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Abstract Secondary resection is a chance of cure for a subgroup of metastatic colorectal can-
cer (mCRC) patients with unresectable liver-limited disease. Medical treatment has a dual
goal: to induce tumour shrinkage and to prevent disease relapse. The aims of the present anal-
ysis were to assess the efficacy of FOLFOXIRI plus bevacizumab in this setting, and to inves-
tigate whether this regimen could revert the poor prognosis of high-risk patients defined by
clinical and molecular factors. We performed a pooled analysis of patients with unresectable
and liver-limited mCRC, treated with first-line FOLFOXIRI plus bevacizumab in three pro-
spective clinical trials by Gruppo Oncologico del Nord Ovest. 205 (37.9%) patients with liver-
limited disease were selected, out of 541 treated patients. Liver metastases were synchronous,
"4 and bilobar in 90%, 61%, and 79% of cases, respectively. The largest diameter was >5 cm
in 42% of cases, and "6 segments were involved in 25%. Seventy-four patients (36.1%) under-
went R0 or R1 resection of metastases. R2 resections were performed in 17 cases (8.3%). Hav-
ing <6 involved segments (p < 0.001) and achieving RECIST response (p Z 0.019) were
associated with higher chances of resection. R0/R1 resected patients had significantly longer
median progression-free survival (PFS) (18.1 versus 10.7 months, HR: 0.48 [0.35e0.66],
p < 0.001) and overall survival (OS) (44.3 versus 24.4 months, HR: 0.32 [0.22e0.48],
p < 0.001) compared with other patients, both in the univariate and multivariate analyses
(PFS p Z 0.025; OS p < 0.001). The 5-year PFS and OS rate in R0 resected patients were
12% and 43%, respectively. Neither negative baseline characteristics nor high clinical risk
scores or RAS/BRAF mutations were associated with poor post-resection outcomes. In
conclusion, FOLFOXIRI plus bevacizumab demonstrates efficacy in the conversion
setting with considerable long-term outcome results independent of clinical and molecular
prognostic factors (NCT00719797, NCT01163396 and NCT02271464).
ª 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The optimal integration of systemic treatments and
locoregional approaches may lead to cure a subgroup of
metastatic colorectal cancer (mCRC) patients [1]. The
radical resection of liver metastases may be pursued also
in patients initially deemed unresectable, and the rate of
patients who may be converted to surgery is notably
increasing, thanks to more active systemic regimens,
innovative surgical techniques and a widespread multi-
disciplinary approach [2].

In these patients, the upfront systemic treatment has
a dual goal: to shrink the tumour enough to make the
surgical resection technically feasible, and to eradicate
the micrometastatic disease, to reduce the risk of relapse
and to impact on patients’ long-term outcome.

To this purpose, the Gruppo Oncologico del Nord
Ovest (GONO) studied a combination regimen
including the three active cytotoxics, 5-fluorouracil,
oxaliplatin and irinotecan (FOLFOXIRI), reporting
notable percentages of conversion to resection and
considerable results in terms of long-term survival [3e5].

More recently, a phase III trial by the GONO group
demonstrated a significant advantage for FOLFOXIRI
plus bevacizumab when compared with FOLFIRI plus
bevacizumab in terms of response rate, early response,
deepness of response, progression-free survival
(PFS) and overall survival (OS) in a population of
unresectable mCRC patients, not selected with a

conversion intent [6e8]. The phase II OLIVIA study
randomised patients with initially unresectable mCRC
and liver-limited metastases to receive FOLFOXIRI
plus bevacizumab or FOLFOX plus bevacizumab,
showing a significant increase in R0 resection rate
among patients receiving the triplet plus bevacizumab,
with remarkable PFS and OS results [9].

In this pooled analysis, we aimed at describing the
clinical outcome of mCRC patients with unresectable
disease confined to the liver, who received FOLFOXIRI
plus bevacizumab as first-line treatment in three pro-
spective clinical trials conducted by the GONO group
[8,10,11], and explored the association of baseline and
‘on treatment’ variables with radical resection following
FOLFOXIRI plus bevacizumab. Finally, given that the
triplet plus bevacizumab seems an efficacious option
especially in poor prognosis patients (i.e. BRAF
mutant), we asked whether the prognostic impact of
negative clinical and molecular factors could be coun-
terbalanced by such an intensive conversion treatment.

2. Methods

2.1. Patients’ selection

From July 2007 to March 2015, 541 mCRC patients
received first-line FOLFOXIRI plus bevacizumab in
three multicenter clinical trials by GONO: the single-
arm phase II FOIB study [10] (N Z 57), the phase III
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randomised TRIBE study [8] (N Z 508, 252 in the
FOLFOXIRI plus bevacizumab arm) and the phase II
randomised MOMA study [11] (N Z 232). Forty Italian
oncology units were involved in these studies.

Main inclusion criteria were homogeneous across the
trials, and included histologically confirmed diagnosis of
colorectal adenocarcinoma, aged between 18 and 75
years, ECOG PS of 2 or less (0 for patients between 71
and 75 years old), first occurrence of metastatic disease
deemed unresectable and measurable disease according
to RECIST.

Patients whose distant metastases at the time of study
entry were limited to the liver were selected,
independent of the prior resection of primary tumour.

2.2. Assessments

In all studies, disease assessment by contrast-enhanced
CT scan of chest and abdomen was performed every 8
weeks until disease progression.

The evaluation of patients with liver-limited disease
in experienced multidisciplinary teams including sur-
geons, medical oncologists, radiologists and radiation
oncologists was highly recommended in the study
protocols as well as the adoption of guidelines for
defining initial unresectability (i.e. Oncosurge criteria)
[12]. Multidisciplinary discussion was also recom-
mended at the time of every disease re-assessment. The
radical resection of residual metastases in responding
patients was encouraged when it was deemed technically
feasible and potentially curative, after a careful evalua-
tion of surgery-related risks and benefits. The radio-
frequency ablation of otherwise unresectable metastases
was allowed in association with surgery with the aim of
a potentially curative intervention.

2.3. Chemotherapy

FOLFOXIRI plus bevacizumab was administered up to
12 cycles in FOIB and TRIBE study and up to 8 cycles
in MOMA. Thereafter, maintenance treatment with
bevacizumab # a fluoropyrimidine-based chemotherapy
was planned until disease progression, unacceptable
toxicity or consent withdrawal.

In the case of liver metastases resection, at least 5
weeks should have elapsed between the last adminis-
tration of bevacizumab and the day of surgery. After
resection (not earlier than 4 weeks after surgery), post-
operative therapy with FOLFOXIRI plus bevacizumab
was recommended up to 12 cycles (6 months) including
those administered pre-operatively.

2.4. Histopathological and molecular analyses

Two pathologists (MM and AP) centrally assessed his-
tological parameters by means of optical microscope.
Detailed information about analysed parameters is

provided in Appendix A. Mutational analyses of KRAS
and NRAS codons 12, 13, 59, 61, 117 and BRAF codon
600 were centrally performed on primary and/or meta-
static samples, collected before the treatment, by means
of MALDI-TOFMassArray (Sequenom!) as previously
reported [13,14].

2.5. Statistics

Response was defined according to RECIST. Early
response was defined as a reduction of at least 20% in
the sum of longest diameters of RECIST target lesions
at week 8 compared with baseline, and the depth of
response was defined as the relative change in the sum of
longest diameters of RECIST target lesions at the nadir,
in the absence of new lesions or progression of non-
target lesions, when compared with baseline.

Baseline characteristics and radiologic response re-
ported in patients undergoing resection versus unre-
sected patients were compared by means of chi-square
test. Odds ratios (ORs) and relative 95% confidence in-
tervals (CIs) were calculated. Variables significantly
(p < 0.10) affecting the probability of undergoing liver
surgery were included in a logistic regression model.

PFS was calculated from the day of study entry
(registration or randomisation) to the first observation
of disease progression according to RECIST, or death
from any cause. OS was calculated from the day of study
entry (registration or randomisation) until death from
any cause. RFS was calculated in patients undergoing
resection of liver metastases from the day of surgical
resection to the evidence of disease relapse, or death
from any cause. Post-resection OS was calculated from
the day of surgical resection until death from any cause.
Survival curves were estimated by the KaplaneMeier
method and compared with the log-rank test. The
impact of liver metastases resection and other prog-
nostic factors on survival was first assessed in univariate
analyses. Significantly prognostic variables (p < 0.10)
were included in a multivariable Cox proportional
hazard model.

3. Results

3.1. Patients

Out of 541 patients treated with FOLFOXIRI plus
bevacizumab in FOIB, TRIBE and MOMA studies, 205
(37.9%) patients with liver-limited disease were identi-
fied. Their baseline characteristics are summarised in
Table 1. Briefly, most patients (90%) presented with
synchronous metastases, at least four liver lesions (61%)
and bilobar liver involvement (79%); the largest metas-
tasis was >5 cm in the 42% of cases and more than six
segments were involved in the 25% of patients. At
baseline, primary tumour was not resected in the 64% of
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Table 1
Association of baseline characteristics and response parameters with the probability of undergoing R0/R1 resection.

Baseline characteristics All patients (N/%) R0/R1 resection (N/%) Others (N/%) OR (95% CI) p

N Z 205 N Z 74 N Z 131

Age (range) 61 (23e75) 60 (23e75) 61 (33e65) e e
ECOG PS
0 184/90 68/92 114/87 1
1e2 21/10 6/8 17/13 0.55 (0.22e1.57) 0.288
Sex
Male 118/58 45/61 73/56 1
Female 87/42 29/39 58/44 1.23 (0.69e2.20) 0.480
Time to metastases
Synchronous 184/90 66/89 118/90 1
Metachronous 21/10 8/11 13/10 1.10 (0.43e2.79) 0.841
Number of liver metastases
"4 119/61 36/51 83/63 1
<4 76/39 35/49 41/37 2.05 (1.13e3.73) 0.018
NA 10 3 7
Primary resected
No 74/36 21/28 53/40 1
Yes 131/64 53/72 78/60 1.72 (0.93e3.17) 0.084
Location of primary tumour
Right colon 62/30 19/25 43/34 1
Left colon 77/38 33/45 44/35 1.77 (0.88e3.59) 0.108
Extraperitoneal rectum 61/30 22/30 39/31 1.31 (0.62e2.77) 0.484
NA 5/2 0/0 5
Nodal status of primary tumour
Node positive 102/82 37/78 65/86 1
Node negative 23/18 12/22 11/14 0.52 (0.21e1.30) 0.158
NA 80 25 55
Tumour size, diameter
>5 cm 86/42 35/47 51/40 1
$5 cm 117/58 39/53 78/60 0.73 (0.41e1.30) 0.281
NA 2 0 2
Distribution of liver metastases
Bilobar 140/79 41/66 99/86 1
Unilobar 37/21 21/34 16/14 3.17 (1.50e6.68) 0.002
NA 28 12 16
N. of involved segments
>6 47/25 9/13 38/32 1
$6 143/75 61/87 82/68 3.14 (1.41e6.98) 0.004
NA 15 4 11
CEA at baseline
>200 ng/ml 59/30 13/18 46/36 1
<200 ng/ml 140/70 59/82 81/64 2.58 (1.28e5.20) 0.007
NA 6 2 4
Disease-free interval
<12 months 192/94 68/92 124/95 1
>12 months 13/6 6/8 7/5 1.56 (0.51e4.84) 0.552
Mutational status
RAS/BRAF wt 52/30 21/31 31/30 1
RAS mut 100/58 39/58 61/58 0.94 (0.48e1.87) 0.862
BRAF mut 20/12 7/10 13/12 0.79 (0.27e2.32) 0.671
NA 33 7 26
Response parameters
RECIST response
Not responders 61/31 14/18 48/38 1
Responders 137/69 60/82 77/62 2.67 (1.35e5.30) 0.004
NE 7 0 6
Early tumour shrinkage
No 66/35 16/23 50/42 1
Yes 124/65 54/77 70/58 2.41 (1.24e4.69) 0.009
NA 15 4 11
Deepness of Response (median) 42% 44.3% 38.5% e 0.172
per 10% increase 1.08 (0.96e1.20) 0.187
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cases. RAS and BRAF genes were found mutated in 100
(58%) and 20 (12%) cases, respectively. A total of 128
patients were deemed initially unresectable due to the
extent of liver involvement and/or the contact with
major vessels of the remnant liver (62%), whereas in 46
cases the resection was considered not appropriate for
oncological reasons (22%). In 31 cases, the reason for
unresectability was not clearly specified. A total of 137
(69%) patients achieved response according to RECIST,
with a disease control rate of 93% and an early response
rate of 65%. The median depth of response was 42%.
R0, R1 and R2 resections were performed in 63 (30.7%),
11 (5.4%) and 17 (8.3%) cases, respectively. In 15 cases, a
combined approach of surgery and intraoperative RFA
was adopted. The median number of cycles of conver-
sion therapy prior to surgery was 8 (range: 4e12).

3.2. Predictors of resection

At the univariate analysis, less than four liver metastases
(OR: 2.05 [95% CI: 1.13e3.73], p Z 0.018), the unilobar
distribution of metastases (OR: 3.17 [95% CI:
1.50e6.68], p Z 0.002), the involvement of $6 segments
(OR: 3.14 [95% CI: 1.41e6.98], p Z 0.004) and CEA
levels lower than 200 ng/ml (OR: 2.58 [95% CI:
1.28e5.20], pZ 0.007) were significantly associated with
higher probability of resection (Table 1). With regard to

radiologic parameters, achieving RECIST (OR: 2.67
[95% CI: 1.35e5.30], p Z 0.004) and early response
(OR: 2.41 [95% CI: 1.24e4.69], p Z 0.009) was signifi-
cantly associated with higher chance of resection,
whereas achieving deeper response (OR: 1.08 [95% CI:
0.96e1.20], p Z 0.187) showed a trend towards
significance.

In the multivariable model, having less than six
involved segments (OR: 8.29 [95% CI: 2.62e26.3],
p < 0.001) and achieving RECIST response (OR Z 2.74
[95% CI: 1.18e6.39], p Z 0.019) were independently
associated with higher chance of resection.

3.3. Impact of secondary surgery on long-term outcome

At a median follow up of 36.5 months, 162 (79%) pa-
tients progressed and 130 died (63%). R0/R1 resected
patients had significantly longer PFS than other patients
(median PFS: 18.1 versus 10.7 months, HR: 0.48 [95%
CI:0.35e0.66], p < 0.001) (Fig. 1a). No statistically
significant difference between patients achieving R0 or
R1 resections was evident (median PFS: 18.3 versus 14.2
months, HR: 0.57 [95% CI: 0.23e1.40], p Z 0.221)
(Fig. 1b). The estimated 5-year PFS of R0 resected pa-
tients’ was 12%.

Baseline characteristics associated with PFS were the
number of liver metastases (p Z 0.023), the primary

Fig. 1. KaplaneMeier curves describing progression-free survival (a and b) and overall survival (c and d) results in resected and unresected

patients.
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Table 2
Association of baseline characteristics and secondary R0/R1 resection with PFS and OS.

Characteristics N Univariate analysis Multivariate analysis
Median (mos) HR 95% CI p HR 95% CI p
PFS
ECOG PS 0 184 13.9 1 e e e e e

1e2 21 11 1.47 0.88e2.88 0.126
Time to metastases Synchronous 184 13.5 1 e e e e e

Metachronous 21 15 1.01 0.62e1.66 0.956
N. of liver metastases <4 76 17.3 1 e e 1 e e

"4 119 11.3 1.45 1.05e2.00 0.023 0.85 0.51e1.43 0.550
Primary resected No 74 10.6 1 e e 1 e e

Yes 131 15.6 1.55 1.16e1.37 0.006 1.62 1.04e2.52 0.033
Location of primary Right 62 13 1 e e e e e

Left 138 13.5 1.17 0.82e1.68 0.375
Tumour size, diameter $5 cm 117 13.5 1 e e e e e

>5 cm 86 13.1 1.14 0.84e1.58 0.395
Distribution of liver metastases Unilobar 37 18.9 1 e e 1 e e

Bilobar 140 11.3 1.54 0.98e2.23 0.063 1.28 0.71e2.31 0.416
N. of involved segments $6 143 16.2 1 e e 1 e e

>6 47 9.9 1.74 1.27e3.04 0.003 0.72 0.46e1.13 0.153
CEA at baseline <200 ng/ml 140 16 1 e e 1 e e

>200 ng/ml 59 10.5 1.60 1.17e2.51 0.006 0.92 0.57e1.51 0.755
Mutational status All wt 52 13.7 1 e e e e e

RAS mut 100 13.5 1.08 0.74e1.57 0.708
BRAF mut 20 10.6 1.23 0.67e2.34 0.474

Adjuvant CT No 191 13.5 1 e e e e e
Yes 14 15 1.33 0.73e2.65 0.322

RECIST response No 61 10.6 1 e e 1 e e
Yes 137 16.1 0.56 0.35e0.73 <0.001 0.62 0.42e0.93 0.021

R0/R1 resection No 131 18.1 1 e e 1 e e
Yes 74 10.7 0.48 0.35e0.66 <0.001 0.63 0.43e0.94 0.025

OS

ECOG PS 0 184 34.3 1 e e 1 e e
1e2 21 21.5 2.31 1.60e7.08 0.001 2.03 1.07e3.88 0.032

Time to metastases Synchronous 184 34.3 1 e e e e e
Metachronous 21 26 1.03 0.55e1.91 0.932

N. of liver metastases <4 76 36 1 e e 1 e e
"4 119 30.6 1.43 0.95e2.11 0.091 0.87 0.54e1.40 0.571

Primary resected No 74 26.7 1 e e 1 e e
Yes 131 38.3 1.82 1.27e3.01 0.002 1.78 1.08e2.91 0.023

Location of primary Right 62 31 1 e e e e e
Left 138 34.3 1.00 0.66e1.53 0.986

Tumour size, diameter $5 cm 117 33.5 1 e e e e e
>5 cm 86 34.3 1.20 0.82e1.79 0.352

Distribution of liver metastases Unilobar 37 24.7 1 e e e e e
Bilobar 140 28.4 0.94 0.50e1.75 0.832

N. of involved segments $6 143 36.8 1 e e 1 e e
>6 47 21.3 1.74 1.15e3.20 0.013 0.86 0.51e1.45 0.575

CEA at baseline <200 ng/ml 140 36.8 1 e e 1 e e
>200 ng/ml 59 21.5 1.86 1.30e3.26 0.002 0.70 0.43e1.16 0.168

Mutational status All wt 52 40.7 1 e e e e e
RAS mut 100 31 1.40 0.87e2.21 0.166
BRAF mut 20 24.4 1.55 0.74e3.63 0.223

Adjuvant CT No 191 35 1 e e e e e
Yes 14 22.5 1.50 0.75e3.51 0.223

Extrahepatic disease No 192 33.5 1 e e e e e
Yes 13 39.2 0.46 0.28e1.16 0.123

RECIST response No 61 21.8 1 e e 1 e e
Yes 137 41.4 0.36 0.17e0.43 <0.001 0.45 0.29e0.71 <0.001

R0/R1 resection No 131 44.3 1 e e 1 e e
Yes 74 24.4 0.32 0.22e0.48 <0.001 0.37 0.22e0.63 <0.001
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resection (p Z 0.006), the distribution of liver metasta-
ses (p Z 0.063), the number of involved segments
(p Z 0.003) and lower CEA levels (p Z 0.006). In the
multivariable model, including these covariates and
RECIST response, achieving secondary resection of
metastases was associated with longer PFS (HR: 0.60
[95% CI: 0.41e0.89], p Z 0.012) (Table 2).

Patients who underwent R0/R1 resection of liver
metastases also reported significantly longer OS than
other patients (median OS: 44.3 versus 24.4 months,
HR: 0.32 [95% CI: 0.22e0.48], p < 0.001) (Fig. 1c). No
statistically significant difference between patients
achieving R0 or R1 resections was evident (median OS:
56.6 versus 35.0 months, HR: 0.67 [95% CI: 0.22e2.03],
p Z 0.478) (Fig. 1d). The estimated 5-year OS of R0
resected patients’ was 43%.

Baseline variables associated with OS were ECOG PS
(p Z 0.012), number of liver metastases (p Z 0.091),
primary resection (p Z 0.002), number of involved
segments (p Z 0.013), and lower CEA levels
(p Z 0.002). In the multivariable model, including these
covariates and RECIST response, achieving secondary
resection of metastases was associated with longer OS
(HR: 0.32 [95% CI: 0.19e0.54], p < 0.001) (Table 2). In
multivariable models of PFS and OS including all
baseline characteristics and RECIST response,
achieving R0 or R1 resection was still associated with
favourable prognosis (Table S1, S2).

3.4. Histopathological evaluation

Samples from 54 patients who underwent resection were
available for centralised histopathological review of
literature-based parameters of response and toxicity
(Table 3). pCR was detected in 5 (9%) patients. Major
(TRG 1e2) and partial (TRG 3) histopathological re-
sponses were observed in 22 (41%) and 20 (37%) cases,
respectively. None of analysed specimens showed no
response (TRG 5). With regard to potentially
chemotherapy-related liver injury, sinusoidal dilation
was reported in 36 (69%) cases, and was severe in 5 cases
(9%), whereas macrovescicular steatosis was reported in
23 (44%) patients. A trend towards better long-term
outcome for patients achieving better histopathological
response was reported (Fig. 2).

3.5. Predictors of post-resection survival

Out of 74 patients who underwent R0/R1 resection, 53
(71.6%) experienced disease relapse and 30 (40.5%) died.
Median RFS and post-resection OS were 11.4 and 49.7
months, respectively. None of investigated baseline
characteristics was associated with post-resection out-
comes (Table 4). Notably, neither Nordlinger [15] nor
Fong clinical risk scores [16], calculated at the time of
resection, were able to predict long-term survival.

No correlation of RAS and BRAF mutational status
with RFS (p Z 0.981) or post-resection survival
(p Z 0.471) was detected. In particular, BRAF mutant
patients who underwent resection (N Z 7) had a median
RFS of 11.4 months and an unreached median OS, with
no significant differences compared to RAS and BRAF
wild-type or RAS mutant patients (Fig. 3).

4. Discussion

The multidisciplinary management is an added value for
mCRC patients, especially for those with liver-limited

Table 3
Histopathological parameters of response and toxicity.

Histopathological parameters N/%
N Z 54

Resection outcome R0 44/81
R1 10/19

pCRa Yes 5/9
No 49/91

TRGb 1 5/9
2 17/32
3 20/37
4 12/22
5 0/0
MjHR (1e2) 22/41
PHR (3) 20/37
NHR (4)c 12/22

Tumour-normal tissue interface <3 mm 37/69
>3 mm 17/31

Fibrosis "40% 36/67
<40% 18/33

Infarct-like necrosis Yes 49/91
No 5/9

Lymphocytic infiltration Absent 8/15
Mild 41/76
Moderate 5/9

Peritumoral inflammatory response Mild 30/58
Moderate 20/38
Intense 2/4
NA 2

Microvescicular steatosis Yes 41/79
No 11/21
na 2

Macrovescicular steatosis Yes 23/44
No 29/56
NA 2

Sinusoidal dilatation 0 (absent) 16/31
1 (mild) 15/29
2 (moderate) 16/31
3 (severe) 5/9
NV 2

Parenchymal necrosis Yes 7/13
No 45/87
NV 2

Pericellular fibrosis Yes 12/23
No 40/77
NV 2

a Pathological complete response.
b Tumour regression grade.
c MjHR: major histopathological response; PHR, partial histo-

pathological response; NHR, no histopathological response.
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disease. The present series confirms the crucial role of the
integration of a highly active upfront treatment with
surgical procedures to improve mCRC patients’ long-
term outcome. In particular, a traditional paradigm is
further strengthened in the contemporary era: max-
imising tumour shrinkage increases the chances of radical
resection and this is the most important variable condi-
tioning survival independent of other prognostic factors.

Therefore, receiving an upfront treatment able not
only to grant disease control but also to determine rapid
and deep tumour shrinkage is a crucial step in the
therapeutic route of mCRC patients with liver-limited
metastases. Achieving earlier and deeper response is a
major determinant of not missing the chance of resec-
tion, thus further encouraging the choice of optimal
upfront regimens and supporting the potential clinical
relevance of new response parameters.

Thanks to theavailabilityofdifferentoptions, the choice
of this upfront regimen is a highly debated matter [17].

Our results show that FOLFOXIRI plus bev-
acizumab allows to obtain remarkable RR in the sub-
group of patients with liver-limited disease (69%), which
translates into a considerable R0/R1 resection rate
(36%). Resected patients achieved median PFS and OS
of 18.1 months (18.3 for R0) and 44.3 months (56.6 for
R0), respectively. The 43% of patients achieving R0
resection was estimated to be alive after 5 years.

The definition of initial unresectability, required by
inclusion criteria of FOIB, TRIBE and MOMA trials, is
always affected by a certain degree of inter-individual
variability. This is well-evidenced by the inter-observer
discordance recently reported in different experiences in
which baseline CT scans of patients included in clinical
trials requiring initially unresectable disease were re-
evaluated by an expert panel of surgeons [18,19]. It
should also be considered that not only technical issues
about the feasibility of a radical resection, but also
oncological considerationsmainly related to the prognosis

Fig. 2. KaplaneMeier curves describing relapse-free survival (a and c) and post-resection overall survival (b and d) results in resected

patients according to pathological complete response (pCR) and tumour regression grade (TRG).
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estimation, weight on the assessment of resectability.
However, patients included inFOIB, TRIBEandMOMA
trials were not selected with conversion intent, and, as
shown by baseline characteristics of the study population,
they do represent a clearly initially unresectable cohort,
with extensive liver involvement [8,10,11]. This should be
taken into account when comparing our results with those
reported in other recent first-line studies enrolling poten-
tially resectable mCRC patients with liver-limited disease,
whereas the conversion intent of the treatment led in-
vestigators to preferentially recruit patients with higher
chances to become resectable [9,18,20]. Though recog-
nising this intrinsic limitation, our results are consistent
with those obtained among 41 patients treated with
FOLFOXIRI plus bevacizumab in the OLIVIA study [9],
and seem to favourably compare with those reported in
recent trials with doublets plus cetuximab [18,20] and in

subgroup analyses of phase III randomised trials of
chemotherapy with or without an anti-EGFR [21,22]. In
particular, results with doublets plus anti-EGFRs refer to
patients not bearing RAS mutations, whose negative
prognostic impact is now well established, whereas in the
present series almost half of patients had a RAS mutant
tumour and another 12% showed BRAF mutation. Pre-
sent findings are consistent with those previously obtained
by our group with FOLFOXIRI alone [4], but patients
included in this study population show clearly worse
prognostic factors. The improvement observed in OSmay
be attributed to the impact of post-progression treat-
ments, including other locoregional interventions, but
also to the long-term effect of a more efficacious upfront
treatment [23]. The choice of an intensified chemotherapy
backbone in the conversion treatment of potentially
resectable patients is also supported by results of the phase

Table 4
Association of prognostic factors, response parameters and surgery outcome with RFS and post-resection overall survival.

N
N Z 74

Relapse-free survival Post-resection overall survival

Median (mo) HR 95% CI p Median
(mo)

HR 95% CI p

Baseline characteristics
Sex Male 45 11.3 1 e e NR 1 e e

Female 29 11 1.15 0.70e1.93 0.573 33.4 1.80 0.89e4.08 0.097
Time to metastases Synchronous 66 11.3 1 e e 37.5 1 e e

Metachronous 8 12.6 0.81 0.35e1.90 0.661 NR 1.12 0.32e3.98 0.849
N. of liver metastases "4 36 10.8 1 e e 49.7 1 e e

<4 35 13.8 0.89 0.51e0.53 0.659 37.5 1.30 0.57e2.96 0.522
Primary resected No 21 11.7 1 e e 37.5 1 e e

Yes 53 11.0 1.10 0.59e2.06 0.745 37.5 1.15 0.46e2.84 0.762
Location of primary Right colon 19 11.3 1 e e 49.7 1 e e

Left colon 55 11.5 0.85 0.48e1.53 0.383 35.5 1.44 0.64e3.24 0.393
Nodal status of primary tumour Node positive 37 6.8 1 e e 35.5 1 e e

Node negative 12 11.4 0.89 0.44e1.82 0.758 NR 0.45 0.17e1.22 0.191
Tumour size, diameter >5 cm 35 11.0 1 e e 37.5 1 e e

$5 cm 39 11.5 0.88 0.51e1.51 0.636 NR 0.79 0.36e1.77 0.564
Distribution of liver metastases Bilobar 41 11.1 1 e e 49.7 1 e e

Unilobar 21 11.5 1.36 0.74e2.53 0.298 30.4 1.55 0.63e3.82 0.308
N. of involved segments >6 9 NR 1 e e NR 1 e e

$6 61 11.3 1.81 0.61e5.36 0.399 49.7 2.34 0.58e9.41 0.389
CEA at baseline >200 ng/ml 13 11.3 1 e e 49.7 1 e e

<200 ng/ml 59 11.3 0.93 0.46e1.88 0.837 37.5 0.99 0.39e2.50 0.979
Disease free interval <12 months 68 11.3 1 e e 49.7 1 e e

>12 months 6 12.6 0.89 0.34e2.34 0.817 21.3 2.04 0.40e10.3 0.235
Clinical risk score Fong Low 15 12.4 1 e e 49.7 1 e e

High 49 11.3 1.00 0.51e1.97 0.992 36.4 1.46 0.55e3.91 0.403
NA 10 e e e e e e e e

Clinical risk score Nordlinger Low/intermediate 3/27 12.4 1 e e NR 1 e e
High 23 9.7 1.24 0.65e2.35 0.500 35.5 0.92 0.35e2.41 0.869
NA 21 e e e e e e e e

Mutational status all wt 21 12.6 1 e - 37.5 1 e e
RAS mut 39 11.1 1.13 0.45e2.83 0.926 35.5 1.59 0.44e5.76 0.872
BRAF mut 7 11.4 1.02 0.38e2.73 0.891 NR 1.31 0.34e5.02 0.913

Response parameters
RECIST response No 14 8.0 1 e e 30.4 1 e e

Yes 60 11.7 0.65 0.29e1.28 0.189 NR 0.46 0.14e1.05 0.091
Early tumour shrinkage No 16 11.1 1 e e 36.4 1 e

Yes 54 11.7 0.72 0.37e0.40 0.288 NR 0.66 0.24e1.76 0.347
Surgery outcome
Resection margin R0 63 11.7 1 e e 49.7 1 e -

R1 11 5.7 1.81 0.73e4.48 0.203 37.5 1.30 0.45e3.79 0.600
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II randomised Prodige 14 trial, reporting higher resection
rate and longer OS among patients treated with FOL-
FIRINOXplus a targeted agent than among those treated
with doublets plus a targeted agent [24].

Notably, no patient was resected in the absence of
histopathological response, and this was major or
complete in the vast majority of cases.

Differently from results of recent analyses underlining
the potential prognostic role of both RAS and BRAF
mutations in terms of RFS and OS in resected patients
[25], no association of RAS or BRAF with clinical
outcome was observed in the present series. In a recent
experience of three Italian institutions, including our
centre, significantly shorter RFS and post-resection OS
were reported among 12 BRAF V600E mutant
patients when compared with both RAS and BRAF wild-
type and RAS mutant patients [24]. Present results are
apparently inconsistent with those findings. However,
going back to clinical histories of those 12 BRAFmutant
patients, all of them had undergone ‘d’emblée’ resection
of liver metastases, without exposure to a prior systemic
treatment. FOLFOXIRI plus bevacizumab, whose effi-
cacy in this poor prognosis subgroup has been already
shown in three subsequent studies [7,10,26], may be able
to control the micrometastatic disease, thus counter-
acting the biologic aggressiveness of these tumours.
Similarly, FOLFOXIRI plus bevacizumab seems able to
revert the negative impact of other unfavourable factors,
including high risk defined by Fong [16] and Nordlinger
scores [15], calculated at the time of resection.

In conclusion, achieving radiologic response is of
paramount importance for mCRC patients with initially
unresectable liver-limited disease. To this purpose,

FOLFOXIRI plus bevacizumab represents a valid
upfront option for these patients, able not only to convert
a considerable percentage of them to radical resection, but
also to provide notable long-term results independent of
baseline prognostic factors.
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Fig. 3. KaplaneMeier curves describing relapse-free survival (a) and post-resection overall survival (b) results in resected patients

according to RAS and BRAF mutational status.
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