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INTRODUCTION
Colorectal liver metastasis (CRLM) occurs in approximately 

50% of patients with primary colorectal cancer [1-3]. The liver 
is the most common organ to receive metastatic growth due to 
the portal venous system. Hepatic resection is considered the 
best treatment option for CRLM because it improves long-term 
survival [1,2].

A combination of surgery and systemic chemotherapy 
may offer longer survival rates [4,5]. The development of 
surgical skill and chemotherapeutic regimens has reinforced 
the effectiveness and efficiency of treatment. Moreover, 
chemotherapy also offers the possibility of hepatectomy even if 
metastatic tumors are not resectable at the initial presentation 
[6]. Systemic chemotherapy down-stages unresectable CRLM 
and leads to rescue surgeries.
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Purpose: Liver resection is considered the only curative treatment modality for colorectal liver metastasis. The recurrence 
rate after hepatectomy is >50%. Two or more hepatectomies are applied to treat recurred metastases. We assessed the 
efficiency and feasibility of repeat hepatectomy and analyzed the prognostic factors after a repeat hepatectomy.
Methods: In total, 248 patients were diagnosed with recurred liver metastasis between January 2003 and May 2016. 
Second and third hepatectomies were performed in 70 and 7 patients, respectively. The other 171 patients did not undergo 
a repeat hepatectomy. Clinical features were collected from the medical records. We analyzed survival rates of the repeat 
hepatectomy group and the nonrepeat hepatectomy group. We also investigated factors affecting overall and disease-free 
survival of patients who received a repeat hepatectomy using univariate and multivariate analyses.
Results: Median overall survival was significantly higher in the repeat hepatectomy group than in the nonrepeat group 
(83.0 months vs. 25.0 months, P < 0.001). The morbidity and mortality rates of repeat hepatectomy were 9.1% and 0%, 
respectively. Median overall and disease-free survival of the repeat hepatectomy group were 62.0 and 51.0 months, 
respectively. The number of recurred tumors was the only significant factor for disease-free survival (P = 0.029). None of 
the factors affected overall survival.
Conclusion: Repeat hepatectomy is necessary, effective, and safe for treating recurred colorectal liver metastasis. Repeat 
hepatectomy can be considered in patients with fewer than three recurred metastatic tumors.
[Ann Surg Treat Res 2019;97(1):7-14]
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However, recurred CRLM after a liver resection has been 
reported in up to 80% of cases, regardless of these strategies, 
efforts, and surgical techniques [7-9]. Repeat hepatectomy has 
been used to treat recurrence. Several studies have reported 
that a second hepatectomy can be performed with acceptable 
morbidity and mortality, resulting in longer survival compared 
to the outcomes of a first hepatectomy [10-14]. The morbidity 
and mortality rates of repeat hepatectomy are 21.3% and 1.6%, 
respectively [10].

In a previous study, the numbers, size, distribution, 
and appearance of metastatic tumors, serum levels of 
CEA, dimensions of the resection margin, and presence of 
extrahepatic metastasis were prognostic factors affecting the 
survival of patients who underwent a second hepatectomy [10].

In the current study, we evaluated the feasibility of repeat 
hepatectomy by investigating surgical outcomes at our institute 
and analyzed the prognostic factors of patients who underwent 
a repeat hepatectomy.

METHODS

Patient selection
In total, 593 patients underwent resection of primary 

colorectal cancer and liver metastases simultaneously or 
separately from March 2001 to December 2014 at the National 
Cancer Center, Korea, and 536 (90.4%) received postoperative 
adjuvant chemotherapy. There were 248 recurrences after the 
initial operation: intrahepatic-only recurrence (202 patients) 
and both intrahepatic and extrahepatic recurrence (46 
patients). Seventy-seven of these patients with recurred CRLM 
underwent a repeat hepatectomy between January 2003 and 
May 2016. These patients were in condition of resectable tumor 
with clear margin and residual volume of liver parenchyma 
more than 30%. Furthermore, seven patients underwent a third 
hepatectomy after the second recurrence. The other 171 patients 
did not undergo a repeat hepatectomy (Fig. 1). Most patients 

in the nonrepeat hepatectomy group had multiple tumors in 
their remnant livers and their general condition was too poor to 
undergo an operation.

Follow-up and surveillance after the initial 
operation
Patients visited our outpatient department for regular follow-

up after resection of primary and metastatic tumors. Diagnosis 
and surveillance of recurred CRLM were made based on 
serum levels of CEA and imaging studies of the liver such as 
dynamic computed tomography, magnetic resonance imaging 
with gadolinium ethoxybenzyl diethylenetriamine pentaacetic 
acid (Gd-EOB-DTPA), or fluorodeoxyglucose-positron emission 
tomography. We also evaluated the possibility of surgical 
resection with these modalities if there was any finding of 
recurrence.

Clinical data collection
The medical records were reviewed retrospectively to collect 

the clinical characteristics of the patients. The clinical data 
from the records were up to date until November 2016. The 
continuous variables included age, body mass index, American 
Society of Anesthesiologists physical status classification, 
preoperative and postoperative serum levels of CEA, tumor 
size, resection margin, and volume of total blood loss during 
the second hepatectomy. We defined 3 or more liver segmental 
resection as a major hepatectomy. We divided the location 
of primary colorectal cancer into 3 groups of right and left 
colon and the rectum. The T stage of the primary tumor was 
used to divide the patients into those with stages T0 and T2 
and patients with stages T3 and T4. Four categories regarding 
patients’ characteristics were formed: demographics, primary 
colorectal cancer, first hepatectomy, and second hepatectomy. 
This study was approved and the informed consent was waived 
by Institutional Review Board of our institution (NCC2017-0100).

Fig. 1. Flow diagram for patient 
selection. CRLM, colorectal liver 
metastasis.
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Statistical analyses
 Statistical analyses of the patient data were performed with 

SAS ver. 9.4 (SAS Institute, Cary, NC, USA) and R 3.3.3 (R Project 
for Statistical Computing, Vienna, Austria). We calculated 
overall survival (OS) and disease-free survival (DFS) using the 
Kaplan-Meier method. The prognostic factors affecting survival 
were analyzed using the Cox proportional hazards model. 
Factors with a P-value <0.1 in univariate analyses were assessed 
in multivariate analyses using a Cox test with backward variable 
elimination. P-values <0.05 were considered significant.

RESULTS

Postoperative outcomes
The intrahepatic recurrence rate of CRLM after the initial 

hepatectomy was 41.8% (248 of 593). Median time to recurrence 
following the first hepatectomy was 8.0 months. Seventy-
seven patients underwent a second hepatectomy for recurred 
CRLM. The nonrepeat hepatectomy group received alternative 

treatments: radiofrequency ablation (RFA) (n = 9), palliative 
radiotherapy (n = 3), systemic chemotherapy (n = 117), and 
supportive care (n = 42). The median OS after the initial 
hepatectomy was higher in the repeat hepatectomy group 
(83.0 months) than in the nonrepeat hepatectomy group (25.0 
months). Fig. 2 shows the difference in survival between the 
2 groups. Seven patients who received a second hepatectomy 
underwent further resection because of relapsed hepatic 
metastasis. Table 1 shows the methods for the initial and 
second hepatectomies.

The morbidity and mortality rates of repeat hepatectomy 
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Fig. 2. Overall survival of the repeat hepatectomy and nonrepeat 
hepatectomy groups.

Table 1. Patient characteristics and methods of hepatectomy 
(n = 77)

Characteristic Value

Age (yr) 56.6 ± 10.6
Body mass index (kg/m2) 24.0 ± 3.0
First hepatectomy
    Tumorectomy 25
    Segmentectomy 7
    Left lateral sectionectomy 11
    Right posterior sectionectomy 3
    Left trisectionectomy 5
    Right trisectionectomy 1
    Left hemihepatectomy 7
    Right hemihepatectomy 18
Second hepatectomy
    Tumorectomy 34
    Segmentectomy 17
    Left lateral sectionectomy 6
    Right posterior sectionectomy 6
    Left trisectionectomy 3
    Right trisectionectomy 1
    Left hemihepatectomy 5
    Right hemihepatectomy 5

Values are presented as mean ± standard deviation or number.

Fig. 3. Overall (A) and disease-free survival (B) rates of patients who underwent a second hepatectomy.

Jangho Park, et al: Repeat hepatectomy for recurred colorectal liver metastasis
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Table 2. Analyses of prognostic factors after a second hepatectomy associated with disease-free intervals

Variable No. of 
patients (%)

Univariate analyses Multivariate analyses

Hazard 
ratio 95% CI P-value Hazard 

ratio 95% CI P-value

Demographics
    Age (yr)
        <60 45 (58.4) 1.00 0.44–1.53 0.53
        ≥60 32 (41.6) 0.82 -
    Sex
        Female 18 (23.4) 1.00 0.44–1.82
        Male 59 (76.6) 0.89 - 0.75
    Obesity (BMI, kg/m2)
        <25 48 (62.3) 1.00 0.37–1.34
        ≥25 29 (37.7) 0.7 - 0.29
    ASA PS classification
        I 32 (41.6) 1.00 -
        II, III 45 (58.4) 1.59 0.82–3.08 0.17
Primary colorectal cancer
    Location
        Right colon 8 (10.4) 1.00 0.33–4.11 0.44
        Left colon 26 (33.8) 1.17 0.51–5.64 0.81
        Rectum 43 (55.8) 1.70 - 0.39
    No. of tumors
        1 74 (96.1) 1.00 0.20–3.37
        ≥2 3 (3.9) 0.81 - 0.77
    Preoperative serum CEA (ng/dL)
        <5 34 (44.2) 1.00 0.71–2.50
        ≥5 43 (55.8) 1.33 - 0.37
    Preoperative hemotherapy
        No 53 (68.8) 1.00 0.56–2.11
        Yes 24 (31.2) 1.09 - 0.80
    Postoperative pathology
    Well differentiated adenocarcinoma 7 (9.1) 1.00 -
    Moderate differentiated/mucinous 

adenocarcinoma
70 (90.9) 0.62 0.24–1.60 0.33

    Tumor size (cm)
        <5 39 (50.7) 1.00 -
        ≥5 38 (49.3) 1.32 0.72–2.45 0.37
    T stage
        T0, 1, 2 4 (5.2) 1.00 0.28–4.86
        T3, 4 73 (94.8) 1.17 - 0.83
    N stage
        N0 8 (10.4) 1.00 0.22–1.95 0.72
        N1 33 (42.9) 0.65 0.22–1.94 0.44
        N2 36 (46.7) 0.65 - 0.44
    Postoperative serum CEA (ng/dL)
        <5 60 (77.9) 1.00 0.74–2.96
        ≥5 17 (22.1) 1.48 - 0.27
    Postoperative chemotherapy
        No 1 (1.3) 1.00 0.06–3.22
        Yes 76 (98.7) 0.44 - 0.42
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were 9.1% and 0%, and the 3- and 5-year survival rates were 
61.7% and 50.1%, respectively. Median OS was 62.0 months 
and median DFS was 51.0 months (Fig. 3). The morbidity and 
mortality rates of a third hepatectomy were 28.6% and 0%, 

respectively. The 3-year OS rate was 57.1%, and the 5-year 
survival rate was 28.6% after a third hepatectomy.

 Seven patients developed complications after the second 
liver resection, including wound dehiscence (n = 3), adhesive 

Table 2. Continued

Variable No. of 
patients (%)

Univariate analyses Multivariate analyses

Hazard 
ratio 95% CI P-value Hazard 

ratio 95% CI P-value

    Tumor concurrency
        Synchronous 63 (81.8) 1.00 0.51–2.58
        Metachronous 14 (18.2) 1.14 - 0.75
First liver metastasis
    Tumor distribution
        Unilobe 51 (66.2) 1.00 0.77–2.70
        Bilobes 26 (33.8) 1.44 - 0.26
    Major hepatectomy
        No 41 (53.3) 1.00 -
        Yes 36 (46.7) 0.96 0.52–1.77 0.88
    No. of tumors
        <3 45 (58.4) 1.00 0.42–1.47
        ≥3 32 (41.6) 0.78 - 0.44
    Tumor size (cm)
        <5 69 (89.6) 1.00 0.31–2.46
        ≥5 8 (10.4) 0.88 - 0.80
    Tumor resection margin (cm)
        <0.5 32 (41.6) 1.00 -
        ≥0.5 45 (58.4) 0.86 0.47–1.59 0.63
Second liver metastasis
    Tumor distribution
        Unilobe 69 (89.6) 1.00 0.18–1.89
        Bilobes 8 (10.4) 0.58 - 0.37
    Major hepatectomy
        No 63 (81.8) 1.00 -
        Yes 14 (18.2) 0.81 0.36–1.84 0.62
    No. of tumors
        <3 68 (88.3) 1.00 0.99–5.06 1.00 1.10–5.73
        ≥3 9 (11.7) 2.24 - 0.05 2.51 0.03
    Tumor size (cm)
        <5 69 (89.6) 1.00 0.53–3.49
        ≥5 8 (10.4) 1.36 - 0.52
    Tumor resection margin (cm)
        <0.5 37 (48.1) 1.00 0.37–1.27
        ≥0.5 40 (51.9) 0.68 - 0.23
    Postoperative transfusion
        No 73 (94.8) 1.00 0.52–5.55
        Yes 4 (5.2) 1.70 - 0.38
    Blood loss (mL)
        <500 50 (64.9) 1.00 0.70–2.46
        ≥500 27 (35.1) 1.31 - 0.40

CI, confidence interval; BMI, body mass index; ASA PS, American Society of Anesthesiologists physical status.
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ileus (n = 2), postoperative fluid collection (n = 1), and 
delirium (n = 1). Only 2 patients had complications that were 
Clavien-Dindo classification grade ≥III. Two patients had 
complications related to a third hepatectomy: pleural effusion 
and hepatic failure (n = 1) and pneumonia (n = 1). One patient 
received a postoperative blood transfusion following the third 
liver resection.

Prognostic factors
The number of recurred tumors was the only significant 

factor affecting DFS (P = 0.003) (Table 2). No factor significantly 
affected OS. Thirty-one patients developed a rerecurrence 
following the repeat hepatectomy. Among these patients, the 
median OS rates of the third hepatectomy group (n = 7) and 
the non-third hepatectomy group (n = 24) were 52.0 and 23.0 
months, respectively (P = 0.18) (Fig. 4).

DISCUSSION
Treatment outcomes of CRLM have improved since 

the development of new chemotherapeutic regimens and 
surgical techniques. However, recurrence occurs in up to 
80% of patients following resection of CRLM [7-9]. In our 
study, CRLM recurrence occurred in 41.8% of patients after 
the initial hepatectomy, although most patients underwent 
systemic chemotherapy following CRLM resection. A repeat 
hepatectomy can be performed very limitedly in patients with 
a CRLM recurrence. These limitations are due to extrahepatic 
metastases, low performance status of the patient, and diffuse 
distribution of intrahepatic tumors. Only 77 of 248 patients 
(31%) with recurred CRLM underwent a repeat hepatectomy 
in this study. The median survival of the repeat hepatectomy 
group was higher than that of the nonrepeat hepatectomy 
group (83.0 months vs. 25.0 months). This result is at the upper 

range of that reported by Lopez et al. [10].
Factors influencing OS following repeat hepatectomy have 

been reported by several studies. Number, size, distribution, 
appearance, and resection margins of recurred metastases, 
serum levels of CEA, and presence of extrahepatic metastasis 
are significant prognostic factors of a repeat hepatectomy [10]. 
The greater the number of metastatic tumors, particularly 
more than two recurred CRLM tumors, suggests a lower 
rate of survival [15,16]. We found a significant difference 
in DFS between the patient group with 3 or more recurred 
tumors and patients with fewer than 3 tumors following the 
first hepatectomy. The numbers of initial metachronous or 
synchronous hepatic metastases from primary colon cancer 
prior to repeat hepatectomy were not related to OS or DFS 
in the present study. The size of a recurred tumor has been 
considered a crucial factor influencing survival. Patients with 
tumors >5 cm have significantly shorter survival rates [17-
21]. Whether recurred CRLM tumors occur in a single liver 
lobe or both lobes determines the survival rate. Recurrence 
in both hemilivers shortens OS [17,20]. The period between 
the incidence of primary colon cancer and liver metastasis is 
considered a prognostic factor of repeat hepatectomy. Patients 
with metachronous CRLM, particularly with intervals >6 
months or 1 year, have significantly poorer survival than 
patients with synchronous CRLM [16,17,19,22]. CEA levels prior 
to the first liver resection are a crucial factor, where higher 
levels imply a shorter survival rate [15,18,21,23]. R0 resection of 
the recurred tumor is also a factor impacting the survival rate. 
A reresection margin >0.5 cm is a good prognostic factor [17,18]. 
However, none of these factors significantly affected OS or DFS 
in the current study.

Moreover, extrahepatic recurrence of CRLM is a poor 
prognostic factor [15,21,24]. Common locations for extrahepatic 
recurrence are the lung, bone, regional lymph nodes, and 
peritoneal dissemination. Sugawara et al. [24] suggested that 
metastases should be resected to improve survival when 
hepatic and pulmonary recurrences occur simultaneously. 
However, the present study focused on the liver, and no other 
metastatic organs were considered or investigated.

Morbidity and mortality are important therapeutic outcomes 
of repeat hepatectomy. Higher rates of morbidity and mortality 
of a repeat hepatectomy than those of the initial hepatectomy 
can be predicted due to adhesions, anatomical changes, and 
performance status of patients following a previous operation 
and chemotherapy. The morbidity and mortality rates in this 
study were 9.1% and 0%, respectively.

Several studies have reported complications following repeat 
hepatectomy, such as bile leak, perihepatic abscess, hepatic 
failure, postoperative bleeding, peritonitis, refractory ascites, 
pleural effusion, and an adhesive small bowel obstruction 
[2,25,26]. Most of these complications were grade III or higher 

Fig. 4. Overall survival after a third hepatectomy (dotted line) 
and without a third hepatectomy (solid line).
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on the Clavien-Dindo classification grade. In the present study, 
the complications were wound dehiscence, adhesive ileus, 
delirium, pleural effusion, hepatic failure, and pneumonia. 
Only 2 patients had Clavien-Dindo classification grade ≥III 
complications.

RFA has been suggested and attempted to treat CRLM [27]. 
However, this modality is exclusively selected for patients 
who are unable to tolerate a repeat hepatectomy. Wu et al. 
[28] demonstrated superior OS and local recurrence rates for 
surgical resection of tumors compared to RFA. RFA causes 
hypoxic injury to the tumor after an intervention and cluster 
of differentiation 95 has a role promoting the proliferation of 
tumors [29]. 

The limitations of this study include its retrospective nature 
and selection bias, as a repeat hepatectomy was applicable 
only to patients with resectable tumors. The study was also 
conducted at a single-center, so a multi-institute-based study 
should also be performed. We found no significant prognostic 
factors influencing survival rates compared to previous studies. 

We did not exclude patients with poor general condition to 
receive second hepatectomy in nonrepeat hepatectomy group. 
Thus, standardization of patients in nonrepeat hepatectomy 
group should be considered to compare median OS with that of 
repeat hepatectomy group in similar conditions. Extrahepatic, 
pulmonary, and regional nodal metastases should also be 
investigated to determine their effects on prognosis.

In conclusion, the survival rate of the repeat hepatectomy 
group was longer than that of the nonrepeat hepatectomy 
group. Repeat hepatectomy is a safe and feasible modality 
to treat recurred CRLM. Although repeat hepatectomy may 
be more difficult than the first hepatectomy, it should be 
considered in patients with fewer than three tumors from 
recurred CRLM.
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