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A B S T R A C T

Background: Although hepatectomy is the standard and only curative treatment for colorectal liver metastases,
recurrence occurs in various organs, including the remnant liver, lung, peritoneum, and others. The outcomes
and predictive factors of repeat metastasectomy for recurrence after initial hepatectomy remains controversial.
Methods: We retrospectively assessed a consecutive series of 132 patients who underwent hepatectomy for
colorectal liver metastases in a single institute.
Results: There were 99 recurrence cases after initial hepatectomy, and 42 patients underwent metastasectomy
(first repeat metastasectomy) to achieve R0 (17 liver cases, 16 lung cases, and 9 multiple or other cases), while
19 patients underwent subsequent second repeat metastasectomy (4 liver cases, 7 lung cases, and 8 multiple or
other cases). Among the 99 recurrent cases after initial hepatectomy, the 5-year overall survival rate of the
patients who underwent first repeat metastasectomy was significantly higher than that of chemotherapy/BSC
(best supportive care) patients (60% vs. 14%, P < 0.0001). Furthermore, among the 26 recurrent cases after
first repeat metastasectomy, the 5-year overall survival rate of the patients who underwent second repeat me-
tastasectomy was significantly higher than that of chemotherapy/BSC patients (P = 0.024). A multivariate
analysis revealed that lack of adjuvant chemotherapy, a short (< 12 months) disease-free interval, and right-side
colon primary were the independent poor prognostic factors for the overall survival after first repeat metasta-
sectomy.
Conclusion: The current study indicated that repeat metastasectomy for recurrence after initial hepatectomy for
colorectal liver metastases could achieve a longer survival time, especially for patients with favorable predictive
factors.

1. Introduction

Colorectal cancer is the third-most common malignancy in the
world, and approximately 50% of patients with colorectal cancer de-
velop liver metastases at some time point in their disease course [1].
Liver resection is the standard and only curative treatment for color-
ectal liver metastases, and the 5-year survival rate after complete re-
section for patients with colorectal liver metastases is reported to be
40%–60% [2–4]. However, after initial hepatectomy, recurrence occurs
in up to 70%–80% of the patients [5,6]. Although repeat hepatectomy
has emerged as a viable therapy for liver limited recurrence [5,7–10],
the majority (50%–80%) of cases of recurrence involve extrahepatic
organs, such as the lung and peritoneum [7,10–12]. Although che-
motherapy including molecular-targeted agents for metastatic color-
ectal cancer has greatly improved over the last decade, the 5-year

survival rate of patients with recurrent lesions treated with che-
motherapy alone is less than 11% [5,13–16].

The outcomes of repeat metastasectomy, including extrahepatic
recurrence, after initial hepatectomy for colorectal metastases have
been reported by some authors regarding lung and peritoneal metas-
tasis [11,12,17–19]. However, the long-term survival benefit and
prognosis factors for patients who undergo repeat surgery have yet to
be determined.

This study aimed to clarify the oncological outcomes of repeat
metastasectomy for recurrence to various organs after hepatectomy for
colorectal liver metastases and to determine the prognostic factors after
repeat surgery.
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2. Patients and methods

A consecutive series of 132 patients who underwent hepatectomy
(initial hepatectomy) for colorectal liver metastases in our institute
treated from 2000 to 2016 were included in this study. We retro-
spectively assessed the characteristics of the patients and their survival
after the treatments. This study was approved by ethical committee of
the institute, and informed consent was obtained from the all presented
patients. The study was registered with the Research Registry (re-
searchregistry 5308) and has been reported in line with the PROCESS
criteria [20].

Initial hepatectomy was performed if R0 resection was technically
possible. From 2009, neo-adjuvant chemotherapy (six cycles of
FOLFOX) was administered for cases with three or more liver nodules.
Resectability was decided based on the size of the remnant liver volume
(more than 30% functional liver remnant expected after the removal of
all metastases), regardless of the number or the size of the liver me-
tastases. Partial resection with a free margin of> 1 cm was preferred,
and anatomical resection was selected when needed. Even if patients
had extra-hepatic metastases, both hepatectomy and extra-hepatic
metastasectomy were performed when all lesions were resectable.

After initial hepatectomy, patients were routinely followed every
three months by measuring the serum CEA and CA19-9 levels and
performing contrast-enhanced computed tomography (CT) of the ab-
domen and thorax. Postoperative adjuvant chemotherapy was ad-
ministered for some patients (mainly those with two or more metastases
resected) depending on the surgeons' preference. Oxaliplatin-based re-
gimens or oral UFT/LV were mainly used for adjuvant chemotherapy
after initial hepatectomy. When relapse was diagnosed in the remnant
liver, lung, peritoneum, or brain, repeat metastasectomy was performed
if complete resection was possible. Metastasectomy for metastatic le-
sions was performed repeatedly as long as possible. All procedures were
performed and supervised by staff surgeons certified by the Japan
Surgical Society. When the recurrence lesions were diagnosed as un-
resectable, chemotherapy and/or best supportive care (BSC) were ad-
ministered according to the patients’ status and will.

The overall and disease-free survival curves from the date of initial
hepatectomy, first repeat metastasectomy, and second repeat metasta-
sectomy were estimated using the Kaplan-Meier method. To investigate
prognostic factors after surgery, the differences between the survival
curves were analyzed using the log-rank test. Cox proportional hazards
model among the variables was performed for the multivariate analysis.
All statistical analyses were performed using the EZR statistical soft-
ware program [21]. A value of P < 0.05 was considered to be statis-
tically significant.

3. Results

A total of 132 patients underwent initial hepatectomy for colorectal
liver metastases between 2000 and 2016. A flow diagram of the 132
patients with initial hepatectomy is shown in Fig. 1. There were 99
recurrence cases after initial hepatectomy, and 42 of them underwent
metastasectomy (first repeat metastasectomy) to achieve R0 (17 liver
cases, 16 lung cases, and 9 multiple or other cases). The other 57 cases
were diagnosed as unresectable and subsequently underwent che-
motherapy and/or BSC. The reasons for unresectability were as follows:
multiple liver and/or lung metastases in which R0 resection was con-
sidered impossible (27 cases); unresectable organ metastases, such as
bone, brain, or distant lymph nodes (12 cases); carcinomatosa perito-
nitis (11 cases); and others (7 cases). After first repeat metastasectomy,
there were 26 recurrence cases, and 19 of them underwent metasta-
sectomy (second repeat metastasectomy) to achieve R0 again (4 liver
cases, 7 lung cases, and 8 multiple or other cases).

The clinical characteristics of the patients at initial hepatectomy,
first repeat metastasectomy, and second repeat metastasectomy are
summarized in Table 1. Adjuvant chemotherapy was administered for

68% (90/132) of the patients after initial hepatectomy, 60% (25/42) of
the patients after first repeat metastasectomy, and 58% (11/19) of the
patients after second repeat metastasectomy. There was one 30-day
mortality after initial hepatectomy (1/132, 0.8%), whereas no surgical
mortalities were observed after first and second repeat metastasectomy.

The 5-year overall and disease-free survival rates after initial he-
patectomy were 49% and 21%, respectively (Fig. 2A and B). Among the
recurrent patients after initial hepatectomy, the 5-year overall survival
rates of the patients who did and did not undergo first repeat metas-
tasectomy were 60% and 14%, respectively. The 5-year survival rate of
the patients who underwent first repeat metastasectomy was sig-
nificantly (P < 0.0001) higher than that of the chemotherapy/BSC
patients (Fig. 2C).

The 5-year overall and disease-free survival rates after first repeat
metastasectomy were 48% and 30%, respectively (Fig. 3A and B).
Among recurrent patients after first repeat metastasectomy, the 5-year
overall survival rate of the patients who underwent second repeat
metastasectomy was 33%. There were no 5-year survivors among the
chemotherapy/BSC patients at the latest follow-up. The survival rate of
the patients who underwent second repeat metastasectomy was sig-
nificantly (P = 0.024) higher than that of the chemotherapy/BSC pa-
tients (Fig. 3C).

The potential prognostic factors predicting the overall and disease-
free survival after first metastasectomy are shown in Table 2. Right-side
colon primary (P = 0.023), lack of adjuvant chemotherapy following
initial hepatectomy (P = 0.028), a short (< 12 months) disease-free
interval between initial hepatectomy and first repeat metastasectomy
(P = 0.0057), and extra-hepatic metastases at initial hepatectomy
(P = 0.042) were identified as significant poor prognostic predicters for
the overall survival after first repeat metastasectomy. The sites of re-
section (liver-limited, lung-limited, or others) were not a significant
prognostic factor after first repeat metastasectomy (Table 2, left
column). Lymph-node metastases of primary tumor (P = 0.012) and a

Fig. 1. Flow diagram of the 132 patients and treatment procedures.
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short (< 12 months) disease-free interval (P = 0.011) were identified
as significant negative predictive factors for the disease-free survival
(Table 2, right column).

A multivariate analysis revealed that a lack of adjuvant che-
motherapy following initial hepatectomy (HR 5.41), a short (< 12
months) disease-free interval between initial hepatectomy and first
repeat metastasectomy (HR 12.9), and right-side colon primary (HR
4.26) were independent poor prognostic factors for the overall survival
after first repeat metastasectomy (Table 3, left column). Regarding the
disease-free survival, a short (< 12 months) disease-free interval (HR
3.26), and lymph-node metastases of the primary tumor (HR 2.95) were
the independent poor prognostic factors (Table 3, right column). A
short (< 12 months) disease-free interval between initial hepatectomy
and first repeat metastasectomy was the only poor prognostic factor for
the both overall and disease-free survival after first repeat metasta-
sectomy.

4. Discussion

Hepatectomy has been widely accepted as the standard and only
curative treatment for colorectal liver metastases, and the 5-year sur-
vival rate after complete resection of liver metastases is reported to be
40%–60% [2–4]. However, recurrence occurs in up to 70%–80% of
patients after initial hepatectomy [5,6,22]. Recently, many authors
have reported the efficacy and safety of repeat hepatectomy for liver-
limited recurrence after initial hepatectomy for colorectal liver metas-
tasis, with 5-year survival rates of 20%–70% [5,7–10]. Although repeat
hepatectomy has been accepted as an excellent treatment option for
liver-limited recurrence, the majority (50–80%) of recurrence cases
involve extrahepatic organs, such as the lung and peritoneum
[7,10–12,23]. As a result, the percentage of patient benefited by repeat
hepatectomy is relatively low (6–32%) [24–26]. Given that the majority
of recurrences after hepatectomy for colorectal liver metastases develop
outside the liver, strategies including resection for extra-hepatic me-
tastases are important to consider in order to improve the survival rate

Table 1
Characteristics of patients underwent Initial hepatectomy, first and second repeat metastasectomy for metastases from colorectal cancer.

Variable Patients number

Initial hepatectomy First repeat metstasectomy Second repeat metstasectomy

(N = 132) (N = 42) (N = 19)

Age (< 70 years old/70<) 100/32 37/5 18/1
Gender (Female/Male) 45/87 15/27 6/13
Depth of primary tumor (T1-T3/T4) 100/32 29/13 14/5
Lymph node metastases of primary (N0/N+) 49/83 14/28 7/12
Primary site (Rt colon/Lt colon/Rectum) 33/59/40 11/26/11 4/10/5
Number of metastases at initial hepatectomy (one/two or more) 68/64 19/23 9/10
Maximum size of at initial hepatectomy (< 5 cm/5 cm<) 115/17 35/7 16/3
Neoadjuvant chemotherapy before initial hepatectomy (Yes/No) 38/94 14/28 6/13
Adjuvant chemotherapy after initial hepatectomy (Yes/No) 90/42 31/11 11/8
Adjuvant chemotherapy after repeat metastasectomy (Yes/No) – 25/17 11/8
DFI (primary to initial hepatectomy) (< 12 m/12 m<) 98/34 34/8 16/3
DFI (initial hepatectomy to first repeat) (< 12 m/12 m<) – 26/16 12/7
DFI (First to second repeat metstasectomy) (< 12 m/12 m<) – – 10/9
Extra-hepatic metastases at initial hepatectomy (Present/No) 22/110 10/32 5/10
CEA level at initial hepatectomy (< 20 ng/ml/20 ng/ml<) 82/50 24/18 13/6
Number of metastases at repeat surgery (one/two or more) – 22/20 11/8
Sites of metastasectomy (Liver/Lung/Othersa) 132/0/0 17/16/9 4/7/8
30-days surgical mortality 0.8% (1/132) 0% 0%

a Liver and lung: n = 3, lung and peritoneum: n = 2, ovary: n = 2, liver and peritoneum: n = 1, and lymph node: n = 1.

Fig. 2. Kaplan-Meier analysis of the overall (A) and disease-free (B) survival after initial hepatectomy for colorectal liver metastases. (C) The overall survival curves
of patients with no recurrence, first repeat metastasectomy, and chemotherapy/BSC. The overall survival rate of the patients who underwent first repeat metas-
tasectomy was significantly higher than that of the chemotherapy/BSC patients (P < 0.0001). The predicted 5-year survival rate in the first repeat metastasectomy
patients was 60%.
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after initial hepatectomy. Some studies have shown that complete re-
section of entire metastases, including extrahepatic lesions, can achieve
favorable long-term outcomes [27,28]. The difference in the survival
between patients with and without extrahepatic disease was not shown
to be significant when complete R0 resection was achieved [29,30].
However, many studies have reported that extra-hepatic recurrence is
associated with a poor prognosis among recurrent cases after initial
hepatectomy [26,31,32]. At present, few studies described the out-
comes of repeat metastasectomy for various organs including not only
the liver but also the lung, peritoneum, and other organs after initial
hepatectomy [11,12,17–19]. Furthermore, the prognostic factors for
repeat metastasectomy have not yet been described.

The current study clearly demonstrated the survival benefit of both
first and second repeat metastasectomy for recurrence after initial he-
patectomy for colorectal liver metastases. In the present study, 43% of
the patients with recurrence after initial hepatectomy underwent first
repeat metastasectomy. While these were a highly select group of pa-
tients, the survival rate of the patients who underwent repeat metas-
tasectomy was significantly higher than that of the chemotherapy/BSC
patients. Furthermore, approximately 70% of the patients with recur-
rence after first repeat metastasectomy underwent second repeat me-
tastasectomy, and their survival rate was also significantly higher than
that of chemotherapy/BSC patients. The 5-year overall survival rates
after first and second metastasectomy were similar to those in previous
reports on repeat metastasectomy including extra-hepatic recurrence
following initial hepatectomy [11,17]. Although chemotherapy in-
cluding molecular-targeted agents for metastatic colorectal cancer has
greatly improved over the last decade, the reported 5-year survival
rates of patients with metastatic or recurrent colorectal cancer treated
with chemotherapy alone are less than 11% [13–16]. The survival rates
after first and second metastasectomy in the current study were
markedly higher than the reported results of systemic chemotherapy.

Another novel point of this report is the identification of prognostic
factors associated with both the overall and disease-free survival after
repeat metastasectomy for recurrence cases including extra-hepatic
metastases. According to a multivariate analysis, the following three
factors were poor prognostic indicators for the overall survival: a lack of
adjuvant chemotherapy after initial hepatectomy, a short (< 12
months) disease-free interval between initial hepatectomy and first
repeat metastasectomy, and right-side colon primary lesion. Regarding
the disease-free survival, a short disease-free interval as well as lymph-
node metastases of the primary tumor were the independent poor

prognostic factors. A short (< 12 months) disease-free interval between
initial hepatectomy and first repeat metastasectomy was the only poor
prognostic factor for both the overall and disease-free survival after first
repeat metastasectomy, and strongly predicted the prognosis of the
patients after first repeat metastasectomy. Studies to date have yielded
conflicting results regarding the prognostic factors after repeat metas-
tasectomy including liver and extra-hepatic recurrence. However, no
other studies but Yang's have clearly identified the prognostic factors
after repeat metastasectomy including extra-hepatic metastases. In their
report, a short disease-free interval was also identified as a poor prog-
nostic factor, along with R1 resection [18]. Of note, a short disease-free
interval has also been identified as a negative prognostic factor in many
reports regarding repeat hepatectomy for liver-limited recurrence fol-
lowing initial hepatectomy [7,28,33,34].

In the present study, the administration of adjuvant chemotherapy
was found to be a positive prognostic factor after first metastasectomy,
although only 68% of the patients received adjuvant chemotherapy.
The administration of adjuvant chemotherapy was left to the choice of
the surgeon in this study. The main reason for the low rate of per-
forming chemotherapy was the lack of definite evidence concerning the
benefit of adjuvant chemotherapy. The survival benefit of adjuvant
chemotherapy after R0 initial hepatectomy for colorectal liver metas-
tases is controversial at present [35]. However, several recent studies
have suggested that select patients, especially those with synchronous
liver metastases are favorably indicated for adjuvant chemotherapy
after initial hepatectomy [36].

The primary cancer sit (right-side colon) was also identified as a
poor prognostic factor after first metastasectomy in the present study.
Many authors have reported that a right-sided primary tumor was as-
sociated with a poor survival after surgery for colorectal liver metas-
tases [37]. The relatively aggressive biological nature of right-side
colon cancer, showing an increased incidence of RAS mutations may be
the main reason for this [38].

In the present study, the target organ of the first metastasectomy
(liver, lung, or others) did not significantly affect the survival rate. The
5-year overall survival rate after pulmonary resection as the first me-
tastasectomy was 34%, which was compatible with the reported data
for repeat pulmonary resection for colorectal lung metastases [39,40].
Although some authors claim that prior hepatectomy for liver metas-
tasis is a significantly poor prognostic factor after surgery for lung
metastasis [41], many other studies have shown that there are no sig-
nificant differences in the overall survival between liver and lung

Fig. 3. Kaplan-Meier analysis of the overall (A) and disease-free (B) survival after first repeat metastasectomy following initial hepatectomy. (C) The overall survival
curves of patients with no recurrence, second repeat metastasectomy, and chemotherapy/BSC. The overall survival of the patients who underwent second repeat
metastasectomy was significantly higher than that of the chemotherapy/BSC patients (P = 0.024). The predicted 5-year survival rate in the second repeat metas-
tasectomy patients was 33%.
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metastases cases when complete repeat metastasectomy is achieved
[18,40]. These data support the surgical approach for not only intra-
hepatic but also extra-hepatic recurrence after initial hepatectomy if
complete resection is technically possible.

The present findings suggest that the benefit of resections of meta-
static colorectal cancer was maintained consistently across initial

hepatectomy, first repeat metastasectomy, and second repeat metasta-
sectomy. Although the overall survival rates of the patients who un-
derwent first and second repeat metastasectomy were good enough to
make this approach acceptable for treatment selection, the recurrence
rates were relatively high. The recurrence rate has been reported to be
significantly higher after repeat surgery than after initial hepatectomy

Table 2
Factors associated with overall and disease-free survival on univariate analysis for patients who underwent first repeat metastasectomy after hepatectomy for CLM.

Variable Overall survival Disease-free survival

5-y OS Median OS P 5-y DFS Median DFS P

(%) (month) (%) (month)

Age
70 or < 70 years old 49 59 0.36 35 23 0.48
70 years old< 50 60< NA 37

Gender
Female 73 60< 0.11 24 18 0.35
Male 38 53 31 31

Depth of primary tumor
T1-T3 60 60< 0.054 37 31 0.053
T4 15 47 NA 9

Lymph node metastases of primary tumor
N0 34 38 0.24 NA 17 0.012
N1< 53 60< 38 31

Right side primary (Cecum-Transverse colon)
Right 27 34 0.023 20 9 0.057
Left-rectum 54 60< 31 26

Chemotherapy before initial hepatectomy
Yes 63 60< 0.36 17 22 0.40
No 43 53 35 24

Chemotherapy after initial hepatectomy
Yes 60 60< 0.028 30 26 0.59
No 16 43 30 21

Chemotherapy after repeat metastasectomy
Yes 59 60< 0.26 27 22 0.72
No 37 53 32 26

DFI (Primary resection to initial hepatectomy)
<12 months 49 56 0.67 28 22 0.29
12 months< 51 60< 36 37

DFI (Initial hepatectomy to repeat metstasectomy)
<12 months 28 46 .0057 11 20 0.011
12 months< 77 60< 58 60<

Extra-hepatic metastases at initial hepatectomy
Present 20 43 0.042 0 19 0.13
No 56 60< 36 26

CEA level at initial hepatectomy
<20 ng/ml 52 60< 0.67 18 22 0.23
20 ng/ml< 43 54 41 40

Nunmer of metastases at repaet metastasectomy
1 53 60< 0.36 33 31 0.73
2 or more 42 56 22 22

Type of metastasectomy
Hepatectomy only 52 60< 0.17 38 31 0.37
Lung resection only 34 43 26 15
Others 72 60< 20 26

OS overall survival, DFS disease free survival, NA not assessed.

Table 3
Multivariate analysis for factors associated with overall and disease-free survival of patients who underwent first repeat metastasectomy after initial hepatectomy for
CLM.

Variable Overall survival Disease-free survival

HR 95% CI P value HR 95% CI P value

Adjuvant chemotherapy after initial hepatectomy 5.41 1.49–19.6 0.010 1.16 0.44–3.03 0.77
DFI (initial hepatectomy to first repeat metstasectomy) 12.9 2.32–71.7 0.0035 3.26 1.24–8.52 0.016
Extra-hepatic metastases at initial hepatectomy 1.04 0.26–4.22 0.95 1.13 0.40–3.23 0.82
Right side primary (Cecum-Transverse colon) 4.26 1.08–16.8 0.039 2.13 0.83–5.51 0.12
Lymph node metastases of primary tumor 1.34 0.41–4.39 0.63 2.95 1.03–8.47 0.045
T4 lesion 2.57 0.85–7.75 0.094 1.84 0.77–4.39 0.17

HR hazard ratio, CI confidence interval, DFI disease free.
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[42]. Given the high recurrence rates after repeat metastasectomy,
many authors have proposed a strategy involving performing neoad-
juvant chemotherapy before repeat metastasectomy, especially for pa-
tients with poor prognostic factors [7,22,27,43–45]. Their claim is that
neoadjuvant chemotherapy has potential utility for evaluating the re-
sponsiveness to chemotherapy and detecting further metastases in the
interim period prior to repeat resection. They also have emphasized the
role of neoadjuvant chemotherapy in selecting patients most suited for
surgery. Figueras et al. reported that adjuvant chemotherapy sig-
nificantly improved the survival after liver resection for the patients
with high-risk factors [46]. Based on the results of the current study,
strategies including both repeat metastasectomy and perioperative
chemotherapy should be recommended for resectable recurrence cases
with poor prognostic factors (a lack of adjuvant chemotherapy fol-
lowing initial hepatectomy, a short disease-free interval, and right-side
colon primary cancer).

Several limitations associated with the present study warrant men-
tion. For example, this study is a retrospective analysis of a highly se-
lected patient group. A prospective randomized study will therefore be
needed to clearly demonstrate the survival benefits of repeat surgery for
recurrence after initial hepatectomy for colorectal liver metastases, al-
though this is very difficult and ethically controversial.

5. Conclusion

The current study indicated that repeat metastasectomy for recur-
rence after initial hepatectomy for colorectal liver metastases could
achieve a longer survival time, especially for patients with favorable
predictive factors.

Statement of ethics

The authors have no ethical conflicts to disclosure. This study was
approved by ethical committee of the institute, and informed consent
was obtained from the all presented patients. The study was registered
with the Research Registry (researchregistry 5308) and has been re-
ported in line with the PROCESS criteria [20].

Funding

This study was not supported by any grant.

Provenance and peer review

Not commissioned, externally peer reviewed.

Ethical approval

This study was approved by the ethical committee of the hospital
(Approved No. 31–21).

Author contribution

Study conception and design: Maeda, Shinohara.
Acquisition of data: Maeda, Shinohara, Koyama, Minagawa.
Operator of surgery: Maeda, Shinohara, Nagatsu, Hamada.
Drafting of manuscript: Maeda, Shimada, Minagawa.

Consent

Written informed consent was obtained from the all presented pa-
tients.

Registration of research studies

The study was registered with the Research Registry

(researchregistry 5308).

Guarantor

Yoshiaki Maeda, M.D., PhD, Department of Gastrointestinal
Surgery, Hokkaido Cancer Center, Mail address: Department of Surgery,
Hokkaido Cancer Center, 4-2-3-54 Kikusui, Shiroishi, Sapporo,
003–0804 JAPAN, E-mail address: maeda 19671101@yahoo.co.jp,
Telephone: +81-11-811-9111, Fax: +81-11-832-0652.

Declaration of competing interest

The authors have no financial interests or potential conflicts of in-
terest.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.amsu.2020.01.006.

References

[1] S. Manfredi, C. Lepage, C. Hatem, O. Coatmeur, J. Faivre, A.M. Bouvier,
Epidemiology and management of liver metastases from colorectal cancer, Ann.
Surg. 244 (2006) 254–259.

[2] T.J. Gayowski, S. Iwatsuki, J.R. Madariaga, R. Selby, S. Todo, W. Irish, et al.,
Experience in hepatic resection for metastatic colorectal cancer: analysis of clinical
and pathologic risk factors, Surgery 116 (1994) 703–710.

[3] S. Kopetz, G.J. Chang, M.J. Overman, C. Eng, D.J. Sargent, D.W. Larson, et al.,
Improved survival in metastatic colorectal cancer is associated with adoption of
hepatic resection and improved chemotherapy, J. Clin. Oncol. 27 (2009)
3677–3683.

[4] M.A. Choti, J.V. Sitzmann, M.F. Tiburi, W. Sumetchotimetha, R. Rangsin,
R.D. Schulick, et al., Trends in long-term survival following liver resection for he-
patic colorectal metastases, Ann. Surg. 235 (2002) 759–766.

[5] T.D. Yan, J. Sim, D. Black, R. Niu, D.L. Morris, Systematic review on safety and
efficacy of repeat hepatectomy for recurrent liver metastases from colorectal car-
cinoma, Ann. Surg Oncol. 14 (2007) 2069–2077.

[6] S. Sharma, C. Camci, N. Jabbour, Management of hepatic metastasis from colorectal
cancers: an update, J Hepatobiliary Pancreat Surg 15 (2008) 570–580.

[7] M. Hashimoto, T. Kobayashi, K. Ishiyama, K. Ide, M. Ohira, H. Tahara, et al.,
Efficacy of repeat hepatectomy for recurrence following curative hepatectomy for
colorectal liver metastases: a Retrospective Cohort Study of 128 patients, Int. J.
Surg. 36 (Pt A) (2016) 96–103.

[8] C.P. Neal, G.R. Nana, M. Jones, V. Cairns, W. Ngu, J. Isherwood, et al., Repeat
hepatectomy is independently associated with favorable long-term outcome in pa-
tients with colorectal liver metastases, Cancer Med 6 (2017) 331–338.

[9] O. Ziff, I. Rajput, R. Adair, G.J. Toogood, K.R. Prasad, J.P. Lodge, Repeat liver
resection after a hepatic or extended hepatic trisectionectomy for colorectal liver
metastasis, HPB 16 (2014) 212–219.

[10] V.T. Valdimarsson, K. Hellberg, T.B. Brismar, E. Sparrelid, C. Sturesson, Repeat
procedures for recurrent colorectal liver metastases: analysis of long-term liver
regeneration and outcome, Canc. Manag. Res. 11 (2019) 2617–2622.

[11] K. Imai, Y.I. Yamashita, Y. Miyamoto, S. Nakagawa, H. Okabe, D. Hashimoto, et al.,
The predictors and oncological outcomes of repeat surgery for recurrence after
hepatectomy for colorectal liver metastases, Int. J. Clin. Oncol. 23 (2018) 908–916.

[12] J.M. Butte, M. Gönen, P.J. Allen, T. Peter Kingham, C.T. Sofocleous, R.P. DeMatteo,
et al., Recurrence after partial hepatectomy for metastatic colorectal cancer: po-
tentially curative role of salvage repeat resection, Ann. Surg Oncol. 22 (2015)
2761–2771.

[13] T.S. Maughan, R.A. Adams, C.G. Smith, A.M. Meade, M.T. Seymour, R.H. Wilson,
et al., MRC COIN Trial Investigators. Addition of cetuximab to oxaliplatin-based
first-line combination chemotherapy for treatment of advanced colorectal cancer:
results of the randomised phase 3 MRC COIN trial, Lancet 377 (2011) 2103–2114.

[14] R. Ferrarotto, P. Pathak, D. Maru, A. Agarwal, M. Overman, P.M. Hoff, et al.,
Durable complete responses in metastatic colorectal cancer treated with che-
motherapy alone, Clin. Colorectal Canc. 10 (2011) 178–182.

[15] P.C. Simmonds, Palliative chemotherapy for advanced colorectal cancer: systematic
review and meta-analysis. Colorectal Cancer Collaborative Group, BMJ 321 (2000)
531–535.

[16] D. Brachet, E. Lermite, A. Rouquette, G. Lorimier, A. Hamy, J.P. Arnaud, Prognostic
factors of survival in repeat liver resection for recurrent colorectal metastases: re-
view of sixty-two cases treated at a single institution, Dis. Colon Rectum 52 (2009)
475–483.

[17] M. Oba, K. Hasegawa, J. Shindoh, S. Yamashita, Y. Sakamoto, M. Makuuchi, et al.,
Survival benefit of repeat resection of successive recurrences after the initial hepatic
resection for colorectal liver metastases, Surgery 159 (2016) 632–640.

[18] K.M. Yang, I.J. Park, J.L. Lee, C.W. Kim, Y.S. Yoon, S.B. Lim, et al., Benefits of
repeated resections for liver and lung metastases from colorectal cancer, Asian J.

Y. Maeda, et al. Annals of Medicine and Surgery 52 (2020) 24–30

29

https://doi.org/10.1016/j.amsu.2020.01.006
https://doi.org/10.1016/j.amsu.2020.01.006
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref1
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref1
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref1
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref2
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref2
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref2
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref3
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref3
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref3
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref3
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref4
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref4
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref4
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref5
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref5
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref5
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref6
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref6
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref7
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref7
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref7
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref7
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref8
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref8
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref8
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref9
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref9
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref9
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref10
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref10
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref10
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref11
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref11
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref11
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref12
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref12
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref12
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref12
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref13
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref13
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref13
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref13
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref14
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref14
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref14
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref15
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref15
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref15
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref16
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref16
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref16
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref16
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref17
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref17
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref17


Surg. (2019 Mar 23), https://doi.org/10.1016/j.asjsur.2019.03.002 (Epub ahead of
print).

[19] A. Saiura, J. Yamamoto, R. Koga, Y. Takahashi, M. Takahashi, Y. Inoue, et al.,
Favorable outcome after repeat resection for colorectal liver metastases, Ann. Surg
Oncol. 21 (2014) 4293–4299.

[20] R.A. Agha, M.R. Borrelli, R. Farwana, K. Koshy, A.J. Fowler, D.P. Orgill, Process
Group. The PROCESS 2018 statement: updating consensus preferred reporting of
CasE series in surgery (PROCESS) guidelines, Int. J. Surg. 60 (2018) 279–282.

[21] Y. Kanda, Investigation of the freely available easy-to-use software 'EZR' for medical
statistics, Bone Marrow Transplant. 48 (2013) 452–458.

[22] V. Dhar, R.M. Thomas, S.A. Ahmad, Repeat hepatectomy for colorectal liver me-
tastases, Canc. Treat Res. 168 (2016) 203–220.

[23] M.C. de Jong, C. Pulitano, D. Ribero, J. Strub, G. Mentha, R.D. Schulick, et al., Rates
and patterns of recurrence following curative intent surgery for colorectal liver
metastasis: an international multi-institutional analysis of 1669 patients, Ann. Surg.
250 (2009) 440–448.

[24] S. Nanji, M.E. Tsang, X. Wei, C.M. Booth, Outcomes after repeat hepatic resection
for recurrent metastatic colorectal cancer: a population-based study, Am. J. Surg.
213 (2017) 1053–1059.

[25] C.P. Neal, G.R. Nana, M. Jones, V. Cairns, W. Ngu, J. Isherwood, et al., Repeat
hepatectomy is independently associated with favorable long-term outcome in pa-
tients with colorectal liver metastases, Cancer Med 6 (2017) 331–338.

[26] J. Park, S.D. Lee, S.S. Han, S.H. Kim, S.J. Park, J.H. Oh, et al., Repeat hepatectomy
for recurred colorectal liver metastasis: is it justified? Ann Surg Treat Res 97 (2019)
7–14.

[27] A. Diaconescu, S. Alexandrescu, Z. Ionel, C. Zlate, R. Grigorie, V. Brasoveanu, et al.,
Resection of concomitant hepatic and extrahepatic metastases from colorectal
cancer - a worthwhile operation? Chirurgia (Bucur) 112 (2017) 673–682.

[28] G. Sugawara, M. Isogai, Y. Kaneoka, M. Suzuki, A. Yamaguchi, Repeat hepatectomy
for recurrent colorectal metastases, Surg. Today 35 (2005) 282–289.

[29] D. Elias, J.F. Ouellet, N. Bellon, J.P. Pignon, M. Pocard, P. Lasser, Extrahepatic
disease does not contraindicate hepatectomy for colorectal liver metastases, Br. J.
Surg. 90 (2003) 567–574.

[30] D. Elias, G. Liberale, D. Vernerey, M. Pocard, M. Ducreux, V. Boige, et al., Hepatic
and extrahepatic colorectal metastases: when resectable, their localization does not
matter, but their total number has a prognostic effect, Ann. Surg Oncol. 12 (2005)
900–909.

[31] M.C. de Jong, S.C. Mayo, C. Pulitano, S. Lanella, D. Ribero, J. Strub, et al., Repeat
curative intent liver surgery is safe and effective for recurrent colorectal liver me-
tastasis: results from an international multi-institutional analysis, J. Gastrointest.
Surg. 13 (2009) 2141–2151.

[32] O. Ziff, I. Rajput, R. Adair, G.J. Toogood, K.R. Prasad, J.P. Lodge, Repeat liver
resection after a hepatic or extended hepatic trisectionectomy for colorectal liver
metastasis, HPB 16 (2014) 212–219.

[33] R. Adam, H. Bismuth, D. Castaing, F. Waechter, F. Navarro, A. Abascal, et al.,

Repeat hepatectomy for colorectal liver metastases, Ann. Surg. 225 (1997) 51–60
discussion 60-2.

[34] A. Sa Cunha, C. Laurent, A. Rault, P. Couderc, E. Rullier, J. Saric, A second liver
resection due to recurrent colorectal liver metastases, Arch. Surg. 142 (2007)
1144–1149.

[35] G. Brandi, S. De Lorenzo, M. Nannini, S. Curti, M. Ottone, F.G. Dall'Olio, et al.,
Adjuvant chemotherapy for resected colorectal cancer metastases: literature review
and meta-analysis, World J. Gastroenterol. 22 (2016) 519–533.

[36] S. Kobayashi, T. Beppu, G. Honda, M. Yamamoto, K. Takahashi, I. Endo, et al.,
Survival benefit of and indications for adjuvant chemotherapy for resected color-
ectal liver metastases-a Japanese nationwide survey, J. Gastrointest. Surg. (2019
Jun 13) (Epub ahead of print).

[37] A. Dupré, H.Z. Malik, R.P. Jones, R. Diaz-Nieto, S.W. Fenwick, G.J. Poston,
Influence of the primary tumour location in patients undergoing surgery for col-
orectal liver metastases, Eur. J. Surg. Oncol. 44 (2018) 80–86.

[38] H. Osumi, E. Shinozaki, M. Suenaga, S. Matsusaka, T. Konishi, T. Akiyoshi, et al.,
RAS mutation is a prognostic biomarker in colorectal cancer patients with metas-
tasectomy, Int. J. Canc. 139 (2016) 803–811.

[39] W. Hadden, P.R. de Reuver, K. Brown, A. Mittal, J.S. Samra, T.J. Hugh, Resection of
Colorectal Liver Metastases and Extra-hepatic Disease: a Systematic Review and
Proportional Meta-Analysis of Survival Outcomes HPB (Oxford) vol. 18, (2016), pp.
209–220.

[40] S. Kim, H.K. Kim, J.H. Cho, Y.S. Choi, K. Kim, J. Kim, et al., Prognostic factors after
pulmonary metastasectomy of colorectal cancers: influence of liver metastasis,
World J. Surg. Oncol. 14 (2016) 201.

[41] U. Landes, J. Robert, T. Perneger, G. Mentha, V. Ott, P. Morel, et al., Predicting
survival after pulmonary metastasectomy for colorectal cancer: previous liver me-
tastases matter, BMC Surg. 10 (2010) 17.

[42] H. Lee, S.H. Choi, Y.B. Cho, S.H. Yun, H.C. Kim, W.Y. Lee, et al., Repeat hepatic
resection in patients with colorectal liver metastases, World J. Gastroenterol. 21
(2015) 2124–2130.

[43] D. Elias, J.F. Ouellet, N. Bellon, J.P. Pignon, M. Pocard, P. Lasser, Extrahepatic
disease does not contraindicate hepatectomy for colorectal liver metastases, Br. J.
Surg. 90 (2003) 567–574.

[44] R. Adam, R.J. de Haas, D.A. Wicherts, E. Vibert, C. Salloum, D. Azoulay, et al.,
Concomitant extrahepatic disease in patients with colorectal liver metastases: when
is there a place for surgery? Ann. Surg. 253 (2011) 349–359.

[45] H. Matsuoka, Z. Morise, C. Tanaka, T. Hayashi, Y. Ikeda, K. Maeda, et al., Repeat
hepatectomy with systemic chemotherapy might improve survival of recurrent liver
metastasis from colorectal cancer-a retrospective observational study, World J.
Surg. Oncol. 17 (2019) 33.

[46] J. Figueras, J. Torras, C. Valls, L. Llado, E. Ramos, J. Marti-Ragué, et al., Surgical
resection of colorectal liver metastases in patients with expanded indications: a
single-center experience with 501 patients, Dis. Colon Rectum 50 (2007) 478–488.

Y. Maeda, et al. Annals of Medicine and Surgery 52 (2020) 24–30

30

https://doi.org/10.1016/j.asjsur.2019.03.002
https://doi.org/10.1016/j.asjsur.2019.03.002
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref19
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref19
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref19
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref20
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref20
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref20
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref21
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref21
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref22
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref22
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref23
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref23
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref23
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref23
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref24
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref24
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref24
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref25
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref25
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref25
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref26
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref26
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref26
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref27
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref27
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref27
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref28
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref28
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref29
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref29
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref29
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref30
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref30
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref30
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref30
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref31
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref31
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref31
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref31
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref32
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref32
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref32
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref33
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref33
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref33
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref34
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref34
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref34
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref35
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref35
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref35
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref36
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref36
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref36
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref36
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref37
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref37
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref37
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref38
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref38
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref38
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref39
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref39
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref39
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref39
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref40
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref40
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref40
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref41
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref41
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref41
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref42
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref42
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref42
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref43
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref43
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref43
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref44
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref44
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref44
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref45
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref45
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref45
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref45
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref46
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref46
http://refhub.elsevier.com/S2049-0801(20)30010-8/sref46

	Oncological outcomes of repeat metastasectomy for recurrence after hepatectomy for colorectal liver metastases. A case series
	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	Statement of ethics

	Funding
	Provenance and peer review
	Ethical approval
	Author contribution
	Consent
	Registration of research studies
	Guarantor
	mk:H1_14
	Supplementary data
	References




