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Abstract

The development of liver metastases is a common
clinical entity in the clinical course of colorectal cancer.
For patients with isolated liver involvement, surgical
resection is the only treatment that can provide a chance
of prolonged survival and cure. However, most of these
patients are not initially eligible for the surgery. Selected
patients with initially considered to have unresectable
disease may become resectable after systemic (che-
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motherapy % biological therapy) and loco-regional
treatment modalities including hepatic arterial infusion.
Patients who have colorectal liver metastases ideally
should be referred to a multidisciplinary cancer care
team in order to identify the most optimal management
approach.

Key words: Colorectal cancer; Conversion therapy; Liver
metastases; Targeted therapy; Hepatic arterial infusion
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Core tip: A subset of patients presenting with unre-
sectable colorectal liver metastases (CLM) patients
may become eligible for resection following systemic
(chemotherapy + biological therapy) and loco-regional
treatments, including hepatic arterial infusion. After
successful complete (RO) resection of liver lesions,
these patients can achieve long-term survival. There-
fore, all patients with CLM should be discussed in a
multidisciplinary team meeting to identify appropriate
treatment options.
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INTRODUCTION

The liver is the one of the most attractive site for color-
ectal cancer (CRC) metastases. Up to 50% of CRC
patients will experience liver metastases at some
point during their clinical follow-up, and approximately
20%-30% of these patients will have isolated liver
metastases. Complete surgical removal of all liver meta-
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stases is the only treatment option providing the best
opportunity for long-term survival in these patientst,

However, most patients with isolated colorectal
liver metastases (CLM) are not eligible for surgical
resection due to the size, location or number of the
lesions and anatomical constraints™. On the other
hand, a subset of patients initially considered to have
unresectable CLM may become eligible for resection
following effective systemic chemotherapy. When the
chemotherapy is used for that purpose, it is called
conversion chemotherapy. Patients with resected CLM
following conversion chemotherapy can achieve similar
survival to those with initially resectable tumors™. In
a large series reported by Adam et af, 1104 patients
with unresectable CLM received chronomodulated
chemotherapy regimens combining 5-fluorouracil (5-FU),
leucovorin (LV), and oxaliplatin or irinotecan. After an
average of 10 cycles of chemotherapy, tumor response
that allowed secondary curative hepatic resection was
seen in 138 (12.5%) of these patients. The 5- and
10-year overall survival (OS) rates after resection were
33% and 23%, respectively, which are better than those
in patients who did not undergo resection, but less
than those observed in patients who underwent initial
complete metastasectomy at the same institution during
the same period of time (48% and 30%, respectively, P
= 0.01).

According to the new systematic review that looked
at ten observational studies, the use of modern chem-
otherapy regimens including irinotecan and oxaliplatin
with or without biological agents permitted secondary
curative (RO) resection of CLM in 436 of 1886 patients
(23.1%). The median OS following surgery was 45
(range, 36-60) mo and recurrence-free survival rate
was 19%"".

IS THERE AN OPTIMAL CHEMOTHERAPY
REGIMEN FOR CONVERSION THERAPY?

It is clear that the regimens that can produce high
response rates with an acceptable toxicity will lead to
a higher rate of RO resections of liver metastases and
improved survival rates®. Folprecht et al*®’ examined
all published or presented trials as well as retrospective
studies that report the rate of objective response and
the rate of secondary resection following systemic
chemotherapy in patients with initially unresectable
CLM. They demonstrated a strong relationship between
response rates to the regimen used and the liver resec-
tion rates in patients who have isolated liver involvement,
and also speculated that highly active schedules can
provide response rates as high as 70% and complete
surgical resection rates as high as 50% in selected cases.

The standard doublet combinations of fluoropri-
midines plus either oxaliplatin (XELOX, FOLFOX) or
irinotecan (FOLFIRI) offer conversion rates of between 9
and 33%, and their use remains a reasonable option for
patients with unresectable CLM®°*?, On the other hand,
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the administration of intensified triplet chemotherapy
regimen of 5-FU, oxaliplatin and irinotecan (FOLFOXIRI)
is an attractive strategy that may potentially increase
response and resectability rates™, The Gruppo Oncolo-
gico Nord Ovest (GONO) performed a phase III clinical
study comparing FOLFOXIRI with FOLFIRI in front-line
chemotherapy for patients with initially unresectable
CRC™, In this trial, response rate (60% vs 34%,
P < 0.0001) and RO secondary resection rate was
significantly greater in patients treated with FOLFOXIRI
(15% vs 6%; P = 0.033, among all participants; and
36% vs 12%; P = 0.017 among patients with liver-
only metastases). Furthermore, patients who received
FOLFOXIRI had significantly improved progression-free
survival (PFS) and OS than those who received FOLFIRI
(median PFS, 6.9 mo vs 9.8 mo, P = 0.0006; median
0S, 16.7 mo vs 22.6 mo, P = 0.032). As expected,
FOLFOXIRI was found to be more toxic with regard to
peripheral neurotoxicity and neutropenia, but they were
manageable.

Masi et al'™! recently performed a retrospective
analysis of pooled clinical data from 196 patients who
received FOLFOXIRI because of initially unresectable
metastatic CRC in phase I -l GONO studies. The
primary aim of the investigators was to determine
the long-term clinical results of patients undergoing
a secondary complete resection and the effects of
this regimen on perioperative surgical morbidity and
mortality. They demonstrated that administration of
this intensified regimen was associated with a high
response rate of 70.4%, and a secondary complete (R0O)
resection was possible in 37 of 196 patients (19%) after
a median of 5.5 mo of chemotherapy. In addition, four
patients achieved a complete pathologic response. No
perioperative mortality was recorded. Although 27%
of patients developed perioperative complications, all
of them resolved without sequelae. After a median
follow-up period of 67 mo, the estimated OS rate at 5
and 8 years were 42% and 33%, respectively for the
total patients population. For patients who had liver-
only metastatic disease (n = 25), however, the median
survival was 65 mo, with the estimated 5-year and
8-year survival rate was 43%. In the histopathological
examination of chemotherapy-induced hepatic injury,
a major cause for concern when treating patients with
CLM, neither grade 3 vascular toxicity nor grade 4
steatosis, was detected.

The addition of targeted agents to chemotherapy
backbones may further improve resectability rates of
CLM[¢81 According to the results of an initial phase
3 trial, bevacizumab, a monoclonal antibody directed
against the vascular endothelial growth factor, only
moderately improved resectability rates when added to
oxaliplatin-based chemotherapy (8.4% vs 6.1%) in an
unselected patient population with metastatic CRC™.
Further data on the effects of bevacizumab on resection
rates of CLM came from the Bevacizumab Expanded
Access Trial investigating the safety of bevacizumab
with fluoropyrimidine-based chemotherapy in the
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first- line treatment of 1914 patients with metastatic
CRC™, In 704 patients with liver-only metastases, 107
patients (15.2%) underwent hepatectomy, which was
RO resection in 85 out of 107 patients (79.4%). The
2-year survival rate was 89% in patients who underwent
resection with curative intent and 94% in those who
achieved complete RO resection.

The BOXER (bevacizumab, oxaliplatin, xeloda in
unresectable liver metastases) study investigated the effi-
cacy of perioperative chemotherapy with bevacizumab
plus capecitabine and oxaliplatin in patients with CLM
who were considered ineligible for upfront resection
due to following poor-risk features: The presence of
more than four metastatic lesions, metastasis diameter
> 5 cm, unlikely RO resection, inadequate viable liver
function if undergoing upfront surgical resection, in-
ability to maintain adequate liver vascular perfusion,
or the presence of synchronous metastases. After a
median number of four cycles (range, 3-9) preoperative
chemotherapy, objective tumor response was observed
in 78% of patients and 40% of patients were converted
from unresectable to resectable disease. Of these
patients, 20% achieved an RO resection®"’.

In a phase 2 study, Masi et al*” assessed the fea-
sibility of FOLFOXIRI and bevacizumab combination in
57 patients with metastatic CRC. Among the 30 patients
with liver-only metastatic disease, this regimen yielded
an 80% objective response rate and 40% of these
patients could undergo a curative (RO) resection. No
perioperative mortality was recorded. Subsequently,
the GONO reported the results of the phase 3 TRIBE
(combination chemotherapy and bevacizumab as
first-line therapy in treating patients with metastatic
CRC) study comparing FOLFOXIRI plus bevacizumab
with FOLFIRI plus bevacizumab in metastatic CRC
patients™, FOLFOXIRI plus bevacizumab provided a
significant increase in response rates (65% vs 53%)
and PFS (median 12.1 mo vs 9.7 mo) compared with
FOLFIRI plus bevacizumab. However, FOLFOXIRI plus
bevacizumab did not improve the secondary curative RO
resection rate in the liver-only patient subgroup (28% vs
32%, P = 0.823).

In the OLIVIA randomized phase 1I trial, 80 patients
with initially unresectable CLM were randomized to
receive bevacizumab plus modified FOLFOX6 or bevaci-
zumab plus FOLFOXIRI®. The results showed that the
combination of bevacizumab plus FOLFOXIRI improved
overall resection rate (61% vs 49%) and RO resection
rate (49% vs 23%), and PFS (18.6 mo vs 11.5 mo)
compared with bevacizumab plus FOLFOX6.

The results of phase I CRYSTAL (cetuximab
combined with irinotecan in first-line therapy for
metastatic colorectal cancer) trial and phase II OPUS
(oxaliplatin and cetuximab in first-line treatment of
metastatic colorectal cancer) trial have showed that the
integration of cetuximab, a chimeric immunoglobulin
G1 anti-epidermal growth factor receptor (EGFR) mono-
clonal antibody, to irinotecan or oxaliplatin-based first-
line chemotherapy significantly improved response
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rates, RO resection rates, PFS, and OS compared with
chemotherapy alone in patients with metastatic CRC
whose tumors did not harbor a KRAS mutation'>*®, In
the CRYSTAL trial, combined administration cetuximab
and FOLFIRI resulted in an increase in the resection
rate from 4.5% to 9.8% in the subgroup of patients
with disease confined to the liver at presentation™’.
Similarly, in the OPUS study, the RO resection rate for
hepatic metastases doubled from 2.4% to 4.7% when
cetuximab was added to FOLFOX4 regimen™®.

The CELIM randomized phase I study was designed
to assess the effect of cetuximab combined with chemot-
herapy (FOLFOX6 or FOLFIRI) on tumor response
and secondary resectability of CLM®”), A retrospective
analysis of the study revealed that 70% of patients with
KRAS wild-type disease achieved either a complete
or partial or complete response after chemotherapy-
biologic therapy, and the resectability rates increased
from 32% (at baseline) to 60% (after treatment).

In the study by Ye et al**®, patients with KRAS wild-
type unresectable colorectal liver-limited metastases
were randomly assigned to receive chemotherapy
(FOLFIRI or FOLFOX®6) plus cetuximab or chemotherapy
alone. Patients who received cetuximab plus chemo-
therapy had improved objective response rates (57.1%
vs 29.4%; P < 0.01), and the RO hepatic resection rates
(25.7% vs 7.4%, P < 0.01) compared to patients who
received chemotherapy alone.

Preliminary reports have suggested that response
rates can be increased further by combining cetuxi-
mab with FOLFOXIRI regimen. The POCHER study
investigated secondary liver resection rates following
neoadjuvant treatment with cetuximab plus chrono-
modulated FOLFOXIRI in patients who were considered
unsuitable for resection of their CLM at presentation™.
After a median of six cycles of chemotherapy, a partial
response was obtained in 79% of patients and RO liver
resection was possible in 60% of patients.

The MetaPan study evaluated the activity of adding
panitumumab, a fully human monoclonal anti-EGFR
antibody, to the capecitabine plus oxaliplatin (XELOX)
combination as perioperative conversion treatment in
CRC patients with unresectable liver-only metastases™.
After conversion therapy, the overall response rate in
the unselected patient population was 54%. However, in
35 patients with KRAS wild-type, response rate reached
to 65%, which allowed for liver resection in 15 of these
patients.

Petrelli et al®"! have performed a literature-based
meta-analysis to determine the effects of cetuximab and
panitumumab on objective response rate, the conversion
rate, and survival outcome in patients with KRAS wild-
type unresectable colorectal liver-limited metastases.
They found that compared to chemotherapy alone, the
addition of anti-EGFR agents significantly increased the
response rate of liver metastases from 43% to 72% (P
= 0.0001), and the curative (R0O) resection rate of liver
metastases from 11% to 18% (P = 0.04). Although anti-
EGFR agents significantly reduced the risk of progression
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by 32% (P = 0.002), they did not show any significant
favorable effect on OS (P = 0.42).

Neither study found a significant increase in surgical
complications with the use of biological agents in this
setting!'®*®., There are currently no specific recommen-
dations regarding the use of anti-EGFR antibodies in the
preoperative period™®'”). However, bevacizumab should
be stopped at least 6-8 wk before surgery to reduce the
risk of specific postoperative complications, including
wound healing or bleeding problems!*®*?,

HEPATIC ARTERIAL INFUSION

Since CLMs predominantly receive their blood supply
from the hepatic artery, infusion of chemotherapeutic
agents that have a high hepatic extraction rate [such as
5-fluorouridine (FUDR)] via the hepatic artery results
higher drug concentrations in liver metastases compared
with tumor-free liver parenchyma, which is supplied
mainly by portals vein®>. This can be achieved thorough
a biocompatible pump that is implanted under the
subcutaneous tissue of the abdomen and attached to a
catheter placed in the hepatic artery, which delivers the
chemotherapeutic drugs at a slow fixed rate.

Currently hepatic arterial infusion (HAI) chemo-
therapy is primarily recommended for the treatment of
patients with unresectable liver confined metastatic CRC
who had disease progression after first-line systemic
chemotherapy™. However, available data suggest
that HAI in combination with systemic chemotherapy
or chemo-biologic therapy offer a chance for curative
rescue resection to a substantial proportion of patients
presenting with liver-limited metastatic CRC®***, With
this approach, down-staging to resectability occurs
in 25%-50% of patients; the percentage can reach
up to 57% in chemotherapy-naive patients!%'">¢],
Importantly, the long-term overall survival can be
obtained™®**?, In the series reported by Goere et
al*”, 87 patients with isolated unresectable CLM were
treated with HAI of oxaliplatin with systemic 5-FU and
LV. Seventy-nine percent of patients had previously
received systemic chemotherapy. After the treatment, a
curative resection was possible in 26% of patients, and
the 5-year survival for these patients was 56% vs 0%
for non-resected patients.

Ammori et al®® reported the largest institutional
series of 373 patients with unresectable CLM who were
treated with HAI FUDR and systemic chemotherapy. Two
hundred and ninety-six patients (79%) had been treated
with systemic chemotherapy before HAI, and 43 of these
patients received multiple lines of chemotherapy. Sixty
patients (16%) had also extrahepatic disease at the
time of HAI pump placement. Despite these unfavorable
features, 25% of patients responded sufficiently to treat-
ment and subsequently underwent complete resection
and/or radiofrequency/microwave ablation. The median
and the estimated 5-year survival for this conversion
group were 59 mo and 47%, respectively, which were
comparable to reports in the literature of patients initially
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presenting with resectable disease.

HAI can be associated with technical and liver-related
complications. Technical complications including arterial
thrombosis, catheter occlusion or dislodgement, extra-
hepatic perfusion, pump pocket infections or hematoma,
have been reported up to 22% of patients™®, However,
most of these complications are manageable and overall
rate of pump failure is around 9% at 1 year”. The most
limiting hepatic toxicity related to HALI is biliary sclerosis,
which has been reported in 4.6% of patients receiving
HAI FUDR for unresectable CLM, and it can often be
effectively managed, if detected early™”.

CONCLUSION

Surgical resection is currently the only curative approach
for patients with isolated CRC liver metastases. Conve-
rsion chemotherapy may offer a chance for secondary
resection in about one-third of these patients. Although,
the optimal regimen for this is still unclear, a doublet
combination of 5-FU plus either oxaliplatin or irinotecan
remain the standard first-line option. The FOLFOXIRI
triplet is a very attractive treatment option especially for
patients who can tolerate this regimen. Despite lacking
specifically designed randomized trials, available data
suggest that the integration of targeted biological agents
into chemotherapy may further improve tumor response
and resectability. HAI should be considered in patients
with extensive liver tumor burden and chemotherapy-
refractory disease.

REFERENCES

1 Adam R, Wicherts DA, de Haas RJ, Ciacio O, Lévi F, Paule
B, Ducreux M, Azoulay D, Bismuth H, Castaing D. Patients
with initially unresectable colorectal liver metastases: is there a
possibility of cure? J Clin Oncol 2009; 27: 1829-1835 [PMID:
19273699 DOI: 10.1200/JC0.2008.19.9273]

2 Leonard GD, Brenner B, Kemeny NE. Neoadjuvant chemotherapy
before liver resection for patients with unresectable liver metastases
from colorectal carcinoma. J Clin Oncol 2005; 23: 2038-2048
[PMID: 15774795]

3 Siriwardena AK, Mason JM, Mullamitha S, Hancock HC,
Jegatheeswaran S. Management of colorectal cancer presenting
with synchronous liver metastases. Nat Rev Clin Oncol 2014; 11:
446-459 [PMID: 24889770 DOI: 10.1038/nrclinonc.2014.90]

4 Maeda Y, Shinohara T, Nagatsu A, Futakawa N, Hamada T.
Long-Term Outcomes of Conversion Hepatectomy for Initially
Unresectable Colorectal Liver Metastases. Ann Surg Oncol 2015:
Epub ahead of print [PMID: 25749931]

5 Smith JJ, D’Angelica MI. Surgical management of hepatic
metastases of colorectal cancer. Hematol Oncol Clin North Am 2015;
29: 61-84 [PMID: 25475573 DOI: 10.1016/j.hoc.2014.09.003]

6 Adam R, Delvart V, Pascal G, Valeanu A, Castaing D, Azoulay D,
Giacchetti S, Paule B, Kunstlinger F, Ghémard O, Levi F, Bismuth
H. Rescue surgery for unresectable colorectal liver metastases
downstaged by chemotherapy: a model to predict long-term
survival. Ann Surg 2004; 240: 644-57; discussion 657-8 [PMID:
15383792]

7 Lam VW, Spiro C, Laurence JM, Johnston E, Hollands MJ, Pleass
HC, Richardson AJ. A systematic review of clinical response and
survival outcomes of downsizing systemic chemotherapy and
rescue liver surgery in patients with initially unresectable colorectal
liver metastases. Ann Surg Oncol 2012; 19: 1292-1301 [PMID:

February 10, 2016 | Volume 7 | Issue 1 |



10

20

JBaishideng®

Kanat O. Treatment of unresectable colorectal liver metastases

21922338 DOI: 10.1245/510434-011-2061-0]

Prenen H, Van Cutsem E. Oncological management of unresectable
liver metastases. Dig Dis 2012; 30 Suppl 2: 137-142 [PMID:
23207946 DOI: 10.1159/000342047]

Folprecht G, Grothey A, Alberts S, Raab HR, Kohne CH.
Neoadjuvant treatment of unresectable colorectal liver metastases:
correlation between tumour response and resection rates. Ann Oncol
2005; 16: 1311-1319 [PMID: 15870084]

Kemeny N. The management of resectable and unresectable liver
metastases from colorectal cancer. Curr Opin Oncol 2010; 22:
364-373 [PMID: 20520544 DOI: 10.1097/CCO.0b013e32833a6¢
8a]

Power DG, Kemeny NE. Chemotherapy for the conversion of
unresectable colorectal cancer liver metastases to resection. Crit
Rev Oncol Hematol 2011; 79: 251-264 [PMID: 20970353 DOI:
10.1016/j.critrevonc.2010.08.001]

Schwarz RE, Berlin JD, Lenz HJ, Nordlinger B, Rubbia-Brandt L,
Choti MA. Systemic cytotoxic and biological therapies of colorectal
liver metastases: expert consensus statement. HPB (Oxford) 2013;
15: 106-115 [PMID: 23297721 DOI: 10.1111/j.1477-2574.2012.00
558]

Falcone A, Fornaro L, Loupakis F, Masi G, Vasile E. Optimal
approach to potentially resectable liver metastases from colorectal
cancer. Expert Rev Anticancer Ther 2008; 8: 1533-1539 [PMID:
18925845 DOI: 10.1586/14737140.8.10.1533]

Falcone A, Ricci S, Brunetti I, Pfanner E, Allegrini G, Barbara C,
Crino L, Benedetti G, Evangelista W, Fanchini L, Cortesi E, Picone
V, Vitello S, Chiara S, Granetto C, Porcile G, Fioretto L, Orlandini
C, Andreuccetti M, Masi G. Phase III trial of infusional fluorouracil,
leucovorin, oxaliplatin, and irinotecan (FOLFOXIRI) compared
with infusional fluorouracil, leucovorin, and irinotecan (FOLFIRI)
as first-line treatment for metastatic colorectal cancer: the Gruppo
Oncologico Nord Ovest. J Clin Oncol 2007; 25: 1670-1676 [PMID:
17470860]

Masi G, Loupakis F, Pollina L, Vasile E, Cupini S, Ricci S,
Brunetti IM, Ferraldeschi R, Naso G, Filipponi F, Pietrabissa A,
Goletti O, Baldi G, Fornaro L, Andreuccetti M, Falcone A. Long-
term outcome of initially unresectable metastatic colorectal cancer
patients treated with 5-fluorouracil/leucovorin, oxaliplatin, and
irinotecan (FOLFOXIRI) followed by radical surgery of metastases.
Ann Surg 2009; 249: 420-425 [PMID: 19247029 DOI: 10.1097/
SLA.0b013e3181920486]

Nordlinger B, Adam R, Arnold D, Zalcberg JR, Gruenberger T.
The role of biological agents in the resection of colorectal liver
metastases. Clin Oncol (R Coll Radiol) 2012; 24: 432-442 [PMID:
22794325 DOI: 10.1016/j.clon.2012.01.002]

Geva R, Prenen H, Topal B, Aerts R, Vannoote J, Van Cutsem
E. Biologic modulation of chemotherapy in patients with hepatic
colorectal metastases: the role of anti-VEGF and anti-EGFR
antibodies. J Surg Oncol 2010; 102: 937-945 [PMID: 21165996
DOI: 10.1002/j50.21760]

Garcia-Alfonso P, Ferrer A, Gil S, Duefas R, Pérez MT, Molina
R, Capdevila J, Safont MJ, Castafion C, Cano JM, Lara R.
Neoadjuvant and conversion treatment of patients with colorectal
liver metastasis: the potential role of bevacizumab and other
antiangiogenic agents. Target Oncol 2015; 10: 453-465 [PMID:
25752908]

Saltz LB, Clarke S, Diaz-Rubio E, Scheithauer W, Figer A, Wong
R, Koski S, Lichinitser M, Yang TS, Rivera F, Couture F, Sirzén
F, Cassidy J. Bevacizumab in combination with oxaliplatin-based
chemotherapy as first-line therapy in metastatic colorectal cancer:
a randomized phase III study. J Clin Oncol 2008; 26: 2013-2019
[PMID: 18421054 DOTI: 10.1200/JC0O.2007.14.9930]

Van Cutsem E, Rivera F, Berry S, Kretzschmar A, Michael
M, DiBartolomeo M, Mazier MA, Canon JL, Georgoulias V,
Peeters M, Bridgewater J, Cunningham D. Safety and efficacy of
first-line bevacizumab with FOLFOX, XELOX, FOLFIRI and
fluoropyrimidines in metastatic colorectal cancer: the BEAT study.
Ann Oncol 2009; 20: 1842-1847 [PMID: 19406901 DOI: 10.1093/
annonc/mdp233]

WJCO | www.wjgnet.com

13

21

22

23

24

25

26

27

28

29

30

31

Wong R, Cunningham D, Barbachano Y, Saffery C, Valle J, Hickish
T, Mudan S, Brown G, Khan A, Wotherspoon A, Strimpakos AS,
Thomas J, Compton S, Chua YJ, Chau I. A multicentre study
of capecitabine, oxaliplatin plus bevacizumab as perioperative
treatment of patients with poor-risk colorectal liver-only metastases
not selected for upfront resection. Ann Oncol 2011; 22: 2042-2048
[PMID: 21285134 DOI: 10.1093/annonc/mdq714]

Masi G, Loupakis F, Salvatore L, Fornaro L, Cremolini C, Cupini S,
Ciarlo A, Del Monte F, Cortesi E, Amoroso D, Granetto C, Fontanini
G, Sensi E, Lupi C, Andreuccetti M, Falcone A. Bevacizumab with
FOLFOXIRI (irinotecan, oxaliplatin, fluorouracil, and folinate) as
first-line treatment for metastatic colorectal cancer: a phase 2 trial.
Lancet Oncol 2010; 11: 845-852 [PMID: 20702138 DOI: 10.1016/
S1470-2045(10)70175-3]

Loupakis F, Cremolini C, Masi G, Lonardi S, Zagonel V, Salvatore
L, Cortesi E, Tomasello G, Ronzoni M, Spadi R, Zaniboni A, Tonini
G, Buonadonna A, Amoroso D, Chiara S, Carlomagno C, Boni C,
Allegrini G, Boni L, Falcone A. Initial therapy with FOLFOXIRI
and bevacizumab for metastatic colorectal cancer. N Engl J
Med 2014; 371: 1609-1618 [PMID: 25337750 DOI: 10.1056/
NEJMoal403108]

Gruenberger T, Bridgewater J, Chau I, Garcia Alfonso P, Rivoire
M, Mudan S, Lasserre S, Hermann F, Waterkamp D, Adam R.
Bevacizumab plus mFOLFOX-6 or FOLFOXIRI in patients with
initially unresectable liver metastases from colorectal cancer: the
OLIVIA multinational randomised phase II trial. Ann Oncol 2015;
26: 702-708 [PMID: 25538173 DOI: 10.1093/annonc/mdu580]
Van Cutsem E, Kéhne CH, Hitre E, Zaluski J, Chang Chien CR,
Makhson A, D’Haens G, Pintér T, Lim R, Bodoky G, Roh JK,
Folprecht G, Ruff P, Stroh C, Tejpar S, Schlichting M, Nippgen J,
Rougier P. Cetuximab and chemotherapy as initial treatment for
metastatic colorectal cancer. N Engl J Med 2009; 360: 1408-1417
[PMID: 19339720 DOLI: 10.1056/NEJM0a0805019]

Tabernero J, Van Cutsem E, Diaz-Rubio E, Cervantes A, Humblet
Y, André T, Van Laethem JL, Soulié P, Casado E, Verslype C,
Valera JS, Tortora G, Ciardiello F, Kisker O, de Gramont A. Phase
IT trial of cetuximab in combination with fluorouracil, leucovorin,
and oxaliplatin in the first-line treatment of metastatic colorectal
cancer. J Clin Oncol 2007, 25: 5225-5232 [PMID: 18024868 DOI:
10.1200/JC0O.2007.13.2183]

Folprecht G, Gruenberger T, Bechstein WO, Raab HR, Lordick
F, Hartmann JT, Lang H, Frilling A, Stoehlmacher J, Weitz J,
Konopke R, Stroszczynski C, Liersch T, Ockert D, Herrmann T,
Goekkurt E, Parisi F, Kohne CH. Tumour response and secondary
resectability of colorectal liver metastases following neoadjuvant
chemotherapy with cetuximab: the CELIM randomised phase
2 trial. Lancet Oncol 2010; 11: 38-47 [PMID: 19942479 DOI:
10.1016/S1470-2045(09)70330-4]

Ye LC, Liu TS, Ren L, Wei Y, Zhu DX, Zai SY, Ye QH, Yu Y, Xu
B, Qin XY, Xu J. Randomized controlled trial of cetuximab plus
chemotherapy for patients with KRAS wild-type unresectable
colorectal liver-limited metastases. J Clin Oncol 2013; 31:
1931-1938 [PMID: 23569301 DOI: 10.1200/JC0.2012.44.8308]
Garufi C, Torsello A, Tumolo S, Ettorre GM, Zeuli M, Campanella
C, Vennarecci G, Mottolese M, Sperduti I, Cognetti F. Cetuximab
plus chronomodulated irinotecan, 5-fluorouracil, leucovorin
and oxaliplatin as neoadjuvant chemotherapy in colorectal liver
metastases: POCHER trial. Br J Cancer 2010; 103: 1542-1547
[PMID: 20959822 DOI: 10.1038/sj.bjc.6605940]

Leone F, Artale S, Marino D, Cagnazzo C, Cascinu S, Pinto C,
Fornarini G, Tampellini M, Di Fabio F, Sartore-Bianchi A, De
Carlis L, Pugliese R, Capussotti L, Gioeni L, Siena S, Aglietta M.
Panitumumab in combination with infusional oxaliplatin and oral
capecitabine for conversion therapy in patients with colon cancer
and advanced liver metastases. The MetaPan study. Cancer 2013;
119: 3429-3435 [PMID: 23868516 DOI: 10.1002/cncr.28223]
Petrelli F, Barni S. Resectability and outcome with anti-EGFR
agents in patients with KRAS wild-type colorectal liver-limited
metastases: a meta-analysis. Int J Colorectal Dis 2012; 27:
997-1004 [PMID: 22358385 DOI: 10.1007/s00384-012-1438-2]

February 10, 2016 | Volume 7 | Issue 1 |



32

33

34

35

36

37

JRaishideng®

Kanat O. Treatment of unresectable colorectal liver metastases

Bilchik AJ, Hecht JR. Perioperative risks of bevacizumab and other
biologic agents for hepatectomy: theoretical or evidence based? J
Clin Oncol 2008; 26: 1786-1788 [PMID: 18398144 DOI: 10.1200/
JC0O.2007.15.6380]

Kanat O, Gewirtz A, Kemeny N. What is the potential role of
hepatic arterial infusion chemo-therapy in the current armamen-
torium against colorectal cancer. J Gastrointest Oncol 2012; 3:
130-138 [PMID: 22811880 DOI: 10.3978/j.issn.2078-6891.2011.0
25]

Karanicolas PJ, Metrakos P, Chan K, Asmis T, Chen E, Kingham
TP, Kemeny N, Porter G, Fields RC, Pingpank J, Dixon E, Wei A,
Cleary S, Zogopoulos G, Dey C, D’Angelica M, Fong Y, Dowden
S, Ko YJ. Hepatic arterial infusion pump chemotherapy in the mana-
gement of colorectal liver metastases: expert consensus statement.
Curr Oncol 2014; 21: €129-e136 [PMID: 24523610 DOI: 10.3747/
c0.21.1577]

Kemeny NE. The re-birth of hepatic arterial infusion for colorectal
liver metastases. J Gastrointest Oncol 2013; 4: 118-120 [PMID:
23730505 DOI: 10.3978/j.issn.2078-6891.2013.019]

Ko YJ, Karanicolas PJ. Hepatic arterial infusion pump chemo-
therapy for colorectal liver metastases: an old technology in a new
era. Curr Oncol 2014; 21: el116-e121 [PMID: 24523608 DOI:
10.3747/c0.21.1592]

Goéré D, Deshaies I, de Baere T, Boige V, Malka D, Dumont F,

WJCO | www.wjgnet.com

14

38

39

40

Dromain C, Ducreux M, Elias D. Prolonged survival of initially
unresectable hepatic colorectal cancer patients treated with hepatic
arterial infusion of oxaliplatin followed by radical surgery of
metastases. Ann Surg 2010; 251: 686-691 [PMID: 20224373 DOI:
10.1097/SLA.0b013e3181d35983]

Ammori JB, Kemeny NE, Fong Y, Cercek A, Dematteo RP, Allen
PJ, Kingham TP, Gonen M, Paty PB, Jarnagin WR, D’Angelica
MI. Conversion to complete resection and/or ablation using hepatic
artery infusional chemotherapy in patients with unresectable liver
metastases from colorectal cancer: a decade of experience at a
single institution. Ann Surg Oncol 2013; 20: 2901-2907 [PMID:
23771246 DOI: 10.1245/510434-013-3009-3]

Allen PJ, Nissan A, Picon Al, Kemeny N, Dudrick P, Ben-Porat L,
Espat J, Stojadinovic A, Cohen AM, Fong Y, Paty PB. Technical
complications and durability of hepatic artery infusion pumps for
unresectable colorectal liver metastases: an institutional experience
of 544 consecutive cases. J Am Coll Surg 2005; 201: 57-65 [PMID:
15978444]

Ito K, Ito H, Kemeny NE, Gonen M, Allen PJ, Paty PB, Fong Y,
Dematteo RP, Blumgart LH, Jarnagin WR, D’Angelica MI. Biliary
sclerosis after hepatic arterial infusion pump chemotherapy for
patients with colorectal cancer liver metastasis: incidence, clinical
features, and risk factors. Ann Surg Oncol 2012; 19: 1609-1617
[PMID: 21989666 DOLI: 10.1245/s10434-011-2102-8]

P- Reviewer: Stanojevic GZ, Yamashita T
S- Editor: Ji FF L- Editor: A E- Editor: Jiao XK

February 10, 2016 | Volume 7 | Issue 1 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2016 Baishideng Publishing Group Inc. All rights reserved.



	9
	封底

