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Clinical significance of post-hepatectomy hepatic failure in patients
with liver metastases from colorectal cancer
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Backgrounds/Aims: This study attempted to identify risk factors for development of post-hepatectomy hepatic failure 
(PHF) and its effect on long-term survival of patients with liver metastases from colorectal cancer. Methods: We carried 
out a retrospective study of 143 patients who had been diagnosed with liver metastases from colorectal cancer and 
who had undergone hepatectomy between 2003 and 2010. We allocated these patients to PHF and non-PHF groups, 
using the definition of the International Study Group of Liver Surgery, and compared the clinical factors of the two 
groups, using Cox regression and Kaplan-Meier analysis to evaluate the differences in overall survival (OS) and re-
currence-free survival (RFS) between these groups. Results: The PHF group comprised 19 patients (13.3%); all had 
Grade A PHF. Independent risk factors for development of PHF were metachronous liver metastases and major 
hepatectomy. The differences between the PHF and non-PHF groups in OS or RFS were not statistically significant; 
however, the PHF group tended to have a worse prognosis. Multivariate analysis revealed significant associations be-
tween OS and the factors of poor differentiation of the primary colorectal cancer, major hepatectomy, and positive 
resection margin. Conclusions: Major hepatectomy is an important risk factor for PHF in patients with liver metastases 
from colorectal cancer. The pathological characteristics of the primary tumor are more important as predictors than 
is Grade A PHF. (Ann Hepatobiliary Pancreat Surg 2018;22:93-100)
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INTRODUCTION

Liver metastases are present in 14 to 25% of patients 

with colorectal cancer at the time of diagnosis and devel-

op in about 60% of such patients during their lifetime.1 

Although most patients are not candidates for surgery, the 

optimal treatment for liver metastases is reportedly com-

plete surgical resection, which achieves 5-year overall sur-

vival rates of 50%.2,3

Advances in preoperative chemotherapy and surgical 

techniques, such as portal vein ligation or embolization, 

have recently made more active surgical interventions 

possible for lesions that were previously considered 

unresectable.4,5 Post-hepatectomy hepatic failure (PHF), 

one of most feared and serious complications, is frequent, 

even though the prospects for survival and length of sur-

vival after liver resection have been improved.6 

Nevertheless, the clinical significance of PHF in patients 

with liver metastases from colorectal cancer has not been 

well examined.

In contrast, PHF in patients with hepatocellular carcino-

ma (HCC) has been well studied. Several studies reported 

that underlying liver disease, major hepatectomy, blood 

loss, and transfusion were risk factors for developing 

PHF.7,8 In addition, PHF in patients with HCC was sig-

nificantly associated with postoperative complications and 

long-term survival. The mechanism by which PHF affects 

tumor progression or recurrence is unclear. One ex-
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planation is that PHF forces active regeneration of rem-

nant liver, which could trigger growth of microscopic 

HCC and eventually cause recurrence of tumors after 

hepatectomy.9

Thus, we assumed that PHF would increase tumor re-

currence rates and reduce the survival time of patients 

with liver metastases from colorectal cancer. We therefore 

assessed the clinical significance of PHF in these patients 

by examining risk factors for development of PHF and its 

correlation with long-term survival.

MATERIALS AND METHODS

Patients

Consecutive patients undergoing partial hepatectomy 

for liver metastases from colorectal cancer between March 

2003 and December 2010 were considered for this study. 

Patients were included regardless of whether they had 

synchronous or metachronous liver metastases and simul-

taneous or staged surgery. The following exclusion cri-

teria were applied: history of previous hepatectomy; sur-

gery not intended to cure; and presence of extrahepatic 

metastases. The resulting study cohort comprised 143 pa-

tients, 19 (13.2%) of whom were classified as the PHF 

group and 124 patients (86.8%) as the non-PHF group. 

Data were collected prospectively on medical records and 

reviewed retrospectively.

Definition of post-hepatectomy hepatic failure

The definition of the International Study Group of 

Liver Surgery (ISGLS) was used.10 The ISGLS defines 

PHF as a postoperative acquired deterioration in the abil-

ity of the liver to maintain its synthetic, excretory, and 

detoxifying functions that is characterized by an increased 

international normalized ratio and concomitant hyper-

bilirubinemia on or after postoperative day 5. This defi-

nition applies to patients with normal or abnormal pre-

operative liver function.

Hepatectomy

Of all 143 patients, 94 (65.7%) had synchronous liver 

metastases. Among them, 63 patients underwent simulta-

neous liver resection (67.0%) and 31 patients underwent 

staged resection (33.0%), which consisted of hepatectomy 

delayed until after resection of the primary colorectal 

cancer. For synchronous liver metastases, the decision 

whether to perform staged or simultaneous resection was 

made at the surgeon’s discretion. Most patients with ini-

tially resectable synchronous liver metastases underwent 

simultaneous resection. However, patients who required 

extended resection because of the number or size of liver 

metastases underwent staged resection.

Contrast-enhanced multidetector abdominal CT or liver 

magnetic resonance imaging (MRI) using hep-

atocyte-specific contrast was done before hepatectomy to 

assess underlying liver fibrosis, resectability of tumors, 

boundary of resection, and vascular anatomy, including its 

relationship with tumors. Patients were operated on by 

means of either a right subcostal or midline incision or 

laparoscopically, according to the type of hepatectomy. 

Intraoperative sonography was done in all cases to make 

an adequate resection margin more easily and to detect 

occult tumors. Pringle maneuver was performed as need-

ed, which consisted of hepatic inflow occlusion for 15 mi-

nutes, followed by 5 minutes of reperfusion until the pa-

renchymal transection was complete. Liver transection 

was performed by the Kelly clamp crush method or by 

using a Cavitron Ultrasonic Surgical Aspirator. One pa-

tient in the PHF group and three patients in the non-PHF 

group received intraoperative radiofrequency ablation 

(RFA) combined with hepatectomy. These four patients 

were considered to undergo R0 resection according to the 

final description of a serial follow-up CT by radiologists 

and their clinical course. After surgery, selected patients 

were managed in the intensive care unit (ICU) and trans-

ferred to the general ward when they were clinically 

stable.

Clinical factors

To identify the risk factors for PHF and their prog-

nostic effects, the background characteristics, primary col-

orectal cancer, liver metastasis-related factors, and 

long-term outcomes, were compared between the PHF and 

non-PHF groups. Primary colorectal cancer characteristics 

that were evaluated comprised TNM staging according to 

the Seventh Edition of the American Joint Committee on 

Cancer (AJCC) and the histological degree of 

differentiation. Liver metastasis-related factors assessed 

included metachronous metastasis, pre-hepatectomy che-

motherapy, number and sizes of tumors, and resection 
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Table 1. Baseline patient and tumor characteristics

PHF group (n=19) Non‐PHF group (n=124) p value

Demographic characteristics
  Age  68 (57‐78)  65 (33‐88) 0.083
  Gender (male)  16 (84.2%)  85 (68.5%) 0.163
  BMI 22.3 (16.7‐26.4) 22.7 (16.0‐32.8) 0.662
  Performance status (≥1)   1 (5.3%)   3 (2.4%) 0.438
  MELD score   7 (7‐15)   7 (7‐16) 0.287
Primary tumor
  Location (rectum)   7 (36.8%)  47 (37.9%) 0.92
  T staging (≥T3)  19 (100%) 116 (93.5%) 0.597
  N staging (≥N1)  15 (78.9%)  78 (62.9%) 0.172
  Differentiation (poor)   5 (26.3%)  48 (38.7%) 0.298
Liver metastasis
  Metachronous  11 (57.8%)  38 (30.6%) 0.02
  Pre‐hepatectomy chemotherapy   7 (36.8%)  36 (29.0%) 0.489
  Major hepatectomy   7 (36.8%)  18 (14.5%) 0.017
  Number (multiple)  10 (52.6%)  51 (41.1%) 0.345
  Size (cm)  3.1 (1.0‐7.8)  2.1 (0.4‐10.7) 0.022
  Resection margin (positive)   3 (15.8%)  11 (8.9%) 0.400
  Transfusion  12 (63.2%)  48 (38.7%) 0.044
  Hospital stay (day)  14 (6‐61)  11 (3‐80) 0.127
  ICU stay (day)   1 (0‐10)   0 (0‐6) 0.116

Values were presented as median (range) for continuous data; n (%) for categorical data. Performance status was according 
to the grade of the Eastern Cooperative Oncology Group (ECOG)
PHF, post‐hepatectomy hepatic failure; BMI, body mass index; MELD, modified end‐stage liver disease; ICU, intensive care 
unit

margin. Pre-hepatectomy chemotherapy was defined as 

that administered within the two months prior to the hep-

atectomy, regardless of the type of regimen. Major hep-

atectomy was defined as the resection of three or more 

Couinaud segments.11

Postoperative follow-up and long-term outcomes

After discharge from hospital, patients underwent clin-

ical follow-up every 3 to 6 months for the first five years 

and yearly thereafter. The follow-up included a physical 

exam, laboratory tests including tumor markers, and a 

computed tomography scan. Overall survival (OS) was 

defined as the time from curative hepatectomy to death 

or last follow-up. Recurrence-free survival (RFS) was de-

fined as the time from curative hepatectomy to the first 

locoregional or systemic recurrence, no matter whether 

there were synchronous or metachronous liver metastases.

Statistical analyses

Continuous data are expressed as the median and range. 

Clinical characteristics were compared using independent 

samples t-tests and 2 tests. Logistic regression analysis 

was performed to identify risk factors and effects of PHF. 

Cox regression and Kaplan-Meier analysis were used to 

compare OS and RFS between groups. Each independent 

factor was examined by univariate and multivariate 

analyses. A p value ＜0.05 was considered to dente stat-

istically significant. SPSS Statistics ver. 20.0 was used for 

all statistical analyses (SPSS, Chicago, IL, USA).

RESULTS

Patient characteristics

Nineteen of the enrolled patients (13.2%) had grade A 

PHF, which, according to the ISGLS definition, does not 

affect the clinical course. No patients were diagnosed with 

grade B or C PHF. Background characteristics are sum-

marized in Table 1. No significant differences were found 

in clinical and primary tumor characteristics between the 

PHF and non-PHF groups. For liver metastasis-associated 

factors, metachronous metastases were more frequent in 

the PHF (57.8%) than in the non-PHF group (30.6%, 
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Table 2. Univariate and multivariate analyses of risk factors for post‐hepatectomy hepatic failure

Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Demographic characteristics
  Age (＞65) 1.03 (0.98‐1.03) 0.224
  Gender (male) 2.44 (0.67‐8.89) 0.174
  BMI (＜18.5) 1.34 (0.27‐6.65) 0.719
  Performance status (≥1) 2.24 (0.22‐22.72) 0.495
  MELD score (≥10) 1.24 (0.94‐1.65) 0.124
Primary tumor
  Location (rectum) 0.92 (0.35‐2.59) 0.929
  T staging (≥T3) 0.00 (0.00‐0.00) 0.999
  N staging (≥N1) 2.21 (0.69‐7.07) 0.180
  Differentiation (poor) 0.56 (0.19‐1.67) 0.302
Liver metastasis
  Metachronous 3.11 (1.16‐8.35) 0.024 3.86 (1.33‐11.24) 0.013
  Pre‐hepatectomy chemotherapy 0.40 (0.09‐1.85) 0.243
  Major hepatectomy 5.73 (2.01‐16.30) 0.001 6.71 (2.24‐20.05) 0.001
  Number (multiple) 1.59 (0.60‐4.19) 0.348
  Size (≥3 cm) 1.31 (1.07‐1.60) 0.009
  Resection margin (positive) 1.92 (0.48‐7.65) 0.352
  Transfusion 2.71 (0.99‐7.38) 0.050

BMI, body mass index; MELD score, modified end‐stage liver disease score; OR, odds ratio; CI, confidence interval

p=0.02). Pre-hepatectomy chemotherapy (36.8% vs. 

29.0%, p=0.489) and positive resection margin (15.8% vs. 

8.9%, p=0.4) did not differ significantly between the PHF 

and non-PHF groups. Major hepatectomy was performed 

significantly more often in the PHF (36.8%) than in the 

non-PHF group (14.5%, p=0.017). Multiplicity of tumors 

did not differ significantly between the PHF (52.6%) and 

non-PHF groups (41.1%, p=0.345). Median tumor diame-

ter was significantly larger in the PHF (median 3.1 cm, 

range 1.0-7.8 cm) than in the non-PHF group (median 2.1 

cm, range 0.4-10.7 cm; p=0.022). Also, 12 patients 

(63.2%) in the PHF group and 48 (38.7%) in the non-PHF 

group needed transfusions (p=0.044).

Risk factors for post-hepatectomy hepatic failure

Metachronous metastases (OR, 3.11; 95% CI, 1.16-8.35; 

p=0024), major hepatectomy (OR, 5.73; 95% CI, 

2.01-16.30; p=0.001), and tumor size (OR, 1.31; 95% CI, 

1.07-1.60; p=0.009) were identified as predictors of PHF 

by univariate analysis (Table 2). Multivariate analysis was 

performed on factors with p≤0.2 by univariate analysis; 

these included sex, Model for End-stage Liver Disease 

(MELD) score (≥10), N staging (≥N1), metachronous 

metastases, major hepatectomy, tumor size (≥3 cm), and 

transfusion. Metachronous liver metastases (OR, 3.86; 

95% CI, 1.33-11.24; p=0.013) and major hepatectomy 

(OR, 6.71; 95% CI, 2.24-20.05; p=0.001) were found by 

multivariate analysis to be significantly associated (Table 

2).

Long-term outcome

The median duration of follow-up was 28 months 

(range 3-95). The 1-, 3-, and 5-year OS rates for all pa-

tients were 91.6%, 67.0%, and 56.7%, respectively, and 

1-, 3-, and 5-year RFS rates 82.5%, 61.3%, and 56.8%, 

respectively. Long-term survival by study group is shown 

in Fig. 1. The 1-, 3-, and 5-year OS rates were 84.2%, 

60.1%, and 32.9%, respectively, for the PHF group; and 

90.3%, 68.2%, and 63.8%, respectively, for the non-PHF 

group (p=0.191). Additionally, the 1-, 3-, and 5-year RFS 

rates were 78.9%, 53.0%, and 53.0%, respectively, for the 

PHF group; and 83.0%, 63.0%, and 57.3%, respectively, 

for the non-PHF group (p=0.545). No significant differ-

ences in OS or RFS were found between the PHF and 

non-PHF groups.

Cox regression analysis was performed to identify risk 

factors for long-term survival and to investigate the hy-

pothesis that PHF affects long-term survival. Results of 
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Fig. 1. (A) Kaplan-Meier curves showing risk of overall survival by PHF and non-PHF groups. (B) Recurrence-free survival 
by PHF and non-PHF groups. PHF, post-hepatectomy hepatic failure.

Table 3. Univariate analysis of risk factors for overall survival and recurrence‐free survival

Overall survival Recurrence free survival

OR (95% CI) p value OR (95% CI) p value

PHF 1.60 (0.79‐3.23)   0.191 1.26 (0.59‐2.70) 0.545
Demographic characteristics
  Age (＞65) 1.52 (0.81‐2.83)   0.184 0.77 (0.43‐1.37) 0.776
  Gender (male) 1.15 (0.59‐2.23)   0.677 1.01 (0.53‐1.88) 0.981
  BMI (＜18.5) 1.86 (0.79‐4.41)   0.155 0.80 (0.25‐2.59) 0.719
  Performance status (≥1) 3.97 (1.21‐12.98)   0.022 1.12 (0.15‐8.15) 0.911
  MELD score (≥10) 0.51 (0.12‐2.12)   0.360 0.75 (0.23‐2.42) 0.634
Primary tumor
  Location (rectum) 1.59 (0.88‐2.85)   0.121 1.01 (0.55‐1.81) 0.994
  T staging (≥T3) 0.77 (0.23‐2.49)   0.665 0.36 (0.14‐0.96) 0.062
  N staging (≥N1) 1.29 (0.67‐2.46)   0.438 0.95 (0.52‐1.74) 0.874
  Differentiation (poor) 5.04 (2.64‐9.62) ＜0.001 2.41 (1.31‐4.42) 0.004
Liver metastasis
  Metachronous 0.96 (0.51‐1.79)   0.909 1.03 (0.57‐1.88) 0.899
  Pre‐hepatectomy chemotherapy 0.93 (0.47‐1.81)   0.834 1.82 (1.01‐3.28) 0.044
  Major hepatectomy 2.21 (1.23‐3.98)   0.008 2.02 (1.13‐3.62) 0.017
  Number (multiple) 2.03 (1.12‐3.68)   0.018 1.22 (0.68‐2.17) 0.496
  Size (≥3 cm) 1.41 (0.77‐2.56)   0.256 1.88 (1.05‐3.36) 0.032
  Resection margin (positive) 3.27 (1.56‐6.84)   0.002 - -
  Transfusion 1.47 (0.82‐2.64)   0.194 1.17 (0.66‐2.09) 0.576

PHF, post‐hepatectomy hepatic failure; BMI, body mass index; MELD, modified end‐stage liver disease; OR, odds ratio; CI, 
confidence interval

univariate analysis for OS and RFS are shown in Table 

3: PHF did not affect long-term survival. Multivariate 

analysis included factors with p≤0.2 by univariate 

analysis. Poor differentiation of primary colorectal cancer 

was found to be an independent risk factor for both OS 

and RFS (OR, 5.66; 95% CI, 2.89-11.06; p＜0.001 and 

OR, 2.97; 95% CI, 1.60-5.54; p=0.001, respectively). 

Major hepatectomy (OR, 2.27; 95% CI, 1.25-4.12; p=0.007) 

and positive resection margin (OR, 3.55; 95% CI, 

1.68-7.50; p=0.001) were significantly associated with 
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Table 4. Multivariate analysis of risk factors for overall survival and recurrence‐free survival

Overall survival Recurrence free survival

OR (95% CI) p value OR (95% CI) p value

Differentiation (poor) 5.66 (2.89‐11.06) ＜0.001 2.97 (1.60‐5.54) 0.001
Major hepatectomy 2.27 (1.25‐4.12)   0.007 - -
Resection margin (positive) 3.55 (1.68‐7.50)   0.001 - -
Pre‐hepatectomy chemotherapy - - 2.40 (1.31‐4.40) 0.005
Size (≥3 cm) - - 2.51 (1.36‐4.59) 0.003

OR, odds ratio; CI, confidence interval

OS, whereas prehepatectomy chemotherapy (OR, 2.40; 

95% CI, 1.31-4.40; p=0.005) and tumor size (OR, 25.1; 

95% CI, 1.36-4.59; p=0.003) were independent risk fac-

tors for RFS (Table 4).

DISCUSSION

Regardless of the reason for liver resection, PHF is a 

predominant cause of postoperative morbidity and mortal-

ity after elective hepatic resection.6,12 Although survival 

rates after liver resection have improved during the past 

10 years as a result of more accurate preoperative evalua-

tion of hepatic functional reserve and of improvements in 

surgical techniques and perioperative management,8,13 

PHF can still result from the underlying liver disease, 

functional hepatic reserve, or remnant liver volume.14 

Furthermore, PHF is clinically important because it de-

creases long-term survival and may prevent use of some 

treatment options for intrahepatic recurrence.15

There have been many attempts to define PHF. First, 

Beaujon Hospital’s team reported that a combination of 

prothrombin time of less than 50% and total bilirubin con-

centration of more than 50 mol/L (50-50 criteria) on 

postoperative day 5 predict mortality rate of more than 

50% after liver resection.16 Second, Mullen et al.17 re-

ported that peak serum bilirubin ＞7 mg/dl is the most 

powerful predictor of 90-day mortality after major 

hepatectomy. Finally, the ISGLS definition is charac-

terized by an increased international normalized ratio and 

concomitant hyperbilirubinemia on or after postoperative 

day 5.10 Skrzypczyk et al.18 found that the ISGLS defi-

nition is less accurate than the other two criteria in identi-

fying patients at risk of major complications or death after 

hepatectomy. However, despite its lower predictive value 

for early postoperative mortality, we chose to use the 

ISGLS definition in this study because it includes more 

patients whose PHF is less severe. We considered that 

such patients also need active regeneration of remnant liv-

er and that their statistics likely influence the overall rated 

for recurrence and survival, even though their liver dam-

age is transient and reversible.

Meanwhile, several studies on patients with HCC have 

identified that PHF is associated with postoperative com-

plications and long-term outcomes.7,8 In HCC, underlying 

liver diseases, such as fibrosis and cirrhosis, provide an 

ongoing field of cancerization that can cause new meta-

chronous HCC after resection.19 Furthermore, in patients 

with PHF after resection of HCC, the remnant liver must 

undergo vigorous regeneration beyond its normal metabol-

ic demand to overcome the effects of surgical resection.20 

This process facilitates the growth and malignant trans-

formation of microscopic HCC and thus affects the 

long-term prognosis.9,21 In contrast, as indicated by the 

MELD scores in this study, patients with colorectal cancer 

generally have well-preserved liver function without fib-

rosis or cirrhosis. We therefore wondered how the process 

of recovery from PHF would affect these patients; pub-

lished studies on this topic are lacking. Thus, we here 

aimed to clarify risk factors for developing PHF and cor-

relate these factors with OS and RFS in patients with liver 

metastases from colorectal cancer.

In this study, PHF occurred in 13.2% of patients, a 

finding that fits well with previous reports of rates of 

3-30%.6,7,22 Interestingly, no patients were diagnosed with 

grade B or C PHF. We speculate that preservation of 

maximal liver remnants and optimal postoperative care 

with active ICU treatment in selected patients are the keys 

to preventing worse grades of PHF. Furthermore, since 

grade A PHF could not be the direct cause of death, this 

study, in which all patients in PHF group were grade A, 
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would better analyze the effect of PHF on oncologic 

outcome. According to multivariate analysis, independent 

risk factors for PHF were metachronous liver metastases 

and major hepatectomy. To identify how they affected 

PHF, additional analysis according to the synchronicity of 

liver metastases was performed. No clinical variables, in-

cluding tumor characteristics, major hepatectomy, and 

prehepatectomy chemotherapy, reached statistical sig-

nificance between the groups. However, if pre-

hepatectomy chemotherapy is redefined as that ad-

ministered regardless of the timing, patients with meta-

chronous metastases had received it more often than had 

those with synchronous metastases (65.3% vs. 35.1%, 

p=0.017). Thus, it appears that the cumulative effects of 

chemotherapy prior to hepatectomy might affect the in-

cidence of PHF. Furthermore, several studies have re-

ported major hepatectomy as a risk factor for developing 

PHF.7,23 Major hepatectomy often leads to PHF because 

of the small remnant liver volume and the long time re-

quired for the liver to recover to its preoperative func-

tional status.

We next investigated whether PHF affects OS and RFS. 

As shown in Fig. 1, although the PHF group appeared to 

have lower OS and RFS, these differences were not stat-

istically significant. Given that this was a retrospective 

study that may have had a selection bias, interpretation 

of the results requires particular care. Because major hep-

atectomy is a risk factor for development of both PHF and 

OS, enrollment of a larger number of patients could iden-

tify PHF as a significant risk factor for long-term 

outcomes. A study of 193 patients with liver metastases 

from colorectal cancer found that PHF did not affect the 

3-month survival rate, but was associated with a worse 

2-year survival.22 The short follow-up period was also a 

limitation of our study.

We performed multivariate and Cox regression analysis 

to identify the risk factors for long-term survival and 

found that differentiation of the primary colorectal cancer 

is a significant risk factor for both OS and RFS. Previous 

studies have reported that poor differentiation of the pri-

mary tumor is an important factor affecting the survival 

of patients with liver metastases from colorectal cancer.24 

In our study, risk factors for OS also included major hep-

atectomy and positive resection margin, confirming that 

positive resection margin is an important prognostic factor 

for survival, as shown by others.25

One limitation of this study concerns pre-hepatectomy 

chemotherapy. Previous studies have reported that pre-

operative chemotherapy that caused steatohepatitis or si-

nusoidal obstruction is associated with an increased in-

cidence of post-hepatectomy complications.26,27 In our 

study, only 43 patients (30.0%) received pre-hepatectomy 

chemotherapy, which comprised oxaliplatin-based chemo-

therapy in 39 patients (90.6%) and irinotecan-based che-

motherapy in two patients (4.6%). The lack of normal dis-

tribution of the data made it unsuitable for statistical 

analysis. Prehepatectomy chemotherapy did not seem to 

affect PHF, possibly because we could not perform sub-

group analysis by type of chemotherapy. Furthermore, pa-

tients who had received pre-hepatectomy chemotherapy 

had worse RFS than those who did not. There are two 

possible ways of interpreting this result. First, our data 

was collected over a long period, during which the in-

dications for chemotherapy changed. Second, a selection 

bias characterized by patients who received pre-

hepatectomy chemotherapy and who tended to have more 

aggressive tumors may have influenced our findings.

In conclusion, we identified major hepatectomy as an 

independent risk factor for both developments of PHF and 

poor OS in patients with liver metastases from colorectal 

cancer. Tumor-related factors, such as differentiation of 

the primary tumor and size of metastasis, are more im-

portant factors for predicting length of survival than is oc-

currence of grade A PHF.
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