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Is neoadjuvant chemotherapy necessary for patients with 
initially resectable colorectal liver metastases in the era 

of effective chemotherapy?
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Backgrounds/Aims: Hepatic resection has only guaranteed long-term survival in patients with colorectal liver metastasis 
(CRLM) even in the era of effective chemotherapy. The definite role of neoadjuvant chemotherapy (NCT) is to improve 
outcomes of unresectable CRLMs, but it its role has not been defined for initially resectable CRLMs (IR-CRLMs). 
Methods: We reviewed the medical records of 226 patients, who had been diagnosed and treated for IR-CRLM between 
2003 and 2008; the patients had the following pathologies: 10% had more than 4 nodules, 11% had tumors larger 
than 5 cm, and 61% had synchronous CRMLs. Among these patients, 20 patients (Group Y) were treated with NCT, 
and 206 (Group N) did not receive NCT according to their physician’s preference. The median follow-up time was 
34.1 months. Results: The initial surgical plans were changed after NCT to further resection in 20% and to limited 
resection in 10% of 20 patients. Complication rates of Groups Y (30%) were indifferent from Group N (23%) (p=0.233), 
but intraoperative transfusions were more frequent in Group N (15%) than in Group Y (5%) (p=0.006). There was 
one case of hospital mortality (0.44%). Disease-free survival rates in Groups Y and N were 23% and 39%, respectively, 
and patient survival rates were 42% and 66% (p＞0.05). By multivariate analysis, old age (≥60 years), differentiation 
of primary tumor (poorly/mucinous), resection margin involvement, and no adjuvant chemotherapy were associated 
with poor patient survival; the number of CRLMs (≥4) was associated with poor disease-free survival. Conclusions: 
NCT had neither a positive impact nor a negative impact on survival, even with intraoperative transfusion, as observed 
on operative outcomes for patients with IR-CRLM. Further study is required to elucidate the role of NCT for treatment 
of patient with IR-CRLMs. (Korean J Hepatobiliary Pancreat Surg 2011;15:206-217)
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INTRODUCTION

　Hepatic resection has only guaranteed long-term surviv-
al in patients with colorectal liver metastases (CRLM).1-3 
Recent improvements in perioperative care and in surgical 
techniques of hepatic resection have produced excellent 
surgical outcomes and have increased the surgical options 
available to patients with advanced metastatic tumors.1,3-9 
For this reason, the patients with technically resectable 
metastases due to CRLM actually had undergone hepatic 
resection in the large volume centers of hepatic surgery. 
“Technically resectable” CRLM was defined as the possi-
bility of an oncologically radical operation and the possi-

bility of preserving adequate liver function as introduced. 
Adequate liver function after hepatic resection included 
various meanings; in our center, major hepatectomy was 
decided according to the reference values as follows: a 
remnant liver volume via a CT volumetry ≥25% of the 
total liver volume and the parabolic pattern of oral glu-
cose intolerance test or ＜15% of indocyanine green 
(ICG) 15-minutes retention test (ICG R15). By contrast, 
the total number, the size, their unilateral or bilateral pre-
sentation, and hilar node metastasis were not considered 
exclusion criteria. Moreover, as the outcomes of hepatic 
resection in recent retrospective reviews were excellent,1,3 
these selection criteria for hepatic resection have been ac-
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cepted as the standard in patients with CRLM in our cen-
ter since 2003.
　However, some of the patients, who underwent hepatic 
resection according to these extended criteria, had shown 
rapid tumor progression after hepatic resection in spite of 
effective adjuvant chemotherapy.10-13 Since 2005, neo-
adjuvant chemotherapy (NCT) has been prescribed for pa-
tients with initially resectable CRLMs (IR-CRLMs) with 
the expectation that it would prevent early recurrence after 
hepatic resection, resulting in a survival benefit. For, NCT 
has been given according to the oncologist’s preference, 
although the role of NCT has typically been mainly down 
staging or debulking for curative surgery for initially un-
resectable CRLMs. However, the role of NCT has not 
been elucidated in patients with IR-CRLMs.
　On a retrospective basis, we evaluated the survival out-
come of patients with IR-CRLMs treated with NCT and 
analyzed the factors affecting prognosis after hepatic re-
section for IR-CRLMs. 

METHODS

　A total of 226 patients with CRLMs underwent hepatic 
resection at Seoul National University Hospital from 
January 2003 to December 2008. A retrospective review 
of these patients’ medical records was conducted and an 
Institutional Review Board approval was obtained to con-
duct this study. 

Selection criteria of patients with primarily 

resectable CRLMs

　Selection criteria for hepatic resection included the fol-
lowing: controlled primary disease, no extrahepatic dis-
ease on preoperative imaging studies revealed (except for 
selected patients with controlled extrahepatic lesions), 
hepatic resection could remove all tumors with acceptable 
surgical margins, and expectation of adequate liver func-
tion after hepatic resection. In order for adequate liver 
functioning, the final liver volume must be more than 
25% on preoperative computed tomography (CT) scan. 
An acceptable liver function test must include a parabolic 
oral glucose test (OGTT) and/or less than 15% of ICG 
R15. A case that required additional radiofrequency abla-
tion therapy was excluded. In all patients, preoperative di-
agnostic workup included 3-phase abdominal and pelvic 

CT scans. In addition, contrast-enhanced liver magnetic 
resonance imaging (MRI), contrast chest CT scans, and 
positron emission tomography (PET) scans were per-
formed according to the surgical plan. 

Patients and tumor characteristics 

　Among 226 patients, 149 (65.9%) were male. The mean 
age at time of hepatic resection was 63.7 years, and 155 
patients (68.6%) were 60 years of age or older. Primary 
lesions were derived in the colon for 135 patients (59.7%) 
and in the rectum for 95 patients. According to American 
Joint Committee on Cancer, 6th edition, the staging of pa-
tients’ primary colorectal tumors were as follows: T1 in 
5 patients (2.2%), T2 in 13 patients (5.8%), T3 in 176 
patients (77.9%), and T4 in 23 patients (10.2%). Metasta-
ses to a regional lymph node were noted in 152 patients 
(67.3%). Synchronous liver metastasis was noted in 138 
patients (61.0%). Median preoperative carcinoembryoge-
nic antigen (CEA) level was 8.5 ng/ml (range, 1-25, 150 
ng/ml), with 57.5% of patients having had CEA of more 
than 5 ng/ml. A total of 127 patients (56.2%) had a single 
tumor, and 22 patients (9.7%) had more than 4 tumors. 
The median size of the largest tumor was 2.6 cm (range, 
0.3-18.5 cm); 36 patients (15.9%) had tumors larger than 
5 cm. Bilobar distribution of tumors was present in 33 
patients (14.6%). Median follow-up was 34.1 months 
(range, 0-88 months) for all patients (Table 1).

NCT for patients with IR-CRLMs

　Since 2005, NCT has been used to prevent early re-
currence in patients with IR-CRLMs that have undergone 
hepatic resection to prolong disease-free survival. The 
NCT has been used according to the physician preference. 
To elucidate the impact of NCT on the outcomes after 
hepatic resection, we divided the patients into 2 groups: 
Group Y (n=20) with NCT and Group N (n=206) without. 
In Group Y, the most commonly used (in 13 [75%] pa-
tients) NCT was 5-FU based chemotherapy combined 
with oxaliplatin. A Xeloda-based chemotherapy was used 
in 5 patients (20%), with 4 patients receiving treatment 
combined with oxaliplatin and 1 patient combined with 
irinotecan. Other target agent chemotherapy was used in 
2 patients (5%). There was a median 8 treatment cycles 
of NCT for patients in the Y group (range, 3-26 times).
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Table 1. Patient characteristics 

Total (frequency, %) Group Y
(n=20) (%)

Group N
(n=206) (%) p-value

Age (mean)
＜60 years
≥60 years 

Sex 
Male
Female

Onset of liver metastasis
Synchronous
Metachronous

Primary tumor
Location

Colon
Rectum
Missing data

Lymph node metastasis (mean)
Positive
Negative
Missing data

Differentiation
Well
Moderate
Poor/mucinous
Missing data

Metastatic tumor
Number (mean)

＜4
≥4

Distribution
Unilobar
Bilobar

Largest size
＜5 cm
≥5 cm

63.77±9.93
 71 (31.4%)
155 (68.6%)

149 (65.9%)
 77 (34.1%)

138 (61.0%)
 88 (39.0%)

129 (57.1%)
 96 (42.5%)

 1 (0.4%)
3.19±3.74

152 (67.3%)
 65 (28.8%)

 9 (4.0%)

12 (5.3%)
185 (81.9%)

 9 (4.0%)
20 (8.8%)

1.82±1.25
204 (90.3%)
22 (9.7%)

193 (85.4%)
 33 (14.6%)

3.25±2.43
190 (84.1%)
 36 (15.9%)

 4 (20.0%)
16 (80.0%)

15 (75.0%)
 5 (25.0%)

12 (60.0%)
 8 (40.0%)

 9 (45.0%)
11 (55.0%)

12 (60.0%)
 5 (25.0%)
 3 (15.0%)

15 (75.0%)

 5 (25.0%)

18 (90.0%)
 2 (10.0%)

14 (70.0%)
 6 (30.0%)

16 (80.0%)
 4 (20.0%)

 67 (32.5%)
139 (67.5%)

134 (65.0%)
 72 (35.0%)

126 (61.2%)
 80 (38.8%)

120 (58.3%)
 85 (41.3%)
 1 (0.5%)

140 (68.0%)
 60 (29.1%)
 6 (2.9%)

12 (5.8%)
170 (82.5%)

 9 (4.4%)
15 (7.3%)

186 (90.3%)
20 (9.7%)

179 (86.9%)
 27 (13.1%)

174 (84.5%)
 32 (15.5%)

p=0.407

p=0.026

p=0.846

p=0.619

p=0.918

p=0.122

p=0.934

p=0.001

p=0.326

Group Y=primarily resectable CRLM patients with neoadjuvant chemotherapy, Group N=primarily resectable CRLM patients 
without neoadjuvant chemotherapy.

Surgical procedures 

　A standardized hepatic resection was performed under 
anesthesia in conditions of low central venous blood pres-
sure before parenchymal transection without the Pringle 
maneuver. Intraoperative ultrasound was carried out to ob-
tain an adequate resection margin and to confirm vascular 
structures on CT scans and/or MRI.14-16 The number, size, 
and the resection margin of CRLMs were determined by 
a pathologist. 
　Resections were defined on the basis of the Brisbane 
description of hepatic anatomy.17 Resections less than a 
segmentectomy were defined as wedge resections. Major 
hepatectomy was defined as resection of more than 2 con-
secutive segments except left lateral sectionectomy or a 

remnant liver volume less than 30% of the total liver 
volume. Minor hepatectomy was defined as a resection 
other than major hepatectomy. 

End point of the study

　Survival time was measured from the time of hepatic 
resection. Living patients were examined at the time of 
their last follow-up. The variables considered included the 
biology of the primary tumor (disease stage, differ-
entiation grade, and nodal metastasis), and the factors of 
the hepatic lesions (number, size, lobar distribution, and 
preoperative carcinoembryonic antigen (CEA) level of 
CRLMs, type of hepatic resection, resection margin in-
volvement, estimated blood loss, intraoperative trans-
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Table 2. Summary of hepatic resection

Hepatic resection Total (frequency, %) Group Y
(n=20) (%)

Group N
(n=206) (%) p-value

Major
Right hemihepatectomy
Left hemihepatectomy
Central bisectionectomy
Right anterior sectionectomy
Right posterior sectionectomy

Minor
Wedge resection
Segmentectomy
Left lateral sectionectomy

Total

37 (16.4%)
14 (6.2%)
6 (2.7%)

14 (6.2%)
35 (15.5%)

106 (46.9%)
13 (5.8%)
 1 (0.4%)

226 (100%)

10 (50.0%)
5
4
1

10 (50.0%)
9

1

 96 (46.6%)
32
10
5

14
35

110 (53.4%)
97
13

206 (100%)

0.490

Group Y=primarily resectable CRLM patients with neoadjuvant chemotherapy, Group N=primarily resectable CRLM patients 
without neoadjuvant chemotherapy.

fusions, postoperative complications, and use of adjuvant 
chemotherapy after hepatic resection). Complications were 
graded according to a previously published grading 
system.18 All complications and deaths within 30 days of 
surgery were considered postoperative morbidity and 
mortality.

Statistical analysis

　SPSS software, version 17.0 was used for data analysis. 
Univariate analysis was performed using the chi-squared 
test or Student’s t-test. The Kaplan-Meier method and the 
log-rank test were used to evaluate patient survival for 
various prognostic factors. The Cox proportional hazard 
regression model was used to assess the independent prog-
nostic influence of various factors on patient survival. All 
variables that were significantly associated with survival 
on the univariate level were included. Significance levels 
were set at p＜0.05. 

RESULTS

Patient profiles

　No statistical differences were observed according to 
age, primary tumor stage, number and size of CRLMs, 
and adjuvant chemotherapy between Group Y and N (p＞
0.05) except gender ratio and lobar distribution of CRLMs 
(Table 1). There were more males in Group Y (75.0%) 
than in Group N (65.0%, p=0.026), and the bilobar dis-
tribution was more prevalent in Group Y (30.0%) than in 
Group N (13.1%, p=0.001). NCT has been utilized as a 

therapy since 2005, thus the follow-up period was sig-
nificantly shorter in Group Y (27.0±12.6 months) than in 
Group N (34.1±20.0 months, p=0.008).

Operative outcome 

　A total of 106 patients (46.9%) underwent major hep-
atectomies; 120 patients (53.1%) underwent minor re-
sections as the primary procedure (Table 2). The median 
operative time was 260 minutes (range, 20-750 minutes). 
The median intraoperative estimated blood loss was 400 
mL (range, 25-4,300 ml). Intraoperative transfusion was 
performed in 32 patients (14.2%). Surgical margins were 
histologically negative in 257 patients (96.1%) and less 
than 1 cm in 140 patients (61.9%). The median post-
operative hospital stay was 11 days (range, 6-79 days). 
No differences were observed between Groups Y and N 
for the followings: major hepatectomy (55.0% vs. 67.2%, 
p=0.273), operation time (272.8 min vs. 285.0 min, 
p=0.434), resection margin ＜1 cm (55.0% vs. 62.6%, 
p=0.644), resection margin positivity (5.0% vs. 3.9%, 
p=0.185), estimated blood loss ≥1,000 ml (5.0% vs. 
11.7%, p=0.365), and postoperative hospital stay (12.7 
days vs. 12.9 days, p=0.598). However, intraoperative 
transfusion was more frequent in Group N than in Group 
Y (5% vs. 15%, p=0.006).
　Postoperative complications occurred in 54 patients 
(23.8%) (Table 3). Major morbidity occurred in 19 pati-
ents (8.3%), and minor morbidity occurred in 35 patients 
(15.5%). The complication rates (21.0% vs. 25.6%, p= 
0.117) and the III-IV grade of complications (43.7% vs. 
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Table 3. Perioperative morbidities according to the type of hepatectomy

Complication Major hepatectomy
(n=76)

Minor hepatectomy
(n=150) (Frequency, %)

Minor (Grade I, II)
Wound infection
Ileus
Pleural effusion
Pneumonia
Chylous drain
Liver function test abnormality
Other

Major (Grade III, IV, V)
Intraabdominal fluid collection
Cerebral infarct
Diaphragm injury
Death due to hypovolemic shock
 associated with rupture of
 aneurysm of renal artery

Total

 9 (11.8%)
4
2
1

1
1

7 (9.2%)
6

1

16 (21.0%)

26 (16.3%)
13

4

1
2

6
12 (8.0%)

9
1
2

 38 (25.36%)

 35 (15.5%)
17 (7.5%)
 6 (2.7%)
 1 (0.4%)
 1 (0.4%)
 2 (0.9%)
 1 (0.4%)
 7 (3.2%)
19 (8.3%)
15 (6.6%)
 1 (0.4%)
 2 (0.9%)
 1 (0.4%)

54/226 (23.8%)

31.5%, p=0.186) were not significantly different between 
patients undergoing major or minor hepatectomy (p= 
0.807). The complication rates (30.0% vs. 23.3%, p= 
0.233) and the III-V grade of complications (10.0% vs. 
8.3%, p=0.836) were also insignificant between Groups Y 
and N (p=0.809). There was no operative mortality, but 
one in-hospital mortality (0.44%). A 78-year-old male pa-
tient underwent simultaneous right hemicolectomy and 
right hemihepatectomy; although he did not experience 
immediate postoperative complications, he experienced 
bleeding due to incidental aneurysmal rupture of the left 
renal artery at postoperative day 7 and died of multi-organ 
failure at postoperative day 33. 

Survival analysis

　Median follow-up was 34.1 months (range, 0-88 
months) for all patients and 31.4 months for survivors. 
The overall survival rate was 62.2 months (Fig. 1A). The 
patient survival rate was not different between Groups Y 
and N (42.0% vs. 65.7%, p=0.056) (Fig. 1B).
　By univariate analysis, age (≥60 years), liver meta-
stasis onset (synchronous), lymph node involvement of 
primary tumor, differentiation of primary tumor (poor/mu-
cinous), extrahepatic lesion, number of metastases (≥4), 
distribution of liver metastasis (bilobar distribution), re-
section margin involvement, intraoperative blood loss (≥
1,000 ml), intraoperative transfusion, and no adjuvant che-
motherapy were associated with poor patient survival 

(Table 4). Otherwise, NCT and diameter of the largest tu-
mor of ≥5 cm had no marked impact on patient survival. 
Multivariate analysis revealed that age (≥60 years), dif-
ferentiation of primary tumor (poor/mucinous), resection 
margin involvement, and no adjuvant chemotherapy were 
independent prognostic factors of poor patient survival of 
IR-CRLMs (Fig. 1C-F).

Recurrence patterns and disease-free survival

　The median disease-free survival, as measured from 
time of hepatic resection, was 37.1 months (range, 0-86 
months, Fig. 2A). The overall disease-free survival rate 
was 23.0% and 38.8% in Groups Y and N, respectively 
(p=0.201, Fig. 2B). The disease recurred in 130 patients 
(57.5%). Of these, 86 patients (66.2%) had their initial re-
currence within the first year, 34 (26.2%) in the second 
year, and 10 (7.6%) after the second year. Thirteen pa-
tients (9.2%) underwent repeat hepatic resection of their 
first recurrence, and of these, 1 patient underwent hepatic 
resection three times. The most frequent site of initial re-
currence was the liver in 54 patients (41.5%), a metastatic 
lymph node in 32 (24.6%), the lung in 24 (18.5%), peri-
toneal seeding in 7 (5.4%), and multiple recurrence sites 
in 13 (10%).
　Based on univariate analysis, all of the following were 
consistent with disease-free survival: lymph node involve-
ment and stage of primary tumor, extrahepatic lesions, 
preoperative CEA (＞5 ng/ml), number of liver metastases 
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Fig. 1. Overall survival after hepatic resection for initially resectable colorectal liver metastasis. (A) Patients’ survival rates. 
(B) Patients survival according neoadjuvant chemotherapy (Group Y: Primarily resectable CRLM patients with neoadjuvant che-
motherapy, Group N: Primarily resectable CRLM patients without neoadjuvant chemotherapy). (C) Patient survival related to 
age, analyzed by the adjusted Cox proportional hazard method. (D) Patient survival related to differentiation of the primary
colorectal tumor, analyzed by the adjusted Cox proportional hazard method (W/D, well differentiated; M/D, moderate differ-
entiated; P/D, poorly differentiated). (E) Patient survival related to resection margin (RM) involvement, analyzed by the adjusted
Cox proportional hazard method. (F) Patient survival related to adjuvant chemotherapy (CTx), analyzed by the adjusted Cox
proportional hazard method.
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Table 4. Univariate and multivariate analysis of prognostic factors affecting patient survival

Variable Median survival 
(months)

5-year survival 
rate (%)

Overall survival

Univariate
(log-rank)

Mutivariate
(hazard, 95%CI)

Age (n=226)
＜60 years (n=71, 31.4%)
≥60 years (n=155, 68.6%)

Sex (n=226)
Male (n=149, 65.9%)
Female (n=77, 34.1%)

Liver metastasis onset (n=226)
Synchronous (n=138, 61.0%)
Metachronous (n=88, 39.0%)

Site, colorectal primary (n=225)
Colon (n=129, 57.1%)
Rectum (n=96, 42.5%)

T stage, colorectal primary (n=217)
T1 (n=5, 2.2%)
T2 (n=13, 5.8%)
T3 (n=176, 77.9%)
T4 (n=23, 10.2%)

N stage, colorectal primary (n=217)
N0 (n=65, 28.8%)
N1 (n=73, 32.3%)
N2 (n=78, 34.5%)
N3 (n=1, 0.4%)

Lymph node, colorectal primary (n=217)
Negative (n=65, 28.8%)
Positive (n=152, 67.3%)

Extrahepatic lesion (n=218)
Yes (n=43, 19.0%)
No (n=175, 77.4%)

Differentiation, colorectal primary (n=206)
Well/Moderate (n=197, 87.2%)
Poor/Mucinous (n=9, 4.0%)

Preoperative CEA (ng/ml) (n=223)
≤5 (n=96, 42.5%)
＞5 (n=127, 56.2%)

Preoperative CEA (ng/ml) (n=223)
≤200 (n=211, 93.4%)
＞200 (n=12, 5.3%)

Diameter largest lesion (n=225)
＜5 cm (n=185, 81.9%)
≥5 cm (n=40, 17.7%)

No. of metastases (n=226)
＜4 lesions (n=204, 90.3%)
≥4 lesions (n=22, 9.7%)

Distribution of liver metastasis (n=225)
Unilobar (n=167, 73.9%)
Bilobar (n=58, 25.7%)

Resection margin (n=224)
Negative (n=215, 95.1%)
Positive (n=9, 4.0%)

Resection margin (n=216)
＜1 cm (n=140, 61.9%)
≥1 cm (n=76, 33.6%)

72
62

64
69

62
71

65
66

29
66
65
64

75
62

68
56

68
21

66
63

66
52

67
60

68
51

70
47

67
41

66
66

72.8
57.4

58.3
69.8

56.9
71.4

62.6
61.4

40.0
68.7
61.0
79.3

78.6
62.0
49.3

78.6
56.1

65.8
52.9

72.9
31.3

53.4
60.6

63.0
43.7

64.9
52.3

67.1
45.2

71.2
37.2

64.5
19.8

62.4
62.3

p=0.027

p=0.298

p=0.030

p=0.520

p=0.156

p=0.136

p=0.034

p=0.026

p＜0.001

p=0.152

p=0.097

p=0.204

p=0.051

p=0.003

p=0.046

p=0.838

p=0.014
3.0

1.30-6.93

p=0.889
0.9

0.41-2.17

p=0.073
2.1

0.93-5.02
p=0.371

1.4
0.67-2.99
p＜0.001

10.4
3.16-34.81

p=0.198
1.6

0.78-3.23
p=0.008

 5.52
1.56-19.49
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Table 4. Continued

Variable Median survival 
(months)

5-year survival 
rate (%)

Overall survival

Univariate
(log-rank)

Mutivariate
(hazard, 95%CI)

Type of resection (n=224)
Major (n=148, 65.5%)
Minor (n=76, 33.6%)

Intraoperative blood loss (n=201)
＜1,000 ml (n=176, 77.9%)
≥1,000 ml (n=25, 11.1%)

Intraoperative transfusion (n=225)
Yes (n=32, 14.2%)
No (n=193, 85.4%)

Postoperative complications (n=222)
Absent (n=183, 81.0%)
Present (n=39, 17.3%)

Neoadjuvant chemotherapy (n=226)
Yes (n=20, 8.8%)
No (n=206, 91.2%)

Adjuvant chemotherapy (n=219)
Yes (n=194, 85.8%)
No (n=25, 11.1%)

65
65

69
51

48
69

68
51

24
30

31
14

62.1
59.9

67.4
37.6

35.8
67.2

65.9
42.2

26.4
64.6

89.3
43.0

p=0.899

p=0.008

p＜0.001

p=0.001

p=0.056

p＜0.001

p=0.879
1.1

0.43-2.69
p=0.983

1.0
0.41-2.46
p=0.270

1.5
0.72-3.19

p=0.004
0.3

0.14-0.69

(≥4 lesions), resection margin involvement, and resection 
margin ≤1 cm were associated with shorter disease-free 
survival (Table 5). On follow-up multivariate analysis, the 
number of liver metastases (≥4 lesions) was the only fac-
tor associated with shorter disease-free survival (Fig. 2C). 

Outcome of hepatic resection according to the 

NCT

　Median duration of NCT from diagnosis was 7.5 
months (range, 1-16 months). According to the revised 
RECIST criteria, 4 patients (20%) showed partial respon-
se, one patient (5%) showed stable disease and 15 patients 
(75%) showed progressive disease in Group Y. In 15 pa-
tients with progressive disease, CRLMs were increased in 
both size and number in 3 patients and only in size for 
12 patients during NCT.
　In 14 patients (70%), NCT had no clinical impact on 
initial surgical plans. Initial tentative surgical plans of 
hepatic resections were changed after NCT in 6 patients 
(30%) to further resection in 4 (20%) and to limited re-
section in 2 patients (10%).

DISCUSSION

　There have been several papers focusing on the role of 
hepatic resection for CRLMs even in the era of effective 

chemotherapy. As recent advances in hepatectomy techni-
ques have dramatically improved, operative mortality as-
sociated with hepatic resection is less than 1% in experi-
enced surgical centers.14-16 Moreover, the recent introduc-
tion of effective adjuvant chemotherapies and advanced 
diagnostic images has been widening the criteria of 
IR-CRLMs, although the definition has been variable in 
different centers.19-25 

　In spite of advanced criteria of IR-CRLMs, the 5-year 
survival rate was more than 50% in Group N. Our center 
is one of the highest volume hepatic resection and living 
donor liver transplantation centers in Korea. Moreover, 
early adaption of advanced imaging modalities (ie, super-
magnetic iron oxide-enhanced MRI and EOB-Gd-DTPA 
MRI, has assisted the improvement of surgical and onco-
logical outcomes of IR-CRLMs).26-30 For this reason, one 
stage hepatic resection in synchronous CRMLs and imme-
diate hepatic resection in metachronous CRLMs without 
NCT were the main policy when dealing with IR-CRLMs 
in our institution since 2003. 
　Recently, some authors insist that the survival benefit 
from hepatic resection was determined by biological fea-
tures of liver lesions rather than by early and precise de-
tection of small lesions.31-33 For this reason, interval hep-
atic resection (ie, staged resection for synchronous CRLMs 
or delayed resection for metachronous CRLMs after NCT), 



214  Korean J Hepatobiliary Pancreat Surg Vol. 15, No. 4, November 2011

might be recommended to assess the biological behavior 
of these lesions in patients with IR-CRLMs. In addition, 
in the era of effective chemotherapy, the tentative surgical 
plan can change from major to limited resection, in order 
to save the liver parenchyma.34-38 In this respect, all pa-
tients with IR-CRLMs could be candidates for NCT, be-
cause the chemotherapeutic agents have been more effec-
tive and some reports of initially unresectable CRLMs 
have supported these attempts.39-41 In addition, it must be 
kept in mind that the potential hazards of chemotherapy 
to the liver are detrimental in proportion to the number 
of chemotherapy cycles. 
　In this study, there was no benefit of NCT for the 
IR-CRLMs, as well as no harm. NCT was not one of the 
prognostic factors of DFS and patient survival rates. 
According to the RECIST criteria, only 10% of patients 
(n=2) in Group Y could have more than a remnant of their 
liver saved via a more limited resection than the initial 
surgical plan. By contrast, 20% of Group Y underwent 
further hepatic resection than initially planned. It was not 

surprising because only 20% of initially unresectable pa-
tients could be saved by NCT.42 This result might be 
caused by the disease progression even during NCT. On 
the other hand, this retrospective study excluded patients 
who showed complete response to NCT, as well as the 
patient who dropped out from the resection list due to dis-
ease progression; thus the effectiveness of NCT could be 
not be assessed fully.
　The most recent a randomized controlled study, Euro-
pean Organization for Research and Treatment of Cancer 
(EORTC) phase III study, demonstrated that perioperative 
FOLFOX improved the 3-year-progression-free survival in 
the patients with IR-CRLMs. However, the effectiveness 
of NCT is still debated, because the control group of that 
study received only hepatic resection without adjuvant 
chemotherapy.43 Therefore, the answer for the role and the 
criteria of NCT in patients with IR-CRLMs has been 
unclear. To elucidate who will respond well to NCT and 
who will be a candidate for NCT obtaining survival gain 
may require further studies. 

Fig. 2. Disease-free survival after hepatic resection for ini-
tially resectable colorectal liver metastasis analyzed by the 
Kaplan-Meier method. (A) Disease-free survival curve. (B) 
Disease-free survival according to neoadjuvant chemo-
therapy (Group Y: Primarily resectable CRLM patients with 
neoadjuvant chemotherapy, Group N: Primarily resectable 
CRLM patients without neoadjuvant chemotherapy). (C) 
Disease-free survival related to number of metastases, ana-
lyzed by the adjusted Cox proportional hazard method.
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Table 5. Univariate and multivariate analysis of prognostic 
factors affecting tumor recurrence

Variable Univariate Multivariate

Age (n=226)
＜60 years (n=71, 31.4%)
≥60 years (n=155, 68.6%)

Sex (n=226)
Male (n=149, 65.9%)
Female (n=77, 34.1%)

Liver metastasis onset (n=226)
Synchronous (n=138, 61.0%)
Metachronous (n=88, 39.0%)

Site, colorectal primary (n=225)
Colon (n=129, 57.1%)
Rectum (n=96, 42.5%)

T stage, colorectal primary 
(n=217)

T1 (n=5, 2.2%)
T2 (n=13, 5.8%)
T3 (n=176, 77.9%)
T4 (n=23, 10.2%)

N stage, colorectal primary 
(n=217)

N0 (n=65, 28.8%)
N1 (n=73, 32.3%)
N2 (n=78, 34.5%)
N3 (n=1, 0.4%)

Lymph node, colorectal primary 
(n=217)

Negative (n=65, 28.8%)
Positive (n=152, 67.3%)

Extrahepatic lesion (n=218)
Yes (n=43, 19.0%)
No (n=175, 77.4%)

Differentiation, colorectal 
primary (n=206)

Well/Moderate (n=197, 
87.2%)

Poor/Mucinous (n=9, 4.0%)
Preoperative CEA (ng/ml) 

(n=223)
≤5 (n=96, 42.5%)
＞5 (n=127, 56.2%)

Preoperative CEA (ng/ml) 
(n=223)
≤200 (n=211, 93.4%)
＞200 (n=12, 5.3%)

Diameter largest lesion (n=225)
＜5 cm (n=185, 81.9%)
≥5 cm (n=40, 17.7%)

No. of metastases (n=226)
＜4 lesions (n=204, 90.3%)
≥4 lesions (n=22, 9.7%)

Distribution of liver metastasis 
(n=225)

Unilobar (n=167, 73.9%)
Bilobar (n=58, 25.7%)

Resection margin (n=224)
Negative (n=215, 95.1%)
Positive (n=9, 4.0%)

p=0.567

p=0.550

p=0.374

p=0.374

p=0.131

p=0.033

p=0.023

p=0.024

p=0.572

p=0.009

p=0.299

p=0.285

p=0.004

p=0.089

p=0.013

p=0.224
1.5

0.77-2.90

p=0.686

0.7
0.21-2.71
p=0.205

1.5
0.78-3.05

p=0.407

1.2
0.70-2.34

p=0.033
2.1

1.06-4.38

p=0.128
2.3

0.78-7.14

Table 5. Continued

Variable Univariate Multivariate

Resection margin (n=216)
＜1 cm (n=140, 61.9%)
≥1 cm (n=76, 33.6%)

Neoadjuvant chemotherapy 
(n=226)

Yes (n=20, 8.8%)
No (n=206, 91.2%)

Adjuvant chemotherapy (n=219)
Yes (n=194, 85.8%)
No (n=25, 11.1%)

p=0.061

p=0.201

p=0.061

　This study is limited by its retrospective design and by 
the small sample size of the group Y; there were no cri-
teria for NCT in IR-CRLMs, because it had been per-
formed before 2008 when there was no world-wide estab-
lished NCT guideline for IR-CRLMs. The greater bilobar 
distribution and male gender in Group Y than in Group 
N could be explained as a selection bias. However, be-
cause the sample size was too small, we couldn’t statisti-
cally correct this bias. 
　In order to overcome the limitation of this retrospective 
study, we reanalyzed the survival outcome according to 
the survival benefit from the time of diagnosis of 
IR-CRLMs. However, the survival rate from the initial 
time of the diagnosis of IR-CRLMs, not from the time 
of hepatic resection, to the last follow-up or death was 
also similar between Groups Y and N (p=0.337). 
　The patient candidates who gained survival time via 
NCT might be those patients with very early and ag-
gressive recurrence, with an initial presentation of CRLMs 
was resectable. In this study analysis, age ≥60 years 
(p=0.014), intraoperative transfusion (p=0.025), and no 
adjuvant chemotherapy (p=0.004) were significant risk 
factors for early recurrence after hepatic resection (within 
3 months) based on the results of univariate analysis in 
Group N. However, age ≥60 years was the only sig-
nificant risk factor of very early recurrence in Group N 
on multivariate analysis. Therefore, further study is re-
quired to determine which IR-CRLMs will be candidates 
for NCT taking survival benefit or who will respond well 
to NCT.
　In conclusion, NCT had no positive impact on the sur-
vival outcome and no negative impact on the operative 
outcome in the patients with IR-CRLMs although patients 
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who underwent NCT saved intraoperative transfusion. 
Further study is required to elucidate NCT criteria for pa-
tients who have IR-CRLMs, but can get survival benefits 
according to the tumor biology. 
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