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Abstract

The evolution of chemotherapeutic regimens that
include targeted molecular agents has resulted in a
breakthrough in the management of advanced colorectal
liver metastasis (CLM), improving the progression-
free survival after liver resection, and rendering initially
unresectable liver tumors resectable, with reported
resection rates ranging from 13% to 51%. In addition,
the criteria used for selecting patients for hepatectomy
have been expanding because of advances in surg-
ical techniques and improvements in chemotherapy.
However, the increasing use of chemotherapy has
raised concern about potential hepatotoxicities such as
steatosis, chemotherapy-associated steatohepatitis, and
sinusoidal obstruction syndrome, and their deleterious
effects on postoperative outcome. The present review
focuses on the advantages and disadvantages of chemo-
therapy, strategies for the prevention and diagnosis of
chemotherapy-associated liver injury, and the adoption
of more aggressive surgical approaches, which have
changed the traditional paradigm for CLM.
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INTRODUCTION

Approximately 50% of patients with colorectal cancer
develop liver metastases at some point during the course
of their discase!”. Liver resection remains the treatment
of choice for patients with resectable colorectal liver
metastasis (CLM)". However, the majority of patients with
CLM are poor candidates for hepatectomy at presentation,
and recurrence after surgery is common®., Hence, various
combinations of chemotherapy and surgery have been
evaluated in order to reduce the incidence of disease
relapse and improve the long-term surgical outcome.

The efficacy of a combination regimen comprising
fluorouracil/leucovorin (LV) with oxaliplatin and/or itin-
otecan has rendered initially unresectable CLM resectable
after tumor downsizing, thus changing the prognosis
signiﬁcantlyls'()]. In addition, the combined use of targeted
molecular theraopies has further enhanced the efficacy of
chemotherapy™'"!. Recently, the impact of perioperative
chemotherapy for initially resectable CLM was evaluated
in a phase Il prospective randomized control trial”.
However, the increasing use of chemotherapy has raised
awateness of the potential hepatotoxicities of cytotoxic

agentsm’m and their possible deleterious effects on post-
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operative outcome! !, Furthermore, issues such as the
optimum timing of surgery and the preoperative diagnosis
of suspected chemotherapy-associated liver injury remain
to be clarified.

In the 1980s, the features of CLLM used conventio-
nally to indicate the feasibility of liver resection were:
a maximum of three nodules, absence of extrahepatic
metastasis, and a clear resection margin of 10 mm!"Y,
Since then, however, the resectability criteria have been
expanding because of advances in surgical techniques
and perioperative care, as well as improvements in chem-
otherapy.

The present review focuses on the advantages and
disadvantages of chemotherapy, strategies for the pre-
vention and diagnosis of chemotherapy-associated liver
injury, and the adoption of more aggressive surgical

approaches, changing the traditional paradigm for CLM.

ADVANCES IN CHEMOTHERAPY

Advantages of chemotherapy

Chemotherapy for initially unresectable CLM: Al-
though resection of CLM can offer a 5-year survival
rate of 27%-40%™"* only 10%-20% of patients with
CLM can be regarded as candidates for surgical resection
because of the size and/or location of their tumors™>Y.
Hence, a major goal of chemotherapy for patients with
initially unresectable CLM is to induce tumor shrinkage in
order to increase the number who are eligible for radical
resection. Recently, several reports have indicated that the
improved efficacy of a combination regimen comprising
fluorouracil/LV with oxaliplatin and/or irinotecan has
rendered initially unresectable CLM resectable after tumor
downsizing””. Reported resection rates, and RO resection
rates, have varied from 13% to 51%, and from 11% to
38%, respectivelypsm (Table 1). The wide ranges may be
attributable to the chemotherapeutic regimens employed,
and also variations in the definition of tresectability. For
example, in some studies, the presence of at least five or
six CLMs distributed diffusely in both lobes was defined
as unresectable!™”" whereas others did not consider this
condition an absolute contraindication”"”**". However,
it is important to note that a proportion of patients with
initially unresectable CLM were considered to become
eligible for surgery by the same team, irrespective of the
selection criteria adopted.

Only a few studies have examined the 5-year surv-
ival rate of patients with initially unresectable cancer
whose lesions were rendered resectable by preoperative
chemotherapy[s’zs]. Adam ¢z al” reviewed their 11-year
experience of rescue surgery for 1439 patients with initially
untesectable CLM, and showed that their strategy achieved
5- and 10-year survival rates of 33% and 22%, respectively,
with a median survival period of 39 mo. These prom-
ising results were achieved through their aggressive
surgical approach for frequent tumor recurrences: repeat
hepatectomy was performed in 55% of patients with
isolated hepatic recurrence and 51% of those with both
hepatic and extrahepatic recurrence.

144

Jgn?s:iﬁm"* WJGO | www.wjgnet.com

381

Kobayashi A et a/. Advances in therapeutics for CLM

Perioperative or adjuvant chemotherapy for initially
resectable CLM: Even after curative hepatectomy
for CLM, cancer relapse will occur in the majority of
patients™. Tn order to reduce the incidence of recurrence
and to maximize overall survival, various combinations of
chemotherapy and surgery have been evaluated, although a
dilemma exists as to whether such cytotoxic agents should
be administered before or after liver tesection.

Prehepatectomy chemotherapy has been reported
to have several theoretical advantages over surgery al-
one”’ including a higher rate of complete resection,
ablation of micrometastases, provision of an indication
of chemotesponsiveness, and identification of cases of
aggressive disease. Indeed, several previous studies have
shown that patients whose disease progressed while
receiving chemotherapy had significantly shorter survival
than those with stable or responsive disease, indicating that
the response to chemotherapy before hepatectomy is a
prognostic indicator™ "', However, despite the theoretical
benefits of prehepatectomy chemotherapy, its impact
on long-term outcome has not been clearly defined. A
previous retrospective study™ investigating the role of
chemotherapy before hepatectomy for patients with 5
or more bilobar CLMs demonstrated that patients who
received preoperative chemotherapy had a better 5-year
survival rate than those who did not (38.9% #s 20.7%, P =
0.039). On the other hand, other studies have shown no
survival benefit for patients who treceived prehepatectomy
chemotherapy""*’.,

The use of adjuvant systemic chemotherapy with or
without hepatic arterial infusion (HAI) after liver resection
has been tested in several large randomized studies. Two
studies demonstrated an improvement of progression-free
survival after adjuvant chemotherapy, but no prolongation
of overall survival™™", Kemeny ez a/* reported a significant
increase in the two year-survival of a group receiving
combined therapy (surgery + systemic fluorouracil/LV +
HAI) relative to a group receiving monotherapy (surgery
+ systemic fluorouracil/LV) (86% vs 72%, P = 0.03).
However, a later update of their results showed that the
median overall survival was comparable between the
two groups (68 mo 25 59 mo, P = 0.10)"". Portier et a/"
reported a tendency for better disease-free and overall
survival in a systemic chemotherapy group (fluorouracil/
LV) than in a group receiving surgery alone, but the
difference did not reach statistical significance because of
insufficient power.

Nordlinger ez al' evaluated the impact of perioperative
chemotherapy for initially resectable CLM on the surgical
outcome. In this phase IIl prospective randomized control
trial, 304 patients with up to four initially resectable CLMs
wete allocated to either six cycles of fluorouracil, LV, and
oxaliplatin (FOLFOX4) given both before and after liver
resection, or to surgery alone. The results showed the
absolute increase in rate of progression-free survival at 3
years was 7.3% (P = 0.058) in randomized patients; 8.1%
(P = 0.041) in eligible patients; and 9.2% (P = 0.025) in
patients undergoing resection. Although the addition of
perioperative chemotherapy did not significantly increase
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Study Treatment (17)

Median survival (mo)

Resection rate (%)
5-year survival All/RO (%)

Bismuth et al®

5-FU/LV = oxaliplatin (330)
NA
5-FU/LV + oxaliplatin (151)
48°/NR®
5-FU/LV (53)
NA
5-FU/LV + irinotecan + HAI (31)
-/20.2° (PFS)

Giacchetti et al™
Wein ef al™!
Zelek et al™”

Adam et al”
39°/-
Tournigand et al™ FOLFIRI (109)
47°/-
FOLFOX4 (111)
NR
FOLFIRI (40)
14.3 (DFS)°/-
FOLFOX4 (42)
NA
5-FU/LV + oxaliplatin + irinotecan (30)
NA
5-FU/LV + irinotecan + cetuximab (21)
NA
FOLFOXIRI, simplified FOLFOXIRI (74)
-/36.8"
FOLFOX4 (311)
38.9°/-
FOLFOX?7 (309)
43.0°/-

FOLFOX + cetuximab (53)
NA

FOLFIRI + cetuximab (53)
NA

Pozzo et al®
Alberts et al®
Seium et al™
Folprecht et al™
Masi et al®

Tournigand et al'™

Folprecht et al®”

5-FU/LV + oxaliplatin and/or irinotecan (1104)

16/14
40°/-
51/38
50°/58"
17/11
NA
35/29
-/65" (3-year survival)
12.5/10.9
33%/-
9/7
NA
22/14
NA
40/32.5
NA
40/33
NA
7/-
NA
-/19
NA
-/26
-/37" (4-year survival)
17.7/11.3
NA

15.2/9.4
NA
49/38
NA
43/30
NA

‘Resected patients only; RO resection only. 5-FU/LV: 5-Fluorouracil/leucovorin; NA: Not available; NR: Not

reached; HAI: Hepatic arterial infusion; PFS: Progression-free survival; FOLFIRI: 5-Fluorouracil, leucovorin,
and irinotecan; FOLFOX: 5-Fluorouracil, leucovorin, and oxaliplatin; DFS: Disease-free survival; FOLFOXIRI:

5-Fluorouracil, leucovorin, oxaliplatin, and irinotecan.

the 3-year progression-free survival rate in intention-to-
treat analysis, this initial study indicated that petioperative
chemotherapy had the potential to reduce disease
recurrence after liver resection in patients with CLM.

Whether patients with initially resectable CLM should
receive perioperative or adjuvant chemotherapy should be
examined in a prospective randomized trial comparing the
two strategies.

Disadvantages of chemotherapy
Chemotherapy-associated liver injury: The increasing
use of chemotherapy for CLM has raised awatreness of
the potential hepatotoxicities induced by cytotoxic agents
and the effects of these drugs on postoperative outcome.
Previous reports have indicated that preoperative admin-
istration of chemotherapeutic agents can be associated
with pathological change in the liver, such as steatosis,
chemotherapy-associated steatohepatitis (CASH), and
sinusoidal injurym’s”.

Steatosis has been reported in 30%-47% of patients
receiving systemic fluorouracil®™¥. While the association
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between irinotecan-containing therapy and steatosis (>
30%) has been debatable" > such therapy has been
associated with an increased risk of steatohepatitis**>,
which can progress to fibrosis, cirrhosis, and liver failure®"
and interestingly the risk was shown to be doubled in
patients with a BMI of = 25 kg/ m” relative to those with
a BMI of < 25 kg/m” (24.6% 25 12.1%, P = 0.01)!"".

Oxaliplatin-based chemotherapy is associated with
sinusoidal injury, i.e. sinusoidal dilatation and hemorrhage
related to disruption of the sinusoidal barrier, sinusoidal
fibrosis, and veno-occlusive lesions'> ", The morphological
featutes of the sinusoidal lesions are similar to those obse-
rved in veno-occlusive disease, recently renamed sinusoidal
obstruction syndrome (SOS)"”.

Chemotherapy-associated liver injury and postope-
rative outcome: Kooby ¢ a/™” reported that patients
with steatosis, 58% of whom had received preoperative
chemotherapy, showed a higher complication rate after
hepatectomy than those without steatosis, and that the
degree of steatosis was significantly correlated with total
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and infective complications. These results were in line with
those of other groups[sg’ém. While the presence of steatosis
rarely affects postoperative mortality™, Vauthery ez a/'®
reported that patients with steatohepatitis had higher 90-d
mortality than those without (14.7% »s 1.6%, P = 0.001).

With regard to sinusoidal injury, Nakano ez al"’
showed that the postoperative complication rate after
major liver resection was significantly higher in patients
with sinusoidal injury than in those without (40% zs 6.3%,
P =10.020).

Preoperative chemotherapy and surgical outcome:
While several studies have reported that preoperative
chemotherapy was not associated with morbidity and
mortality after hepatectomy" > Karoui e /"
demonstrated a higher morbidity rate after major liver
resection in patients who had received preoperative
chemotherapy. Similarly, Nordlinger ez a/'? reported that
the postoperative complication rate was significantly
higher in a perioperative chemotherapy group than in
a surgery-alone group (25% o5 16%, P = 0.04). In addi-
tion, two studies have shown that the number of cycles
of chemotherapy administered was correlated with the
incidence of postoperative cornp]icationsm’m.

Taken together, the data indicate that caution must be
exercised when performing liver resection, especially major
hepatectomy, for patients who have received a prolonged
petiod of preoperative chemotherapy, irrespective of the
treatment regimen.

Chemotherapy-associated liver injury: Prevention and
diagnosis

Optimum duration of chemotherapy: For patients with
initially unresectable CLM, the timing of surgery clearly
depends on tumor downsizing, rendering patients eligible
for liver resection. However, for patients with initially
resectable CLM, the optimum duration of chemotherapy
and the interval between chemotherapy and hepatec-
tomy remain unresolved issues in the absence of any
randomized trials.

The optimum duration of chemotherapy has been
evaluated from the viewpoint of tumor response as well
as the short-term results of surgery. White e al® showed
that reduction of CLM became evident mainly within 4
mo from the start of induction systemic * hepatic arterial
infusion, with little further reduction thereafter. Based
on these results, the authors recommended that surgery
should be performed 2-4 mo from the induction of
chemotherapy in patients whose disease responds to, or
remains stable on, the therapy. Auer ef al® reported that
a radiological complete response (CR), albeit a rare event
(3%-4%)"*" is not always a true CR as approximately one
third of such patients show pathologically viable cancer
cells or reappearance of the disease during follow-up. Im-
portantly, the median time to CLM disappearance was 5
mo, and disappearance within 3 mo was observed in 25%
of patients. Snoeren ef al® suggested that liver resection
could be considered after only three to four cycles of
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chemotherapy, so as not to lose the chance of identifying
CLM intraoperatively.

Karoui ¢z a/'” evaluated the influence of the number
of chemotherapy courses on postoperative outcome,
and showed that the risk of morbidity after major liver
resection for CLM was higher in patients receiving 6 or
more chemotherapy cycles than in those receiving less
than 6 cycles (54% ws 19%, P = 0.047). Similarly, Aloia ez
al™ reported that patients receiving more than 12 cycles
of chemotherapy had a higher reoperation rate (11% vs
0%, P = 0.04) and a longer hospital stay (15 d »s 11 d, P
= 0.02) than those receiving 12 courses or less. Although
the chemotherapeutic regimens in these studies were
heterogeneous (fluorouracil with or without irinotecan or
oxaliplatin), the results suggested that a longer duration
of preoperative chemotherapy could predispose some
patients to operative risk.

Optimum interval between chemotherapy and hepa-
tectomy: Discussion about the optimum interval between
chemotherapy and hepatectomy has been based on the
assumption that chemotherapy-induced hepatotoxicity is
reversible. However, this has not yet been fully evaluated.
Welsh ez a/°"" showed that the surgical complication
rate was higher in patients with a shorter (4 wk or less)
chemotherapy cessation period than in those with a longer
interval (11%; »s 5.5% for an interval of 5-8 wk or 2.6%
for an interval of 9-12 wk; P = 0.009). Nakano ez al"”
showed that the time interval after chemotherapy was
significantly shorter in patients with sinusoidal injury than
in those without (3.6 mo »s 6.5 mo, P = 0.048). Takamoto
et al™ initially evaluated the recovery of liver function
after the cessation of preoperative chemotherapy, and
found a significant recovery of the indocyanine green
retention rate at 15 min (ICGR15) at 2-4 wk after the
last chemotherapy. These results support the contention
that liver damage caused by chemotherapy is reversible
after cessation. On the other hand, few studies have
investigated the possibility of persistent liver damage.
In a study by Rubbia-Brandt ez al™ some patients
who underwent a second liver resection were found to
have persistent SOS, which had been diagnosed at the
initial hepatectomy, but had later progressed, even after
discontinuation of chemotherapy. Similarly, Hubert ez al®
showed that moderate to severe SOS persisted for more
than 6 mo after cessation of chemotherapy in one fourth
of their patients. In a review article, Kopetz ¢ al™ stated
that a limited course of chemotherapy, with an interval
of at least 5 wk, might minimize the incidence surgical
complications.

Diagnosis of chemotherapy-associated liver injury:
Although CT or MRI is useful for imaging diagnosis of
hepatic steatosis " it has been considered difficult to
identify sinusoidal injury using imaging modalities. Ward
et al” were the first to report that superparamagnetic iron

oxide (SPIO)-enhanced T2-weighted gradient echo (GRE)

imaging is effective for detecting sinusoidal injury. It
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depicted ateas affected by sinusoidal obstructive syndrome
as reticular hyperintensity, and achieved a sensitivity of
87%, a specificity of 89%, a positive predictive value of
83%, and a negative predictive value of 92%.

In general, liver function tests have not been considered
useful for diagnosis of chemotherapy-associated liver
injuryml. Nakano et a/'’ reported that patients with
sinusoidal injury after preoperative chemotherapy showed
significantly poorer functional liver reserve, as evaluated in
terms of ICGR15, than those without sinusoidal injury. In
addition, multivariate analysis showed that a preoperative
ICGR15 of > 10% was independently predictive of
sinusoidal injury. Similar results were reported by Taka-
moto ¢t /", who showed that the values of ICGR15
after chemotherapy were beyond the normal range. These
results suggest that the ICG test could be a useful marker
of not only chemotherapy-induced liver injury but also
functional recovery of the liver from such injury.

Liver biopsy is a method for diagnosis of chemo-
therapy-induced liver injury, but it can yield false-negative
information because of the heterogeneous nature of
histological changes throughout the liver. Laparoscopy
with direct inspection is another option for assessment
of liver injury, although its value is limited to some extent
because of its invasiveness and the qualitative nature of
the information it providesm’w.

Biological treatment

Optimum interval between the last chemotherapy
and surgery: Targeted biological agents are being
used increasingly for the treatment of CLM because
of the improved survival they afford in combination
with the standard fluorouracil-based chemotherapeutic
regimenm. The anti-angiogenic effect of bevacizumab
(BV), a monoclonal antibody against vascular endothelial
growth factor (VEGE), has raised concern regarding the
potential impact on bleeding and wound healing. In a
previous pooled analysis, the incidence of grade 3 and
4 wound healing complications was higher in patients
given preoperative BV than in those without, although the
difference did not reach statistical significance (13% s 3.4%,
P = 0.28)™. Tt was noteworthy that no BV-treated patients
experienced complications beyond 60 d from the last dose.
These results have been supported by more recent studies
demonstrating that BV can be administered preoperatively
without an increase in morbidity after liver resection for
CLM, provided the administration is stopped at 7-10 wk
before surgery” "

Since preclinical studies in mice have shown that
VEGEF also plays a pivotal role in liver regeneration after
partial hepatectomy”™ ™ it has been hypothesized that BV
could impair liver regeneration. However, the effects of the
agent have not yet been well clarified. Recently, two studies
have presented data for liver regeneration after portal vein
embolization™*” (PVE) or portal vein ligation (PVL) in
patients receiving systemic chemotherapy with or without
BV. One of them, conducted by the M.D. Anderson
group™, showed that preoperative chemotherapy with BV
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did not impair regeneration of the future remnant liver
(FRL) when it was discontinued a median of 7 wk before
PVE. The other study, by the Beaujon Hospital group[sg],
showed that the rate of hypertrophy was comparable
between a non-BV-treated group and a BV-treated group
given less than six cycles. Importantly, the latter study
found that BV-treated patients receiving six or more cycles
showed a far lower rate of hypertrophy than those given
less than six cycles. In addition, no obvious increase in
FRL was observed in elderly patients (= 60 years) who
received six or more cycles of BV. The authors concluded
that care should be taken when performing liver resection
in patients who receive six or more cycles of BV and are
= 60 years of age.

Effect of BV on pathological response and backg-
round non-tumorous liver: The pathological effects of a
preoperative BV-containing regimen on tumor viability or
non-tumorous liver injury have not yet been evaluated in
patients with CLM. The M.D. Anderson group™ recently
reported that the fluoropyrimidine-plus-oxaliplatin
(5FU/OX) + BV regimen significantly reduced not only
the extent of tumor viability (32.9% »s 45.3%, P = 0.02),
evaluated as the area of residual viable cancer cells on
hematoxylin and eosin-stained sections, but also both the
incidence and severity of sinusoidal dilatation (any grade:
27.4% vs 53.5%; moderate or severe: 8.1% vs 27.9%; both
P < 0.01) in comparison with a 5FU/OX-only group.
One possible explanation for the protective effect of BV
against OX-induced SOS is blockade of VEGE™ as
VEGTF plays a critical role in the development of SOS:
patients with SOS show a higher serum VEGF level, and
extent of the increase parallels the clinical severity of

SOS™.

Selective internal radiotherapy

Radioembolization, also termed selective internal radiot-
herapy (SIRT), is a technique for administering internal
radiotherapy to unresectable CLM by injecting resin or
glass microspheres containing™”. Yttrium into the hepatic
artery”",

Several clinical trials of SIRT concomitant with radios-
ensitizing systemic chemotherapy have obtained promising
results. A recent phase I-1I study has shown that SIRT can
be given with FOLFOX4, achieving acceptable toxicity,
a radiological response rate of 90%, and a progression-
free survival of 9.3 mo™. An ongoing large phase III trial
investigating 5-FU, oxaliplatin and folinic acid with or
without SIRT as a first-line treatment for patients with
CLM will provide important data on the efficacy and
toxicity of this combined modality approach[%].

ADVANCES IN SURGERY

Since Ekberg ez a/™® proposed three eligibility requirements
for liver resection of CLLM — fewer than 4 liver tumots, no
extrahepatic disease, and a resection margin of at least 10
mm - these limitations have been challenged by various
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surgeons, leading to more aggressive approaches to the
treatment of CLM.

Approaches for extending the criteria for liver resection
Staged hepatectomy: Curative hepatectomy has been
abandoned in certain patients with bilobar multiple
CLM, even after systemic chemotherapy and portal
vein embolization. The Paul Brousse groupm] were the
first to report planned two-stage hepatectomy for such
patients, consisted of initial hepatectomy removing
the greatest number of CLM as possible, followed
by chemotherapy, and a second hepatectomy for any
remaining tumors. The timing of the second hepatectomy
is decided after confirming the following criteria: adequate
parenchymal regeneration, control of any remnant CLM
by chemotherapy, and probability of radical resection.
This approach yielded a 3-year survival rate of 35%
and a median survival period of 31 mo after the second
hepatectomy in highly selected patients. However, the
results were hampered by a 15% mortality rate after the
second resection, probably because of the detrimental
effects of prolonged chemotherapy.

An alternative staged procedure for patients with
synchronous CLLM was reported by the Beaujon groupm.
This consisted of removal of the primary tumors and all
left-sided metastases with simultaneous right portal vein
ligation as the first step, and a right or extended right
hepatectomy after hypertrophy of the left hemi-liver as a
second step. They applied this strategy to 20 patients (12
with colorectal cancer and 8 with neuroendocrine tumors),
and eventually 14 patients (70% of the total population)
underwent right hepatectomy (» = 8) and extended
right hepatectomy (# = 6) without major complications
including liver failure. Jaeck ez al™ reported their experi-
ence of a two-stage procedure combined with portal vein
embolization for patients with initially unresectable CLM.
PVE via a percutaneous approach was scheduled 2 to 5
wk after the first hepatectomy. They performed 12 right
hepatectomies and 13 extended right hepatectomies with
no mortality, and the long-term survival was comparable
with that for patients with initially resectable CLM.

Hepatic pedicle lymphadenectomy: Hepatic pedicle
lymph node (HPLN) metastasis has been reported to be
the most significant prognostic factor affecting long-term
outcome after liver resection for CLM!"™*"”'™ "and celiac
axis nodal involvement has been defined as an absolute
contraindication for liver resection!"". Jaeck ez al"™ have
routinely performed hepatectomy concomitant with
complete HPLN dissection in patients fulfilling at least
one of the following criteria: 3 or more liver metastases,
location in segment 4 or 5, and a high preoperative
CEA level. Their procedure conferred a survival benefit
only when the HPLN metastases were limited to area 1
(hepatoduodenal ligament and retroduodenopancreatic
nodes). Recently, they evaluated the impact of HPLN
dissection on long-term outcome in the era of multi-
agent chemotherapy. Their strategy yielded an overall
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5-year survival rate of 17.3% and a median survival pe-
riod of 20.9 mo without any increase of postoperative
mortality and morbidity. Surprisingly, the extent of HPLN
involvement, in either area 1 or 2 (along the common
hepatic artery and celiac axis) or both, did not affect
overall survival after surgery. They concluded that HPLN
dissection may offer a survival benefit provided that the
resection is potentially curative and followed by adjuvant
Chernotherapy[m].

Microscopically positive resection margin: Several
previous studies addressing the issue of the surgical
margin (SM) have yielded conflicting results. Some reports
have recommended a SM wider than 1 ¢m because of
its association with prolonged survival in comparison

18,104-107
{ I However, other

with subcentimeter resections
studies have shown that a margin of less than 1 cm has
no significant impact on survival, as long as the margin is
cancer—negativems’m}. Whereas most these studies were
based on statistical analysis of prognostic factors, Kokudo
et al"'" carried out a histological and genetic assessment
of K-ras and p53 gene mutations to identify the minimum
margins in surgically resected specimens. Histological
micrometastases were found in one fourth of the
patients, and the genetic analyses added 3 more cases of
micrometastases. In addition, all of these micrometastases
were detected within 5 mm of the tumor border. Cut-
end recurrence was observed in 20% of patients with a
surgical margin of < 2 mm, whereas the incidence was
about 6% in those with margins ranging from 2 to 9 mm.
On the basis of these results, the authors proposed that
a surgical margin of 2 mm was an acceptable minimum
requirement.

Because many previous studies have agreed that mic-
roscopic infiltration of the resection margin, defined as
R1 resection, is a significant factor affecting survival™
HOISIOHLIE Hnability to achieve a cancer-free surgical
margin has been considered an absolute or relative contra-
indication for hepatectomy. The Paul Brousse group“m
analyzed the necessity of achieving negative histological
margins. Although cancer tended to recur more often in
the R1 group, the long-term outcomes were similar to
those observed after RO resection, in spite of the higher
number of tumors, larger tumor size, and more frequent
bilobar distribution in the R1 group than in the RO group.
The authors attributed these promising results to their
aggressive strategy, consisting of pre- and postoperative
chemotherapy, repeat resection, and routine application
of argon beam or bipolar coagulation to the cut surface
of the liver.

CONCLUSION

Advances in both chemotherapy and liver surgery have
expanded the pool of candidates for potentially curative
hepatectomy for CLM. Recognition of chemotherapy-
induced liver injury further emphasizes the need for multi-
disciplinary approaches to maximize treatment efficacy
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with minimum hepatotoxicities and morbidity. The issue
of whether patients with initially resectable CLM should
receive petioperative or adjuvant chemotherapy needs to be
addressed with a prospective randomized trial comparing
the two strategies.

REFERENCES

1

10

11

12

13

Stangl R, Altendorf-Hofmann A, Charnley RM, Scheele ].
Factors influencing the natural history of colorectal liver me-
tastases. Lancet 1994; 343: 1405-1410

Leonard GD, Brenner B, Kemeny NE. Neoadjuvant chemo-
therapy before liver resection for patients with unresectable
liver metastases from colorectal carcinoma. | Clin Oncol 2005;
23:2038-2048

Fong Y, Fortner ], Sun RL, Brennan MF, Blumgart LH. Clini-
cal score for predicting recurrence after hepatic resection
for metastatic colorectal cancer: analysis of 1001 consecutive
cases. Ann Surg 1999; 230: 309-318; discussion 318-321

Khatri VP, Petrelli NJ, Belghiti J. Extending the frontiers of
surgical therapy for hepatic colorectal metastases: is there a
limit? | Clin Oncol 2005; 23: 8490-8499

Bismuth H, Adam R, Lévi F, Farabos C, Waechter F, Casta-
ing D, Majno P, Engerran L. Resection of nonresectable liver
metastases from colorectal cancer after neoadjuvant chemo-
therapy. Ann Surg 1996; 224: 509-520; discussion 520-522
Adam R, Avisar E, Ariche A, Giachetti S, Azoulay D, Casta-
ing D, Kunstlinger F, Levi F, Bismuth F. Five-year survival
following hepatic resection after neoadjuvant therapy for
nonresectable colorectal. Ann Surg Oncol 2001; 8: 347-353
Adam R, Delvart V, Pascal G, Valeanu A, Castaing D, Azou-
lay 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: 644-657; discussion
657-658

Pozzo C, Basso M, Cassano A, Quirino M, Schinzari G, Trigila
N, Vellone M, Giuliante F, Nuzzo G, Barone C. Neoadjuvant
treatment of unresectable liver disease with irinotecan and
5-fluorouracil plus folinic acid in colorectal cancer patients.
Ann Oncol 2004; 15: 933-939

Alberts SR, Horvath WL, Sternfeld WC, Goldberg RM, Ma-
honey MR, Dakhil SR, Levitt R, Rowland K, Nair S, Sargent
DJ, Donohue JH. Oxaliplatin, fluorouracil, and leucovorin for
patients with unresectable liver-only metastases from colorec-
tal cancer: a North Central Cancer Treatment Group phase II
study. ] Clin Oncol 2005; 23: 9243-9249

Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H,
Santoro A, Bets D, Mueser M, Harstrick A, Verslype C, Chau
I, Van Cutsem E. Cetuximab monotherapy and cetuximab
plus irinotecan in irinotecan-refractory metastatic colorectal
cancer. N Engl | Med 2004; 351: 337-345

Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T, Hain-
sworth J, Heim W, Berlin ], Baron A, Griffing S, Holmgren E,
Ferrara N, Fyfe G, Rogers B, Ross R, Kabbinavar F. Bevaci-
zumab plus irinotecan, fluorouracil, and leucovorin for meta-
static colorectal cancer. N Engl | Med 2004; 350: 2335-2342
Nordlinger B, Sorbye H, Glimelius B, Poston GJ, Schlag PM,
Rougier P, Bechstein WO, Primrose JN, Walpole ET, Finch-
Jones M, Jaeck D, Mirza D, Parks RW, Collette L, Praet M,
Bethe U, Van Cutsem E, Scheithauer W, Gruenberger T. Peri-
operative chemotherapy with FOLFOX4 and surgery versus
surgery alone for resectable liver metastases from colorectal
cancer (EORTC Intergroup trial 40983): a randomised con-
trolled trial. Lancet 2008; 371: 1007-1016

Rubbia-Brandt L, Audard V, Sartoretti P, Roth AD, Brezault
C, Le Charpentier M, Dousset B, Morel P, Soubrane O,
Chaussade S, Mentha G, Terris B. Severe hepatic sinusoidal
obstruction associated with oxaliplatin-based chemotherapy

144

TR
Reishideng”

WJGO | www.wjgnet.com

386

14

15

16

17

18

19

20

21

23

24

25

26

27

28

in patients with metastatic colorectal cancer. Ann Oncol 2004;
15: 460-466

Aloia T, Sebagh M, Plasse M, Karam V, Lévi F, Giacchetti S,
Azoulay D, Bismuth H, Castaing D, Adam R. Liver histology
and surgical outcomes after preoperative chemotherapy with
fluorouracil plus oxaliplatin in colorectal cancer liver metasta-
ses. | Clin Oncol 2006; 24: 4983-4990

Karoui M, Penna C, Amin-Hashem M, Mitry E, Benoist S,
Franc B, Rougier P, Nordlinger B. Influence of preoperative
chemotherapy on the risk of major hepatectomy for colorectal
liver metastases. Ann Surg 2006; 243: 1-7

Vauthey JN, Pawlik TM, Ribero D, Wu TT, Zorzi D, Hoff PM,
Xiong HQ, Eng C, Lauwers GY, Mino-Kenudson M, Risio M,
Muratore A, Capussotti L, Curley SA, Abdalla EK. Chemo-
therapy regimen predicts steatohepatitis and an increase in
90-day mortality after surgery for hepatic colorectal metasta-
ses. | Clin Oncol 2006; 24: 2065-2072

Nakano H, Oussoultzoglou E, Rosso E, Casnedi S, Chenard-
Neu MP, Dufour P, Bachellier P, Jaeck D. Sinusoidal injury
increases morbidity after major hepatectomy in patients with
colorectal liver metastases receiving preoperative chemother-
apy. Ann Surg 2008; 247: 118-124

Ekberg H, Tranberg KG, Andersson R, Lundstedt C, Hager-
strand I, Ranstam J, Bengmark S. Determinants of survival in
liver resection for colorectal secondaries. Br | Surg 1986; 73:
727-731

Scheele J, Stang R, Altendorf-Hofmann A, Paul M. Resection
of colorectal liver metastases. World | Surg 1995; 19: 59-71
Jamison RL, Donohue JH, Nagorney DM, Rosen CB, Harm-
sen WS, llstrup DM. Hepatic resection for metastatic colorec-
tal cancer results in cure for some patients. Arch Surg 1997;
132: 505-510; discussion 511

Minagawa M, Makuuchi M, Torzilli G, Takayama T, Kawa-
saki S, Kosuge T, Yamamoto ], Imamura H. Extension of the
frontiers of surgical indications in the treatment of liver me-
tastases from colorectal cancer: long-term results. Ann Surg
2000; 231: 487-499

Choti MA, Sitzmann JV, Tiburi MF, Sumetchotimetha W,
Rangsin R, Schulick RD, Lillemoe KD, Yeo CJ, Cameron JL.
Trends in long-term survival following liver resection for he-
patic colorectal metastases. Ann Surg 2002; 235: 759-766
Scheele J. Hepatectomy for liver metastases. Br | Surg 1993;
80: 274-276

Adam R. Chemotherapy and surgery: new perspectives on
the treatment of unresectable liver metastases. Ann Oncol
2003; 14 Suppl 2: ii13-ii16

Giacchetti S, Itzhaki M, Gruia G, Adam R, Zidani R, Kun-
stlinger F, Brienza S, Alafaci E, Bertheault-Cvitkovic F, Jas-
min C, Reynes M, Bismuth H, Misset JL, Lévi F. Long-term
survival of patients with unresectable colorectal cancer liver
metastases following infusional chemotherapy with 5-fluoro-
uracil, leucovorin, oxaliplatin and surgery. Ann Oncol 1999;
10: 663-669

Wein A, Riedel C, Kockerling F, Martus P, Baum U, Brueckl
WM, Reck T, Ott R, Hénsler J, Bernatik T, Becker D, Schneider
T, Hohenberger W, Hahn EG. Impact of surgery on survival
in palliative patients with metastatic colorectal cancer after
first line treatment with weekly 24-hour infusion of high-dose
5-fluorouracil and folinic acid. Ann Oncol 2001; 12: 1721-1727
Zelek L, Bugat R, Cherqui D, Ganem G, Valleur P, Guimbaud
R, Dupuis O, Aziza T, Fagniez PL, Auroux ], Kobeiter H, Ta-
yar C, Braud AC, Haddad E, Piolot A, Buyse M, Piedbois P.
Multimodal therapy with intravenous biweekly leucovorin,
5-fluorouracil and irinotecan combined with hepatic arterial
infusion pirarubicin in non-resectable hepatic metastases
from colorectal cancer (a European Association for Research
in Oncology trial). Ann Oncol 2003; 14: 1537-1542

Tournigand C, André T, Achille E, Lledo G, Flesh M, Mery-
Mignard D, Quinaux E, Couteau C, Buyse M, Ganem G,
Landi B, Colin P, Louvet C, de Gramont A. FOLFIRI followed

October 15, 2010 | Volume 2 | Issue 10 |



29

30

31

32

33

34

35

36

37

38

39

40

41

by FOLFOXG6 or the reverse sequence in advanced colorectal
cancer: a randomized GERCOR study. | Clin Oncol 2004; 22:
229-237

Seium Y, Stupp R, Ruhstaller T, Gervaz P, Mentha G,
Philippe M, Allal A, Trembleau C, Bauer ], Morant R, Roth
AD. Oxaliplatin combined with irinotecan and 5-fluorouracil/
leucovorin (OCFL) in metastatic colorectal cancer: a phase I-I1
study. Ann Oncol 2005; 16: 762-766

Folprecht G, Lutz MP, Schoffski P, Seufferlein T, Nolt-
ing A, Pollert P, Kohne CH. Cetuximab and irinotecan/5-
fluorouracil / folinic acid is a safe combination for the first-line
treatment of patients with epidermal growth factor receptor
expressing metastatic colorectal carcinoma. Ann Oncol 2006;
17: 450-456

Masi G, Cupini S, Marcucci L, Cerri E, Loupakis F, Allegrini G,
Brunetti IM, Pfanner E, Viti M, Goletti O, Filipponi F, Falcone
A. Treatment with 5-fluorouracil/folinic acid, oxaliplatin, and
irinotecan enables surgical resection of metastases in patients
with initially unresectable metastatic colorectal cancer. Ann
Surg Oncol 2006; 13: 58-65

Tournigand C, Cervantes A, Figer A, Lledo G, Flesch M,
Buyse M, Mineur L, Carola E, Etienne PL, Rivera F, Chiriv-
ella I, Perez-Staub N, Louvet C, André T, Tabah-Fisch I, de
Gramont A. OPTIMOX1: a randomized study of FOLFOX4
or FOLFOX?7 with oxaliplatin in a stop-and-Go fashion in ad-
vanced colorectal cancer--a GERCOR study. ] Clin Oncol 2006;
24: 394-400

Folprecht G, Gruenberger T, Bechstein WO, Raab HR,
Lordick F, Hartmann JT, Lang H, Frilling A, Stoehlmacher
J, Weitz ], Konopke R, Stroszczynski C, Liersch T, Ockert D,
Herrmann T, Goekkurt E, Parisi F, Kéhne CH. Tumour re-
sponse and secondary resectability of colorectal liver metasta-
ses following neoadjuvant chemotherapy with cetuximab: the
CELIM randomised phase 2 trial. Lancet Oncol 2010; 11: 38-47
Jaeck D, Oussoultzoglou E, Rosso E, Greget M, Weber JC,
Bachellier P. A two-stage hepatectomy procedure combined
with portal vein embolization to achieve curative resection for
initially unresectable multiple and bilobar colorectal liver me-
tastases. Ann Surg 2004; 240: 1037-1049; discussion 1049-1051
Kianmanesh R, Farges O, Abdalla EK, Sauvanet A,
Ruszniewski P, Belghiti J. Right portal vein ligation: a new
planned two-step all-surgical approach for complete resection
of primary gastrointestinal tumors with multiple bilateral
liver metastases. ] Am Coll Surg 2003; 197: 164-170

Adam R, Laurent A, Azoulay D, Castaing D, Bismuth H.
Two-stage hepatectomy: A planned strategy to treat irresect-
able liver tumors. Ann Surg 2000; 232: 777-785

Nordlinger B, Van Cutsem E, Gruenberger T, Glimelius B,
Poston G, Rougier P, Sobrero A, Ychou M. Combination of
surgery and chemotherapy and the role of targeted agents
in the treatment of patients with colorectal liver metastases:
recommendations from an expert panel. Ann Oncol 2009; 20:
985-992

Adam R, Pascal G, Castaing D, Azoulay D, Delvart V, Paule
B, Levi F, Bismuth H. Tumor progression while on chemo-
therapy: a contraindication to liver resection for multiple
colorectal metastases? Ann Surg 2004; 240: 1052-1061; discus-
sion 1061-1064

Gruenberger B, Scheithauer W, Punzengruber R, Zielinski C,
Tamandl D, Gruenberger T. Importance of response to neoad-
juvant chemotherapy in potentially curable colorectal cancer
liver metastases. BMC Cancer 2008; 8: 120

Kornprat P, Jarnagin WR, Gonen M, DeMatteo RP, Fong Y,
Blumgart LH, D'Angelica M. Outcome after hepatectomy for
multiple (four or more) colorectal metastases in the era of ef-
fective chemotherapy. Ann Surg Oncol 2007; 14: 1151-1160
Allen PJ, Kemeny N, Jarnagin W, DeMatteo R, Blumgart L,
Fong Y. Importance of response to neoadjuvant chemothera-
py in patients undergoing resection of synchronous colorectal
liver metastases. | Gastrointest Surg 2003; 7: 109-115; discus-

144

TR
Reishideng”

WJGO | www.wjgnet.com

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Kobayashi A et a/. Advances in therapeutics for CLM

sion 116-117

Tanaka K, Adam R, Shimada H, Azoulay D, Lévi F, Bismuth
H. Role of neoadjuvant chemotherapy in the treatment of
multiple colorectal metastases to the liver. Br | Surg 2003; 90:
963-969

Capussotti L, Vigano' L, Ferrero A, Lo Tesoriere R, Ribero D,
Polastri R. Timing of resection of liver metastases synchro-
nous to colorectal tumor: proposal of prognosis-based deci-
sional model. Ann Surg Oncol 2007; 14: 1143-1150

Kemeny MM, Adak S, Gray B, Macdonald JS, Smith T, Lip-
sitz S, Sigurdson ER, O'Dwyer PJ, Benson AB 3rd. Combined-
modality treatment for resectable metastatic colorectal carci-
noma to the liver: surgical resection of hepatic metastases in
combination with continuous infusion of chemotherapy--an
intergroup study. ] Clin Oncol 2002; 20: 1499-1505

Mitry E, Fields AL, Bleiberg H, Labianca R, Portier G, Tu D,
Nitti D, Torri V, Elias D, O'Callaghan C, Langer B, Martignoni
G, Bouché O, Lazorthes F, Van Cutsem E, Bedenne L, Moore
MJ, Rougier P. Adjuvant chemotherapy after potentially cura-
tive resection of metastases from colorectal cancer: a pooled
analysis of two randomized trials. | Clin Oncol 2008; 26:
4906-4911

Kemeny N, Huang Y, Cohen AM, Shi W, Conti JA, Bren-
nan MF, Bertino JR, Turnbull AD, Sullivan D, Stockman J,
Blumgart LH, Fong Y. Hepatic arterial infusion of chemo-
therapy after resection of hepatic metastases from colorectal
cancer. N Engl | Med 1999; 341: 2039-2048

Kemeny NE, Gonen M. Hepatic arterial infusion after liver
resection. N Engl | Med 2005; 352: 734-735

Portier G, Elias D, Bouche O, Rougier P, Bosset JF, Saric ],
Belghiti J, Piedbois P, Guimbaud R, Nordlinger B, Bugat R,
Lazorthes F, Bedenne L. Multicenter randomized trial of ad-
juvant fluorouracil and folinic acid compared with surgery
alone after resection of colorectal liver metastases: FFCD
ACHBTH AURC 9002 trial. ] Clin Oncol 2006; 24: 4976-4982
Chun YS, Laurent A, Maru D, Vauthey JN. Management of
chemotherapy-associated hepatotoxicity in colorectal liver
metastases. Lancet Oncol 2009; 10: 278-286

Zorzi D, Laurent A, Pawlik TM, Lauwers GY, Vauthey JN,
Abdalla EK. Chemotherapy-associated hepatotoxicity and
surgery for colorectal liver metastases. Br | Surg 2007; 94:
274-286

Morris-Stiff G, Tan YM, Vauthey JN. Hepatic complications
following preoperative chemotherapy with oxaliplatin or
irinotecan for hepatic colorectal metastases. Eur | Surg Oncol
2008; 34: 609-614

Peppercorn PD, Reznek RH, Wilson P, Slevin ML, Gupta RK.
Demonstration of hepatic steatosis by computerized tomog-
raphy in patients receiving 5-fluorouracil-based therapy for
advanced colorectal cancer. Br | Cancer 1998; 77: 2008-2011
Serensen P, Edal AL, Madsen EL, Fenger C, Poulsen MR,
Petersen OF. Reversible hepatic steatosis in patients treated
with interferon alfa-2a and 5-fluorouracil. Cancer 1995; 75:
2592-2596

Moertel CG, Fleming TR, Macdonald ]S, Haller DG, Laurie
JA. Hepatic toxicity associated with fluorouracil plus levami-
sole adjuvant therapy. ] Clin Oncol 1993; 11: 2386-2390
Pawlik TM, Olino K, Gleisner AL, Torbenson M, Schulick
R, Choti MA. Preoperative chemotherapy for colorectal liver
metastases: impact on hepatic histology and postoperative
outcome. | Gastrointest Surg 2007; 11: 860-868

Fernandez FG, Ritter ], Goodwin JW, Linehan DC, Hawkins
WG, Strasberg SM. Effect of steatohepatitis associated with
irinotecan or oxaliplatin pretreatment on resectability of he-
patic colorectal metastases. ] Am Coll Surg 2005; 200: 845-853
DeLeve LD, Shulman HM, McDonald GB. Toxic injury to
hepatic sinusoids: sinusoidal obstruction syndrome (veno-
occlusive disease). Semin Liver Dis 2002; 22: 27-42

Kooby DA, Fong Y, Suriawinata A, Gonen M, Allen PJ, Klim-
stra DS, DeMatteo RP, D'Angelica M, Blumgart LH, Jarnagin

October 15, 2010 | Volume 2 | Issue 10 |



59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

Kobayashi A et a/. Advances in therapeutics for CLM

WR. Impact of steatosis on perioperative outcome following
hepatic resection. | Gastrointest Surg 2003; 7: 1034-1044

Behrns KE, Tsiotos GG, DeSouza NF, Krishna MK, Ludwig J,
Nagorney DM. Hepatic steatosis as a potential risk factor for
major hepatic resection. | Gastrointest Surg 1998; 2: 292-298
Belghiti J, Hiramatsu K, Benoist S, Massault P, Sauvanet A,
Farges O. Seven hundred forty-seven hepatectomies in the
1990s: an update to evaluate the actual risk of liver resection. |
Am Coll Surg 2000; 191: 38-46

Welsh FK, Tilney HS, Tekkis PP, John TG, Rees M. Safe liver
resection following chemotherapy for colorectal metastases is
a matter of timing. Br ] Cancer 2007; 96: 1037-1042

Sahajpal A, Vollmer CM Jr, Dixon E, Chan EK, Wei A, Cat-
tral MS, Taylor BR, Grant DR, Greig PD, Gallinger S. Che-
motherapy for colorectal cancer prior to liver resection for
colorectal cancer hepatic metastases does not adversely affect
peri-operative outcomes. | Surg Oncol 2007; 95: 22-27
Scoggins CR, Campbell ML, Landry CS, Slomiany BA,
Woodall CE, McMasters KM, Martin RC. Preoperative che-
motherapy does not increase morbidity or mortality of hepat-
ic resection for colorectal cancer metastases. Ann Surg Oncol
2009; 16: 35-41

Takamoto T, Hashimoto T, Sano K, Maruyama Y, Inoue K,
Ogata S, Takemura T, Kokudo N, Makuuchi M. Recovery of
liver function after the cessation of preoperative chemother-
apy for colorectal liver metastasis. Ann Surg Oncol 2010; 17:
2747-2755

White RR, Schwartz LH, Munoz JA, Raggio G, Jarnagin WR,
Fong Y, D'Angelica MI, Kemeny NE. Assessing the optimal
duration of chemotherapy in patients with colorectal liver
metastases. | Surg Oncol 2008; 97: 601-604

Auer RC, White RR, Kemeny NE, Schwartz LH, Shia J,
Blumgart LH, Dematteo RP, Fong Y, Jarnagin WR, D'Angelica
MI. Predictors of a true complete response among disappear-
ing liver metastases from colorectal cancer after chemothera-
py. Cancer 2010; 116: 1502-1509

Adam R, Wicherts DA, de Haas R]J, Aloia T, Lévi F, Paule B,
Guettier C, Kunstlinger F, Delvart V, Azoulay D, Castaing
D. Complete pathologic response after preoperative chemo-
therapy for colorectal liver metastases: myth or reality? | Clin
Oncol 2008; 26: 1635-1641

Snoeren N, Voest E, van Hillegersberg R. Surgery vs surgery
and chemotherapy for colorectal liver metastases. Lancet 2008;
372: 202-203; author report 203

Hubert C, Fervaille C, Sempoux C, Horsmans Y, Humblet Y,
Machiels JP, Zech F, Ceratti A, Gigot JF. Prevalence and clini-
cal relevance of pathological hepatic changes occurring after
neoadjuvant chemotherapy for colorectal liver metastases.
Surgery 2010; 147: 185-194

Kopetz S, Vauthey JN. Perioperative chemotherapy for re-
sectable hepatic metastases. Lancet 2008; 371: 963-965
Kodama Y, Ng CS, Wu TT, Ayers GD, Curley SA, Abdalla
EK, Vauthey JN, Charnsangavej C. Comparison of CT meth-
ods for determining the fat content of the liver. AJR Am |
Roentgenol 2007; 188: 1307-1312

Cho CS, Curran S, Schwartz LH, Kooby DA, Klimstra
DS, Shia J, Munoz A, Fong Y, Jarnagin WR, DeMatteo RP,
Blumgart LH, D'Angelica MI. Preoperative radiographic as-
sessment of hepatic steatosis with histologic correlation. | Am
Coll Surg 2008; 206: 480-438

Ward J, Guthrie JA, Sheridan MB, Boyes S, Smith JT, Wilson
D, Wyatt JI, Treanor D, Robinson PJ. Sinusoidal obstructive
syndrome diagnosed with superparamagnetic iron oxide-
enhanced magnetic resonance imaging in patients with
chemotherapy-treated colorectal liver metastases. ] Clin Oncol
2008; 26: 4304-4310

Scappaticci FA, Fehrenbacher L, Cartwright T, Hainsworth
JD, Heim W, Berlin ], Kabbinavar F, Novotny W, Sarkar S,
Hurwitz H. Surgical wound healing complications in meta-
static colorectal cancer patients treated with bevacizumab. |

(44

TR
Rrishideny”

WJGO | www.wjgnet.com

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

Surg Oncol 2005; 91: 173-180

D'Angelica M, Kornprat P, Gonen M, Chung KY, Jarnagin
WR, DeMatteo RP, Fong Y, Kemeny N, Blumgart LH, Saltz
LB. Lack of evidence for increased operative morbidity af-
ter hepatectomy with perioperative use of bevacizumab: a
matched case-control study. Ann Surg Oncol 2007; 14: 759-765
Reddy SK, Morse MA, Hurwitz HI, Bendell JC, Gan TJ, Hill
SE, Clary BM. Addition of bevacizumab to irinotecan- and
oxaliplatin-based preoperative chemotherapy regimens does
not increase morbidity after resection of colorectal liver me-
tastases. ] Am Coll Surg 2008; 206: 96-106

Kesmodel SB, Ellis LM, Lin E, Chang GJ, Abdalla EK, Kopetz
S, Vauthey JN, Rodriguez-Bigas MA, Curley SA, Feig BW.
Preoperative bevacizumab does not significantly increase
postoperative complication rates in patients undergoing
hepatic surgery for colorectal cancer liver metastases. | Clin
Oncol 2008; 26: 5254-5260

Redaelli CA, Semela D, Carrick FE, Ledermann M, Candinas
D, Sauter B, Dufour JF. Effect of vascular endothelial growth
factor on functional recovery after hepatectomy in lean and
obese mice. | Hepatol 2004; 40: 305-312

Assy N, Spira G, Paizi M, Shenkar L, Kraizer Y, Cohen T,
Neufeld G, Dabbah B, Enat R, Baruch Y. Effect of vascular
endothelial growth factor on hepatic regenerative activity fol-
lowing partial hepatectomy in rats. | Hepatol 1999; 30: 911-915
Van Buren G 2nd, Yang AD, Dallas NA, Gray M], Lim SJ, Xia
L, Fan F, Somcio R, Wu Y, Hicklin DJ, Ellis LM. Effect of mo-
lecular therapeutics on liver regeneration in a murine model.
J Clin Oncol 2008; 26: 1836-1842

LeCouter J, Moritz DR, Li B, Phillips GL, Liang XH, Gerber
HP, Hillan K], Ferrara N. Angiogenesis-independent endo-
thelial protection of liver: role of VEGFR-1. Science 2003; 299:
890-893

Makuuchi M, Thai BL, Takayasu K, Takayama T, Kosuge T,
Gunvén P, Yamazaki S, Hasegawa H, Ozaki H. Preoperative
portal embolization to increase safety of major hepatectomy
for hilar bile duct carcinoma: a preliminary report. Surgery
1990; 107: 521-527

Kawasaki S, Makuuchi M, Kakazu T, Miyagawa S, Takaya-
ma T, Kosuge T, Sugihara K, Moriya Y. Resection for multiple
metastatic liver tumors after portal embolization. Surgery
1994; 115: 674-677

Imamura H, Shimada R, Kubota M, Matsuyama Y, Nakaya-
ma A, Miyagawa S, Makuuchi M, Kawasaki S. Preoperative
portal vein embolization: an audit of 84 patients. Hepatology
1999; 29: 1099-1105

Farges O, Belghiti ], Kianmanesh R, Regimbeau JM, Santoro
R, Vilgrain V, Denys A, Sauvanet A. Portal vein embolization
before right hepatectomy: prospective clinical trial. Ann Surg
2003; 237: 208-217

Nagino M, Nimura Y, Hayakawa N. Percutaneous transhe-
patic portal embolization using newly devised catheters: pre-
liminary report. World | Surg 1993; 17: 520-524

Zorzi D, Chun YS, Madoff DC, Abdalla EK, Vauthey JN. Che-
motherapy with bevacizumab does not affect liver regenera-
tion after portal vein embolization in the treatment of colorec-
tal liver metastases. Ann Surg Oncol 2008; 15: 2765-2772
Aussilhou B, Dokmak S, Faivre S, Paradis V, Vilgrain V, Bel-
ghiti J. Preoperative liver hypertrophy induced by portal flow
occlusion before major hepatic resection for colorectal metas-
tases can be impaired by bevacizumab. Ann Surg Oncol 2009;
16: 1553-1559

Ribero D, Wang H, Donadon M, Zorzi D, Thomas MB, Eng
C, Chang DZ, Curley SA, Abdalla EK, Ellis LM, Vauthey JN.
Bevacizumab improves pathologic response and protects
against hepatic injury in patients treated with oxaliplatin-
based chemotherapy for colorectal liver metastases. Cancer
2007; 110: 2761-2767

Iguchi A, Kobayashi R, Yoshida M, Kobayashi K, Matsuo K,
Kitajima I, Maruyama I. Vascular endothelial growth factor

October 15, 2010 | Volume 2 | Issue 10 |



91

92

93

94

95

96

97

98

99

100

101

(VEGF) is one of the cytokines causative and predictive of
hepatic veno-occlusive disease (VOD) in stem cell transplan-
tation. Bone Marrow Transplant 2001; 27: 1173-1180

Nicolay NH, Berry DP, Sharma RA. Liver metastases from
colorectal cancer: radioembolization with systemic therapy.
Nat Rev Clin Oncol 2009; 6: 687-697

Townsend A, Price T, Karapetis C. Selective internal radia-
tion therapy for liver metastases from colorectal cancer. Co-
chrane Database Syst Rev 2009; CD007045

Sharma RA, Van Hazel GA, Morgan B, Berry DP, Blanshard
K, Price D, Bower G, Shannon JA, Gibbs P, Steward WP.
Radioembolization of liver metastases from colorectal cancer
using yttrium-90 microspheres with concomitant systemic
oxaliplatin, fluorouracil, and leucovorin chemotherapy. | Clin
Oncol 2007; 25: 1099-1106

Sharma RA, Wasan HS, Love SB, Dutton S, Stokes JC, Smith
JL. FOXFIRE: a phase III clinical trial of chemo-radio-emboli-
sation as first-line treatment of liver metastases in patients
with colorectal cancer. Clin Oncol (R Coll Radiol) 2008; 20:
261-263

Chang AE, Schneider PD, Sugarbaker PH, Simpson C, Cul-
nane M, Steinberg SM. A prospective randomized trial of
regional versus systemic continuous 5-fluorodeoxyuridine
chemotherapy in the treatment of colorectal liver metastases.
Ann Surg 1987; 206: 685-693

Rosen CB, Nagorney DM, Taswell HF, Helgeson SL, Ilstrup
DM, van Heerden JA, Adson MA. Perioperative blood trans-
fusion and determinants of survival after liver resection for
metastatic colorectal carcinoma. Ann Surg 1992; 216: 493-504;
discussion 504-505

Gayowski TJ, Iwatsuki S, Madariaga JR, Selby R, Todo S,
Irish W, Starzl TE. Experience in hepatic resection for meta-
static colorectal cancer: analysis of clinical and pathologic risk
factors. Surgery 1994; 116: 703-710; discussion 710-711
Beckurts KT, Holscher AH, Thorban S, Bollschweiler E, Siew-
ert JR. Significance of lymph node involvement at the hepatic
hilum in the resection of colorectal liver metastases. Br | Surg
1997; 84: 1081-1084

Iwatsuki S, Dvorchik I, Madariaga JR, Marsh JW, Dodson
F, Bonham AC, Geller DA, Gayowski TJ, Fung JJ, Starzl TE.
Hepatic resection for metastatic colorectal adenocarcinoma: a
proposal of a prognostic scoring system. | Am Coll Surg 1999;
189: 291-299

Adam R, de Haas RJ, Wicherts DA, Aloia TA, Delvart V,
Azoulay D, Bismuth H, Castaing D. Is hepatic resection justi-
fied after chemotherapy in patients with colorectal liver me-
tastases and lymph node involvement? | Clin Oncol 2008; 26:
3672-3680

Poston GJ, Adam R, Alberts S, Curley S, Figueras ], Haller D,
Kunstlinger F, Mentha G, Nordlinger B, Patt Y, Primrose J,
Roh M, Rougier P, Ruers T, Schmoll HJ, Valls C, Vauthey NJ,
Cornelis M, Kahan JP. OncoSurge: a strategy for improving
resectability with curative intent in metastatic colorectal can-

144

TR
Reishideng”

WJGO | www.wjgnet.com

389

102

103

104

105

106

107

108

109

110

111

112

113

Kobayashi A et a/. Advances in therapeutics for CLM

cer. | Clin Oncol 2005; 23: 7125-7134

Jaeck D, Nakano H, Bachellier P, Inoue K, Weber JC, Ous-
soultzoglou E, Wolf P, Chenard-Neu MP. Significance of
hepatic pedicle lymph node involvement in patients with
colorectal liver metastases: a prospective study. Ann Surg On-
col 2002; 9: 430-438

Oussoultzoglou E, Romain B, Panaro F, Rosso E, Pessaux P,
Bachellier P, Jaeck D. Long-term survival after liver resection
for colorectal liver metastases in patients with hepatic pedicle
lymph nodes involvement in the era of new chemotherapy
regimens. Ann Surg 2009; 249: 879-886

Scheele J, Stangl R, Altendorf-Hofmann A. Hepatic metasta-
ses from colorectal carcinoma: impact of surgical resection on
the natural history. Br | Surg 1990; 77: 1241-1246

Cady B, Stone MD, McDermott WV Jr, Jenkins RL, Bothe A
Jr, Lavin PT, Lovett EJ, Steele GD Jr. Technical and biologi-
cal factors in disease-free survival after hepatic resection for
colorectal cancer metastases. Arch Surg 1992; 127: 561-568;
discussion 568-569

Are C, Gonen M, Zazzali K, Dematteo RP, Jarnagin WR, Fong
Y, Blumgart LH, D'Angelica M. The impact of margins on
outcome after hepatic resection for colorectal metastasis. Ann
Surg 2007; 246: 295-300

Shirabe K, Takenaka K, Gion T, Fujiwara Y, Shimada M,
Yanaga K, Maeda T, Kajiyama K, Sugimachi K. Analysis of
prognostic risk factors in hepatic resection for metastatic
colorectal carcinoma with special reference to the surgical
margin. Br | Surg 1997; 84: 1077-1080

Pawlik TM, Scoggins CR, Zorzi D, Abdalla EK, Andres A,
Eng C, Curley SA, Loyer EM, Muratore A, Mentha G, Capus-
sotti L, Vauthey JN. Effect of surgical margin status on surviv-
al and site of recurrence after hepatic resection for colorectal
metastases. Ann Surg 2005; 241: 715-722, discussion 722-724
Yamamoto J, Shimada K, Kosuge T, Yamasaki S, Sakamoto M,
Fukuda H. Factors influencing survival of patients undergo-
ing hepatectomy for colorectal metastases. Br | Surg 1999; 86:
332-337

Kokudo N, Miki Y, Sugai S, Yanagisawa A, Kato Y, Sakamoto
Y, Yamamoto J, Yamaguchi T, Muto T, Makuuchi M. Genetic
and histological assessment of surgical margins in resected
liver metastases from colorectal carcinoma: minimum surgical
margins for successful resection. Arch Surg 2002; 137: 833-840
Hamady ZZ, Cameron IC, Wyatt ], Prasad RK, Toogood GJ,
Lodge JP. Resection margin in patients undergoing hepatec-
tomy for colorectal liver metastasis: a critical appraisal of the
Icm rule. Eur | Surg Oncol 2006; 32: 557-563

Ohlsson B, Stenram U, Tranberg KG. Resection of colorectal
liver metastases: 25-year experience. World | Surg 1998; 22:
268-276; discussion 276-277

de Haas RJ, Wicherts DA, Flores E, Azoulay D, Castaing D,
Adam R. R1 resection by necessity for colorectal liver metas-
tases: is it still a contraindication to surgery? Ann Surg 2008;
248: 626-637

S- Editor Wang JL L- Editor Hughes D E- Editor Yang C

October 15, 2010 | Volume 2 | Issue 10 |



