevacizumab, panitumumab, cetuximab, aflibercept and regorafenib. Information regarding ongoing clinical trials was obtained using the United Stated National Institute of Health’s online resource clinicaltrials.gov. Only articles published in English were considered.

FIRST-LINE THERAPY

Single-agent fluoropyrimidine regimens: Can the addition of anti-angiogenic therapy improve outcomes?

Addition of bevacizumab to “weaker” cytotoxic regimens such as 5-FU/LV or to capecitabine yielded better PFS compared to the cytotoxic regimen alone in 3 clinical trials. The first phase Ⅱ trial assessing the efficacy of adding bevacizumab to 5-FU/LV revealed that bevacizumab at 5 mg/kg every 2 wk resulted in increases of 3.8 mo in PFS (from 5.2 to 9.0 mo; P = 0.005) compared with 5-FU/LV alone. A statistically significant increase in RR was demonstrated for the bevacizumab arm compared with the control arm (40% vs 17%, P = 0.029). Median OS was improved in the bevacizumab arm but did not reach statistical significance[16]. In another phase Ⅱ trial by Kabbinavar et al, patients were randomly assigned to 5-FU/LV/placebo (n = 105) or 5-FU/LV/bevacizumab (n = 104). RR and OS were better in the bevacizumab arm but they did not reach statistical significance. PFS was significantly better in the bevacizumab arm with 9.9 mo vs 5.5 mo in the placebo arm (P = 0.0002)[17]. Patients in this trial were non-eligible to receive irinotecan based-therapy and were ≥ 65 years. In the recent phase Ⅲ trial by Cunningham et al, addition of bevacizumab to capecitabine in elderly patients ≥ 70 years was associated with significantly prolonged PFS, the primary end point, compared with capecitabine alone (9.1 mo vs 5.1 mo, P < 0.001)[18]. RR was also significantly improved in the bevacizumab plus capecitabine arm (19.3% vs 10.0%, P = 0.042). OS, a secondary endpoint, was longer in patients in the bevacizumab arm (20.7 mo vs 16.8 mo, P = 0.182) but did not reach statistical significance and the study was not powered to show a difference in OS between treatment arms. Therefore, patients receiving fluoropyrimidine regimens as part of their first-line treatment have prolonged PFS of about 9 mo from the addition of bevacizumab. The toxicity profile from adding bevacizumab was generally well tolerated in all 3 trials. 

First-line irinotecan-based regimens: What is the evidence for the addition of targeted therapy?

Bevacizumab: In a phase 3 trial by Hurwitz et al[19], patients were assigned to either receive irinotecan, bolus 5-FU and leucovorin (IFL) plus bevacizumab or the same cytotoxic regimen with placebo. Median OS (20.3 mo vs 15.6 mo, P < 0.001), PFS (10.6 mo vs 6.2 mo, P < 0.001) and RR (44.8% vs 34.8%, P = 0.004) were all superior in the bevacizumab group. Results from a phase Ⅲ study that was initially meant to compare the safety and efficacy of 3 different irinotecan containing regimens in the first-line treatment of mCRC was later amended to compare FOLFIRI plus bevacizumab with mIFL plus bevacizumab. At the time when the results were first published, the median OS was not reached in the FOLFIRI arm[20]. A year later, the authors report a median OS of 28 mo in the FOLFIRI plus bevacizumab arm compared to 19.2 mo in the mIFL plus bevacizumab arm (P = 0.037). Differences in PFS and RR were not statistically significant between the 2 arms[21]. Based on the results from this trial, FOLFIRI plus bevacizumab was found to be superior to mIFL plus bevacizumab in the first-line treatment of mCRC. Two other clinical trials, the PACCE and AVIRI trials, of FOLFIRI plus bevacizumab thereafter reported consistent data with PFS reported to be 11.7 and 11.1 mo, OS 20.5 mo and 22.2 mo and RR 40% and 53.1%, respectively[22,23]. The median OS of 28 mo reported by Fuchs et al[20] was the highest survival reported when bevacizumab was added to FOLFIRI. The cytotoxic regimen FOLFIRI was shown to be superior to IFL, and addition of bevacizumab to both regimens yielded better results with FOLFIRI as is expected. Nevertheless, bevacizumab and FOLFIRI in the first-line treatment of mCRC is a superior regimen and is hence recommended in patients who can tolerate such a combination. 

Panitumumab: In a single arm phase Ⅱ trial, FOLFIRI plus panitumumab in the first line setting resulted in an overall RR of 49%, PFS of 7.6 mo and an R0 resection rate of hepatic metastasis of 7%. When stratified according to KRAS status, those with wild-type KRAS had better PFS (8.9 mo vs 7.2 mo), RR (56% vs 38%) and R0 resection rate (8% vs 5%) than those with mutated KRAS tumors[24].

Cetuximab: Cetuximab with FOLFIRI in the first line treatment of mCRC demonstrated significant clinical activity. In the CRYSTAL (Cetuximab Combined with Irinotecan in First-Line Therapy for Metastatic Colorectal Cancer) trial, addition of cetuximab to FOLFIRI in patients with KRAS wild-type resulted in significantly better OS (23.5 mo vs 20 mo, P = 0.0093), PFS (9.9 mo vs 8.4 mo, P = 0.0012), RR (57.3% vs 39.7%, P < 0.001) and R0 resection rate (5.1% vs 2%, P = 0.0265) compared with FOLFIRI alone[25]. However, patients with mutated KRAS status failed to achieve improvement in survival and RRs. 

Cetuximab vs bevacizumab: The German AIO (Arbeitsgemeinschaft Internistische Onkologie) KRK-0306 (FIRE-3) phase Ⅲ randomized multicenter trial compared the efficacy of FOLFIRI-cetuximab to FOLFIRI-bevacizumab in 592 patients with wild-type KRAS mCRC who were not previously treated for metastatic disease[4]. The primary endpoint was the overall RR. Among the intent to treat (ITT) population, overall RR (62% vs 58%, P = 0.183) and PFS (10.0 mo vs 10.3 mo, P = 0.547) were similar between the cetuximab and bevacizumab arms, respectively. In those 526 patients assessable for efficacy, the overall RR was significantly higher in the FOLFIRI-cetuximab arm (72.2% vs 63.1%, P = 0.017). OS was significantly longer in patients treated with FOLFIRI-cetuximab (28.7 mo) compared with patients who received FOLFIRI-bevacizumab (25 mo, P = 0.017). The lack of correlation between PFS and OS in this trial is unclear and may be related to the subsequent therapies used after first-line treatment and also highlights the importance of choice of primary endpoint. In a subgroup analysis of the same trial for patients with mutated KRAS tumors, neither strategy demonstrated a clearly superior outcome[26]. Results from the US intergroup phase Ⅲ C80405 trial which randomized patients to either cetuximab or bevacizumab with FOLFOX or FOLFIRI will help address this issue as well. But for now, and until data from other trials become available, the optimum biologic to be used with FOLFIRI based on the current available data seems to be cetuximab. In patients with mutated KRAS tumors, and even though bevacizumab did not seem to incur additional benefits over cetuximab in the subgroup analysis, it is still not recommended to use cetuximab/panitumumab-based regimens. And hence, FOLFIRI plus bevacizumab is a treatment option in patients with mutated KRAS tumors.

First-line oxaliplatin-based regimens: What is the evidence for the addition of targeted therapy?

Bevacizumab: Addition of bevacizumab to FOLFOX or XELOX in the NO16966 trial reported only an increase in PFS when bevacizumab was added to FOLFOX or XELOX compared to the cytotoxic regimen alone (9.4 mo vs 8.0 mo, P = 0.0023). Median OS was 21.3 mo in the bevacizumab group and 19.9 mo in the placebo group (P = 0.07) and RR was similar between the two arms (47% vs 49%, P = 0.31)[27]. Other trials suggest that the addition of bevacizumab to an oxaliplatin-based regimen yields a similar magnitude of efficacy to that seen when bevacizumab is added to a FOLFIRI regimen. In four clinical trials, addition of bevacizumab to XELOX or FOLFOX resulted in PFS ranging between 10.3-11.4 mo, OS ranging between 20.3-24.5 mo and a RR ranging between 46%-50%[22,28-30]. However, in all these trials, addition of bevacizumab to oxaliplatin-based regimens was not compared to the cytotoxic regimen alone. The NO16966 trial was the only trial that involved this comparison and has shown that addition of bevacizumab improved PFS as reported in other phase Ⅲ trials, but the observed trend in an improvement in OS did not reach statistical significance, which may be attributed to a shorter treatment duration in the bevacizumab arm (about 6 mo) as compared to other trials and that treatment until disease progression may be necessary to maximize the clinical benefit derived from bevacizumab therapy. 

Results of the large observational BEAT trial of bevacizumab concluded that median PFS, TTP (time to treatment progression) and OS were consistent across the doublet regimens (FOLFOX, XELOX and FOLFIRI), suggesting thatthe efficacy of bevacizumab is not related to thechemotherapy regimen used[31]. Results of this have been confirmed in doublet combinations but not in triplet regimens. In a recent phase 2 trial of a head-to-head comparison between XELOX plus bevacizumab and XELIRI plus bevacizumab, the addition of bevacizumab to these two cytotoxic regimens yielded similar PFS (10.4 mo vs 12.1 mo, P = 0.3) and OS (24.4 mo vs 25.5 mo, P = 0.45) with no superiority of one regimen over the other[32]. Another clinical trial, MAVERICC, is underway comparing FOLFIRI plus bevacizumab vs FOLFOX plus bevacizumab. In this phase 2 prospective study, tumoral excision repair cross-complementation group 1 and plasma vascular endothelial growth factor A are employed as potential biomarkers for oxaliplatin- and bevacizumab-containing regimens, respectively (ClinicalTrials.gov Identifier: NCT01374425). While the magnitude of effect seems to be equivalent between FOLFIRI and FOLFOX, only further clinical trials addressing biomarkers of response to these cytotoxic regimens could stratify patients to either cytotoxic regimen.

Aflibercept: In a phase Ⅱ trial assessing the efficacy of aflibercept when added to FOLFOX in the first-line treatment of mCRC, no significant improvement in RR and PFS was achieved. OS in that trial was not reported[5]. Hence, for now, aflibercept is not recommended in the first line treatment when added to a FOLFOX regimen. Its efficacy in the second-line setting was achieved when added to FOLFIRI which may also be of benefit if used in the first-line. However, no clinical trial has yet addressed this issue and so aflibercept’s use is limited to second-line treatment regimens that involve irinotecan naïve patients.

Panitumumab: In the phase Ⅲ Panitumumab Randomized Trial in Combination with Chemotherapy for Metastatic Colorectal Cancer to Determine Efficacy (PRIME) study, addition of panitumumab to FOLFOX in the first-line treatment of patients with KRAS wild-type significantly improved PFS (9.6 mo vs 8.0 mo, P = 0.02). The overall increase in survival was not significant but was higher in the panitumumab group (23.9 mo vs 17.9 mo, P = 0.072) as well as the overall RR (55% vs 48%; P = 0.068) and R0 resection rate (8.3% vs 7.0%)[5].

Wild-type RAS (wild-type KRAS exons 2, 3, 4 and wild-type NRAS exons 2, 3, 4) was associated with significantly better OS (26 mo vs 20.2 mo, P = 0.04) and PFS (10.1 mo vs 7.9 mo, P < 0.01) in the panitumumab plus FOLFOX arm than the FOLFOX arm alone. In patients with wild-type KRAS exon 2 but mutated other RAS (KRAS exons 3, 4 or NRAS exons 2, 3, 4), the PFS and OS were not different between the two arms. Hence, patients with wild-type RAS have a statistically significant OS benefit when treated with panitumumab plus FOLFOX vs FOLFOX alone. Panitumumab is unlikely to benefit patients with any RAS mutations and BRAF mutation had no predictive value[33].

Cetuximab: Unlike the synergy seen between cetuximab and irinotecan, data on the efficacy of cetuximab with oxaliplatin-based regimens report conflicting results ranging from additive to detrimental effects of these two drugs. The phase 2 oxaliplatin and cetuximab in first-line treatment of metastatic colorectal cancer (OPUS) trial demonstrated that addition of cetuximab to FOLFOX4 regimen resulted in significant improvement in PFS (8.3 mo vs 7.2 mo, P = 0.0064), RR (57% vs 34%, P = 0.0027), R0 resection rate (12% vs 3%, P = 0.0242) but only a trend toward improvement in OS (22.8 mo vs 18.5 mo, P = 0.39)[34]. However, two recent phase 3 trials, the Medical Research Council Continuous Chemotherapy plus Cetuximab or Intermittent Chemotherapy with Standard Continuous Palliative Combination Chemotherapy with Oxaliplatin and Fluoropyrimidine in First-Line Treatment of Metastatic Cancer (MRC COIN) and Nordic Colorectal Cancer Biomodulation Group Study 7 (NORDIC Ⅶ) trials have raised more questions with regards to the efficacy of cetuximab with oxaliplatin-based regimens. The MRC COIN study involved 357 patients with KRAS wild-type in the cetuximab arm plus FOLFOX or XELOX and 358 patients with KRAS wild-type in the control arm (FOLFOX or XELOX without cetuximab). The investigators reported no differences in OS (17 mo vs 17.9 mo, P = 0.67) and PFS (8.6 mo vs 8.6 mo, P = 0.6) between cetuximab arm and control group, respectively. RR, on the other hand, was increased from 57% with chemotherapy alone to 64% with addition of cetuximab (P = 0.049)[35]. A post-hoc analysis; however, demonstrated improvement in PFS in the infusional FOLFOX plus cetuximab (P = 0.037) but not in the XELOX plus cetuximab group (P = 0.88). A PFS benefit was restricted to those patients with wild-type KRAS and those with no or only one metastatic site treated with 5-FU infusion therapy (P = 0.011).The number of patients receiving XELOX (n = 240) far exceeded those receiving FOLFOX (n = 117) which may have contributed to the negative outcomes seen in the cetuximab arms. Moreover, the COIN trial reported significant dose reductions in infusional 5-FU in the FOLFOX plus cetuximab arm compared to the control group (P = 0.016) and the XELOX plus cetuximab group received significant dose reductions of both oxaliplatin (P = 0.0018) and capecitabine (P = 0.004) compared to the control arm which may explain in part the lack of efficacy in the cetuximab arms. The Nordic Ⅶ trial investigated the efficacy of cetuximab when added to bolus 5-FU/LV/oxaliplatin (FLOX)[36]. The trial included 194 patients with wild-type KRAS; 97 patients received FLOX plus cetuximab and 97 received FLOX alone. An additional 130 patients with mutant KRAS tumors were randomized between the two arms. In patients with wild-type KRAS, a trend towards worse outcome was seen in terms of OS (20.1 mo vs 22 mo, P = 0.48) and PFS (7.9 mo vs 8.7 mo, P = 0.66) between the cetuximab arm and the control arm, respectively. Additionally, the RR did not differ between the two groups (46% vs 47%, P = 0.89). On the other hand, patients with mutated KRAS tumors exhibited a trend toward better prognosis when they were treated with cetuximab; PFS (9.2 mo vs 7.8 mo, P = 0.07), OS (21.1 mo vs 20.4 mo, P = 0.89) and RR (35% vs 23%, P = 0.31). Hence, both the COIN and NORDIC Ⅶ trials did not demonstrate an efficacy from the addition of cetuximab to oxaliplatin-based regimens. However, this was not the case in the OPUS trial which demonstrated a significant improvement in PFS when cetuximab was added to FOLFOX regimen. It seems that cetuximab is efficient when added to infusional 5-FU as seen in the OPUS trial, while capecitabine or bolus 5-FU are not associated with significant improvement in PFS. The PRIME trial also demonstrated a significant improvement in PFS when panitumumab was added to the FOLFOX regimen. The AIO KRK-0104 study randomly assigned 198 patients to either cetuximab plus XELIRI (n = 93) or cetuximab plus XELOX (n = 92)[37]. The trial was not powered to compare the two treatment regimens; however, the RR was similar for the two arms (46.1% in XELIRI vs 47.7% in XELOX arm). The PFS reported in this trial is lower than that reported in both the OPUS and CRYSTAL trials probably further indicating that cetuximab is more efficient with infusional 5-FU regimens than either bolus 5-FU or capecitabine regimens. It is of note that the OS reported in the trial was comparable to that observed in OPUS and Crystal trials. A recent meta-analysis that pooled results ofthe PRIME, OPUS, COIN, and NORDIC Ⅶ revealed that addition of cetuximab and panitumumab to oxaliplatin-based regimens in the first line setting significantly improved PFS (P = 0.03) and RR (P = 0.009) compared to chemotherapy alone but the difference in OS was not significant. OS and PFS were not significant when cetuximab and panitumumab were added to bolus 5-FU or capecitabine-based regimens compared with chemotherapy alone[38]. 

The recent results of the new EPOC study revealed detrimental results with the addition of cetuximab to chemotherapy (fluoropyrimidine and oxaliplatin) in patients with liver resectable metastases and KRAS wild-type tumors thus questioning the role of cetuximab in upfront therapy with oxaliplatin based regimens in this setting[39]. The study randomized 272 patients to chemotherapy alone or chemotherapy with cetuximab. The trial was stopped when the study met a protocol pre-defined futility analysis. PFS was significantly worse in the cetuximab arm (14.8 mo vs 24.2 mo, P < 0.048). The phase 2 OPUS trial was the only trial that supported the addition of cetuximab to FOLFOX and so until a phase 3 trial of cetuximab plus FOLFOX demonstrates superior clinical activity over FOLFOX alone, this cytotoxic regimen is still not recommended in the first-line treatment of mCRC patients and particularly in patients with resectable liver metastases. 

In a pooled, retrospective analysis by Roock et al[40] of 579 mCRC patients who received cetuximab, patients with mutation in codon 13 (G13D) had significantly longer OS (7.6 vs 5.7 mo; P = 0.005) and PFS (4.0 mo vs 1.9 mo, P = 0.004) than patients with other KRAS mutations. In addition, OS was similar between patients with the G13D mutation and patients with wild-type KRAS. Moreover, pooled data from 1378 evaluable patients from the CRYSTAL and OPUS studies revealed significant variations in treatment effects for RR (P = 0.005) and PFS (P = 0.046) in patients with G13D-mutant tumors vs all other mutations[41]. Cetuximab plus chemotherapy vs chemotherapy alone significantly improved PFS (7.4 mo vs 6.0 mo, P = 0.039) and RR (40.5% vs 22.0%, P = 0.042) but not OS (15.4 mo vs 14.7 mo, P = 0.68) in patients with G13D-mutant tumors. However, the efficacy of cetuximab in patients with G13D mutations was inferior to those with wild-type KRAS. A study by Gajate et al[42] reported different results, patients with mutation in G13D did not differ significantly in PFS (4.96 mo vs 3.1 mo, P = 0.72) and OS (8.2 mo vs 14.6 mo, P = 0.084) from other KRAS mutations. Also, as seen in pooled data from the CRYSTAL and OPUS studies, patients with KRAS wild-type tumors have a longer PFS (7.3 mo, P = 0.025) and OS (19.0 mo, P = 0.004) than patients with G13D-mutated tumors[42]. Moreover, the finding of cetuximab benefit in patients with G13D mutations was not reproducible with panitumumab in other pooled retrospective analysis of 3 trials with the use of FOLFOX with or without panitumumab in the first-line setting (PRIME trial), FOLFIRI with and without panitumumab in the second-line setting and best supportive care with and without panitumumab in the salvage setting[43]. No mutant KRAS allele was consistently identified as a predictive factor for PFS or OS in either the control arm or the panitumumab arm[43]. Prospective randomized trials in patients with G13D mutations are needed before any conclusions could be made about the potential benefit from cetuximab (or panitumumab). One such trial is currently open to accrual[44].

Panitumumab vs bevacizumab: The PEAK study was the first prospective trial to compare bevacizumab to an anti-EGFR monoclonal antibody in combination with an oxaliplatin-based regimen[45]. Median PFS was 10.9 mo with panitumumab and 10.1 mo with bevacizumab (P = 0.35). Median OS has not been reached with panitumumab and was 25.4 mo with bevacizumab (P = 0.14). The overall RRs were 58% and 54% and the resection rates were 13% and 11% for the panitumumab and bevacizumab arms, respectively.

In a prospective-retrospective analysis of the PEAK, patients with wild-type RAS receiving panitumumab had a PFS of 13.1 mo while those receiving bevacizumab had a PFS of 9.5 mo (P = 0.02)[46]. OS in the panitumumab arm was not reached while in the bevacizumab arm OS was 29 mo (P = 0.06). In patients with wild-type KRAS exon 2 but mutated KRAS (exons 3 or 4) or mutated NRAS (exons 2, 3 or 4), both the PFS (7.8 mo vs 8.9 mo, P = 0.44) and OS (not reached vs 21.6 mo, P = 0.5) were comparable between the panitumumab and bevacizumab arms. In this first-line estimation study in patients with wild-type RAS mCRC, PFS and OS favored panitumumab plus FOLFOX relative to bevacizumab plus FOLFOX.

First-line FOLFOXIRI: Should targeted agents be added to this chemotherapy combination?

Bevacizumab: Bevacizumab with triple cytotoxic regimens seems to be superior to doublet regimens. Recently, Falcone et al[6] reported the results of the Tribe trial where they sought to confirm the superiority of FOLFOXIRI over FOLFIRI when bevacizumab is added to both regimens. FOLFOXIRI plus bevacizumab significantly increased PFS (median 9.5 mo vs 11.9 mo, P = 0.001) and RR (53% vs 64%, P = 0.015) when compared to FOLFIRI plus bevacizumab. Median OS for FOLFOXIRI/bevacizumab was 31.0 mo compared with 25.8 mo in the FOLFIRI/bevacizumab group (P = 0.054). Grade 3-4 neurotoxicity, diarrhea, stomatitis, and neutropenia were significantly higher (P < 0.05) in patients receiving FOLFOXIRI/bevacizumab; while the incidence of febrile neutropenia, serious adverse events, and treatment-related deaths were similar among the two groups. Preliminary results of the OPAL trial assessing the safety of FOLFOXIRI with bevacizumab in the first-line setting in 96 patients revealed that the incidence of adverse events was as previously reported by Falcone et al[6] and that the regimen was well tolerated among the patient population included in the study. An interesting activity of FOLFOXIRI/bevacizumab was seen in BRAF mutated cancers; however, the numbers were low to derive any definite conclusions[6]. FOLFOXIRI regimen has been shown to be superior to FOLFIRI alone in the first line treatment of mCRC[9,10] and whether an additional benefit is employed from the addition of bevacizumab is unclear. The superiority of FOLFOXIRI plus bevacizumab over FOLFOX plus bevacizumab has also been reported in the phase 2 OLIVIA trial[48]. The R0 resection rate was significantly higher (48.8% vs 23.1%, P = 0.017), RR was higher but did not reach statistical significance and PFS data are still immature but favor the FOLFOXIRI arm. The results suggest that FOLFOXIRI-bevacizumab improves resection rates, RR, and long-term outcomes vs FOLFOX-bevacizumab in patients with initially unresectable colorectal liver metastases. Grade ≥ 3 adverse events occurred in 84% of patients in the FOLFOX arm compared to 95% in the FOLFOXIRI arm and included neutropenia (35% vs 48%), febrile (8% vs 13%) and diarrhea (14% vs 28%). 

A clinical trial comparing FOLFOXIRI plus bevacizumab to FOLFOXIRI alone could define the magnitude of effect from the addition of bevacizumab. Moreover, BRAF-mutated microsatellite stable tumors have a poor prognosis[49] and could hence be good candidates to an aggressive regimen such as FOLFOXIRI plus bevacizumab. Also, receiving FOLFOXIRI-bevacizumab as first-line treatment limits choices in subsequent treatment arms, an issue that questions the importance of second and third line treatments. Among elderly Medicare metastatic CRC patients who survived at least 1 year after diagnosis, first-line therapy improved both short and long-term survival[50]. Second and subsequent chemotherapy lines reduced short-term mortality (2 years); however, they didn’t add any additional long term survival benefit (5 years) as compared to first-line therapy. So, should we worry about the sequential treatment strategy or should we provide the best upfront treatment? Only clinical trials addressing the benefit of first and subsequent lines of therapy between several treatment sequences can answer this question. 

Cetuximab: Data on cetuximab with FOLFOXIRI is still premature. Two small trials reported high RRs of 79 and 81%, OS of 35 and 24.7 mo, and one trial reported a PFS of 9.5 mo[51,52]. Toxicity will likely be a problem with such a combination. But till now, the only biologic target whose efficacy with FOLFOXIRI has been proven in phase Ⅲ trials is bevacizumab. A trial comparing the FOLFOXIRI regimen alone to FOLFOXIRI plus biologics is needed to assess the efficacy of biologics with this cytotoxic regimen.

SUBSEQUENT TREATMENT OPTIONS

Subsequent treatment options following progression on the 4 aforementioned cytotoxic backbones and their associated targets are summarized in Figure 1. 

Progression following treatment with 5-FU or capecitabine plus bevacizumab: What are the options?

Patients progressing on 5-FU or capecitabine with bevacizumab in the first-line are unlikely to receive any regimen containing irinotecan or oxaliplatin in subsequent lines of therapy. Therefore, patients progressing on first line 5-FU or capecitabine-bevacizumab have only the option of EFGR monoclonal antibodies in the second line setting if they have KRAS wild type tumors then regorafenib as their last treatment line[53-56]. Patients with mutated KRAS can only receive regorafenib as their second treatment line since anti-EGFR therapy in this patient population is not recommended. 

Progression following FOLFOX plus bevacizumab: What are the options?

Patients receiving the FOLFOX regimen with bevacizumab in the first-line setting receive the alternative cytotoxic regimen FOLFIRI following progression[57-59]. The TML trial enrolled 820 patients with unresectable mCRC who progressed within 3 mo after discontinuing first-line treatment with a bevacizumab-containing chemotherapy regimen. Patients were randomized to receive either oxaliplatin-based or irinotecan-based chemotherapy (depending on what they received first line) plus bevacizumab (n = 409) or chemotherapy alone (n = 411). Results of the primary analysis showed a significant improvement in OS (11.2 mo vs 9.8 mo, P = 0.006) and PFS (5.7 mo vs 4.1 mo, P < 0.0001) in favor of the bevacizumab plus chemotherapy arm[60]. RR were comparable between the two treatment arms (5.4% vs 3.9%, P = 0.3113). In a post hoc subgroup analysis of the trial, patients progressing on oxaliplatin-based chemotherapy with bevacizumab and crossing over to irinotecan-based chemotherapy with bevacizumab had a prolonged OS (12 mo vs 10 mo, P = 0.052) and PFS (6.2 mo vs 4.2 mo, P = 0.0005) compared to the chemotherapy alone arm. The BEBYP trial, conducted by the Gruppo Oncologico Nord Ovest, also supported the results of the TML trial[61]. A significant clinical benefit was associated with continuing bevacizumab after first-line bevacizumab-containing chemotherapy. At a median follow-up of 18 mo, median PFS was 6.77 mo in the bevacizumab arm compared to 4.97 mo in the chemotherapy-alone arm (P = 0.006). In the phase 3 VELOUR trial, addition of aflibercept to FOLFIRI in patients who progressed on an oxaliplatin-based regimen resulted in significant improvement in OS (13.5 mo vs 12.06 mo, P = 0.0032) and PFS (6.90 mo vs 4.67 mo, P < 0.0001) compared to FOLFIRI plus placebo[62]. The OS and PFS were comparable to those achieved with bevacizumab and FOLFIRI and prove the superiority of aflibercept with FOLFIRI over FOLFIRI alone. Hence, aflibercept with FOLFIRI constitutes another treatment of choice in patients progressing on first-line FOLFOX plus bevacizumab. Following progression on this regimen and having received all standard therapies, patients with mutated KRAS can be administered regorafenib monotherapy as their final treatment line. 

A subset of patients with mutated RAS includes patients with wild-type KRAS. In this subset of patients, panitumumab or cetuximab plus FOLFIRI or irinotecan could be a treatment option. FOLFIRI plus panitumumab resulted in significantly better PFS (5.9 mo vs 3.9 mo, P = 0.004) and a trend toward improved OS compared to FOLFIRI alone that did not reach statistical significance and which may have been attributed to the large number of patients receiving anti-EGFR therapy following progression[63]. The EPIC trial, which evaluated irinotecan monotherapy with irinotecan plus cetuximab in patients pre-treated with FOLFOX, revealed that cetuximab added to irinotecan significantly improved PFS (4.0 mo vs 2.6 mo, P ≤ 0.0001) and RR (16.4% vs 4.2%, P < 0.0001) but not OS[64]. In these trials, cetuximab and panitumumab resulted in significantly better PFS and RR but not OS while bevacizumab and aflibercept were associated with significantly better OS compared to chemotherapy alone. In a head-to-to head comparison between panitumumab and bevacizumab with FOLFIRI following progression on oxaliplatin-based chemo and bevacizumab, the SPIRITT trial revealed no significant difference in OS and PFS between the two arms. However, RR was higher in the panitumumab arm (28% vs 16%)[65]. The worst of grade 3/4 adverse events were recorded for 78% of the panitumumab arm vs 65% of the bevacizumab arm but this did not appear to impact discontinuation rates (29% vs 25% rates of discontinuation due to adverse events, respectively). Another phase 2 trial is currently recruiting participants to compare the efficacy of cetuximab vs bevacizumab with chemotherapy following progression on bevacizumab and chemotherapy in the first-line setting (ClinicalTrials.gov Identifier: NCT01442649). At this point, the choice of whether to use anti-EGFR therapy or bevacizumab with FOLFIRI partly depends on the patient’s clinical situation. If the patient is suffering from large tumor burden and is progressing rapidly, then panitumumab may be a better choice since it is associated with a higher response rate. But if skin toxicity is a concern, bevacizumab should be used. 

Patients with wild-type KRAS have two options; either bevacizumab/aflibercept with FOLFIRI or panitumumab/cetuximab with FOLFIRI. Patients receiving bevacizumab/afliberceptplus FOLFIRI have the chance to be given irinotecan plus cetuximab as a third treatment line. In this setting, 55 heavily pretreated patients whose disease had progressed during or within an oxaliplatin-based first-line chemotherapy and an irinotecan-based second-line regimen were given irinotecan and cetuximab. This regimen in the third-line treatment resulted in a median PFS of 4.7 mo and median OS of 9.8 mo[66]. Finally, their last treatment line will involve regorafenib. On the other hand, patients with wild-type KRAS receiving panitumumab or cetuximab in the second line setting with FOLFIRI can only be administered regorafenib following progression. 

Progression following FOLFOX plus panitumumab: What are the options?

Patients with wild-type RAS who receive first-line therapy with panitumumab and FOLFOX, are administered either aflibercept or bevacizumab with the FOLFIRI regimen which both have shown a survival benefit over chemotherapy alone[60,62]. Following progression on either of these lines, the last treatment of choice remaining for these patients is regorafenib since they have progressed on all standard therapies. 

Progression following FOLFIRI plus cetuximab: What are the options?

Patients with KRAS wild-type tumors progressing on FOLFIRI plus cetuximab should receive the FOLFOX regimen with bevacizumab. Aflibercept with FOLFOX did not show any significant improvement in the first-line setting and so it is not recommended in the second-line setting. Moreover, the GOIM (Gruppo Oncologico Dell’ Italia Meridionale) trial is underway to assess the efficacy of FOLFOX with or without cetuximab following progression on cetuximab plus FOLFIRI[67]. Until the results of this trial become available, bevacizumab is used in this setting with the FOLFOX regimen. The ECOG (Eastern Cooperative Oncology Group) Study E3200 assessed the efficacy of bevacizumab plus FOLFOX in patients previously treated with fluoropyrimidine and irinotecan to FOLFOX alone and found that OS (12.9 mo vs 10.8 mo, P = 0.0011), PFS (7.3 mo vs 4.7 mo, P < 0.0001) and RR (22.7% vs 8.6%, P ≤ 0.0001) were all significantly higher in the bevacizumab group compared to the FOLFOX regimen alone[68]. Patients progressing on bevacizumab and FOLFOX benefit from regorafenib monotherapy in the third-line setting. Regorafenib is approved for the treatment of mCRC patients who progressed on standard therapies and was shown to be superior to supportive care in the CORRECT trial[69]. 

Progression following FOLRIRI plus bevacizumab: What are the options?

Patients with mutated KRAS, who cannot receive anti-EGFR therapy as part of their treatment, receive FOLFIRI plus bevacizumab and then cross over to FOLFOX plus bevacizumab after progression. In the TML trial, the post hoc analysis revealed that patients receiving irinotecan-based regimens with bevacizumab and then receiving bevacizumab with oxaliplatin-based regimens after progression had prolonged PFS (5.4 mo vs 3.8 mo, P < 0.0001) and OS (10.9 mo vs 9.3 mo, P = 0.0454) than patients in the chemotherapy alone arm. The last line of therapy available for these patients involves regorafenib which yielded an OS of 6.4 mo compared to best supportive care alone which yielded an OS of 5.0 mo (P = 0.0052)[69].

Progression following FOLFOXIRI plus bevacizumab: What are the options?

Patients progressing on the FOLFOXIRI plus bevacizumab regimen and having wild-type KRAS status benefit from irinotecan and cetuximab in the second treatment line. In a phase 2 trial of 40 patients progressing on at least one line of chemotherapy, biweekly cetuximab biweekly and irinotecan resulted in a RR of 22.5%, PFS of 3.4 mo and OS of 8 mo[70]. As their last treatment line, patients could receive regorafenib. On the other hand, if patients had mutated KRAS tumors, then their second treatment option would be regorafenib. 

DISCUSSION

First-line treatment involves four cytotoxic backbones to which biologic targeted agents have been added. The effect of these targeted agents ranges from synergistic to detrimental and hence it is crucial to know where to fit these compounds into the management of mCRC patients. 5-FU or capecitabine is a weak regimen limited to elderly patients and those who cannot tolerate aggressive regimens. The addition of bevacizumab to this cytotoxic regimen yielded better PFS of up to 9 mo[16-18]. 

 FOLFOX (or XELOX) is arguably the doublet cytotoxic regimen most commonly used in the first-line treatment of mCRC. The combination of EGFR-targeted therapy with this regimen has shown conflicting results with cetuximab but not with panitumumab. Addition of panitumumab to this regimen yielded an OS and PFS benefit in patients with wild-type RAS compared to bevacizumab[46]. Hence, patients with wild-type RAS are good candidates for FOLFOX plus panitumumab regimens while patients exhibiting any RAS mutation are candidates for FOLFOX plus bevacizumab. The other doublet cytotoxic regimen used in the first-line treatment is FOLFIRI. In a head-to-head comparison between bevacizumab and cetuximab with this regimen, cetuximab seems to be superior to bevacizumab[4]. Hence, cetuximab with FOLFIRI is limited to patients with KRAS-wild type and possible mutated KRAS with G13D mutations while other mutated KRAS tumors are more likely to benefit from FOLFIRI with bevacizumab. The results of the Intergroup C80405 study are eagerly awaited and it is hoped that results of this study will reveal the optimal first-line regimen for chemotherapy doublet plus targeted therapy. As for the triplet cytotoxic regimen FOLFOXIRI, and even though it was associated with significantly more adverse events when added to bevacizumab than either FOLFIRI or FOLFOX regimen, it resulted in the longest reported PFS and OS[6,48]. Cetuximab with this regimen yielded very high RRs but the data are still immature in this setting[51,52]. 

As outlined in Figure 1, second and third-line treatment options will depend on the drugs used in the first line setting. Biomarkers such as RAS mutation status remain of key importance. For patients with RAS wild-type tumors who have received anti-angiogenic rather than EGFR-targeted therapy in the first-line setting there is a choice to be made whether to continue anti-angiogenic therapy and switch the chemotherapy backbone, reserving EGFR-targeted therapy to the third line, or switch both chemotherapy and targeted therapy. We have no definitive data to guide this decision however there appears to be an advantage to the use of cetuximab in combination with irinotecan over oxaliplatin. Regorafenib has shown a survival advantage over placebo in heavily pre-treated patients and we are awaiting further work to identify biomarker that might help us select which patients are more likely to benefit from this therapy.

CONCLUSION

Current options for the management of metastatic CRC involve the use of four cytotoxic chemotherapy regimens and five targeted therapeutic agents. The optimal use and sequencing of these agents has yet to be determined. A major concern regarding clinical trials designed to compare one regimen with another is the large number of patients crossing over to the alternative regimen which may hinder the exact interpretation of OS. To overcome such a drawback, treatment sequences should be compared from line one up to subsequent treatment lines. In such a way, the efficacy of the whole treatment sequence is compared to another treatment sequence with the OS, PFS, RR and R0 resection rates compared across all treatment lines. Such trials are beginning to emerge and are currently underway (ClinicalTrials.gov Identifier: NCT01910610 and NCT01878422). As we learn more about the biology of this disease and biomarkers for treatment selection, we hope to improve outcomes for all patients.
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Figure 1  Treatment sequences achieving best clinical outcomes in specified patient population based on current clinical data. Red circles show where biologic targets fit into the cytotoxic treatment sequence (shown in grey boxes) and the specific circumstances that favor its use (shown in dashed comments). Bev: Bevacizumab; Cet: Cetuximab; Pan: Panitumumab; Reg: Regorafenib; Afl: Aflibercept; Cape: Capecitabine; WT: Wild-type; RAS WT: wild-type KRAS and NRAS. 5-FU: 5-fluorouracil.
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