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Abstract

AIM: To assess the effects of preoperative treatment
on the hepatic histology of non-tumoral liver and the
postoperative outcome.

METHODS: One hundred and six patients underwent
hepatic resection for colorectal metastases between
1999 and 2009. The surgical specimens were reviewed
with established criteria for diagnosis and grading of
pathological hepatic injury. The impact of preoperative
therapy on liver injury and postoperative outcome was
analyzed.

RESULTS: Fifty-three patients (50%) received surgery
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alone, whereas 42 patients (39.6%) received neoadju-
vant chemotherapy and 11 (10.4%) patients received
preoperative hepatic artery infusion (HAI). Chemother-
apy included oxaliplatin-based regimens (31.1%) and
irinotecan-based regimens (8.5%). On histopathological
analysis, 16 patients (15.1%) had steatosis, 31 (29.2%)
had sinusoidal dilation and 20 patients (18.9%) had
steatohepatitis. Preoperative oxaliplatin was associated
with sinusoidal dilation compared with surgery alone
(42.4% vs 20.8%, P = 0.03); however, the periopera-
tive complication rate was not significantly different be-
tween the oxaliplatin group and surgery group (27.3%
vs 13.2%, P = 0.1). HAI was associated with more
steatosis, sinusoidal dilation and steatohepatitis than
the surgery group, with higher perioperative morbidity
(36.4% vs 13.2%, P = 0.06) and mortality (9.1% vs 0%
P =0.02).

CONCLUSION: Preoperative oxaliplatin was associated
with sinusoidal dilation compared with surgery alone.
However, the preoperative oxaliplatin had no significant
impact on perioperative outcomes. HAI can cause path-
ological changes and tends to increase perioperative
morbidity and mortality.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is one of the most common
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causes of cancer death in the Western world, ranking
second in Europe and third in the United States'. The
incidence of CRC in China is lower than that in the
West, but has increased in recent years™ and has be-
come a substantial burden in China. Some studies have
reported changes in the characteristics of colorectal
cancers in China™. Approximately 50% of patients with
colorectal cancer develop liver metastases at some point
during the course of their disease!®”. Surgical resection
remains the first choice of treatment, with a 25%-40%
long-term survival rate™. However, only 15%-20% of
patients with colorectal liver metastases are suitable for
surgical resection”. Chemotherapy is the first choice of
treatment for unresectable patients but it is very rare for
patients treated with chemotherapy alone to survive lon-
ger than 5 years.

Neoadjuvant chemotherapy has been evaluated in
patients with initially resectable liver metastases. The ra-
tionale for using preoperative chemotherapy in patients
with initially resectable disease includes an opportunity
to demonstrate regimen-specific efficacy, as well as al-
lowing time to identify those patients who will progress
and who therefore may not benefit from liver resection.
In addition, preoperative chemotherapy may decrease
the magnitude of resection needed'"”.

Although the use of new chemotherapeutic agents
has a number of theoretical benefits, concern about
liver injury after surgery led investigators to examine the
impact of chemotherapy*". In the current study, we
analyze the histopathological changes associated with
preoperative chemotherapy and report the postoperative
outcome.

In addition, hepatic artery infusion (HAI) has been
increasingly used in China as a palliative treatment of
unresectable colorectal metastases (CRM) or the edge
of the liver function in an effort to reduce lesion size
and thus make surgery feasible when the remnant liver
is insufficient in size, based on cross-sectional imaging
volumetrics. Therefore, we also collected data to evaluate
whether HAI before surgery can have an impact on he-
patic histopathology.

MATERIALS AND METHODS

A retrospective review was undertaken on patients who
underwent hepatic surgery for CRM with a curative in-
tent at Peking University Cancer Hospital between Janu-
ary 1999 and April 2009. Hepatic resections were defined
according to the Brisbane terminology" "', Patients were
divided into the following four groups based on their
preoperative therapy: (1) no preoperative therapy; (2)
Oxaliplatin-based chemotherapy with fluorouracil (FU)
or Xeloda; (3) Irinotecan-based chemotherapy plus FU;
and (4) preoperative HAIL Only patients who received re-
gional therapy with HAI were included in the HAI group.

Standard demographic data were collected on all pa-
tients, including type and duration of preoperative treat-
ment, details of the resection, estimated blood loss (EBL),
characteristics of the resected tumor, postoperative mot-
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Figure 1 Histopathological findings. A: Severe steatosis. Large drop of fat
(arrow) in the majority of hepatocytes, HE, 100 x; B: Example of steatohepatitis
showing the foci (arrow) of inflammation among the hepatocytes, HE, 100 x; C:
Grade 3 sinusoidal dilation involved the complete lobule, HE, 40 x.

bidity and 90 d mortality.

The archival slides (original formalin-fixed, paraffin-
embedded and HE staining) from those resected hepatic
specimens were blindly reviewed by a pathologist (Zhao
AL). The histopathological findings in the non-tumoral
liver tissue were evaluated semi-quantitatively as follows:
(1) degree of steatosis was graded as none, mild (< 30%),
moderate (= 30% to 50%) or severe (= 50%; Figure
1A); (2) steatohepatitis was graded as defined by Kleiner
et al™ based on steatosis (score 0: < 5%; 1: 5% to 33%;
2: > 33% to 66%; and 3: > 66%), lobular inflammation
(score 0: no foci; 1: one foci; 2: two to four foci; and 3: >
four foci per 200 X field) and ballooning (scote 0: none;
1: few balloon cells; and 2: many cells/prominent bal-
looning, Figure 1B); and (3) sinusoidal injury was graded
according to an established grading system of sinusoidal
dilation (grade 0: absent; grade 1: centrilobular involve-
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Table 1 Clinical and pathological features of patients (7 =
106) n (%)

Variable Patients
Sex

Female 56 (52.8)

Male 50 (47.2)
Site of primary tumor

Colon 55 (51.9)

Rectum 51 (48.1)
Hepatic metastases

Median 3

Solitary 61 (57.5)

Multiple 45 (42.5)
Metastases type

Synchronous 44 (41.5)

Metachronous 62 (58.5)
Extent of hepatic resection

Minor (1-2 segment) 81 (76.4)

Major (= 3 segment or hemihepatectomy) 25 (23.6)

Median age of patients is 60 yr.

ment limited to one-third of the lobular surface; grade 2:
centrilobular involvement extending in two-thirds of the
lobular surface; grade 3: complete lobular involvement) 1
(Figure 1C). Hepatic injury was defined as steatosis more
than 30%, steatohepatitis Kleiner score = 4 and/or gra-
de 2-3 sinusoidal dilation.

Statistical analysis

Summary statistics were performed using the Zz test and
Fisher’s exact test for comparing categorical variables;
the Kruskal-Wallis test was used to compare continuous
variables among the treatment groups. The odds ratios
(OR) and the 95%CI were estimated and P value << 0.05
was considered to be statistically significant. All statistical
analyses were performed using SAS software, version 9.0.

RESULTS

Table 1 presents the clinicopathological features of the
106 patients in the study. A total of 106 patients were in-
cluded in the analysis. There were 50 (47.2%) men and 56
(52.8%) women and the median patient age was 60 years
(range 32-79 years). The presentation of hepatic metasta-
ses was metachronous in most patients (7 = 62; 58.5%),
while synchronous metastases accounted for 41.5%. The
median number of hepatic metastases was 3 (range 1-5)
and the median size of the largest lesion was 4 cm (range
0.7-22 cm).

At the time of the operation, the extent of hepatic
resection was less than 3 segments or hemihepatectomy in
81 patients (76.4%) and a hemihepatectomy or more than
3 segments removal in 25 patients (23.6%). The median
EBL was 200 mL (range 50-3000 mL). The median EBL
in the preoperative chemotherapy arm was 575 mL, which
was obviously higher than those without preoperative
treatment (200 mL).

A total of 42 patients received neoadjuvant chemo-
therapy therapy, consisting of oxaliplatin plus FU regi-
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men (33, 31.1%) and irinotecan plus FU regimen (9, 8.5%).
While 11 (10.4%) patients received preoperative HATI be-
fore surgical treatment of the hepatic metastases, in which
8 patients received Cisplatin plus Epirubicin, three pa-
tients received oxaliplatin plus FU/CE Of the 42 patients
who received preoperative chemotherapy, the median
duration was 5 cycles with 2-3 wk per cycle (range 2-10
cycles). The median duration of the HAI group was 3
cycles with 1 mo per cycle (range 1-3 mo). In general,
the tumor characteristics and surgery details were simi-
lar among all preoperative treatment groups (Table 2).
There was also no significant difference between groups
with regard to age, gender, site of primary tumor, num-
ber of hepatic CRM, EBL or hepatic CRM tumor size
(all P> 0.05). Patients who received HAI before surgery
tended to have less EBL than other groups.

The overall perioperative complication rate was 18.9%.
Thirteen patients (12.3%) suffered from hepatic complica-
tions, including liver failure (# = 3), hepatic insufficiency (»
= 2), bile leaks (#» = 9) and hepatic abscess (# = 1). Non-
hepatic complications occurred in 11 patients (10.3%);
there were 6 pulmonary complications (5.7%; pleural effu-
sion, # = 0), 1 cardiovascular complications (0.94%; rapid
atrial fibrillation, # = 1), 1 stress ulcer (0.94%) and 1 pan-
creatic fistula (0.94%), 2 peritoneal effusion (1.8%) and 1
with abdominal infectious complications (0.94%). Overall,
the perioperative complication rate was similar between
the no-chemotherapy group (13.2%) and the chemo-
therapy group (21.4%) (P = 0.29). In addition, patients
who received HAI tended to have more postoperative
morbidity (36.4% »s 13.2%, P = 0.06) and mortality (9.1%
vs 0% P = 0.02) than those who received no preoperative
chemotherapy. The complication rate did not differ with a
different type of preoperative therapy (HAI 36.4%; irino-
tecan 0%; oxaliplatin 27.3%) (P = 0.07).

During the final pathological analysis of the resected
specimen, hepatic injury was shown in 51 patients (48.1%).
Steatosis more than 30% was identified in 16 patients
(15.1%), grade 2 to 3 sinusoidal dilation in 31 patients
(29.2%) and steatohepatitis Kleiner score = 4 in 20 pa-
tients (18.9%). Preoperative chemotherapy is associated
with pathological liver injury compared with non treat-
ment before surgery (57.1% »s 35.8%, P = 0.038; OR:
2.39; 95%CI: 1.0-5.4). When patients were stratified ac-
cording to the duration of chemotherapy (1 to 5, 6 to 10
cycles), the rate of hepatic injury increased over time in
patients who received preoperative chemotherapy (76.2%
vs 38.1%, P = 0.01). In Table 3, specifics on hepatic in-
jury stratified by preoperative therapy are listed. Neither
oxaliplatin nor irinotecan as neo-adjuvant chemotherapy
before liver resection was associated with an increased
rate of steatosis. The type of chemotherapy regimen used
was associated with distinct patterns of liver injury: oxali-
platin was associated with grade 2 to 3 sinusoidal dilation
compared with no chemotherapy (42.4% vs 20.8%, re-
spectively, P = 0.03; OR = 2.8; 95%CI: 0.97-8.2). Patients
receiving irinotecan also tended to have a higher likeli-
hood of steatohepatitis compared with non treatment

before surgery (33.3% »s 11.3%, P = 0.08), although the P

March 27,2013 | Volume 5 | Issue 3 |



Lu QY et a/. Hepatic histopathology and postoperative outcome

Table 2 Patient clinicopathological characteristics stratified by whether they received chemotherapy n (%)

Variable Patients Chemotherapy Oxaliplatin Irinotecan HAI P
(n = 106) (n = 53) (n = 33) n=29) n=11) value
Mean age, yr 60 59.8 56.9 56.9 54.2 0.26
Gender
Female 56 (52.8) 29 (54.7) 16 (48.5) 5 (55.6) (54.5) 0.95
Male 50 (47.2) 24 (45.3) 17 (51.5) 4 (44.4) (45.5)
Site of primary tumor
Colon 55 (51.9) 28 (52.8) 16 (48.5) 5 (55.6) (54.5) 0.97
Rectum 51 (48.1) 25 (47.2) 17 (51.5) 4(44.1) (45.5)
Timing of hepatic metastases
Synchronous (41.5) 19 (35.8) 20 (60.6) 2(22.2) 3 (27.3) 0.05
Metachronous 62 (58.5) 34 (64.2) 13 (39.4) 7 (77.8) 8(72.7)
Surgery type
Minor (1-2 segment) 81 (76.4) 42 (79.2) 24(72.7) 9 (100) 6 (54.5) 0.10
Major (= 3 segment or hemihepatectomy) 25 (23.6) 11 (20.8) 9(27.3) 0(0) 5 (45.5)
No. of hepatic CRM
Single 61 (57.5) 34 (64.2) 17 (51.5) 6 (66.7) 4 (36.4) 0.29
Multiple 45 (42.5) 19 (35.8) 16 (48.5) 3(33.3) 7 (63.6)
Largest hepatic CRM tumor size, cm 10.4 4.87 4.55 473 4.05 0.87
Median estimated blood loss, mL 200 400 350 600 300 0.90
Duration of chemotherapy, wk (median) 4 0 48 41 0 <0.0001
Postoperative complication
Yes 20 (18.9) 7 (13.2) 9 (27.3) 0(0) 4 (36.4) 0.07
No 86 (81.1) 46 (86.8) 24 (72.7) 9 (100) 7 (63.6)

CRM: Colorectal metastases; HAI: Hepatic artery infusion.

Table 3 Liver injury characteristics stratified by preoperative therapy n (%)

Regimen Liver toxicity (n = 51) Steatosis > 30% (n = 16) Sinusoidal dilation (7 =31) Steatohepatitis (7 = 20)
Yes No 'P value Yes No 'P value Yes No 'P value Yes No 'P value
NoCTx  19(358) 34 (64.2) 5094) 48 (90.6) 11(208) 42 (79.2) 6(113) 47 (88.7)
Oxaliplatin 19 (57.6) 14 (424)  0.04 5(152) 28(848) NS  14(424) 19(576) 003  7(12) 26(788) NS
Irinotecan  5(55.6) 4(444) NS 2(222) 7(778) NS 1(111) 8(889 NS  3(333) 6(667) 008
HAI 8(727) 3(Q273) 002 4(364) 7(636)  0.02 5455 6(545) 008  4(364)  7(636) 003

'Presence of liver injury characteristic; each chemotherapy group vs no chemotherapy. CTx: Chemotherapy; NS: Not significant; HAL: Hepatic artery in-

fusion.

value was not statistically significant. Specifically, HAI was
also associated with more steatosis, sinusoidal dilation and
steatohepatitis than no preoperative treatment. HAI was
associated with steatosis and steatohepatitis compared
with non treatment before surgery (36.4% vs 9.4%, P =
0.02; 36.4% vs 11.3%, P = 0.03, respectively) and patients
receiving HAI tended to have a higher likelihood of sinu-
soidal dilation compared with no chemotherapy (45.5% vs
20.8%, P = 0.08), although the P value was not statistically
significant.

There were three patients who died within 90 d of
surgery, with a perioperative mortality rate of 2.8%. Of
those three deaths, one was due to renal failure, one was
associated with an abdominal infection and a bile leak
and another from acute respiratory distress syndrome
(ARDS). There were two deaths among the preoperative
chemotherapy (1.8%), all from oxaliplatin preoperative
treatment, while another death occurred in the HAI arm
(0.9%). There is no association between preoperative
chemotherapy and the risk of petioperative mortality (P
= 0.1). Patients with oxaliplatin (7 = 33) tended to have a
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higher risk of death (6.1%) #s no preoperative treatment
(0%), although the P value was not statistically significant
(P = 0.07). There were 2 deaths (3.9%) in 51 patients
with hepatic injury (one death was associated with an
abdominal infection and a bile leak, another from ARDS)
compared with one death (1.8%) in 55 patients without
hepatic injury (one from renal failure).

In our study, there were seven patients with concomi-
tant hepatitis before surgery, six with hepatitis B virus in-
fection and one with hepatitis C virus infection. Two of
these received neoadjuvant chemotherapy. However no
further liver injury or complication was observed in those
two patients.

DISCUSSION

Currently, chemotherapy has been commonly used as a
part of an integrated multimodality approach to CRM
and sometimes as the first treatment choice. Recently, an
increasing number of reports have shown that the ad-
ministration of preoperative chemotherapy can be associ-
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ated with pathological changes in liver parenchymamm.

However, the question remains whether these hepatic
injuries have any clinical significance.

In the current study, we performed a retrospective
analysis on the result of the use of preoperative treat-
ment, including chemotherapy and HAI, for any impact
on pathological liver injury and on clinical outcome, in-
cluding postoperative complication and mortality.

Our study results show that preoperative treatment
with oxaliplatin was significantly associated with a greater
likelihood of sinusoidal dilation compared with no che-
motherapy (42.4% vs 20.8%, P = 0.03), which is consis-
tent with other recently published studies!"*"*.

Interestingly, we observed that the incidence of si-
nusoidal dilation with oxaliplatin was 42.4%, relatively
higher than Vauthey ez al' (18.9%) and Pawlik ez al™”
reported (9.6%). The reason for the different preva-
lence of sinusoidal dilation is probably multifactorial.
Although progress has been made in this area, cohesive
guidelines have yet to be proposed and consensus is la-
cking on a uniform set of pathological terminology to
define chemotherapy-associated liver injury. The subjec-
tive variability between expert pathologists can lead to a
different incidence rate of pathological changes in liver
parenchyma. That is why we decided to have only one
pathologist with hepatobiliary expertise assess the degree
of liver injury and follow Vauthey’sm strict definition.

Until now, only a few studies have been able to con-
nect a given chemotherapeutic agent with a specific
histopathological injury and a meaningful adverse out-

[16
come

. In our study, preoperative oxaliplatin was not
significantly associated with an increase risk of postop-
erative complication (27.3% »s 13.2%, P = 0.1). Similar

. . 22-24
results were observed in other studies™ >

, indicating
that preoperative oxaliplatin had no impact on postop-
erative morbidity or mortality.

Among previous reports, only Vauthey ¢/ a/ linked
irinotecan-based chemotherapy with steatohepatitis and
increased 90 d postoperative mortality!*'%; 34 (8.4%) pa-
tients had steatohepatitis as defined by the nonalcoholic
steatohepatitis score. Irinotecan was associated with ste-
atohepatitis (20.2% incidence in the irinotecan group s
4.4% in the non-chemotherapy group, P = 0.0001) and
patients with steatohepatitis had an increased 90 d mor-
tality rate compared with patients who did have steato-
hepatitis. In our study, steatohepatitis (Kleiner score = 4)
was observed in 20 patients (18.8%), a higher rate than
that Vauthey reported (20.2%). However, no postopera-
tive complication or mortality was observed in patients
with irinotecan treatment. We need to closely monitor
the patient’s status when we use irinotecan before sur-
gery due to a relatively high steatohepatitis incidence
rate, although data is not sufficient at present.

HAI has been used extensively in the palliative treat-
ment of unresectable hepatocellular carcinoma. It was
observed in several studies that it could improve quality
of life, symptomatic control and survival time as a local
therapy for CRM™?, HAT is increasingly used in China
as a palliative treatment of unresectable CRM as it may
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increase the possibility of surgery and can be used when
surgery is not possible or not successful. However, less
attention has been paid to the hepatic histological injures
and perioperative complications after HAI, since it is
commonly excluded from preoperative studies which ob-
serve the impact on hepatic histology and its outcomes
for CRM. Until now, limited studies have explored whe-
ther HAI can affect the remaining liver for CRM and
determine whether it can be used before surgery to im-
prove postoperative recovery. Pulitano ez al™ reported
that postoperative morbidity rate were comparable
between the HAI group and surgery alone group (14%
vs 14%). He concluded that HAI of fluorodeoxyuridine
does not negatively affect the outcome of subsequent
liver resection. However, his article did not evaluate the
hepatic pathological changes. In our study, we observed
that HAI was associated with a higher risk of steatosis,
sinusoidal dilation and steatohepatitis compared with
non treatment before surgery. In addition, patients who
received HAI tended to have more postoperative mor-
bidity and mortality; those data alerted us to be more
careful about its adverse impact on hepatic histology,
despite a limited small sample size.

Discussion about the optimum interval between che-
motherapy and hepatectomy has been based on the as-
sumption that hepatic side effects of chemotherapy are
time-related and reversible. Kopetz ez al™ reviewed the
data and stated that a limited course of chemotherapy,
with an interval of at least 5 wk, might minimize the in-
cidence of surgical complications. Although the optimal
timing of hepatic resection after completion of chemo-
therapy varies among institutions, a consensus is evolv-
ing for a minimum interval of 4 wk to allow the liver to
recover, in the hope of reducing morbidity and mortal-
ity. In our study, almost all recruited patients received
hepatic resection after completion of chemotherapy
with an interval of 4-6 wk. Based on the clinical practice
in our cancer center, the preoperative complication rate
is observed at 13.2%, comparable with other reported
papers[zg].

Given this, the use of preoperative chemotherapy and
HAI may need to be more carefully monitored and the
choice of regimen and duration of treatment tailored to
the particular individual’s situation. Future investigations
will be needed to clarify the pathogenesis and molecular
pathways underlying the cause of chemotherapy-associ-
ated liver injury and its relationship to other known path-
ways. In addition, only through a thorough understand-
ing of the patient’s status and the patient’s liver condition
prior to administration of systemic chemotherapy can
potentially confounding vatiables be accounted for and
the true impact of systemic chemotherapy on the liver
be determined™”.

Preoperative oxaliplatin was associated with sinu-
soidal dilation compared with surgery alone. However,
the preoperative oxaliplatin had no significant impact
on perioperative outcomes. HAI can cause pathological
changes and tends to increase perioperative morbidity
and mortality.
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Terminology

Preoperative oxaliplatin was associated with sinusoidal dilation compared with
surgery alone. However, preoperative oxaliplatin had no significant impact on
perioperative outcomes. Hepatic artery infusion can cause pathological chang-
es and tends to increase perioperative morbidity and mortality.

Peer review

The data presented in this paper is very interesting, especially the references
about the impact of the duration of chemotherapy and the effect of hepatic ar-
tery infusion on the liver parenchyma. It is worthy of being published.

REFERENCES

1 Jemal A, Murray T, Ward E, Samuels A, Tiwari RC, Gha-
foor A, Feuer EJ, Thun M]J. Cancer statistics, 2005. CA Cancer
J Clin 2005; 55: 10-30 [PMID: 15661684 DOI: 10.3322/ canj-
clin.55.1.10]

2 Jemal A, Siegel R, Ward E, Murray T, Xu ], Smigal C, Thun
M]. Cancer statistics, 2006. CA Cancer | Clin 2006; 56: 106-130
[PMID: 16514137 DOI: 10.3322/ canjclin.56.2.106]

3 Cao KJ, Ma GS, Liu YL, Wan DS. [Incidence of colorectal
cancer in Guangzhou City from 2000 to 2002]. Ai Zheng
2009; 28: 441-444 [PMID: 19622309]

4  Zhangs$S, CuiY, Weng Z, Gong X, Chen M, Zhong B. Changes
on the disease pattern of primary colorectal cancers in South-
ern China: a retrospective study of 20 years. Int | Colorec-
tal Dis 2009; 24: 943-949 [PMID: 19424708 DOI: 10.1007/
s00384-009-0726-y]

5  Jiang SX, Wang XS, Geng CH, Wang GY. Altering trend of
clinical characteristics of colorectal cancer: a report of 3,607
cases. Ai Zheng 2009; 28: 54-56 [PMID: 19448417]

6 Stangl R, Altendorf-Hofmann A, Charnley RM, Scheele ]J.
Factors influencing the natural history of colorectal liver
metastases. Lancet 1994; 343: 1405-1410 [PMID: 7515134 DOI:
10.1016/5S0140-6736(94)92529-1]

7 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 [PMID: 15774795 DOI: 10.1200/JCO.2005.00.349]

8 Nordlinger B, Jaeck D, Guiguet M, Vaillant JC, Balladur P,
Schaal JC. Surgical reaction of hepatic metastases. Multi-
centre retrospective study by the French Association of Sur-
gery. In: Nordlinger B, Jack D editor. Treatment of hepatic
metastases of colorectal cancer. Paris: Springer-Verlag, 1992:
129-156 [DOL: 10.1007 /978-3-642-51873-7_12]

9 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 [PMID:
10493478 DOI: 10.1097 /00000658-199909000-00004]

10  Scheele J. Hepatectomy for liver metastases. Br | Surg 1993;
80: 274-276 [PMID: 8472130 DOI: 10.1002/bjs.1800800302]
11 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

(4 9

Boishidongs  WJGS | www.wijgnet.com

35

12

13

14

15

16

17

18

19

20

21

22

23

[PMID: 11352309 DOI: 10.1007/s10434-001-0347-3]
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
in patients with metastatic colorectal cancer. Ann Oncol
2004; 15: 460-466 [PMID: 14998849]

Kooby DA, Fong Y, Suriawinata A, Gonen M, Allen PJ,
Klimstra DS, DeMatteo RP, D’Angelica M, Blumgart LH,
Jarnagin WR. Impact of steatosis on perioperative outcome
following hepatic resection. | Gastrointest Surg 2003; 7:
1034-1044 [PMID: 14675713]

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
[PMID: 15922194 DOI: 10.1016/j.jamcollsurg.2005.01.024]
Karoui M, Penna C, Amin-Hashem M, Mitry E, Benoist S,
Franc B, Rougier P, Nordlinger B. Influence of preopera-
tive chemotherapy on the risk of major hepatectomy for
colorectal liver metastases. Ann Surg 2006; 243: 1-7 [PMID:
16371728 DOI: 10.1097/01.s1a.0000193603.26265.c3]

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. Chemotherapy regimen predicts steatohepatitis and
an increase in 90-day mortality after surgery for hepatic
colorectal metastases. | Clin Oncol 2006; 24: 2065-2072 [PMID:
16648507 DOI: 10.1200/JCO.2005.05.3074]

Zorzi D, Mullen JT, Abdalla EK, Pawlik TM, Andres A,
Muratore A, Curley SA, Mentha G, Capussotti L, Vauthey
JN. Comparison between hepatic wedge resection and ana-
tomic resection for colorectal liver metastases. | Gastrointest
Surg 2006; 10: 86-94 [PMID: 16368496 DOI: 10.1016/j.gassur.
2005.07.022]

Pang YY. The Brisbane 2000 terminology of liver anatomy
and resections. HPB 2000; 2: 333-39. HPB (Oxford) 2002; 4:
99; author reply 99-100 [PMID: 18332933]

Kleiner DE, Brunt EM, Van Natta M, Behling C, Contos MJ,
Cummings OW, Ferrell LD, Liu YC, Torbenson MS, Unalp-
Arida A, Yeh M, McCullough A]J, Sanyal AJ. Design and
validation of a histological scoring system for nonalcoholic
fatty liver disease. Hepatology 2005; 41: 1313-1321 [PMID:
15915461]

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 che-
motherapy. Ann Surg 2008; 247: 118-124 [PMID: 18156931
DOI: 10.1097 /SLA.0b013e31815774de]

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.
Perioperative chemotherapy with FOLFOX4 and surgery
versus surgery alone for resectable liver metastases from
colorectal cancer (EORTC Intergroup trial 40983): a ran-
domised controlled trial. Lancet 2008; 371: 1007-1016 [PMID:
18358928]

Pawlik TM, Olino K, Gleisner AL, Torbenson M, Schulick R,
Choti MA. Preoperative chemotherapy for colorectal liver
metastases: impact on hepatic histology and postopera-
tive outcome. | Gastrointest Surg 2007; 11: 860-868 [PMID:
17492335 DOI: 10.1007/s11605-007-0149-4]

Sahajpal A, Vollmer CM, 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
[PMID: 17066435 DOI: 10.1002/js0.20632]

March 27,2013 | Volume 5 | Issue 3 |



24

25

26

27

Lu QY et a/. Hepatic histopathology and postoperative outcome

Ryan P, Nanji S, Pollett A, Moore M, Moulton CA, Gall-
inger S, Guindi M. Chemotherapy-induced liver injury in
metastatic colorectal cancer: semiquantitative histologic
analysis of 334 resected liver specimens shows that vascular
injury but not steatohepatitis is associated with preopera-
tive chemotherapy. Am | Surg Pathol 2010; 34: 784-791 [PMID:
20421779 DOI: 10.1097 /PAS.0b013e3181dc242c]

Wasser K, Giebel F, Fischbach R, Tesch H, Landwehr P.
[Transarterial chemoembolization of liver metastases of
colorectal carcinoma using degradable starch microspheres
(Spherex): personal investigations and review of the lit-
erature]. Radiologe 2005; 45: 633-643 [PMID: 15316615 DOI:
10.1007/s00117-004-1061-5]

Popov I, Lavrni¢ S, Jeli¢ S, Jezdi¢ S, Jasovi¢ A. Chemoembo-
lization for liver metastases from colorectal carcinoma: risk
or a benefit. Neoplasma 2002; 49: 43-48 [PMID: 12044059]
Miiller H, Nakchbandi V, Chatzisavvidis I, von Voigt C.
Repetitive chemoembolization with melphalan plus intra-

(4 9

TR
JBaishideng®

WIJGS | www.wjgnet.com

36

28

29

30

arterial immuno-chemotherapy within 5-fluorouracil and
granulocyte-macrophage colony-stimulating factor (GM-
CSF) as effective first- and second-line treatment of dis-
seminated colorectal liver metastases. Hepatogastroenterology
2003; 50: 1919-1926 [PMID: 14696433]

Barber FD, Mavligit G, Kurzrock R. Hepatic arterial infu-
sion chemotherapy for metastatic colorectal cancer: a con-
cise overview. Cancer Treat Rev 2004; 30: 425-436 [PMID:
15245775 DOI: 10.1016/j.ctrv.2004.04.002]

Pulitano C, Arru M, Catena M, Guzzetti E, Vitali G, Ronzo-
ni M, Venturini M, Villa E, Ferla G, Aldrighetti L. Results of
preoperative hepatic arterial infusion chemotherapy in pa-
tients undergoing liver resection for colorectal liver metas-
tases. Ann Surg Oncol 2008; 15: 1661-1669 [PMID: 18373123
DOI: 10.1245/510434-008-9882-5]

Kopetz S, Vauthey JN. Perioperative chemotherapy for re-
sectable hepatic metastases. Lancet 2008; 371: 963-965 [PMID:
18358910 DOI: 10.1016/S0140-6736(08)60429-8]

P- Reviewers Morise Z, Tiberio GA S- Editor Wen LL
L- Editor Roemmele A E- Editor Xiong L

March 27,2013 | Volume 5 | Issue 3 |



