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Abstract
Introduction Repeat hepatectomy (RH) is considered a valuable option for management of recurrent colorectal liver metastases
(R-CLM). Here, the outcome of RH for R-CLM was compared to that of patients who underwent single hepatectomy (SH) after
subdividing the later according to re-recurrence status.
Methods Between 2001 and 2013, patients who received hepatectomy for CLM and R-CLM were included in study. Patients
with non-resectable R-CLM were excluded.
Results One hundred sixteen patients were included: 86 patients in SH group and 30 patients in RH group. Repeat hepatectomy group
hadmore synchronous CLM (76.7 versus 50%, p=0.011). From the 86 patients who underwent SH, 69 patients did not have R-CLM.
Survival analysis was done from the time of first hepatectomy for the no R-CLM group and the time of RH for the RH group. The 3-
and 5-year survival rates for the no R-CLM group were 66.4 and 48.8%, respectively, and for the RH group were 56 and 44.8%
respectively (p=0.841). Multivariate analysis showed that larger size of R-CLM is an independent risk factor for survival after RH.
Conclusion Repeat hepatectomy for R-CLM shows a comparable OS to non-recurrent CLM after single hepatectomy, despite the
RH group had higher incidence of synchronous CLM.
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Abbreviations
CLM Colorectal liver metastases
RH Repeat hepatectomy
R-CLM Recurrent colorectal liver metastasis
SH Single hepatectomy
RFA Radiofrequency ablation
CEUS Contrast enhanced ultrasonography

CT Computed tomography
MRI Magnetic resonance imaging
CEA Carcino-embryonic antigen
OS Overall survival
PFS Progression-free survival

Introduction

Hepatic resection is now considered as the standard manage-
ment of colorectal liver metastases (CLM), owing to its
established survival benefit with reported 5-year survival rate
up to 60 % and 10-year survival rate up to 30 %.1–4 However,
around 50 % of patients undergoing resection for CLM will
experience recurrence. The good outcome of primary resec-
tion of CLM and the advance in liver surgery motivated adop-
tion of repeat hepatectomy (RH) for recurrent CLM (R-CLM).

Several reports showed good survival outcome of RH with
5-year survival rate between 31 and 50%.5–9 Few reports even
showed a significant survival advantage of RH over cases that
underwent single hepatectomy (SH).10,11 However, those
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reports included all cases that underwent SH regardless re-
recurrence status. Patients undergo only SH due to different
conditions: absence of re-recurrence, re-recurrence treated by
modalities other than re-resection and non-resectable re-recur-
rence. Survival data obtained from this non-homogenous cohort
may be of questionable value. Also, survival analysis usually
started from the time of first hepatectomy for both groupswhich
gave immediate survival advantage for repeat hepatectomy
group, as they lived enough to get recurrence and to be treated.

In this study, we evaluated the outcome of RH for R-CLM in
comparison to patients who underwent SH after subdividing the
latter according to re-recurrence status. Also, evaluation of
prognostic factors affecting survival after RH was performed.

Patients and methods

On retrospective analysis of our prospectively maintained da-
tabase, 165 consecutive patients were found to undergo resec-
tion for CLM at the Division of General Surgery and Trans-
plantation, Niguarda Ca’ Granda Hospital, Milan, Italy, be-
tween January 2001 and December 2013. Patients who
underwent RH for R-CLM were identified. Patients with
non-resectable R-CLM were excluded from the study.

Diagnosis of CLM

The diagnosis of CLM, in patients with histopathologically
proven colorectal cancer, was made by detection of hepatic
nodule/s at contrast enhanced ultrasonography (CEUS), CT
scans and/or MRI with a radiological pattern suggestive for
CLM. Radiological diagnosis using two of the three imaging
modalities confirmed the diagnosis. CEA and Ca 19–9 eleva-
tions alone were not considered diagnostic for CLM, but a
CEA level >200 ng/ml associated with a suggestive imaging
was diagnostic. Liver biopsy has been considered just in case
of discordance between two of three imaging techniques.

Chemotherapy

FOLFOX and FOLFIRI regimens were used for 6–8 cycles.
They were used as neoadjuvant and adjuvant therapy.
Bevacizumab and cetuximab were chosen as second line ther-
apy in case of tumour resistance to the first line treatment.

Selection criteria for liver resection and re-resection

All cases were studied in a multidisciplinary meeting includ-
ing surgeons, oncologists and radiologists. Dimensions, num-
ber and site of CLM were not considered as contraindications
for liver resection. Patients with recurrence in the primary
resection site or with non-resectable extrahepatic metastases
were excluded from surgery. A balance between obtaining R0

margins and preserving adequate liver parenchyma was con-
sidered in every case; at least two adjacent segments, with
intact biliary and vascular inflow and outflow, should be pre-
served. The same criteria were used for selecting patients with
R-CLM when considering them for RH.

Surgical technique

Our surgical technique was mentioned elsewhere.12 Balancing
the oncological outcome with parenchymal preservation was
the cornerstone of choice of extent of resection. Whenever
possible, parenchyma-preserving hepatectomy was our first
choice to maintain a good hepatic reserve to carry out its
functions and to preserve the parenchyma, making RH feasi-
ble. Major hepatectomy was defined as resection of three or
more Couinaud’s segments. Intraoperative ultrasonography
was performed in order to study the lesion’s relationship with
vascular structures and to recognise lesions undetected preop-
eratively. Hepatic transection was performed with CUSA and
monopolar bowie, while hemostasis was obtainedwith bipolar
forceps and Prolene 4/0 or 5/0 stiches. Intermittent hepatic
pedicle clamping was used in several cases according to pref-
erence of the surgeon.

Follow-up

Patients were followed-up at 1 month from surgery and then
every 4 months, checking tumour markers (CEA and CA 19–
9 blood levels), liver function tests and contrast enhancement
hepatic ultrasonography for the first 3 years. Thereafter, the
periodicity of follow-up changed to a 6 and a 12-month basis.
CT scan was performed every 6 months in the first 5 years,
then on a yearly basis. Synchronous metastases were defined
as CLM diagnosed at time of resection of primary colorectal
tumour or within 6 months after resection. Metachronous me-
tastases refer to metastases diagnosed after 6 months of resec-
tion of colorectal tumour. Postoperative mortality was defined
as mortality within 90 days of the procedure.

Statistical analysis

Continuous variables were expressed as medians and inter-
quartile ranges and compared using Mann–Whitney U test.
Categorical variables were expressed as numbers and percent-
ages and compared with the χ2 test or Fisher’s exact test
whenever appropriate. Overall survival (OS) and
progression-free survival (PFS) were obtained by Kaplan–
Meier method, and differences in survival curves were obtain-
ed by log-rank test. Potential risk factors were analyzed for
their influence on OS in RH group by cox proportional hazard
model. Variables with p value <0.1 were enrolled onto multi-
variate analysis by Cox proportional hazard model with back-
ward stepwise method. Overall survival was estimated from
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the date of first hepatectomy for the SH group without R-CLM
and from the date of repeat hepatectomy for RH group.
Progression-free survival was estimated from the date of RH
until date of further recurrence or the date of last follow-up.
Other than for enrolling variables in multivariate analysis, p
value <0.05 was considered significant. Analysis was
performed with SPSS program 16.0 for Windows (SPSS,
Chicago, IL).

Results

From 165 patients underwent hepatic resection for CLM, 29
patients lost follow-up or had follow-up in other hospitals, and
20 patients had non-resectable R-CLM. The study group is
116 patients divided into 2 groups: SH group (86 patients;

74.1 %) and RH group (30 patients; 25.9 %). Baseline char-
acteristics, features of primary colorectal tumor and features of
the first CLM are shown in Table 1. There was no significant
difference as for gender and age at time of resection of primary
CLM. Most of cases in RH group had Duke D primary colo-
rectal tumor (82.6 %), which was significantly more than SH
group (45.9 %, p=0.008). Repeat hepatectomy group had sig-
nificantly more synchronous CLM than SH group (76.7 ver-
sus 50 %, p=0.011). In the first hepatectomy, major resection
was performed significantly more often in SH group than RH
group (52.3 versus 26.7 %, p=0.015). Also, in SH group,
median diameter of the largest resected nodule was signifi-
cantly larger than RH group.

Table 2 demonstrates the operative criteria of primary and
repeated resections. Age at time of first and repeat hepatecto-
my was nearly equal. Repeat hepatectomy had more cases

Table 1 Baseline characteristics and features of primary colorectal tumor and of the first liver metastasis

Variable Single hepatectomy Repeat hepatectomy p value

Resection of primary CRC

Gender 0.698
•Male 51 (59.3 %) 19 (63.3 %)

•Female 35 (40.7%) 11 (36.7 %)

Age (years) 62.4 (56.9–69.9) 61.5 (54.3–67.8) 0.333

Duke stage 0.008
•B 16 (21.6 %) 2 (8.7 %)

•C 24 (32.4 %) 2 (8.7 %)

•D 34 (45.9 %) 19 (82.6 %)

Positive nodes 46 (53.5 %) 17 (56.7 %) 0.763

Adjuvant chemotherapy 62 (74.7 %) 25 (83.3 %) 0.336

Site of primary colorectal tumor 0.275
•Colon 71 (82.6 %) 22 (73.3 %)

•Rectum 15 (17.4 %) 8 (26.7 %)

Primary resection of CLM

Disease-free interval after resection of primary CRC (months) 4.9 (0–19.6) 0 (0–6.9) 0.016

Pattern of CLM 0.011
•Synchronous 43 (50 %) 23 (76.7 %)

•Metachronous 43 (50 %) 7 (23.3 %)

Bilateral distribution of CLM 23 (26.7 %) 4 (13.3 %) 0.134

Multiple metastases 39 (46.4 %) 10 (41.7 %) 0.679

Resectable at diagnosis 68 (79.1 %) 24 (80 %) 0.914

Major hepatectomy 45 (52.3 %) 8 (26.7 %) 0.015

Resection of associated extrahepatic metastases 4 (4.7 %) 0 0.297

Size of largest CLM (cm) 3.5 (2.5–6) 2.3 (1.3–3.8) 0.025

Radicality 0.486
•R0 64 (74.4 %) 23 (76.7 %)

•R1 15 (17.4 %) 3 (10 %)

•R2 7 (8.1 %) 4 (13.3 %)

Neoadjuvant chemotherapy 33 (39.3 %) 10 (33.3 %) 0.564

Adjuvant chemotherapy 63 (82.9 %) 28 (93.3 %) 0.139

CRC colorectal tumor, CLM colorectal liver metastasis

2194 J Gastrointest Surg (2015) 19:2192–2198



with multiple metastases than the first hepatectomy (60 versus
46.4%). Repeated resection was not found to be associated
with significantly prolonged operative time. As regards the
extent of hepatectomy, 40% of repeated resections were major
resections, which was comparable to the first resection
(52.3%). There was no postoperative mortality in both groups.

Survival analysis

From the 86 patients who underwent SH, 69 patients were
found not to have R-CLM. Survival analysis was done from
the time of management of 2 groups, the time of first hepatec-
tomy of the no R-CLM group and the time of RH for the RH
group (Fig. 1). The 3- and 5-year survival rates for the no R-
CLM group were 66.4 and 48.8 %, respectively, and for the
RH group were 56 and 44.8 % respectively, and there was no
significant difference between them (p=0.841).

Survival analysis starting from the time of repeat
hepatectomy

Median follow up after RH was 25.2 months (range, 6–
97.5 months). Survival analysis after RH was also estimated.
The 3- and 5-year OS rate after RH (Fig. 2) was 56 and
44.8 %, respectively, while 3- and 5-year PFS rate (Fig. 2)
was 36.1 and 36.1 %, respectively.

Predictors of outcome after repeat hepatectomy

Univariate analysis for risk factors adversely affecting the OS
after RH (Table 3) showed that bilateral distribution and mul-
tiple metastases in the initial metastasis, shorter progression-
free interval after first hepatectomy and larger size of metas-
tasis in RH has a negative impact on OS. On multivariate
analysis, only larger size of second metastasis was proved to
be an independent risk factor negatively impacting OS in RH
group. When setting the median diameter of the biggest nod-
ule in R-CLM as a cutoff value, cases with diameter <3.5 cm
had a 5-year survival of 87.5 % and the others with diameter
≥3.5 cm had a 5-year survival of 20.8 % (p=0.016).

Table 2 Operative features of
first resection and repeat
hepatectomy

First hepatectomy Second hepatectomy p value

Age at resection 62.4 (56.9–69.9) 62.2 (55.8–69) 0.791

Major resection 45 (52.3 %) 12 (40 %) 0.245

Clamping 37 (43 %) 11 (36.7 %) 0.543

Multiple metastasis 39 (46.4 %) 18 (60 %) 0.202

Bilateral distribution 23 (26.7 %) 6 (20 %) 0.463

Operative time 200 (160–240) 227.5 (188.8–261.3) 0.108

Diameter of biggest nodule 3.5 (2.5–6) 3.5 (2.5–5.6) 0.886

Resection of associated extrahepatic metastasis 4 (4.7 %) 4 (13.3 %) 0.118

Fig. 1 Overall survival starting from the time of first hepatectomy of the
no R-CLM group and the time of RH for the RH group (SH: single
hepatectomy, R-CLM: recurrent colorectal liver metastasis, RH: repeat
hepatectomy) Fig. 2 Overall and progression-free survival after repeat hepatectomy

J Gastrointest Surg (2015) 19:2192–2198 2195



Discussion

Hepatic resection for CLM was proven to carry a significant
survival benefit, mandating resection for all resectable
CLMs.1,13,14 For R-CLM, several reports showed that patients
subjected to RH have comparable long-term outcome with
those who underwent SH.5,15,16 Few reports even demonstrat-
ed significant advantage of RH over patients who were sub-
jected only to SH.10,11 In addition, a recent meta-analysis
showed a significant survival advantage of RH over SH.17

Concluding that RH provides longer overall survival when
compared to single hepatectomy may be misleading because
all those reports compared RH cases to the whole cohort of
cases that underwent SH. The reasons for which patients un-
dergo only a SH are diverse, and including this non-
homogenous cohort of diverse conditions make the results
non-conclusive. Another factor is that starting the time of en-
rollment for survival analysis from the time of first hepatecto-
my for all patients provides immediate survival advantage to
the RH group because they lived long enough to have recur-
rence and to be treated. We excluded non-resectable R-CLM
and sub-classified patients who underwent SH according to
re-recurrence status. We started survival analysis from the date

of last treatment: the first hepatectomy for non-recurrent CLM
and the management of R-CLM in RH. Our results showed
that RH offers a comparable survival outcome to patients who
did not experience re-recurrence after first resection of CLM.
Those results support the concept of RH for R-CLM, given the
comparable survival with cases without recurrence.

Synchronous CLM is considered as a poor prognostic fac-
tor for recurrence and survival.18,19 In this study, RH group
had significantly more synchronous CLM than SH group.
Despite the fact that more than 75 % of the patients had syn-
chronous metastases, RH showed a good survival. Also, syn-
chronous metastases were not found to be a poor prognostic
after repeat hepatectomy. This shows that RH can provide
those high risk patients a better survival outcome.

On comparing the tumor features in first and second hepa-
tectomy, we found that multiple tumors were found more in
the second hepatectomy than the first hepatectomy (60 versus
46.4 %). The same finding was also noted by Shaw et al.10 In
addition, the median diameter was equal in both groups. Re-
section of CLM went further beyond the size and number
concept. Remnant liver volume, ranging between 20 and
30 %, is currently the main determinant for opting patients
for CLM resection.20–23 This concept has been inherited by

Table 3 Univariate and multivariate analyses for factors affecting overall survival after repeat hepatectomy for recurrent CLM

Univariate analysis Multivariate analysis

Variable p value Hazard ratio (95% CI) p value Hazard ratio (95% CI)

Gender (male/female) 0.998 0.998 (0.275–3.625)

Primary CRC

Location (colon/rectum) 0.844 0.869 (0.214–3.524)

Lymph node status (positive/negative) 0.432 1.672 (0.464–6.021)

Duke’s stage 0.861 0.92 (0.362–2.341)

Adjuvant chemotherapy 0.692 0.753 (0.186–3.055)

First hepatectomy for CLM

Pattern of metastasis (synchronous/metachronous) 0.997 0.997 (0.206–4.833)

Extent of resection (minor/major) 0.741 1.26 (0.32–4.954)

Side (Uilobar/bilobar) 0.08 5.061 (0.824–31.072) 0.199 19.504 (0.21–1807.574)

Radicality 0.065 2.45 (0.944–6.359) 0.22 0.111 (0.003–3.737)

Histopathological number (single/multiple) 0.471 1.833 (0.353–9.507)

Histopathological size 0.043 11.876 (1.076–131.085) 0.076 1.663 (0.949–2.916)

Neoadjuvant chemotherapy 0.463 1.762 (0.388–8.007)

Repeat hepatectomy

Progression-free interval after first hepatectomy 0.009 0.917 (0.86–0.979) 0.746 0.988 (0.922–1.06)

Clamping 0.264 2.123 (0.567–7.951)

Neoadjuvant chemotherapy 0.87 0.899 (0.253–3.203)

Side (Unilateral/Bilateral) 0.285 2.189 (0.521–9.205)

Number (Single/Multiple) 0.575 1.492 (0.369–6.042)

Size 0.02 7.105 (1.359–37.131) 0.02 1.81 (1.096–2.991)

CRC colorectal tumor, CLM colorectal tumor
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RH,9,24 despite the fact that increasing the size and number of
R-CLM is associated with unfavorable survival.17,24,25 Our
results showed that larger size of R-CLM is considered as an
independent risk factor for OS, but tumor number failed to
show the same negative impact. Despite those findings, RH
should still be offered to large resectable R-CLM. Surgical
resection is considered as the only hope of cure for those
patients, owing to the limited value of RFA in big tumors
and the palliative nature of chemotherapy. Other factors like
shorter PFS after first hepatectomy and bilobar involvement
that have shown a negative impact on survival17 failed to
show the same impact in our study.

Repeat hepatectomy usually face intraoperative difficulties
due to adhesions, remnant liver rotation due to regeneration
and unclear hilar anatomy when hilar dissection is performed.
Those difficulties increase in cases underwent major primary
hepatectomy because hilar dissection is usually performed and
smaller remnant liver volume have a higher rate of regenera-
tion in the vacant sub-phrenic space. In addition, if recurrence
occurs, smaller remnant liver may hinder RH. In our series,
RH group had significantly fewer major primary hepatectomy
than SH group, which may be attributed for the aforemen-
tioned causes. Major resection was performed in the second
hepatectomy in a comparable frequency to the first hepatecto-
my. This was feasible because parenchyma spared in the first
hepatectomy facilitated further major resections. More than
50 % of cases underwent first resection for CLM will experi-
ence recurrence.7,26 Owing to that high incidence of recur-
rence, resection of the first CLM should be kept to a mini-
mum, avoiding hilar dissection whenever possible, to preserve
hepatic parenchyma if further resections are needed and to
technically facilitate RH. A questionable issue in this context
is the fear of increasing the recurrence rate when non-
anatomical resections with smaller resection margins are used.
Our previous results showed that the extent of resection in the
primary resection of CLM has no impact on survival or
recurrence.12 Kokudo et al., with the use of genetic and histo-
logical assessment of surgical margins in resected CLM,
found that anticipated narrow resection margin should not
hinder resection of CLM.27 Furthermore, non-anatomical
and parenchyma-sparing procedures do not have a negative
oncological impact.28–30 According to the previous discus-
sion, we recommend opting parenchyma-preserving hepatec-
tomy without hilar dissection whenever possible in surgical
management of CLM, whether primary or repeat
hepatectomy.

This study is not free from limitations, namely the retro-
spective nature, the small sample size of RH cases and the
selection bias. However, we believe that sub-classifying SH
group according to the re-recurrence status and comparing the
outcome of more homogenous sub-groups with that of pa-
tients who underwent RH gives a clearer image of the survival
advantage of RH.

Conclusion

Repeat hepatectomy for R-CLM shows a comparable overall
survival to non-recurrent CLM after single hepatectomy, de-
spite the RH group had higher incidence of synchronous
CLM. Parenchyma-preserving hepatectomy in the first resec-
tion of CLM increases the patient’s chance to receive further
hepatectomy when recurrence occurs.

Conflict of interest No conflict of interest to disclose.
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