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Abstract

Background: Although liver resection (LR) provides the best chance of long-term survival for patients with colorectal
cancer (CRC) hepatic metastasis, concerns regarding chemotherapy before liver resection remain unresolved.

Methods: A retrospective review of patients who underwent curative LR for CRC hepatic metastasis between January
2008 and February 2016 was performed. Outcome relevance based on oncologic prognostic factors and chemotherapy
prior to liver resection was assessed.

Results: Patients who had received pre-hepatectomy chemotherapy for CRC hepatic metastasis and delayed liver resection
had a worse outcome in terms of CRC recurrence following liver resection. The hazard ratio (HR) of pre-hepatectomy
chemotherapy in patients with minor oncologic prognostic factors was 1.55 (confidence interval, CI = 1.07–2.26, p= 0.021)
for CRC recurrence after liver resection for hepatic metastasis, whereas the HR of pre-hepatectomy chemotherapy was 1.34
(CI = 0.99–1.81, p= 0.062) for CRC recurrence in patients with multiple oncologic prognostic factors.

Conclusion: The administration of pre-hepatectomy chemotherapy and delaying liver resection seems not to be an
optimal strategy to provide a clinical benefit for patients with CRC hepatic metastasis. Hence, liver resection should be
attempted without delay at the initial detection of CRC hepatic metastasis whenever possible.
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Background
Colorectal cancer (CRC) is a common malignancy,
ranking in the top three most commonly diagnosed
cancers worldwide [1]. It is estimated that up to 50% of
CRC patients encounter hepatic metastasis during their
disease course [2, 3]. Among those patients, 20–35% of

patients with metastatic disease have the liver as their
sole site of metastases, leading to liver resection as an
optimal treatment for CRC with hepatic metastasis [4,
5]. Generally, liver resection with complete removal of
the metastases has dramatically improved long-term
survival, which ranges from 36 to 58% at 5 years and
from 23 to 36% at 10 years [6–9]. Along with the
advancement of anesthesia and progress of surgical
approaches, the safety of liver surgery has improved
remarkably [10–13]. As such, liver resection for hepatic
metastasis from CRC has become a standard of clinical
care for these patients in the current era.
However, CRC recurrence after liver resection for

metastases remains a great concern, and the reported
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recurrent rates could be up to 60% [14, 15]. Despite
advances in multimodal therapy and aggressive surgical
approaches, recurrence is still encountered in certain
populations of patients who have undergone liver resec-
tion for metastases. Specifically, patients with multiple
oncological risk factors or invisible micrometastases on
imaging are the group at high risk of developing CRC
recurrence after liver resection. Currently, an effective
treatment protocol that involves the multidisciplinary
treatment in terms of the priority of therapeutic options,
such as systemic chemotherapy and liver resection,
remains unsettled. Particularly, the optimal time of liver
resection for patients with multiple oncologic risk
factors—the so-called borderline resectable metastases—is
still uncertain. Thus, the purpose of this study was to
review our experience with liver resection for patients
with hepatic metastasis from CRC and to analyze patients’
outcomes based on the relevance of oncologic prog-
nostic factors and neoadjuvant chemotherapy prior to
liver resection.

Methods
Patients
A retrospective review of medical record from patients
who had undergone liver resection (LR) for CRC hepatic
metastasis between January 2008 and February 2016 at
Chang Gung Memorial Hospital, Linkou Medical Centre,
Taoyuan, Taiwan, was performed under approval of the
institutional review board. This study was fully reviewed
and endorsed by the internal review board of Chang Gung
Memorial Hospital at Linkou (201700231B0), and in-
formed consent from patient was waived due to the
retrospective design of this study. A total of 476 patients
including 324 men (68.1%) and 152 women (31.9%) were
analyzed, and the median age of patients at the time of LR
was 60.3 years (range, 28.8–88.0 years). Hepatic metastasis
was scored by the defined oncologic risk factors including
multiple metastases (≥ 5 nodules), size of largest metasta-
sis > 5 cm in diameter, synchronous metastasis, lymph
node-positive primary CRC, and high tumor marker levels
with carcinoembryonic antigen (CEA) level > 60 ng/mL [4,
9, 16]. Accordingly, patients were categorized into two
groups based on scores for oncologic prognostic factors
[4]: group I, scores ≥ 2 indicating so-called borderline
resectable or not optimally resectable metastases (n =
266); group II, scores < 2 (n = 210). The clinical character-
istics in terms of prognostic factors and outcomes were
analyzed for these two groups.

Treatment of hepatic metastases
The treatment of CRC hepatic metastasis was determined
by consensus obtained from the multidisciplinary commit-
tee of CRC, in which members comprise liver surgeons,
proctologists, oncologists, diagnostic radiologists, and

interventional radiologists. Treatment options were mainly
determined by the balance among tumor characteristics
and the patient’s physical condition and underlying liver
status. The tumor status of CRC was thoroughly assessed
using computed tomography (CT) scans from the neck to
pelvic areas for all patients prior to surgery. Magnetic
resonance imaging (MRI) and/or positron emission
tomography (PET) or PET/CT were occasionally per-
formed in selected patients if indicated to confirm occult
metastasis. Generally, patients with concurrent unresect-
able extrahepatic metastases and anticipated inadequate
remnant liver volume after LR were considered unsuitable
for LR. Apart from that, the major concerns of LR were
removal of all hepatic lesions with a curative intent and
preservation of at least two contiguous hepatic segments
with an adequate remnant liver volume and a sufficient
vascular inflow and outflow. Based on intention of
curative resection, the extent of LR was determined by
pre-operative imaging study as well as confirmed by intra-
operative ultrasonography to remove all hepatic metasta-
sis. All metastatic nodules were completely removed by
LR for all patients, and patients who had a combination of
tumor ablation and LR during operation were not
included in this study.

Follow-up and chemotherapy
After liver resection, all patients were followed up at regular
intervals at our clinic until death or the end of this study.
During follow-up, clinical assessments including physical
examination, serum laboratory tests, CEA measurement,
and liver ultrasonography were performed 1 month after
LR and every 3 months thereafter. Computed tomography
(CT) and/or MRI were arranged on an annual basis or
whenever CRC recurrence was suspected by aforemen-
tioned clinical assessments. Positron emission tomography
(PET) or PET/CT was not routinely performed but was
occasionally employed for patients who had equivocal
conventional imaging studies to detect occult metastasis if
indicated. Recurrence of CRC was defined by the histo-
logical proving of a lesion from either biopsy or surgical
resection and/or the evidence of a newly developed lesion
detected by cross-sectional imaging studies.
The administration of perioperative chemotherapy was

mainly based on tumor characteristics indicating advance
disease, genetic variant of primary CRC, patient’s physical
condition, and availability of chemotherapeutic regimens.
Briefly, neoadjuvant or preoperative chemotherapy was
administered to patients who were considered initially not
optimal for LR or unresectable by the treatment committee,
or due to the patient’s preference for nonsurgical treatment.
Postoperative adjuvant chemotherapy was usually recom-
mended for all patients after LR unless a patient was unwill-
ing to receive chemotherapy or their physical status was
unsuitable for chemotherapy. The chemotherapeutic options
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were mostly fluorouracil, leucovorin, and a combination of
irinotecan or oxaliplatin with/without bio-agents, such as
bevacizumab and cetuximab, as appropriate. Capecitabine
and pyrimidine analog capsules were prescribed for
patients who had not received intravenous chemothera-
peutic regimens when possible.

Statistical analyses
Outcome measures included recurrence-free survival (RFS)
and overall survival (OS). RFS was estimated from the date
of LR to the date of detected CRC recurrence or the date of
last follow-up if no CRC recurrence occurred, and OS was
measured from the date of LR to the date of death or the
date of last follow-up by the end of this study. Survival ana-
lysis was carried out according to the Kaplan-Meier
method, and the log-rank test was used to compare values.
Continuous variables were compared by using Student’s t
test, and categorical variables were compared by χ2 test as
appropriate. Cox proportional hazards models were used to
calculate the crude hazard ratios (HRs) and 95% confidence
intervals (95% CIs). Subsequently, the adjusted HRs were
obtained after adjustment of significant factors acquired
from subgroup analysis. Statistical analyses were performed
by using SPSS 20.0 statistical software (SPSS, Inc., Chicago,
IL, USA) for Windows. A p value of < 0.05 was considered
statistically significant.

Results
Clinical features of patients
Generally, the majority of patients (n = 433) had less than 5
metastatic nodules, which accounted for 90.9% of patients
in the current study. The median metastatic nodules was 2
(range, 1–17 nodules), and the median size of maximum
metastatic nodule was 3.0 cm (range, 0.3–14.5 cm) for all
patients. After LR, the median follow-up time for all
patients was 26.1 months, ranging from 0.03 to
95.7 months. Overall, 299 patients (62.8%) encountered
CRC recurrence after LR, and 177 (37.2%) patients had no
CRC recurrence by the date of last follow-up or the end of
this study. There were four deaths during hospitalization
for surgical treatment, which turned into 0.8% surgical
mortality for all patients. Meanwhile, 184 (38.7%) patients
died during the follow-up period, in which 175 (36.8%)
patients died of CRC and 9 (1.9%) died of diseases other
than CRC. Two hundred eighty-eight (60.5%) patients were
still alive by the end of the study, including 164 (34.5%)
patients who were CRC-free and 124 (26.1%) patients with
recurrent CRC. Table 1 summarizes the clinical features of
the patients who underwent LR for CRC hepatic metastasis
and the comparison of two groups categorized on the basis
of oncologic risk scores. There were significant differences
in terms of the five oncologic risk factors between the two
groups. Additionally, patients with multiple oncologic risk
factors (scores ≥ 2) had a higher ratio of CRC recurrence

(p = 0.004) and a lower ratio of CRC-free status (p = 0.026)
after LR as compared with the other group.

Patient outcome
During the follow-up period, the median time of CRC
recurrence after LR was 15.1 months, and the 1-, 3-, and
5-year RFS rates were 56.4, 28.4, and 24.7%, respectively
(Fig. 1). The median time of survival for all patients after

Table 1 Clinicopathologic characteristics of patients
undergoing liver resection for colorectal cancer hepatic
metastasis

Characteristics Oncologic
scores ≥ 2
n = 266 (%)

Oncologic
scores < 2
n = 210 (%)

p value

Age (years), median
(range)

60 (29–88) 61 (29–88) 0.503

Gender 0.317

Male 176 (66.2) 148 (70.5)

Female 90 (33.8) 62 (29.5)

Primary tumor location 0.776

Right colon 43 (16.2) 36 (17.1)

Left colon 223 (83.8) 174 (82.9)

Metastatic types < 0.0001

Synchronous 225 (84.6) 46 (21.9)

Metachronous 41 (15.4) 164 (78.1)

Serum CEA < 0.0001

< 60 ng/mL 201 (75.6) 202 (96.2)

≥ 60 ng/mL 65 (24.4) 8 (3.8)

Maximum tumor size < 0.0001

< 5 cm 178 (66.9) 200 (95.2)

≥ 5 cm 88 (33.1) 10 (4.8)

Tumor number < 0.0001

< 5 nodules 226 (85.0) 207 (98.6)

≥ 5 nodules 40 (15.0) 3 (1.4)

Primary lymph node < 0.0001

Positive 228 (85.7) 93 (44.3)

Negative 38 (14.3) 117 (55.7)

CRC recurrence after liver
resection.

0.004

Yes 182 (68.4) 117 (55.7)

No 84 (31.6) 93 (44.3)

Patient’s final status 0.026

Alive and CRC-free 75 (28.2) 89 (42.4)

Alive with recurrent CRC 77 (28.9) 47 (22.4)

Dead of CRC 105 (39.5) 70 (33.3)

Dead of other causes 6 (2.3) 3 (1.4)

Surgical mortality 3 (1.1) 1 (0.5)

CRC colorectal cancer
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LR was 49.4 months, and the 1-, 3-, and 5-year OS rates
were 90.2, 58.5, and 42.6%, respectively (Fig. 1). A
comparison of RFS and OS curves according to the
oncologic scores is illustrated in Fig. 2. The RFS curve of
patients with oncologic scores < 2 (1, 3, and 5 years;
64.3, 38.5, and 32.5%, respectively) was considerably
better than that of patients with oncologic scores ≥2 (1,
3, and 5 years; 50.2, 21.7, and 20.3%, respectively)
(Fig. 2a, p < 0.0005). However, there was no significant
difference in the cumulative OS curves between the two
groups, in which the 1-, 3-, and 5-year survival rates
were 89.5, 53.6, and 38.7% (oncologic scores ≥ 2) versus
91.0, 64.9, and 47.4% (oncologic scores < 2), respectively
(Fig. 2b, p = 0.0835).

Chemotherapy before liver resection
Overall, 183 patients (38.4%) had received chemotherapy
prior to liver resection. The clinical characteristics of
patients based on whether pre-hepatectomy chemother-
apy was performed or not is summarized in Table 2. The
majority of clinical features were not significantly

different in subgroup analysis, but patients who had re-
ceived pre-hepatectomy chemotherapy had a younger
age and more tumor nodules as compared with patients
who had no chemotherapy before liver resection in both
groups.
The outcomes in terms of RFS and OS according to

whether chemotherapy had been administered before
liver resection were further analyzed. Among patients
with chemotherapy before liver resection, a worse RFS
curve was observed as compared with that of patients
without chemotherapy before liver resection in both
groups. The 1-, 3-, and 5-year RFS rates were 39.2, 14.5,
and 14.5%, respectively, for patients with chemotherapy
before liver resection, and 58.0, 27.7, and 23.9%, respect-
ively, for patients without chemotherapy before liver
resection in group I (Fig. 3a, p = 0.006). However, the
cumulative OS was not significantly different between
patients with and without chemotherapy before liver
resection in group I, in which the cumulative 1-, 3-, and
5-year OS rates were 90.0, 48.5, and 36.7%, versus 91.3,
58.7, and 42.9%, respectively (Fig. 3b, p = 0.1555). With
regard to group II, the RFS curve of patients without
chemotherapy before liver resection was significantly
better than that of patients with chemotherapy before
liver resection, in which the 1-, 3-, and 5-year RFS rates
were 72.7, 41.4, and 36.6% versus 51.2, 28.8, and 22.0%,
respectively (Fig. 3c, p = 0.0142). Similarly, the cumula-
tive OS of patients without chemotherapy before liver
resection was significantly better than that of patients
with chemotherapy before liver resection, in which
the 1-, 3-, and 5-year OS rates were 96.2, 72.7, and
55.3% versus 89.5, 57.5, and 38.4%, respectively
(Fig. 3d, p = 0.0447).
The risk of post-hepatectomy CRC recurrence related

to pre-hepatectomy chemotherapy is illustrated in Fig. 4,
and the result shows that the risk of CRC recurrence
was significantly associated with the administration of
pre-hepatectomy chemotherapy in both groups. The
crude HRs of CRC recurrence in terms of pre-

Fig. 1 Kaplan-Meier cumulative recurrence-free and overall survival
curves of patients with colorectal cancer (CRC) hepatic metastasis
after liver resection

a b

Fig. 2 Comparison of Kaplan-Meier cumulative survival curves based on oncologic prognostic factors. a Recurrence-free survival. b Overall survival
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Table 2 The clinical characteristics of patients based on whether pre-hepatectomy chemotherapy was performed or not

Oncologic scores ≥ 2 Oncologic scores < 2

Characteristics Pre-hepatectomy chemotherapy p value Pre-hepatectomy chemotherapy p value

Yes
N = 104 (%)

No
N = 162 (%)

Yes
N = 79 (%)

No
N = 131 (%)

Age (years), median (range) 58 (29–86) 61 (29–88) 0.034 59 (29–84) 62 (34–88) 0.017

Gender 0.201 0.601

Male 64 (61.5) 112 (69.1) 54 (68.4) 94 (71.8)

Female 40 (38.5) 50 (30.9) 25 (31.6) 37 (28.2)

Primary tumor location 0.337 0.336

Right colon 14 (13.5) 29 (17.9) 11 (13.9) 25 (19.1)

Left colon 90 (86.5) 133 (82.1) 68 (86.1) 106 (80.9)

Type of initial hepatic metastases 0.167 0.353

Synchronous 84 (80.8) 141 (87.0) 20 (25.3) 26 (19.8)

Metachronous 20 (19.2) 21 (13.0) 59 (74.7) 105 (80.2)

Serum CEA (ng/mL), median (range) 11.1 (0.5–16,259) 13.4 (0.5–2954.0) 0.190 7.0 (0.6–589.4) 9.4 (0.9–170.5) 0.849

Maximum tumor (cm), median (range) 3.5 (0.6–14.5) 3.3 (0.4–12.9) 0.316 2.5 (0.8–10.0) 2.5 (0.3–9.4) 0.813

Tumor number, median (range) 3.0 (1.0–17.0) 1.5 (1.0–11.0) 0.002 2.0 (1.0–7.0) 1.0 (1.0–4.0) 0.024

Primary lymph node 0.959 0.387

Positive 89 (85.6) 139 (85.8) 38 (48.1) 55 (42.0)

Negative 15 (14.4) 23 (14.2) 41 (51.9) 76 (58.0)

a c

b d

Fig. 3 Cumulative survival curves of patients who underwent liver resection for hepatic metastasis according to oncologic prognostic factors and
pre-hepatectomy chemotherapy. a, b Comparison of outcomes based on pre-hepatectomy chemotherapy for group I patients (oncologic prognostic
factors ≥ 2). c, d Comparison of outcomes based on pre-hepatectomy chemotherapy for group II patients (oncologic prognostic factors < 2). RFS
recurrence-free survival, OS overall survival
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hepatectomy chemotherapy for groups I and II were
1.50 (CI = 1.12–2.01, p = 0.007) and 1.59 (CI = 1.10–2.29,
p = 0.013), respectively. After adjustment for age and
number of metastatic nodules, which had shown
statistical difference in subgroup analysis as shown in
Table 2, the adjusted HRs for CRC recurrence were 1.34
(CI = 0.99–1.81, p = 0.062) for group I and 1.55 (CI =
1.07–2.26, p = 0.021) for group II.

Discussion
Liver resection has been the standard practice for
patients with hepatic metastases from colorectal cancer,
and it currently offers the best chance of long-term
survival and potential cure for patients with CRC. With
the implementation of multidisciplinary treatment, the
long-term outcome of patients with CRC hepatic metas-
tasis has shown remarkable improvements over recent
decades [9, 17, 18]. As it is one of the major lethal
malignancies, extensive research on the optimal strategy
for treatment of hepatic metastasis from CRC is always
in demand. In this study, we found that waiting to
administer chemotherapy before liver resection and
delaying liver resection for CRC hepatic metastasis is
not an optimal strategy, nor does it offer a clinical bene-
fit to patients. However, the optimal timing of liver
resection for patients with multiple oncologic risk
factors that presumably would lead to potential CRC
recurrence after liver resection remains uncertain, and it
could rely on the surgeon’s decision based on experience.
Numerous reports have previously shown that several

key prognostic factors would affect the outcomes of
patients who undergo LR for hepatic metastasis from
CRC [4, 9, 16, 19]. Of those factors, liver metastases
characterized by metastases ≥ 5 nodules, size of largest
metastasis > 5 cm in diameter, synchronous metastasis,
lymph node-positive primary CRC, and high tumor
marker levels are most often involved. Generally,
patients who have more than one of the poor prognostic

factors listed above at the time of liver metastasis detec-
tion are likely to develop early CRC recurrence, and they
are usually considered not optimally resectable—also
termed “borderline resectable metastases” [4]. Indeed,
the cumulative CRC recurrence of patients with multiple
oncologic risk factors was significantly higher than that
of other patients in this study.
With regard to pre-operative chemotherapy, adminis-

tration of chemotherapy before liver resection is usually
considered in two settings: downsizing chemotherapy
with the aim of making patients who have unresectable
liver metastasis eligible for liver resection and neoadju-
vant chemotherapy with the aim of improving long-term
outcome by reducing post-hepatectomy cancer relapse
for patients who have resectable liver metastasis. As
such, for patients with unresectable liver metastasis,
there is no doubt that chemotherapy is the only option,
and liver resection could be considered if appropriate
afterward. However, in cases of resectable liver metasta-
sis, the administration of chemotherapy before liver
resection remains arguable. By the time period of
chemotherapy, tumor progression could be encountered
and possibly turned into unresectable status if metastatic
lesion is not susceptible to chemotherapy. Apart from
that, there is no definitive protocol regarding regimens,
and courses should be given as a neoadjuvant chemo-
therapy so far. Therefore, recent studies mostly did not
recommend neoadjuvant chemotherapy for patients with
upfront resectable liver metastasis due to a lack of bene-
fit [20–22].
As shown in the present study, patients who received

chemotherapy before liver resection had a shorter disease-
free interval than those without pre-hepatectomy chemo-
therapy. However, patients who had received chemotherapy
before liver resection were mostly characterized by a youn-
ger age and a higher number of hepatic metastases. Hence,
it is possible to argue that patients who were subjected to
pre-hepatectomy chemotherapy had naturally more severe

Fig. 4 Risk analysis of hazard ratios for colorectal cancer recurrence after liver resection of hepatic metastasis associated with the use of
pre-hepatectomy chemotherapy
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hepatic metastasis than other patients in the study. As a
result, patients who had received chemotherapy before liver
resection had a poor outcome in terms of RFS. Neverthe-
less, further detailed analysis after adjustment of parameters
showed a remarkable result. In line with previous reports,
pre-hepatectomy chemotherapy for patients in group II (<
2 oncologic factors) would increase the risk of CRC recur-
rence after liver resection of metastasis, indicating that liver
resection should not be delayed for patients with resectable
metastasis and minor oncologic risk factors.
However, the risk of CRC recurrence was not affected

by whether or not pre-hepatectomy chemotherapy was
administered in group I patients (≥ 2 oncologic factors)
according to the result of adjusted HR analysis. The data
indicate that the timing of liver resection remains uncer-
tain for high-risk patients, suggesting the crucial role of
the liver surgeon’s experience in dealing with CRC
hepatic metastasis for such patients. As long as the
metastatic lesion is technically resectable, liver resection
with a curative intent should be attempted under the
prerequisite of preserving adequate future remnant liver
volume. Nonetheless, certain populations of patients,
such as those with multiple metastasis with a tumor
number > 5, would ultimately recur even after curative
resection of liver metastasis [14, 23]. Although neoadju-
vant chemotherapy had been proposed as a selection
tool for high-risk patients [24, 25], the presence of mul-
tiple metastasis should not be a contraindication of liver
resection because of the absence of other alternative
treatments associated with long-term survival as well as
potential cures for the disease.
Additionally, potential concerns regarding the pro-

longed administration of chemotherapy before liver resec-
tion should also be mentioned. Although chemotherapy
could downsize the metastatic tumor burden in a good
site, it may induce many histologic changes of the liver
parenchyma, including steatohepatitis, sinusoidal obstruc-
tion, and vascular injury, which would lead to an increased
postoperative complication on the other hand [26–28].
Moreover, a study on major liver resection for CRC
hepatic metastasis showed that irinotecan-induced steato-
hepatitis was associated with the risk of postoperative
mortality, including death from liver failure [28]. The
precise mechanisms of chemotherapy-induced liver injury
remain unclear, and future development in terms of a
better understanding of these mechanisms may possibly
help counter the effects of chemotherapy on the liver.
Interestingly, the long-term overall survival was not

significantly affected by the utilization of pre-hepatectomy
chemotherapy in group I of this study. A theoretical
explanation of this phenomenon could be that the adju-
vant chemotherapy after liver resection may not only pre-
vent CRC recurrence but also potentially extend patient’s
survival. Apart from that, the current aggressive approach

of multidisciplinary treatments including repeat liver
resection, modern chemotherapy, and so on could also
prolong patients’ survival even after CRC recurrence fol-
lowing liver resection [14, 29–31]. Therefore, a predicted
high risk of cancer recurrence following hepatectomy for
CRC hepatic metastasis should not be used as an exclu-
sion criterion for liver resection.

Conclusions
In summary, patients with multiple oncologic risk fac-
tors are certainly embracing a higher risk of CRC recur-
rence after liver resection as compared with other
patients. Generally, the choice of therapeutic strategy
should be individualized on the basis of balance against
resectability of tumor status, extent of liver resection,
and host condition for patients with CRC hepatic metas-
tasis. As shown in this study, the administration of pre-
hepatectomy chemotherapy for CRC hepatic metastasis
seems to confer no clinical benefit in terms of prevent-
ing cancer recurrence after liver resection. Chemother-
apy before liver resection is definitively not necessary for
patients with low-risk hepatic metastasis. Although pre-
hepatectomy chemotherapy remains controversial for
high-risk hepatic metastasis, the result could also be
interpreted as liver resection without chemotherapy is a
logical strategy for these patients whenever possible.
However, the optimal integration of chemotherapy with
liver resection, including the use of pre-operative neoad-
juvant chemotherapy, remains to be determined.

Abbreviations
CEA: Carcinoembryonic antigen; CI: Confidence interval; CRC: Colorectal
cancer; CT: Computed tomography; HR: Hazard ratio; LR: Liver resection;
OS: Overall survival; PET: Positron emission tomography; RFS: Recurrence-free
survival

Acknowledgements
The authors would like to thank Ms. Shu-Fang Huang from the Department
of General Surgery, Chang Gung Memorial Hospital at Linkou for the statis-
tical support.

Funding
This manuscript is made by the authors’ own work without receiving any
funding. There was no financial support for this research and publication.

Availability of data and materials
All data generated or analyzed during this study are included in this
published article.

Authors’ contributions
K-M C conceived the study concept and design and drafted the manuscript.
K-M C, T-H W, Y-C W, C-F L, T-J W, H-S C, W-C L, J-M C, and J-S C performed
the acquisition of data and critical revision of the manuscript for important
intellectual content. All authors read and approved the final manuscript.

Ethics approval and consent to participate
This study was fully reviewed and endorsed by the internal review board of
Chang Gung Memorial Hospital at Linkou (201700231B0), and informed
consent from patients was waived.

Consent for publication
Not applicable.

Chan et al. World Journal of Surgical Oncology  (2018) 16:24 Page 7 of 8



Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Division of Liver and Organ Transplantation Surgery, Department of General
Surgery, Chang Gung Memorial Hospital at Linkou, Chang Gung University
College of Medicine, 5 Fu-Hsing Street, Kwei-Shan District, Taoyuan City
33305, Taiwan. 2Department of General Surgery, Chang Gung Memorial
Hospital at Linkou, Chang Gung University College of Medicine, 5 Fu-Hsing
Street, Kwei-Shan District, Taoyuan City 33305, Taiwan. 3Department of
Colorectal Surgery, Chang Gung Memorial Hospital at Linkou, Chang Gung
University College of Medicine, 5 Fu-Hsing Street, Kwei-Shan District,
Taoyuan City 33305, Taiwan.

Received: 6 July 2017 Accepted: 23 January 2018

References
1. Schreuders EH, Ruco A, Rabeneck L, et al. Colorectal cancer screening: a

global overview of existing programmes. Gut. 2015;64:1637–49.
2. Manfredi S, Lepage C, Hatem C, et al. Epidemiology and management of

liver metastases from colorectal cancer. Ann Surg. 2006;244:254–9.
3. Tomlinson JS, Jarnagin WR, DeMatteo RP, et al. Actual 10-year survival

after resection of colorectal liver metastases defines cure. J Clin Oncol.
2007;25:4575–80.

4. Nordlinger B, Van Cutsem E, Gruenberger T, et al. Combination of surgery
and chemotherapy and the role of targeted agents in the treatment of
patients with colorectal liver metastases: recommendations from an expert
panel. Ann Oncol. 2009;20:985–92.

5. Simmonds PC, Primrose JN, Colquitt JL, et al. Surgical resection of hepatic
metastases from colorectal cancer: a systematic review of published studies.
Br J Cancer. 2006;94:982–99.

6. Abdalla EK, Vauthey JN, Ellis LM, et al. Recurrence and outcomes
following hepatic resection, radiofrequency ablation, and combined
resection/ablation for colorectal liver metastases. Ann Surg. 2004;239:
818–25. discussion 825-817

7. Figueras J, Torras J, Valls C, et al. Surgical resection of colorectal liver
metastases in patients with expanded indications: a single-center
experience with 501 patients. Dis Colon Rectum. 2007;50:478–88.

8. Pawlik TM, Scoggins CR, Zorzi D, et al. Effect of surgical margin status on
survival and site of recurrence after hepatic resection for colorectal
metastases. Ann Surg. 2005;241:715–22. discussion 722-714

9. Rees M, Tekkis PP, Welsh FK, et al. Evaluation of long-term survival after
hepatic resection for metastatic colorectal cancer: a multifactorial model of
929 patients. Ann Surg. 2008;247:125–35.

10. Belghiti J, Hiramatsu K, Benoist S, et al. Seven hundred forty-seven
hepatectomies in the 1990s: an update to evaluate the actual risk of liver
resection. J Am Coll Surg. 2000;191:38–46.

11. Breitenstein S, DeOliveira ML, Raptis DA, et al. Novel and simple
preoperative score predicting complications after liver resection in
noncirrhotic patients. Ann Surg. 2010;252:726–34.

12. Chan KM, Wang YC, Wu TH, et al. The preference for anterior approach
major hepatectomy: experience over 3 decades and a propensity score-
matching analysis in right hepatectomy for hepatocellular carcinoma.
Medicine (Baltimore). 2015;94:e1385.

13. Clavien PA, Petrowsky H, DeOliveira ML, Graf R. Strategies for safer liver
surgery and partial liver transplantation. N Engl J Med. 2007;356:1545–59.

14. Chan KM, Wu TH, Cheng CH, et al. Prognostic significance of the number of
tumors and aggressive surgical approach in colorectal cancer hepatic
metastasis. World J Surg Oncol. 2014;12:155.

15. de Jong MC, Pulitano C, Ribero D, 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. 2009;250:440–8.

16. Nordlinger B, Guiguet M, Vaillant JC, et al. Surgical resection of colorectal
carcinoma metastases to the liver. A prognostic scoring system to improve

case selection, based on 1568 patients. Association Francaise de Chirurgie
Cancer. 1996;77:1254–62.

17. Choti MA, Sitzmann JV, Tiburi MF, et al. Trends in long-term survival
following liver resection for hepatic colorectal metastases. Ann Surg.
2002;235:759–66.

18. Fong Y, Fortner J, Sun RL, et al. Clinical score for predicting recurrence after
hepatic resection for metastatic colorectal cancer: analysis of 1001
consecutive cases. Ann Surg. 1999;230:309–18. discussion 318-321.

19. Vigano L, Capussotti L, Lapointe R, et al. Early recurrence after liver resection for
colorectal metastases: risk factors, prognosis, and treatment. A LiverMetSurvey-
based study of 6,025 patients. Ann Surg Oncol. 2014;21:1276–86.

20. Lehmann K, Rickenbacher A, Weber A, et al. Chemotherapy before liver
resection of colorectal metastases: friend or foe? Ann Surg. 2012;255:237–47.

21. Nanji S, Cleary S, Ryan P, et al. Up-front hepatic resection for metastatic
colorectal cancer results in favorable long-term survival. Ann Surg Oncol.
2013;20:295–304.

22. Ueno S, Sakoda M, Kitazono M, et al. Is delayed liver resection appropriate
for patients with metachronous colorectal metastases? Ann Surg Oncol.
2011;18:1104–9.

23. Kornprat P, Jarnagin WR, Gonen M, et al. Outcome after hepatectomy for
multiple (four or more) colorectal metastases in the era of effective
chemotherapy. Ann Surg Oncol. 2007;14:1151–60.

24. Adam R, Pascal G, Castaing D, et al. Tumor progression while on
chemotherapy: a contraindication to liver resection for multiple colorectal
metastases? Ann Surg. 2004;240:1052–61. discussion 1061-1054

25. Tanaka K, Adam R, Shimada H, et al. Role of neoadjuvant
chemotherapy in the treatment of multiple colorectal metastases to the
liver. Br J Surg. 2003;90:963–9.

26. Parikh AA, Gentner B, Wu TT, et al. Perioperative complications in patients
undergoing major liver resection with or without neoadjuvant chemotherapy.
J Gastrointest Surg. 2003;7:1082–8.

27. Rubbia-Brandt L, Audard V, Sartoretti P, et al. Severe hepatic sinusoidal
obstruction associated with oxaliplatin-based chemotherapy in patients
with metastatic colorectal cancer. Ann Oncol. 2004;15:460–6.

28. Vauthey JN, Pawlik TM, Ribero D, et al. Chemotherapy regimen predicts
steatohepatitis and an increase in 90-day mortality after surgery for hepatic
colorectal metastases. J Clin Oncol. 2006;24:2065–72.

29. Shaw IM, Rees M, Welsh FK, et al. Repeat hepatic resection for recurrent
colorectal liver metastases is associated with favourable long-term survival.
Br J Surg. 2006;93:457–64.

30. Wicherts DA, de Haas RJ, Salloum C, et al. Repeat hepatectomy for recurrent
colorectal metastases. Br J Surg. 2013;100:808–18.

31. Feng Q, Wei Y, Ren L, et al. Efficacy of continued cetuximab for unresectable
metastatic colorectal cancer after disease progression during first-line
cetuximab-based chemotherapy: a retrospective cohort study. Oncotarget.
2016;7:11380–96.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Chan et al. World Journal of Surgical Oncology  (2018) 16:24 Page 8 of 8


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Treatment of hepatic metastases
	Follow-up and chemotherapy
	Statistical analyses

	Results
	Clinical features of patients
	Patient outcome
	Chemotherapy before liver resection

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

