
Summary
Purpose: Prognostic factors for survival after liver resec-
tion for metastatic colorectal cancer identified up to date 
are quite inconsistent with a great inter-study variability. 
In this study we aimed to identify predictors of outcome in 
our patient population.

Methods: A series of 70 consecutive patients from the on-
cological hepatobiliary database, who had undergone cu-
rative hepatic surgical resection for hepatic metastases of 
colorectal origin, operated between 2006 and 2011, were 
identified.  At 44.6 months (range 13.7-73), 30 of 70 pa-
tients (42.85%) were alive. Patient demographics, primary 
tumor and liver tumor factors, operative factors, patho-
logic findings, recurrence patterns, disease-free survival 
(DFS), overall survival (OS) and cancer-specific survival 
(CSS) were analyzed. Clinicopathologic variables were 
tested using univariate and multivariate analyses. 

Results: The 3-year CSS after first hepatic resection was 
54%. Median CSS survival after first hepatic resection 
was 40.2 months. Median CSS after second hepatic resec-
tion was 24.2 months. The 3-year DFS after first hepatic 
resection was 14%. Median disease free survival after first 
hepatic resection was 18 months. The 3-year DFS after 

second hepatic resection was 27% and median DFS after 
second hepatic resection 12 months. The 30-day mortal-
ity and morbidity rate after first hepatic resection was 
5.71% and 12.78%, respectively. In univariate analysis 
CSS was significantly reduced for the following factors: 
age >53 years, advanced T stage of primary tumor, mod-
erately-poorly differentiated tumor, positive and narrow  
resection margin, preoperative CEA level >30 ng/ml, DFS 
<18 months. Perioperative chemotherapy related to metas-
tasectomy showed a trend in improving CSS (p=0.07). Pe-
rioperative chemotherapy improved DFS in a statistically 
significant way (p=0.03). Perioperative chemotherapy and 
achievement of resection margins beyond 1 mm were the 
major determinants of both CSS and DFS after first liver 
resection in multivariate analysis.

Conclusions: In our series predictors of outcome in mul-
tivariate analysis were resection margins beyond 1mm 
and perioperative chemotherapy. Studies on larger popu-
lation and analyses of additional clinicopathologic fac-
tors like genetic markers could contribute to development 
of clinical scoring models to assess the risk of relapse and 
survival.

Key words: colorectal cancer, hepatic metastases, liver  
resection, prognostic factors

Determinants of survival after liver resection for metastatic 
colorectal carcinoma
Angela Parau¹, Nicolae Todor², Liviu Vlad³
¹Institute of Gastroenterology and Hepatology “Prof Dr Octavian Fodor” Cluj-Napoca; ²Institute of Oncology “Prof Dr Ion Chiricuta”, 
Cluj-Napoca; ³University of Medicine and Pharmacy Cluj-Napoca, Romania

Correspondence to: Angela Parau, MD. Institute of Gastroenterology and Hepatology “Prof Dr Octavian Fodor”, Cluj-Napoca, Croito-
rilor street 19-21 Cluj-Napoca, Romania. Tel: +40 74203 8307, Fax: +40 2644 5 5995, E-mail: angiparau@yahoo.com 
Received: 21/07/2014; Accepted: 07/08/2014

Introduction 

Advances in both surgical techniques and 
development of efficient chemotherapy regimens 
and targeted therapies, and of course multidisci-
plinary approach, have led to unprecedented im-
provement of the long-term survival of patients 
with hepatic metastases of colorectal cancer. 
Barely used 20 years ago, surgical resection of 

hepatic metastases became a standard approach 
mainly in specialized centers, and up to 20% of 
patients benefit from hepatic resection [1].

Substantial improvements have been docu-
mented also in the median survival of metastatic 
colorectal cancer since 1957 when 5-Fluorouracil 
was the sole agent used and the median survival 
did not exceed 6-8 months, irrespective of the ad-
ministration schedule. The introduction of novel 
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agents such as irinotecan and oxaliplatin brought 
median survival to 17-21 months [2-6]. Then, tar-
geted therapies consisting of bevacizumab, ce-
tuximab, panitumumab, and lately regorafenib 
and aflibercept increased it to values exceeding 
24 months. Unfortunately, despite of all these ad-
vances, cure cannot be obtained using drug ther-
apy alone [7-12].

Hepatic surgery is of paramount importance 
to further increase the prognosis of these patients 
who previously benefited only from chemother-
apy. Surgical resection of hepatic metastases led 
to historical rates of 30-40% of 5-year OS. There 
are also a number of studies which demonstrate 
long-term OS (22-24%) at 10 years [13-15].

Methods

A series of 70 consecutive patients from the on-
cological hepatobiliary database were identified, who 
had undergone curative hepatic surgical resection for 
hepatic metastases of colorectal origin. All patients un-
derwent hepatic surgery between 2006 and 2011 at the 
Institute of Gastroenterology and Hepatology, Cluj-Na-
poca, Romania. All 70 patients had pathologic confir-
mation of colorectal liver metastasis. Preoperative im-
aging included thoracic and abdomino-pelvic computed  
tomography in all patients, with oral and intravenous 
contrast. Intraoperative ultrasound was used in 22 pa-
tients (31.4%). All patients underwent curative hepatic 
resection during open laparotomy by a hepatobiliary 
surgeon. In 20 patients (28.5%) the Habib 4X bipolar 
resection device (1500X RF Generator) was applied to 
assist hepatic resection, inducing intraoperative coagu-
lation of tissue during the surgical procedure.

The primary colorectal cancer was staged using 
UICC/AJCC staging system for colorectal cancer [16].

Synchronous liver metastases were defined as 
those detected within 3 months of diagnosis of prima-
ry colorectal cancer. The size of the liver lesion was 
measured by the pathologist in centimeters before fixa-
tion of the specimen. The Broder’s system was used to 
histologically grade metastases. Surgical margins were 
defined by histology as either cancer negative or posi-
tive. The margin of resection was measured in millim-
eters by the pathologist before fixation of the specimen. 
Postoperative mortality was defined as death occurring 
in the hospital or within 30 days of resection. The an-
atomic distribution of liver lesions was defined by the 
Couinaud nomenclature [17]. 

The Brisbane 2000 terminology of liver anatomy and 
resections was used. Briefly, extended right hepatectomy 
(resection of IV + V + VI + VII + VIII ± I segments), ex-
tended left hepatectomy (resection of II + III + IV + V + 
VIII ± I segments ), right hepatectomy (resection of V + 
VI + VII + VIII ± I segments), left hepatectomy (resection 
of II + III + IV ± I segments), bisegmentectomy (resection 
of 2 adjacent segments), or segmentectomy (resection of 

a single segment) were performed [18].

Endpoints

The endpoints of this study were OS DFS and CSS, 
and recurrence at the most recent follow-up evaluation. 
OS was defined as the time interval between the date of 
hepatic resection and the date of death or most recent 
date of follow-up if the patient was alive. CSS was de-
fined as the time from hepatic resection to death from 
primary cancer. Patients who died in the postoperative 
period or during hospitalization after the fist hepatic 
resection were excluded from the survival analysis. Re-
currence was defined as the time from hepatic resec-
tion to first documented disease recurrence in the liver 
or other sites. The criterion for establishing recurrent 
disease was radiologic evidence of progression. Recur-
rence in the liver was defined as a new lesion detected 
in the liver more than 1 month after hepatic resection; 
other extrahepatic recurrences were labeled as distant. 
DFS was defined as the time from hepatic resection to 
hepatic or extrahepatic recurrence. 

Statistics

Patients were enrolled prospectively but the sta-
tistical analyses were retrospective. Patient demo-
graphics, primary tumor and liver tumor factors, oper-
ative factors, pathologic findings, recurrence patterns, 
median DFS, OS and CSS were analyzed. Survival was 
estimated using Kaplan-Meier analysis; differences in 
survival were assessed using the log-rank test. Differ-
ences in tumor recurrence rates between treatment 
groups were analyzed using the Student’s t-test, and 
Yates corrections or Fisher exact test depending on the  
number of patients [19]. 

Two-sided tests were applied. Differences were 
considered to be statistically significant when the p 
value was <0.05. Finally the Cox proportional hazard 
model [20] was used in univariate and multivariate 
analysis for OS, DFS, and CCS.

Results

Patient population

All 70 patients with hepatic metastasis of 
colorectal origin were operated (curative hepatic 
resection) and followed at the Institute of Gastro-
enterology and Hepatology of Cluj-Napoca, Ro-
mania between January 2006 and December 2011. 
Fifty-three percent of the patients were male. The 
median patient age for the whole group was 59 
years (range 34-85).

Primary tumor characteristics

The primary cancer was located in the colon 
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in 70% of the patients (right 9; transverse 4; left in-
cluding sigmoid 34, multiple primaries 2) and in 
the rectum in 30% of them. At the time of initial 
presentation, 4 (5.7%) patients had stage I and 12 
(17.1%) stage II colon cancer. Stage III represented 
the largest group with 23 patients (32.85%), while 
31 (44.28%) patients had stage IV disease (synchro-
nous metastases). Sixteen patients (22.85%) had well 
differentiated colorectal tumors, 43 (61.42%) moder-
ately differentiated tumors and 11 (15.71%) poorly 
differentiated tumors. Carcinoembryonic antigen 
(CEA) was elevated in 31.78% of the patients at the 
time of metastases diagnosis, normal in 13.95%, and 
was not elevated preoperatively in 54.26%. 

Liver metastases 

Of the metastases 68.5% were unilateral, 
31.5% were bilateral and there were 2 diagnoses 
with missing data; 46.51% were single lesions, 
19.37% were 2 concomitant lesions, 32.55% were 
≥3 hepatic lesions, and 2 had missing data.

Surgical resections

Fifty three of 70 patients (76%) underwent 
one hepatic resection, while 17 (24%) patients un-
derwent 2 hepatic resections. Initial resectability 
was assessed as possible in 69.35% of cases, while 
in 30.65% the hepatic lesions were characterized 
as non-resectable. In this patient population 86 
hepatectomies were performed. Of these, 20.93% 
were major hepatectomies, involving more than 
3 segments. All 86 hepatectomies were with cu-
rative intent. Although each patient had macro-
scopically complete resection of the metastases, 
in 25 (29.07%) resections microscopically posi-
tive pathologic surgical margins were observed. 
Resection margin between 1 and 2 mm was found 
in 13 (15.11%) hepatic resections and > 3 mm  in 
48 (55.82%). The median number of metastases 
resected per patient was 1 (range 1–8). Median 
metastatic size was 3 cm. From the total 86 resec-
tions, in 39 (45.34%) blood transfusion was nec-
essary perioperatively, but the frequency of blood 
transfusions has decreased over time. The mean 
number of blood transfusion units needed was 
0.82 (mean 0; range 0-6 units). 

Surgical morbidity and mortality

The 30-day mortality was 5.71%. Of the 4 
deaths, 1 patient had minor and 3 patients had 
major liver resection. Causes of death were ab-
dominal sepsis (1 patient), hepatic failure (2 pa-
tients), and bleeding from liver parenchyma (1 

patient). One patient died after the first adjuvant 
chemotherapy cycle (capecitabine monotherapy 
2500 mg/m2, days 1-14), due to grade 5 gastro-
intestinal toxicity (diarrhoea with dehydration). 
The 30-day morbidity was 12.78%. Of 9 patients 
with postoperative complications, 2 had bile leak, 
2 had hepatic abcess, 1 had hepatic and general 
complications (sepsis) and 4 had general compli-
cations (sepsis, hepatic failure).

Chemotherapy regimens

Of 70 patients, 18 benefited from neoadjuvant 
chemotherapy before hepatic resection, mainly 
fluoropyrimidine-based, with addition of oxalipla-
tin (7 patients) or irinotecan (3 patients). Only 6 of 
18 benefited from targeted therapy: bevacizumab 
(4 patients), cetuximab (2 patients) because finan-
cial restrictions limited the approval of usage of 
these agents in our country. A total of 90 cycles 
were administered to these 18 patients. The mean 
number of cycles of neoadjuvant chemotherapy 
was 5/patient. The response rate to neoadjuvant 
chemotherapy was 61% using the RECIST. The 
rate of complete response was 5.6% (1 patient), 
of partial response was 55.5% (10 patients), while 
27.8% (5 patients) had stable disease and 11.1% 
(2 patients) had progressive disease under chemo-
therapy.

Of the population of 70 patients, taking into 
account both the preoperative and postoperative 
chemotherapy, the mean number of chemother-
apy cycles was 14.1 cycles/patient, with a total 
of 859 cycles administered to all patients. Ten 
(14.3%) patients did not have chemotherapy at 
all (5 because of patient refusal, 3 because of 30-
day postoperative death, and 2 because of med-
ical contraindications). Twelve (17.1%) patients 
had 1-6 perioperative chemotherapy cycles, 17 
(24.3%) had 7-12 perioperative chemotherapy cy-
cles, 16 (22.8%) had 13-18  perioperative chemo-
therapy cycles, and 9 (12,8%) had 19-24  perioper-
ative chemotherapy cycles (Table 1). 

There were 6 (8.7%) patients heavily treated 
with more than 24 chemotherapy cycles. As for 
the number of chemotherapy lines, 26% had one 
chemotherapy line, 21% had 2, 29% had 3, 7% had 
4 and 3% had more than 5 chemotherapy lines 
(Table 2).

With regard to chemotherapy combined with 
bevacizumab, 12 of 70 patients (17.1%) were treat-
ed with FOLFOX+bevacizumab, 11 patients (15.7%) 
with CapeOx+bevacizumab, 4 patients (5.7%) with 
capecitabine+bevacizumab, 1 patient (1.4%) was  treat-
ed with LV5FU2+bevacizumab and 1 (1.4%)  patient 
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with bevacizumab monotherapy. As for cetuximab, 2 
(2.8%) patients were treated with FOLFOX+cetuximab, 
5 patients (7.1%) with irinotecan+cetuximab and 7 pa-
tients (10%) with cetuximab monotherapy. Two (2.8%) 
patients benefited from  FOFLFIRI+panitumumab and 
1 (1.4%) patient was included in a clinical trial with 
FOLFIRI+ramucirumab (Table 3).

Regarding the chemotherapy not combined 
with targeted agents, the following schedules 
were used: FOLFOX4 in 30 (42.8%) patients, FOL-
FIRI in 17 (24.2%) patients, CapeOx in 12 (17.1%) 
patients, CapeIri in 7 (10.0%) patients, Capecit-
abine in 9 (12.8%) patients, Irinotecan in 4 (5.7%) 
patients, LV5FU2 in 3 (4.2%) patients, FuFol in 1 
(1.4%) patient, and other regimens (MTX, MMC, 
UFT) in 4 (5.7%) patients (Table 3).

Survival and recurrence

The median follow-up period was 44.6 months 
(range 13.7-73). At the end of the follow-up, as of 
June 2013, 30 (42.85%) patients were alive, of 
which 11 (15.71%) disease-free, 7 (10%) had he-
patic metastases and 5 (7.14%) had extrahepatic ± 
hepatic metastases. Forty (57.14%) patients died, 
of which 4 died postoperatively (5.71%), 1 (1.42%) 
died during first cycle of adjuvant chemotherapy, 
and 2 (2.85%) died of cardiovascular causes.

The 4-year OS and CSS after colectomy were 

54 and 60%, respectively (Figures 1 and 2).
The 3-year CSS after first hepatic resection 

was 54%. Median CSS after the first hepatic resec-
tion was 40.2 months (Figure 3).

Eighty six percent of patients developed liv-
er recurrence or metastases located at other sites 
within 3 years of the first hepatic resection. The 

Table 1. Number of chemotherapy cycles preceding/
following hepatic resection

Chemotherapy cycles Patients, N %

0 10 14.3

1-6 12 17.1

7-12 17 24.3

13-18 16 22.8

19-24 9 12.8

>24                    6 8.7

Total: 859 cycles

Mean : 14.1 cycles/patient

Table 2. Number of chemotherapy lines preceding/fol-
lowing hepatic resection

Lines Patients, N %

1 line	 18 26

2 lines 15 21

3 lines	 20 29

4 lines 4 7

5 lines	 1 1.5

6 lines	 1 1.5

No chemotherapy 10 14

Table 3. Types of chemotherapy preceding/following 
hepatic resection

Types of chemotherapy Patients, 
N %

Chemotherapy without targeted 
agents

FOLFOX4 30 42.8

FOLFIRI 17 24.2

CapeOx 12 17.1

CapeIri 7 10.0

Capecitabine                   9 12.8

Irinotecan                        4 5.7

LV5FU2                             3 4.2

FuFol                                 1 1.4

Other (MTX, MMC, UFT)           4 5.7

Chemotherapy with targeted 
agents

FOLFOX4+bevacizumab 12 17.1

CapeOx+bevacizumab 11 15.7

Capecitabine+bevacizumab          4 5.7

LV5FU2 +bevacizumab                1 1.4

Bevacizumab                   1 1.4

FOLFOX4 + cetuximab 2 2.8

Irinotecan + cetuximab 5 7.1

Cetuximab 7 10.0

FOLFIRI + panitumumab             2 2.8

FOLFIRI+ ramucirumab 1 1.4

Figure 1. Overall survival of patients undergoing 
hepatic resection for colorectal metastases following 
colectomy.
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Table 4. Risk factor analysis of clinical and patholog-
ic factors of 3-year cancer-specific survival after first 
liver resection: Univariate analysis

Risk factors N 3-year CSS 
(%) p value

Gender
Male 37 42

0.07
Female 33 66

Age, years
<53 17 68

0.04
≥53 53 49

Primary tumor site
Colon 49 50

0.44
Rectum 21 64

Primary tumor stage
I+II 16 67

0.44III 23 43
IV 31 56

T stage 
T2 6 80

0.05T3 54 53
T4 10 38

N stage
N0 22 62

0.11
N+ 48 51

N ratio
<30 42 58

0.07
≥30 28 50

Tumor grade
G1 16 67

0.05
G2-3 54 50

Synchronous/metachronous metastases
Synchronous 32 53

0.66
Metachronous 38 56

Metastases’ diameter (mm)
<30 37 53

0.64
≥30 33 54

Number of metastases
Single 42 57

0.84
Multiple 28 51

Positive resection margin (mm)
0 mm 24 39

0.04
≥1mm 46 62

Narrow resection margin (mm)
0-1 44 36

<0.01
≥2 26 65

Preoperative CEA level (ng/ml)
<30 18 77

0.04
≥30 11 32

Disease-free interval (months)
<18 35 26

<0.01
≥18 35 82

Perioperative chemotherapy
Yes 56 60

0.07
No 14 23

CSS: cancer specific survival

Figure 2. Cancer-specific survival of patients un-
dergoing hepatic resection for colorectal metastases 
following colectomy

Figure 3. Median and 3-year disease-free survival 
(DFS) and cancer-specific survival (CSS) of patients 
undergoing hepatic resection for colorectal metastases 
after first hepatic resection.

Figure 4. Median and 3-year disease-free survival 
and cancer-specific survival of patients undergoing he-
patic resection for colorectal metastases after second 
hepatic resection.
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distribution of site of recurrences or metastases 
was hepatic only in 33 (47.1%) patients, hepatic 
and extrahepatic in 13 (18.6%), and extrahepatic 
only in 14 (20%). Of the 33 hepatic relapses, 19 
(57.57%) were resectable or were rendered to re-
sectable using neoadjuvant chemotherapy. Of the 
19 resectable patients, 2 refused repeat hepatic re-
section. In conclusion, 17 of 70 (24.28%) patients 
benefited of second hepatic resection. Extrahepat-
ic recurrences were located in the peritoneum (12 
patients; 17.14%), lung (9 patients; 12.85%), and 
other sites (7 patients; 10%). Four patients (5.71%) 
developed local recurrences or metachronous tu-
mors located in the colon or rectum.

The CSS and DFS at 3 years following second 
liver resection was 35 and 27%, respectively. Me-
dian CSS and median DFS was 24 and 12 months, 
respectively (Figure 4).

Seventy three percent of patients developed 
recurrence within 3 years of the second hepatic 
resection. The distribution of sites of recurrence 
or metastases was in the liver only in 8 (47.05%) 
patients, hepatic and extrahepatic (retroperito-
neal and cutaneous respectively) in 2 (11.77%) 
patients, and extrahepatic only (pulmonary) in 2 
(11.77%) patients. Four patients (5.71%) remained 
disease-free at the end of the follow-up period.

Analysis of risk factors

All host and tumor factors were correlated to 
CSS and DFS (Tables 4 and 5). Patients who died 
postoperatively were excluded from risk analysis.

Univariate analysis

CSS was significantly reduced in connection 
with the following factors: age >53 years, T stage 
of the primary tumor, moderately-poorly differen-
tiated tumor, positive and narrow  resection mar-
gin (0-1 mm), preoperative CEA level > 30 ng/ml, 

Table 5. Risk factor analysis of clinical and pathologic 
factors of disease-free survival after first liver resec-
tion: Univariate analysis

Risk factors N 3-year DFS (%) p value

Gender

Male 37 7 0.11

Female 33 22

Age, years

<53 17 31 0.04

≥53 53 8

Primary tumor site

Colon 49 18 0.82

Rectum 21 13

Primary tumor stage

I+II 16 22

III 23 11 0.82 

IV 31 9

T stage 

T2-3 60 17 0.36

T4 10 0

N stage

N0 22 15 0.98

N+ 48 12

N ratio

<50 49 16 0.03

≥50 21 10

Tumor grade

G1-2 59 15 0.13

G3 11 10

Synchronous/metachronous metastases

Synchronous 31 11 0.54 

Metachronous 39 17

Metastases diameter (mm)

<30 37 15 0.46

≥30 33 14

Number of metastases

Single 42 21 0.18

Multiple 28 5

Narrow  resection  margin (mm)

0-1 44 4 0.02

≥2 26 21

Preoperative CEA level (ng/ml)

<30 18 15 0.05

≥30 11 18

Perioperative chemotherapy

Yes 56 17 0.03

No 14 10

DFS: disease free survival

Figure 5. Cancer-specific survival after first liver re-
section with and without perioperative chemotherapy
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DFS <18 months (Table 4).
Perioperative chemotherapy improved CSS 

but not at a statistically significant level (p=0.07) 
(Figure 5).

Multivariate analysis

Multivariate analysis was performed on the 
factors correlating significantly to CSS and DFS 
in univariate analysis. Low DFS was significant-
ly associated with narrow resection margins (0-1 
mm) and lack of perioperative chemotherapy. The 
DFS  hazard ratio was 4.82 in the presence of both 
these factors, 1.98 in the presence of narrow re-
section margin and 2.43 in the lack of periopera-
tive chemotherapy. Low CSS was significantly as-
sociated with narrow resection margins (0-1mm) 
and lack of perioperative chemotherapy. The CSS 
hazard ratio was 7.11 in the presence of both 
these factors, 2.73 in the presence of narrow re-
section margin and 2.6 in the lack of perioperative 
chemotherapy.

Discussion

Herein we reported a single-institution expe-
rience on the hepatic resection of colorectal me-
tastases with an average 44.6-month follow-up. 
Our study period spanned over 5 years. The ac-
tuarial 3-year CSS was 54%, which is consistent 
with the predicted survival of other large series 
[14-16,20-23]. 

Our study and numerous others have corre-
lated a number of clinical, pathological, and in-
terventional factors with OS, recurrence and DFS 
of patients with resected hepatic metastases from 
colorectal cancer by univariate and multivariable 
analyses [24-27].

Selection of patients for hepatic resection of 
colorectal metastases is likely to affect the con-
sistency of the correlates to survival. There is a 
great variability between institutions and even 
in the same institution regarding the selection of 
patients for multidisciplinary approach. Selection 
criteria have broadened because now there is ev-
idence supporting survival benefit for resection, 
perioperative risk has decreased, and the perfor-
mance of imaging methods has improved. Nowa-
days surgery is a standard procedure and the only 
curative method of treatment. The decision to re-
sect hepatic metastases is taken according to the 
definition of resectability which also has changed 
a great deal lately. Up-to-date criteria differ from 
center to center and require only preservation of a 
minimum 30% of functional liver tissue with ad-

equate vascular supply and biliary drainage and 
40% in case of cirrhosis [28]. Patients who have 
benefited from all therapeutic options have su-
perior outcomes. Administration of preoperative 
chemotherapy allows also marginally resectable 
disease to be rendered resectable, and offering to 
patients the opportunity to attain long-term sur-
vival, response rate being correlated with resecta-
bility rate [29-31]. 

When chemotherapeutic agents are used (5 
fluorouracil, oxaliplatin, irinotecan), response rate 
does not exceed 50% [32,33]. 

More intensive regimens which demonstrate 
a higher response rate are triplets like FOLFIRI-
NOX (60%), and combinations of chemotherapeu-
tic agents with targeted therapy (70%) [34-42].

Following hepatic resection, chemotherapy is 
used to improve DFS. There are few clinical trials 
conducted on patients with colorectal cancer fol-
lowing hepatic resection. Two trials were closed 
earlier due to poor accrual, two were negative and 
one was positive. The study conducted by Porti-
er et al. [43] demonstrated a significant improve-
ment in DFS, the one conducted by Langer et al. 
[44] failed to demonstrate such an effect, but the 
metaanalysis of both trials showed a trend to im-
proved DFS and OS but without statistical sig-
nificance (p=0.058). Multivariate analysis of the 
pooled data showed that chemotherapy is a statis-
tically significant good prognostic factor [45]. Us-
ing multivariate analysis, our results show once 
again that chemotherapy is a significant prognos-
tic factor for both CSS and DFS, as well as narrow 
resection margin.

Thus, there is no consensus about using ad-
juvant chemotherapy after curative hepatic resec-
tion and adjuvant chemotherapy is a treatment 
option after hepatic resection, especially in pa-
tients who did not receive preoperative chemo-
therapy. As for perioperative chemotherapy for 
resectable disease, the EORTC 40983 study com-
pared perioperative chemotherapy (3 cycles of 
FOLFOX preoperatively and 3 cycles postopera-
tively) to surgery alone. The trial was negative in 
the intention-to-treat analysis with a strong trend 
to improved DFS (HR 0.79 [0.62-1.02], p=0.058). 
Using the common definition of progression-free 
survival for the patients actually resected, the re-
sults were positive, and the interpretation is that 
patients do benefit after perioperative chemother-
apy [46]. 

Also a literature-based metaanalysis com-
pared surgery alone with the combined approach 
consisting in any preoperative or postoperative 



Liver resection for metastatic colorectal cancer 75

JBUON 2015; 20(1): 75

References
1.	 Kopetz S, Chang GJ, Overman MJ et al. Improved 

survival in metastatic colorectal cancer is associat-
ed with adoption of hepatic resection and improved 
chemotherapy. J Clin Oncol 2009;27:3677-3683.

2.	 Giacchetti S, Perpoint B, Zidani R et al. Phase III 
multicenter randomized trial of oxaliplatin added 
to chronomodulated fluorouracil-leucovorin as first-
line treatment of metastatic colorectal cancer. J Clin 
Oncol 2000;18:136

3.	 de Gramont A, Figer A, Seymour M et al. Leucovorin 
and fluorouracil with or without oxaliplatin as first-
line treatment in advanced colorectal cancer. J Clin 
Oncol 2000;18:2938-2947.

4.	 Tournigand C, Andre T, Achille E et al. FOLFIRI fol-
lowed by FOLFOX6 or the reverse sequence in ad-
vanced colorectal cancer: a randomized GERCOR 
study. J Clin Oncol 2004;22:229-237.

5.	 Saltz LB, Cox JV, Blanke C et al. Irinotecan plus 
fluorouracil and leucovorin for metastatic colorec-
tal cancer. Irinotecan Study Group. N Engl J Med 
2000;343:905

6.	 Hurwitz H, Fehrenbacher L, Novotny W et al. Bev-
acizumab plus irinotecan, fluorouracil, and leucov-
orin for metastatic colorectal cancer. N Engl J Med 
2004;350:2335

7.	 Giantonio BJ, Catalano PJ, Meropol NJ et al. Beva-
cizumab in combination with oxaliplatin, fluoroura-
cil, and leucovorin (FOLFOX4) for previously treated 
metastatic colorectal cancer: results from the East-
ern Cooperative Oncology Group Study E3200. J Clin 
Oncol 2007;25:1539

8.	 Cunningham D, Humblet Y, Siena S et al. Cetuxi-

mab Monotherapy and Cetuximab plus Irinotecan in 
Irinotecan-Refractory Metastatic Colorectal Cancer. 
N Engl J Med 2004;351:337-345.

9.	 Van Cutsem E, Lang I, D’haens G et al. KRAS sta-
tus and efficacy in the first-line treatment of patients 
with metastatic colorectal cancer (mCRC) treated 
with FOLFIRI with or without cetuximab: The CRYS-
TAL experience. J Clin Oncol 2008;26 (Suppl), abstr 
no. 2.

10.	 Van Cutsem E, Peeters M, Siena S, et al. Open-label 
phase III trial of panitumumab plus best support-
ive care compared with best supportive care alone 
in patients with chemotherapy-refractory metastatic 
colorectal cancer. J Clin Oncol 2007;25:1658

11.	 Grothey A, Van Cutsem E, Sobrero A et al. Re-
gorafenib monotherapy for previously treated meta-
static colorectal cancer (CORRECT): an international, 
multicentre, randomised, placebo-controlled, phase 
3 trial. Lancet 2013;381:303-312. 

12.	 Perkins SL, Cole SW. Ziv-aflibercept (Zaltrap) for the 
treatment of metastatic colorectal cancer. Ann Phar-
macother 2014;48:93-98.

13.	 Rosen CB, Nagorney DM, Taswell HF et al. Perioper-
ative blood transfusion and determinants of survival 
after liver resection for metastatic colorectal carci-
noma. Ann Surg 1992;216:493-504. 

14.	 Scheele J, Rudroff C, Altendorf-Hofmann A. Resec-
tion of colorectal liver metastases revisited. J Gas-
trointest Surg 1997;1:408-422. 

15.	 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 Fran-
caise de Chirurgie. Cancer 1996;77:1254-1262.

chemotherapy added to surgery and showed sig-
nificant benefit for DFS, therefore it is considered 
that surgery alone is no longer acceptable even in 
case of resectable metastases [47].

For clarifying the aspect of neoadjuvant 
chemotherapy in resectable patients there are two 
trials going on: a NSABP (NCT01189227) and a 
German  AIO study (NCT01266187) are randomiz-
ing resectable patients to perioperative vs postop-
erative chemotherapy; the first one uses FOLFOX-
IRI/bevacizumab, the second FOLFOX/cetuximab.

Conclusion

Our univariate analysis identified a number 
of variables affecting outcome. Multivariate anal-
ysis showed that perioperative chemotherapy and 
the resection margin significantly affected sur-

vival. A major short-term objective in this field 
was the development of a generally accepted and 
validated scoring system with clinical utility to 
guide treatment decisions for physicians and as-
sist them in patient counseling regarding prog-
nosis and selection of postoperative chemother-
apy schedules. An important fact is that after the 
introduction of perioperative chemotherapy dif-
ferent prognostic factors emerged. In the studies 
published up until now major differences in risk 
factors have been observed. This low concordance 
suggests that stratification of patients according 
to clinical and pathological factors alone is clin-
ically unreliable. The most consistent finding of 
this study was that long-term survival is possible 
after curative liver resection and this is improved 
by perioperative chemotherapy and good quality 
surgery with negative resection margins.



Liver resection for metastatic colorectal cancer76

JBUON 2015; 20(1): 76

16.	 American Joint Committee on Cancer. AJCC Cancer 
Staging Manual (7th Edn). Philadelphia: Lippin-
cott-Raven, 2010, pp 66-69. 

17.	 Bismuth H. Surgical anatomy and anatomical sur-
gery of the liver. World J Surg 1982;6:3-9. 

18.	 Terminology Committee of the International Hepa-
to-Pancreato-Biliary Association. Brisbane 2000 Ter-
minology of Liver Anatomy & Resections. Hepatobil-
iary Pancreat Surg 2000;2:333-339.

19.	 Rosner B. Fundamentals of Biostatistics (7th Edn). 
Duxbury Press; 2010.

20.	 Fong Y, Fortner J, Sun RL et al. Clinical score for pre-
dicting recurrence after hepatic resection for meta-
static colorectal cancer: analysis of 1001 consecutive 
cases. Ann Surg 1999;230:309-321.

21.	 Jaeck D, Bachellier P, Guiguet M et al. Long-term 
survival following resection of colorectal hepatic 
metastases. Br J Surg 1997;84:977-980.

22.	 Jamison RL, Donohue JH, Nagorney DM et al. Hepat-
ic resection for metastatic colorectal cancer: results 
in cure for some patients. Arch Surg 1997;132:505-
510.

23.	 Faivre J, Manfredi S, Bouvier AM. Epidemiology of 
colorectal cancer liver metastases. Bull Acad Natl 
Med 2003;187:815-822.

24.	 Scheele J, Altendorf-Hofmann A. Resection of 
colorectal liver metastases. Langenbecks Arch Surg 
1999;384:313-327.

25.	 Ueno H, Mochizuki H, Hatsuse K et al. Indicators for 
treatment strategies of colorectal liver metastases. 
Ann Surg 2000;231:59-66.

26.	 Lise M, Bacchetti S, Da Pian P et al. Patterns of re-
currence after resection of colorectal liver metasta-
ses: prediction by models of outcome analysis. World 
J Surg 2001;25:638-644.

27.	 Schindl M, Wigmore SJ, Currie EJ et al. Prognostic 
scoring in colorectal cancer liver metastases:devel-
opment and validation. Arch Surg 2005;140:183-189.

28.	 Rees M, Tekkis PP, Welsh FK, O’Rourke T, John TG. 
Evaluation of long-term survival after hepatic resec-
tion for metastatic colorectal cancer: a multifactorial 
model of 929 patients. Ann Surg 2008;247:125-135.

29.	 Fowler WC, Eisenberg BL, Hoffman JP. Hepatic resec-
tion following systemic chemotherapy for metastatic 
colorectal carcinoma. J Surg Oncol 1992;51:122-125.

30.	 Giacchetti S, Itzhaki M, Gruia G et al. Long-term sur-
vival of patients with unresectable colorectal cancer 
liver metastases following infusional chemotherapy 
with 5-flourouracil, leucovorin, oxaliplatin and sur-
gery. Ann Oncol 1999;10:663-669.

31.	 Adam R, Wicherts DA, de Haas RJ et al. Patients 
with initially unresectable colo-rectal liver metas-
tases: is there a possibility of cure? J Clin Oncol 
2009;27:1829-1835.

32.	 Folprecht G, Grothey A, Alberts S, Raab HR, Kohne CH. 
Neoadjuvant treatment of unresectable colorectal liver 
metastases: correlation between tumour response and 
resection rates. Ann Oncol 2005;16:1311-1319.

33.	 Douillard JY, Cunnigham D, Roth AD et al. Irinote-
can combined with fluorouracil compared with fluo-

rouracil alone as first-line treatment for metastatic 
colorectal cancer: a multicentre randomised trial. 
Lancet 2000;355(9209):1041-1047.

34.	 Ychou M, Viret F, Kramar A et al. Tritherapy with 
fluorouracil/leucovorin, irinotecan and oxaliplatin 
(FOLFIRINOX): a phase II study in colorectal cancer 
patients with non-resectable liver metastases. Can-
cer Chemother Pharmacol 2008;62:195-201.

35.	 Bokemeyer C, Bondarenko I, Hartmann JTet al. KRAS 
status and efficacy of first-line treatment of patients 
with metastatic colorectal cancer (mCRC) with FOL-
FOX with or without cetuximab: the OPUS experi-
ence. J Clin Oncol 2008;26:4000 (abstr).

36.	 Maughan T, Adams RA, Smith CG et al. Addition of 
cetuximab to oxaliplatin-based first-line combina-
tion chemotherapy (CT) for treatment of advanced 
colorectal cancer: results of the randomised phase 3 
MRC COIN trial. Lancet 2011;377:2103-2114.

37.	 Van Cutsem E, Kohne CH, Lang I et al. Cetuximab 
plus irinotecan, fluorouracil and leucovorin as first-
line treatment for metastatic colorectal cancer: up-
dated analysis of overall survival according to tu-
mor KRAS and BRAF mutation status. J Clin Oncol 
2011;29:2011-2019.

38.	 Van Cutsem E,Bokemeyer C, Haeger S, Sartorius U, 
Rougier P, Kohne C. Outcome according to metastat-
ic site in patients with KRAS wild-type tumors: Anal-
ysis from CRYSTAL and OPUS studies. J Clin Oncol 
2011;29 (4 Suppl):472 (abstr).

39.	 Folprecht G, Gruenberger T, Bechstein WO et al. 
Tumour response and secondary resectability of 
colorectal liver metastases following neoadjuvant 
chemotherapy with cetuximab: the CELIM ran-
domised phase 2 trial. Lancet Oncol2010;11:38-47.

40.	 Douillard JY, Sienna S, Cassidy J et al. Randomised 
phase III trial of panitumumab with infusional fuoro-
uracil, leucovorin and oxaliplatin (FOLFOX4) versus 
FOLFOX4  alone as first-line treatment in patients 
with previously untreated metastatic colorectal can-
cer: the PRIME study. J Clin Oncol 2010;28:4697-
4705.

41.	 Hurwitz H, Fehrenbacher L, Novotny W et al. Bev-
acizumab plus irinotecan, fluorouracil, and leucov-
orin for metastatic colorectal cancer. N Engl J Med 
2004;350:2335-2342.

42.	 Kabbinavar FF, Hambleton J, Mass RD, Hurwitz HI, 
Bergsland E, Sarkar S. Combined analysis of efficacy: 
the addition of bevacizumab to fluorouracil/leucov-
orin improves survival for patients with metastatic 
colorectal cancer. J Clin Oncol 2005;23;3706-3712.

43.	 Portier G, Elias D, Bouche O et al. Multicenter ran-
domized trial of adjuvant fluorouracil and folinic 
acid compared with surgery alone after resection of 
colorectal liver metastases: FFCD ACHBTH AURC 
9002 trial. J Clin Oncol 2006;24:4976-4982.

44.	 Langer B, Bleiberg H, Labianca R et al. Fluorouracil 
(FU) plus l-leucovorin (l-LV) versus observation after 
potentially curative resection of liver or lung me-
tastases from colorectal cancer (CRC): results of the 
ENG (EORTC/NCIC CTG/GIVIO) randomized trial. 
Proc Am Soc Clin Oncol 2002;21:592 (abstr).



Liver resection for metastatic colorectal cancer 77

JBUON 2015; 20(1): 77

45.	 Mitry E, Fields AL, Bleiberg H et al. Adjuvant chemo-
therapy after potentially curative resection of metas-
tases from colorectal cancer: a pooled analysis of two 
randomized trials. J Clin Oncol 2008;26:4906-4911.

46.	 Nordlinger B, Sorbye H, Glimelius B et al. Periop-
erative chemotherapy with FOLFOX4 and surgery 
versus surgery alone for resectable liver metas-
tases from colorectal cancer (EORTC Intergroup 

trial 40983): a randomised controlled trial. Lancet 
2008;371:1007-1016.

47.	 Wieser M, Sauerland S, Arnold D, Schmigel W, Re-
inacher-Schick A. Peri-operative chemotherapy for 
the treatment of resectable liver metastases from 
colorectal cancer: a systematic review and me-
ta-analysis from randomized trials. BMC Cancer 
2010;10:39.


