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Colorectal cancer (CRC) is the second 
leading cause of cancer-related death 
worldwide, with more than 200,000 
deaths per year in Europe alone [1]. Over 
half of all patients with CRC will develop 
metastatic disease, with a quarter having 
distant metastatic lesions at diagnosis [2]. 

In the setting of unresectable meta-
static CRC the best outcome is achieved in 
patients receiving fluoropyrimidines  oxali-
platin and irinotecan in their course of dis-
ease [3]. Over the last decade, several com-
binations of these three drugs significantly 
increased response rate (RR) and prolonged 
overall survival (OS) with a RR of 40–50% 
and a median OS of up to 20 months [4]. 
However, in a sequential strategy, a third of 
patients are not able to receive a second-line 
therapy. Several Phase I–II studies demon-
strated the feasibility and the promising 
activity of up-front biweekly fluorouracil 
infusion combined with oxaliplatin and iri-
notecan [5–7]. A Phase III study comparing 
FOLFOXIRI to FOLFIRI demonstrated 
that FOLFOXIRI presented manageable 
toxicities and significantly improved RR 
(up to 60%), progression-free survival (PFS) 

and OS [8]. This regimen also increased the 
rate of secondary resection of liver metas-
tases in patients with initially unresectable 
lesions [8,9], but did not improve complete 
response (CR) rate (<5%).

In fact, only 10–20% of patients pre-
senting with colorectal liver metastases 
(LMs) were considered suitable for liver 
surgery [10]. However, liver metastasec-
tomy, when feasible, is the only poten-
tially curative treatment, with reported 
5‑year and 10‑year survival rates of 40 
and 25%, respectively [101]. The propor-
tion of patients who can benefit from sec-
ondary resection is variable, ranging from 
6 to 60% depending on the type of neo-
adjuvant combination chemotherapy, the 
degree of patient selection and reasons for 
nonresectability [11]. Several authors have 
emphasized the interest of optimizing first-
line chemotherapy schedules to provide a 
survival advantage. Folprecht et al. demon-
strated that tumor response to preoperative 
chemotherapy is a strong predictor fac-
tor for resectability of LM [12]. A recent 
study evaluating the long-term outcome 
of 184 CRC patients with LM rendered 
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resectable after neoadjuvant chemotherapy 
indicated that the patients who were considered 
cured were those who had responded to first-
line chemotherapy (p = 0.05) [13]. Likewise, data 
analysis of the ‘LiverMetSurvey’ registry from 
4408 CRC patients who had undergone liver 
metastasectomy showed an improvement in sur-
vival among the patients operated after one line 
of chemotherapy compared with those receiving 
several lines [101]. Despite potential biases owing 
to the fact that patients receiving multiple lines 
of chemotherapy probably experienced a more 
aggressive disease, overall results indicate that 
survival can be prolonged when conversion to 
resectability is achieved after optimal first-line 
therapy. 

Thus, it is crucial to deliver from the first-line 
treatment the most effective therapy for tumor 
shrinkage and optimal management of CRC 
patients with LM. In this setting, we have con-
ducted a randomized Phase II trial, METHEP 1 
[9], to evaluate whether intensification of first-
line chemotherapy (FOLFIRI or FOLFOX 
vs LV5FU2 with high-dose [HD] irinotecan 
260  mg/m² [FOLFIRI-HD], LV5FU2 with 
HD oxaliplatin 130 mg/m² [FOLFOX7] and 
triplet chemotherapy combining LV5FU2 with 
irinotecan 180 mg/m² and oxaliplatin 85 mg/m² 
[FOLFIRINOX]) improves secondary resection 
of initially unresectable colorectal LM. The 
main concern in most previously published stud-
ies is the heterogeneity in definition of unresect-
ability. To avoid such variability, we set out a 
clear description of unresectability criteria in 
our protocol, and the reason for unresectability 
was strictly determined by a panel of surgeons at 
study entry. In this study, chemotherapy inten-
sification yielded high rates of confirmed tumor 
response making secondary resection possible 
in 57% of patients. Toxicity profiles of intensi-
fied regimens were acceptable, and the majority 
of toxic effects occurred with usual frequency 
with respect to the drugs used. The incidence 
of neutropenia was similar in all treatment arms 
due to primary G-CSF prophylaxis in intensified 
schedules. 

Nevertheless, the concept of chemotherapy 
intensification has some limitations and should 
be balanced against the risk of toxicity. Indeed, 
in the METHEP 1 study, we observed that 
the occurrence of severe neurotoxicity in the 
FOLFOX7 arm led to premature chemotherapy 
discontinuation, and to a worse outcome in this 
group. The use of chemotherapeutic agents in 

the neoadjuvant setting is known to increase 
overall surgical morbidity, and some regimens 
may have impact on operative mortality. It is 
also likely that duration of chemotherapy influ-
ences the occurrence of postoperative compli-
cations. In a recent trial, Karoui et  al. dem-
onstrated a postoperative complication rate of 
54% for patients receiving six or more cycles 
of neoadjuvant chemotherapy versus 19% for 
those receiving fewer than six cycles (p = 0.047) 
[14]. In our study, median time to resection was 
shorter in the experimental arms compared 
with the control arms (4 vs 6.6 months), and 
20 versus 50% of patients requiring at least eight 
cycles of chemotherapy prior to surgery, respec-
tively. Overall morbidity rates were found to be 
slightly higher in the experimental arms, but 
hepatic failure rates were similar. Interestingly, 
the FOLFIRINOX arm yielded the best partial 
RR, the best conversion rate to resectability and 
a 45% R0 resection rate. With a median follow-
up of 50.4 months (range: 1.1–70.9 months), 
median PFS and OS in this arm were 
14.1  months (range:  11.2–21.7  months) and 
48.8 months (range: 21.9–not reached), respec-
tively. Consequently, we thought that optimal 
management of CRC patients with formerly 
unresectable LM should include tailored com-
bination of the most effective chemotherapy 
regimens and the use of a surgery performed as 
early as possible to minimize chemotherapy side 
effects on the liver. In our experience, that was 
best demonstrated in the FOLFIRINOX arm.

This triplet chemotherapy may provide 
valuable therapeutic alternative, especially in 
patients with unresectable CRC LM. Moreover, 
we have recently confirmed the feasibility of 
XELIRINOX regimen in a biweekly sched-
ule [15]. Our results are consistent with two 
recently published data reporting acceptable 
toxicity profile with similar regimens [16,17]. 
The recommended dose of 2500  mg/m²/day 
on days 1–7 for capecitabine is higher than the 
dose of 2000 mg/m²/day proposed by Bajetta 
et al. [16] and Fornaro et al. [17] from days 2–6 
and days 1–7, when combined with 180 and 
165 mg/m² irinotecan and 85 mg/m² oxalipla-
tin, respectively. Interestingly, for other gastro-
intestinal cancers, Bajetta et al. reported an over-
all RR of 58% in a cohort of 12 patients with 
metastatic gastric cancer treated by biweekly 
capecitabine with oxaliplatin and irinotecan 
[18]. Likewise, the Prodige ACCORD 11 trial 
recently showed that first-line FOLFIRINOX 
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tritherapy significantly improved RR, PFS and 
OS compared with gemcitabine monotherapy 
among 342 patients with metastatic pancreatic 
adenocarcinoma [19]. These last results are con-
sistent with the tolerability of FOLFIRINOX 
regimen even in a fragile population.

Since the METHEP I trial [9] was designed, 
the interest of adding antiangiogenic therapy to 
conventional chemotherapy as first-line treat-
ment of metastatic CRC patients has been well 
established [20–22]. Two Phase III trials showed 
improvement in both RRs and R0 resection rates 
in initially nonresectable patients with KRAS 
wild-type status given chemotherapy plus cetux-
imab as compared with those receiving chemo-
therapy alone [22,23]. Also, in a selected CRC pop-
ulation with unresectable metastases confined to 
the liver, a 70% response rate was obtained and 
R0 resection was achieved in 34% of the wild-
type KRAS tumor patients treated by cetuximab 
with FOLFOX6 or FOLFIRI [20]. On the other 
hand, addition of bevacizumab or cetuximab to 
triplet chemotherapy regimen may represent a 
step forward in intensive medical treatment of 
metastatic CRC patients. It adds drug-specific 
toxicity to that reported with FOLFIRINOX but 
seems to increase clinical efficacy [24–27].

Given this background, we decided not to pro-
ceed to a Phase III trial of FOLFIRINOX versus 
FOLFIRI/FOLFOX alone. Instead, we initiated 
a new large randomized Phase II trial to evaluate 
the efficacy of FOLFIRINOX combined with 
either cetuximab (in wild-type KRAS) or beva-
cizumab (in mutated KRAS) in selected CRC 
patients with initially unresectable metastases 
confined to the liver. The primary objective will 
be to compare the secondary resection rate in 
triplet chemotherapy combination with targeted 
agents versus doublet chemotherapy (FOLFIRI 
or FOLFOX) combined with targeted agents 
according to the KRAS status (PRODIGE 14/
METHEP 2 trial [102]).

In summary, the first-line treatment of unre-
sectable metastatic colorectal carcinoma is still 
a matter of debate. The triplet chemotherapy 
FOLFIRINOX may provide valuable therapeu-
tic alternative, especially in patients with good 
performance status and unresectable CRC LMs. 
Indeed, for these patients, it is crucial to deliver 
from the first-line the most effective therapy for 
tumor shrinkage and to perform a LM surgery as 
early as possible to minimize chemotherapy side 
effects on the liver. Neoadjuvant intensified che-
motherapy demonstrated a superior early tumor 
response than standard chemotherapy. In this set-
ting, FOLFIRINOX is clearly feasible and par-
ticularly interesting in terms of tumor response 
and secondary resection. This approach does 
not compromise second-line therapy for these 
patients, and in the case of unresectable LM 
persistence after the first-line intensified chemo-
therapy, the multidisciplinary team should re-
evaluate the patient case to decide further treat-
ment (conventional chemotherapy plus targeted 
therapy or intra-arterial hepatic chemotherapy or 
radioembolization if available). More recently, the 
addition of bevacizumab or cetuximab to triplet 
chemotherapy regimens appears feasible and may 
represent a step forward in intensive medical treat-
ment of metastatic CRC patients. Consequently, 
we are currently evaluating the FOLFIRINOX 
regimen in combination with targeted therapies 
in the randomized Prodige 14/METHEP 2 trial.
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