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Abstract

The management of metastatic colorectal cancer substantially improved over the last 10 years and
median overall survival of patients might exceed 30 months. The selection of an effective first-line
treatment represents a crucial point in order to achieve good outcome results. In the last years, the
intensive FOLFOXIRI regimen in association with bevacizumab became a new standard option in
this setting. In the present review we summarized the main steps of FOLFOXIRI regimen
development from the first pilot study to the recent findings with biological agents, with a specific
focus on practical aspects, such as patient’s selection, adverse event management, treatment
schedules and post-progression strategies. Possible predictive markers, open issues and ongoing
clinical trials have been also deeply described.
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Introduction

Colorectal cancer (CRC) ranks as the third most common cancer worldwide [1]. More than
20% of patients have metastatic disease when diagnosed, and more than one-third of patients
eventually develop metastases [2]. It has been shown that more effective chemotherapy
together with improved surgical techniques might allow more secondary resection of
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metastases with improved survival and potentially cure [3,4]. However, the majority of
patients with metastatic colorectal cancer (MCRC) cannot be cured and receive palliative
chemotherapy.

There has been great progress in the first-line treatment of metastatic colorectal cancer
(mCRC) patients in the past ten years and up today median overall survival (OS) might
exceed 30 months [5,6]. Such results derive from the adoption of targeted therapies, the anti-
epidermal growth factor receptor (EGFR)- monoclonal antibodies, cetuximab and
panitumumab, and the anti-vascular endothelial growth factor (VEGF) antibody,
bevacizumab; from the identification of predictive and/or prognostic molecular factors (such
as RAS and BRAF) and from the development of new intensive or tailored medical
treatments [7-10]. In particular the intensive combination of oxaliplatin, irinotecan, and 5-
fluorouracil (5-FU) (FOLFOXIRI) in association with bevacizumab demonstrated in a phase
I11 trial to improve outcome and became a new standard regimen for initial therapy of
mCRC patients [10].

In the present review we summarize the FOLFOXIRI regimen development from the first
pilot study to the recent findings with biological agents. We focused on practical aspects,
such as patient’s selection, adverse event, treatment schedules, and possible predictive
markers, in order to refine the first-line clinical management of mCRC patients.

1) The beginning of the story: the FOLFOXIRI regimen’s development

For over 30 years 5-FU has been the only treatment for patients with mCRC, subsequently
the two-drug combinations, FOLFIRI or FOLFOX, have demonstrated to improve the
outcome compared to 5-FU alone and became the standard treatment in mCRC patients
[11,12]. Interestingly, the phase 111 GERCOR study demonstrated that the use of a
sequential strategy (FOLFOX followed by FOLFIRI or the opposite combination) led to
prolonged survival and similar efficacy results [11]. Moreover, a pooled analysis of seven
phase 111 trials in mMCRC has demonstrated that the exposition to all the three active drugs
(5-FU, irinotecan, and oxaliplatin) in the course of the disease might maximize the survival
benefit of patients [13]. Such data are also supported by preclinical studies, where a clear
synergism or additivity between 5-FU and irinotecan; 5-FU and oxaliplatin or irinotecan and
oxaliplatin was observed [14,15].

Based on these observations a pilot study was conducted and showed that the FOLFOXIRI
was feasible and had acceptable and manageable toxicities as well as no apparent relevant
pharmacokinetics interactions in patients with mCRC [16]. To confirm such preliminary
results the Gruppo Oncologico Nord Ovest (GONO) conducted a phase 111 trial comparing
first-line FOLFIRI versus FOLFOXIRI treatment. Among 244 unresectable mCRC patients
enrolled, the experimental treatment led to an increase of progression-free survival (PFS)
(9.5 months versus 6.6 months, HR 0.59, p<0.001) and OS (23.4 months versus 16.7
months, HR 0.74, p=0.026) with an acceptable toxicity profile. Moreover, a higher response
rate (RR) was also observed (60% versus 34%, p<0.0001), thus resulting in the
improvement of secondary resection rate (15% versus 6%, p=0.033) [17,18]. Another
randomized phase 111 trial, conducted by the Hellenic Oncology Research Group (HORG),
compared the triplet chemotherapy to FOLFIRI in 285 patients. The trial failed to
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demonstrate any superiority for the FOLFOXIRI arm. However, it should be noted that the
study populations were selected according to different eligibility criteria and different
schedules of the three drugs [19] (Table 1).

With regard to secondary resection of metastases, the pooled analysis of 196 unresectable
MCRC patients treated with the GONO-FOLFOXIRI regimen in two phase Il and phase 111
trials showed a 19% radical resection rate, with 5- and 8-year survivals of 42% and 33%,
respectively [20,21]. In addition, the perioperative complication rate was 27% including
liver injury and all complications resolved without sequelae. Recently, after the development
of the capecitabine-based doublet regimens [22-25], a dose-finding trial and a multicenter
phase Il trial evaluated the association of such oral fluoropyrimidine in combination with
oxaliplatin and irinotecan (XELOXIRI). This regimen demonstrated to be feasible and
active but a high grade of diarrhea (30%), neutropenia (30%), and febrile neutropenia (11%)
were observed [26]. Another phase I/11 trial of XELOXIRI plus bevacizumab showed
similar toxicity [27]. Therefore, standard triplet regimen should be based on continuous
administration of 5-FU, and both bolus 5-FU and capecitabine are not considered as valid
alternative options.

2) FOLFOXIRI plus bevacizumab, a new standard option in mCRC patients

In the last 10 years, the introduction of biologics marked a turning point in the first-line
treatment of mMCRC patients. The combination of chemotherapy plus a monoclonal antibody
is deemed a standard treatment in the initial therapy [7-9,28]. More recently, several studies
have evaluated the combination of the triplet with bevacizumab. In a phase 11 FOIB trial,
FOLFOXIRI plus bevacizumab (FOLFOXIRI-bev) demonstrated high rate of responses
(77%), disease-control (100%), and secondary radical resection (26%) among 57
unresectable mCRC patients [29]. Such results were validated in the randomized phase 111
TRIBE study, which enrolled 508 patients and showed that FOLFOXIRI-bev significantly
improved PFS (12.1 months versus 9.7 months, HR 0.75, p=0.003) and RR (65% versus
53%, p=0.006) compared to FOLFIRI plus bevacizumab, thus leading to longer OS (29.8
months versus 25.8 months, HR 0.80, p=0.030) (Table 1). In the TRIBE trial, among
patients assigned to FOLFIRI plus bevacizumab arm, 78% of patients received oxaliplatin in
the subsequent treatments [10]. The intensified treatment of FOLFOXIRI-bev was
associated with a higher rate of grade 3 or 4 neurotoxicity, stomatitis, diarrhea, and
neutropenia, but no increase of serious adverse events or deaths due to treatment-related
toxic effects were observed. Moreover, the subgroup analysis of BRAF and RAS status has
demonstrated that the benefit from FOLFOXIRI-bev was consistent across all molecular
subgroups [30]. The phase 1l OPAL study identified that FOLFOXIRI-bev had a high
efficacy in terms of RR, OS, and secondary resection rate in molecularly unselected mCRC
patients [31]. Thus, FOLFOXIRI-bev can markedly improve the efficacy of first-line
therapy for mCRC patients, with an acceptable toxicity profile. The randomized phase |1
STEAM trial of sequential or concurrent FOLFOXIRI-bev versus FOLFOX plus
bevacizumab for the first-line treatment is under way to evaluate bevacizumab with
FOLFOXIRI in the United States (NCT01765582)[32].
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Whether the initial treatment with triplet plus bevacizumab is effective in patients with
initially unresectable colorectal liver metastases (CLM) was specifically evaluated in the
phase Il OLIVIA trial. Among 80 randomized patients, overall resection rate, the primary
endpoint of the study, was significantly increased in the FOLFOXIRI-bev arm compared to
the MFOLFOXG6 plus bevacizumab arm (61% versus 49%). Promising results were also
observed in terms of RR (81% versus 62%) and PFS (18.6 months versus 11.5 months, HR
0.43) [33]. Such results demonstrate that an intensified treatment with FOLFOXIRI-bev may
represent a new option also for patients with CLM, according to the hypothesis that CLM
patients may become cured after downsizing of metastases by the active induction
chemotherapy. Initial FOLFOXIRI-bev treatment as perioperative therapy in patients with
resectable CLM is currently under evaluation in the randomized phase Il trial PERIMAX
[34]. In addition, the CAIROS trial is under way, which investigates the optimal induction
chemotherapy for patients with initially unresectable CLM. Doublet chemotherapy
(FOLFOX or FOLFIRI) plus bevacizumab and FOLFOXIRI-bev will be compared for
median PFS in the trial [35] (Table 1).

3) The promising results of the combination of FOLFOXIRI plus anti-EGFRs

More recently the efficacy of an anti-EGFR antibody, cetuximab or panitumumab, in
combination with the triplet has been evaluated. The first trial was performed in molecular-
unselected patients [36]. With the identification of RAS as a predictive biomarker for EGFR
inhibitor efficacy, subsequent studies tested such combination in a selected-population of
KRAS or RAS wild-type patients (Table 1). In a phase Il trial evaluating FOLFOXIRI plus
cetuximab, RR and resection rate were 70% and 37%, respectively, although high rate of
grade 3 or 4 neutropenia (23%) and diarrhea (53%) occurred. In particular, in patients with
unresectable CLM only, the resection rate was 62% [37]. In the phase Il TRIP trial,
FOLFOXIRI plus panitumumab in a highly molecularly selected-population of RAS wild-
type patients demonstrated a particularly high RR of 89% and RO resection rate of 35%,
with increased incidence and severity of diarrhea (grade 3—4 35%) [38]. In conclusion, the
combination of FOLFOXIRI plus an anti-EGFR has showed to be promising in terms of
efficacy with high RR; however some concerns about safety such as severe non-
hematological toxicity have been raised up (Table 2) [36-39].

To date, the use of such a combination is not recommended outside clinical trials, but due to
the promising efficacy results the combination regimen requires further consideration and
some clinical trials are currently ongoing. In particular, a German phase I trial is
randomizing patients to FOLFOXIRI plus or minus panitumumab in order to compare RR
and secondary resection rate in RAS wild-type mCRC (NCT01328171); the randomized
phase Il MACBETH trial is evaluating the activity of initial FOLFOXIRI plus cetuximab
followed by a subsequent maintenance with cetuximab or bevacizumab (NCT02295930).
Preliminary results on the first 72 enrolled patients, were presented and showed encouraging
activity (71% RR) and a safe toxicity profile: 35% grade 3 or 4 neutropenia, 21% diarrhea,
7% stomatitis, 15% skin rash, and 3% febrile neutropenia [40]. It should be noted that the
GONO-FOLFOXIRI schedule was modified when combined with anti-EGFRs due to the
high rate of toxicities. Finally, the randomized phase |l DEEPER (JACCRO CC-13) trial is
currently recruiting patients and is evaluating the addition of bevacizumab or cetuximab to
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FOLFOXIRI as a first-line therapy in Japanese mCRC patients with RAS wild-type tumors
(UMIN000018217) (Figure 1).

4) Practical issues: Toxicities and dosage

FOLFOXIRI-based regimens have been investigated in European and Japanese clinical trials
(Table 2). In the TRIBE study, FOLFOXIRI consisted of 165 mg/m? irinotecan, 85 mg/m?
oxaliplatin, and 3200 mg/m? continuous 5-FU in association with bevacizumab (5 mg/kg).
In the first pilot study the GONO identified 175 mg/m? irinotecan, 100 mg/m? oxaliplatin,
and 3800 mg/m? 48-h chronomodulated continuous infusion 5-FU as a recommended dose
of FOLFOXIRI [16]. However, subsequently the schedule was modified to the current
version due to the frequent occurrence of sever hematological toxicity observed in a phase Il
trial [41]. Souglakos et al have developed a different FOLFOXIRI regimen including 150
mg/m? irinotecan, 85 mg/m? oxaliplatin and 400 mg/m?2 bolus administration of 5-FU
followed by 600 mg/m?2 22-h continuous infusion on days 2 and 3. The failure by the HORG
to demonstrate a survival benefit of the FOLFOXIRI might be partially explained by the
different FOLFOXIRI schedule [19]. In Japan, the recommended dose is still controversial.
In the initial report, the dosage of GONO-FOLFOXIRI appeared to be not optimal for
Japanese patients [42], while another study indicated that it may be tolerable although high
percentage of neutropenia was observed: 67% grade 3 or 4 neutropenia [43]. It should be
noted that in the TRIBE study FOLFOXIRI-bev was active and feasible but it was adopted
in a clinically selected-population: patients younger than 70 years or if aged 70 to 75 with
ECOG performance status (PS) <1. Moreover, although grade 3—4 neutropenia, diarrhea,
and stomatitis were slightly increased in patients treated with the triplet plus bevacizumab,
no differences were reported in terms of serious and/or fatal adverse events, nor in terms of
treatment related deaths.

From a practical point of view, the use of G-CSF is not recommended as primary
prophylaxis of neutropenia. A dose reduction of irinotecan and oxaliplatin is suggested after
the occurrence of a long lasting grade 4 neutropenia (>5 days), febrile neutropenia, or grade
4 thrombocytopenia. The management of diarrhea and stomatitis should be careful and
sudden. A dose reduction of irinotecan and 5-FU is recommended after the occurrence of
grade 3—4 diarrhea, and a reduction of 5-FU is suggested in case of grade 3—4 stomatitis.
The STEAM trial based in the United States is ongoing to verify whether sequential
FOLFOXIRI (alternating treatment with FOLFOX and FOLFIRI) may improve the
tolerability of the regimen without impacting efficacy (NCT01765582) [32].

More controversial is the issue of a combination regimen with FOLFOXIRI and an anti-
EGFR antibody due to their toxicity profile. Higher rates of severe diarrhea were observed
in the clinical trials [37,38], thus resulting in dose reduction of irinotecan and 5-FU when
combined with an anti-EGFR monoclonal antibody [44].

In conclusion, the GONO-FOLFOXIRI might be proposed as the standard FOLFOXIRI (to
be used in association or not with bevacizumab) [10,29]. Personalized regimens adopted in
specific-population require further validation. At the moment the combination of
FOLFOXIRI plus anti-EGFR is not yet recommended outside clinical trials.
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5) How should we treat patients after FOLFOXIRI-based therapy? Maintenance and
second-line options

It remains unclear, whether and when a maintenance treatment should be adopted after an
induction treatment with FOLFOXIRI plus a biologics. Several studies have indicated the
efficacy of bevacizumab as a maintenance treatment, mainly in combination with 5-FU
[45,46]; while data on maintenance with anti-EGFRs are lacking.

In the TRIBE trial after 12 cycles of induction treatment patients were treated with
maintenance of 5-FU plus bevacizumab until progression or unacceptable toxicity. Thus,
maintenance treatment with 5-FU plus bevacizumab represents a current standard treatment
after FOLFOXIRI-bev. However, several trials are ongoing in order to investigate the best
maintenance treatment after induction of FOLFOXIRI-based chemotherapy. The MOMA
study is a phase Il randomized trial investigating the role of a maintenance treatment with
bevacizumab versus bevacizumab plus a metronomic chemotherapy after initial
FOLFOXIRI-bev (NCT02271464). The already mentioned MACBETH trial is evaluating
the role of maintenance with cetuximab versus bevacizumab after an induction of
FOLFOXIRI plus cetuximab (NCT02295930) (Figure 1).

A major concern regarding FOLFOXIRI-based therapy is that the up-front use of all three
cytotoxic agents may limit disease control with second-line treatments. Retrospective
analyses of two phase Il trials showed that initial FOLFOXIRI treatment did not impair the
possibility to obtain objective responses and delay tumor progression with second-line
treatments containing the same agents used in first-line. In particular, patients receiving a
rechallenge of FOLFOXIRI reported RR of 38%, median PFS of 8.2 months, and median
OS of 19.3 months [47,48].

Certainly, the time elapsed between the end of first-line treatment and the start of second-
line may be a crucial point. If disease progression occurs during treatment with FOLFOXIRI
plus or minus bevacizumab other therapeutic options such as anti-EGFRs based treatment in
RAS wild-type patients or regorafenib or TAS-102 should be considered. In patients with a
progression-free interval from the discontinuation of first-line FOLFOXIRI of at least 3
months, a second-line treatment containing a doublet or a triplet might be considered as a
suitable therapy [47]. In the TRIBE study, 78% of patients in the FOLFOXIRI-bev arm
received components of the primary regimen as their second-line treatment, while 82% of
patients in FOLFIRI plus bevacizumab arm received second-line treatment [10]. In
particular among patients in the FOLFOXIRI-arm 8%, 37%, and 15% of patients were
treated with FOLFOXIRI, irinotecan-, and oxaliplatin-based regimen, respectively. In
patients experiencing neurotoxicity, irinotecan-containing regimen should be more
reasonable. On the other hand, oxaliplatin-based treatments could be preferred in patients
experiencing higher rates of mucositis and diarrhea during the first-line treatment. The
rechallenge with FOLFOXIRI plus or minus bevacizumab may also represent a valid option.

In order to prospectively validate the option of FOLFOXIRI-bev rechallenge strategy, the
GONO is conducting the phase 111 TRIBE-2 trial. In this study patients are randomized to
receive first-line FOLFOXIRI-bev followed by reintroduction of FOLFOXIRI-bev at
progression versus a standard strategy of FOLFOX plus bevacizumab followed by FOLFIRI
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plus bevacizumab at progression in first- and second-line treatment (NCT02339116) (Figure
1).

6) Novel appropriate/surrogate end-points for FOLFOXIRI-based treatment?

Basically, OS as an endpoint is clinically meaningful, objectively assessed, and used for
regulatory approval. Prolongation of OS is generally the most relevant measure of clinical
benefit in a randomized clinical trial of an experimental treatment. The PFS incorporates not
only with survival but also with the reduction in cancer burden and the delay in cancer
progression, leading to the use as an endpoint to avoid the requirement of large patient
number and long-term follow-up. The results from several pooled analyses have suggested
that while PFS might be a surrogate endpoint for OS [49-51], tumor shrinkage and RR have
a moderate correlation with OS and are not deemed an optimal new endpoints for phase 111
trials in mCRC [50,52]. An analysis of published mCRC trials of chemotherapy plus or
minus targeted-drug, which evaluated the surrogacy of PFS and RR for OS, revealed the
correlation coefficient between PFS and OS and weak correlation between RR and OS. In
this analysis, improvements in PFS are strongly correlated with improvements in OS,
suggesting that PFS remains a valid surrogate endpoint for OS with current treatment
regimens in mCRC [53]. Another analysis of published trials containing bevacizumab
further suggested PFS to be a suitable surrogate endpoint for chemotherapy plus
bevacizumab, while data concerning cetuximab- or panitumumab-based chemotherapy
needs further validation [54]. Therefore, it still remains controversial if PFS is a suitable
surrogate marker for OS when targeted therapies are used.

There was no correlation between PFS and OS in a phase 111 FIRE-3 trial evaluating the
efficacy of FOLFIRI plus cetuximab compared to FOLFIRI plus bevacizumab in the first-
line treatment of KRAS exon2 wild-type mCRC patients [5]. This trial showed a statistically
significant difference in favor of FOLFIRI plus cetuximab in terms of OS, but not in terms
of PFS. A possible explanation of this phenomenon could be extrapolated taking into
account data on early tumor shrinkage (ETS) defined as a reduction =20% of target lesions’
diameters measured after 6-8 weeks from treatment start, depth of response (DpR), defined
as the percentage of maximal tumor shrinkage observed compared with baseline and
survival post-progression (SPP) [55]. Indeed, in the FIRE-3 trial, ETS and DpR were
increased in the cetuximab-arm and were significantly correlated with longer PFS and OS in
both arms. It was hypothesized that patients showing a deeper response could have earlier
disease progression, but the lower tumor load might explain the longer OS. Similarly, a
retrospective analysis from CRYSTAL and OPUS trials have demonstrated that the
addiction of cetuximab to chemotherapy was able to increase the ETS, which was
significantly associated with PFS and OS [56]. Cetuximab was able to increase the DpR,
which was significantly associated with SPP and OS [57]. In a subgroup analysis of PEAK
study, although RR appeared to be similar or only numerically improved in the
panitumumab arm, the responses appeared to occur earlier, last longer and be deeper [58]. In
a subgroup analysis of the TRIBE study, patients treated with FOLFOXIRI-bev achieved
earlier response and a better extent of DpR compared to those treated with FOLFIRI plus
bevacizumab [59]. Moreover, both ETS and DpR could predict PFS, PPS, and OS in
patients treated with chemotherapy plus bevacizumab, thus confirming the importance of
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achieving an early response in order to improve long-term prognosis. A retrospective
analysis of subgroup populations with RAS/BRAF wild-type patients treated in 3 first-line
trials by the GONO suggested that the triplet plus anti-EGFR may be associated with a
higher extent of ETS and a better DpR than bevacizumab [60]. Recently, a systematic
literature has demonstrated that ETS is an early indicator of the potentially achievable
response, while DpR may serve as a predictor of antiproliferative or anti-EGFR directed
therapy [61]. Consequently, both parameters may be considered as determinants of long-
term outcome and potential endpoints for clinical trials, in particular when adopting
FOLFOXIRI-based regimen or anti-EGFR-containing regimen. Four key trials approaching
the investigation of new endpoint are summarized in Table 3.

7) Promising predictive biomarker

According to accumulating data on the molecular pathways underlying CRC, few valid
prognostic markers for CRC-specific survival have been recognized. BRAF VV600E
mutations in mCRC are the only notable exceptions [62]. Similarly, only few data are
available concerning predictive markers of response/resistance to treatments and the only
validated factor is RAS mutational status that is a well-known predictive factor of resistance
to anti-EGFRs [9,63].

At the moment no validated biomarkers but only clinical considerations are available in
order to select patients candidate to receive an intensive treatment such as the FOLFOXIRI.
Among clinical characteristics, age and PS should be taken into account, according
previously specified TRIBE selection criteria. Moreover, patients who have received
adjuvant oxaliplatin-based chemotherapy may be candidates for an intensified
chemotherapy, according to the results of a subgroup analysis of the TRIBE study that
revealed an interaction between previous exposure to adjuvant chemotherapy which
contained oxaliplatin in 64% of cases and treatment effect.

Several studies have addressed the identification of possible predictors of efficacy of
FOLFOXIRI-based treatment. Loupakis F, et al. evaluated plasma levels of VEGF, PIGF,
SVEGFR-2, and TSP-1 in a subgroup of patients treated with FOLFOXIRI-bev. Treatment
with FOLFOXIRI-bev determined a prolonged and significant reduction of plasma VEGF
levels. Interestingly, VEGF concentrations remained lower than at baseline as well as at the
time of tumor progression. Conversely, PIGF levels increased during treatment if compared
with baseline, suggesting a possible role in tumor resistance; moreover, SVEGFR-2 and
TSP-1 levels increased at the time of tumor progression [64]. A genome-wide-associated-
study using an exome array identified the association of VEGFR2 rs10008360 with OS in
patients treated with FOLFOXIRI-bev in the TRIBE study (HR 9.81, 95%CI 3.59-26.81, p=
8.52x107%) [65]. Finally, the analysis of MRNA levels among patients treated in the TRIBE
study, showed that patients with high intratumoral expression of ERCC1 or VEGFC but not
low expression had longer PFS in the FOLFOXIRI-bev arm compared to the FOLFIRI plus
bevacizumab arm (12.0 months versus 9.7 months), suggesting a predictive role of ERCC1
and VEGFC mRNA levels [66]. Such results, although very appealing, are based on
retrospective findings and require further validation.
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Conclusions

Initial combination chemotherapy with FOLFOXIRI-bev is considered as one of the
standard treatments for mCRC patients, which may be the preferred option in patients
requiring a meaningful tumor shrinkage or rapid symptom control, with good PS and
regardless of molecular status of RAS and BRAF. The association of an anti-EGFR antibody
in combination with FOLFOXIRI would be a promising treatment in RAS wild-type mCRC
patients, but deserve further validation in phase Il and 11 trials.

Many clinical trials are ongoing to answer important questions regarding the role of
maintenance treatment, subsequent treatment strategies, and the possible adoption of new
endpoint such as ETS, DpR, or SPP in the evaluation of triplet plus anti-EGFRs or anti-
VEGF activity and efficacy. The identification of predictive biomarkers for response to
FOLFOXIRI-bev is also urgently needed in order to refine patient selection.
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Highligths

e FOLFOXIRI plus bevacizumab represents a new standard option in mCRC
patients

» Adequate schedules and early adverse event management are crucial for such
treatment

» FOLFOXIRI plus anti-EGFRs showed promising results in clinical trials

» Novel surrogate end-points for FOLFOXIRI-based treatment are under
investigation

»  Predictive markers of efficacy are urgently needed to refine patients selection
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