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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 

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[1]. The 
incidence of  CRC in China is lower than that in the 
West, but has increased in recent years[2,3] and has be-
come a substantial burden in China. Some studies have 
reported changes in the characteristics of  colorectal 
cancers in China[4,5]. Approximately 50% of  patients with 
colorectal cancer develop liver metastases at some point 
during the course of  their disease[6,7]. Surgical resection 
remains the first choice of  treatment, with a 25%-40% 
long-term survival rate[8,9]. However, only 15%-20% of  
patients with colorectal liver metastases are suitable for 
surgical resection[10]. 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[11]. 

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[12-16]. 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[17,18]. 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 HAI. 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 mor-

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[19] 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 × field) and ballooning (score 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-

A
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C

Figure 1  Histopathological findings. A: Severe steatosis. Large drop of fat 
(arrow) in the majority of hepatocytes, HE, 100 ×; B: Example of steatohepatitis 
showing the foci (arrow) of inflammation among the hepatocytes, HE, 100 ×; C: 
Grade 3 sinusoidal dilation involved the complete lobule, HE, 40 ×.
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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)[12] 
(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 χ 2 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 (n = 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-

men (33, 31.1%) and irinotecan plus FU regimen (9, 8.5%). 
While 11 (10.4%) patients received preoperative HAI be-
fore surgical treatment of  the hepatic metastases, in which 
8 patients received Cisplatin plus Epirubicin, three pa-
tients received oxaliplatin plus FU/CF. 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 (n = 3), hepatic insufficiency (n 
= 2), bile leaks (n = 9) and hepatic abscess (n = 1). Non-
hepatic complications occurred in 11 patients (10.3%); 
there were 6 pulmonary complications (5.7%; pleural effu-
sion, n = 6), 1 cardiovascular complications (0.94%; rapid 
atrial fibrillation, n = 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% vs 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% vs 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% vs 11.3%, P = 0.08), although the P 

Table 1  Clinical and pathological features of patients (n  = 
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.

Lu QY et al . Hepatic histopathology and postoperative outcome
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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  perioperative mortality (P 
= 0.1). Patients with oxaliplatin (n = 33) tended to have a 

higher risk of  death (6.1%) vs 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-

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

Variable Patients 
(n  = 106) 

Chemotherapy 
(n  = 53) 

Oxaliplatin 
(n  = 33) 

Irinotecan 
(n  = 9) 

HAI 
(n  = 11) 

P  
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) 6 (54.5) 0.95
   Male 50 (47.2) 24 (45.3) 17 (51.5) 4 (44.4) 5 (45.5)
Site of primary tumor 
   Colon 55 (51.9) 28 (52.8) 16 (48.5) 5 (55.6) 6 (54.5) 0.97
   Rectum 51 (48.1) 25 (47.2) 17 (51.5) 4 (44.1) 5 (45.5)
Timing of hepatic metastases
   Synchronous 44( 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           4.73           4.05 0.87 
Median estimated blood loss, mL        200        400        350       600       300 0.90
Duration of chemotherapy, wk (median)            4            0            4.8           4.1           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.

Regimen Liver toxicity (n  = 51) Steatosis > 30% (n  = 16)  Sinusoidal dilation (n  =31) Steatohepatitis (n  = 20)

Yes No 1P  value Yes No 1P  value Yes No 1P  value Yes No 1P  value

No CTx 19 (35.8) 34 (64.2) 5 (9.4) 48 (90.6) 11 (20.8) 42 (79.2) 6 (11.3) 47 (88.7)
Oxaliplatin 19 (57.6) 14 (42.4) 0.04   5 (15.2) 28 (84.8) NS 14 (42.4) 19 (57.6) 0.03 7 (21.2) 26 (78.8) NS
Irinotecan   5 (55.6)   4 (44.4) NS   2 (22.2)   7 (77.8) NS   1 (11.1)   8 (88.9) NS 3 (33.3)   6 (66.7) 0.08
HAI   8 (72.7)   3 (27.3) 0.02   4 (36.4)   7 (63.6) 0.02   5 (45.5)   6 (54.5) 0.08 4 (36.4)   7 (63.6) 0.03

1Presence of liver injury characteristic; each chemotherapy group vs no chemotherapy. CTx: Chemotherapy; NS: Not significant; HAI: Hepatic artery in-
fusion.
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ated with pathological changes in liver parenchyma[12-16]. 
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[15,20-22].

Interestingly, we observed that the incidence of  si-
nusoidal dilation with oxaliplatin was 42.4%, relatively 
higher than Vauthey et al[16] (18.9%) and Pawlik et al[22] 
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’s[16] 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-
come[16]. In our study, preoperative oxaliplatin was not 
significantly associated with an increase risk of  postop-
erative complication (27.3% vs 13.2%, P = 0.1). Similar 
results were observed in other studies[22-24], indicating 
that preoperative oxaliplatin had no impact on postop-
erative morbidity or mortality. 

Among previous reports, only Vauthey et al linked 
irinotecan-based chemotherapy with steatohepatitis and 
increased 90 d postoperative mortality[12-16]; 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 vs 
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[25-28]. HAI is increasingly used in China 
as a palliative treatment of  unresectable CRM as it may 

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. Pulitanò et al[29] 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 et al[30] 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[29].

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 variables be accounted for and 
the true impact of  systemic chemotherapy on the liver 
be determined[22].

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.

Lu QY et al . Hepatic histopathology and postoperative outcome
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