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Abstract

The objective of the present study was to explore the factors related to the prognosis of colorectal cancer (CRC) and to estab-
lish a prognostic model for the selection of patients who might benefit from hepatic resection for metastatic CRC. A total of 293
patients undergoing liver resection for metastatic CRC (172 males and 80 females ranging in age from 26 to 80 years) were
selected and clinical, pathological and outcome data were examined in this retrospective study. The prognostic index (PI) of
the patients was calculated on the basis of results of multivariate analysis. Patients were stratified into different groups, with
survival curves projected according to Pl. The 1-, 3-, and 5-year overall survival rates were 58.3, 26.4, and 11.3%, respectively.
Univariate analysis indicated that degree of primary tumor differentiation, resection margin, preoperative carcinoembryonic an-
tigen (CEA) level, number of liver metastases, and resection of liver metastases were associated with prognosis (P < 0.05). In
multivariate analysis, the last three factors were found to be independent prognostic factors. The resection of liver metastases
was a favorable factor. Patients were classified into three groups according to PI, which differed significantly in survival rate
(P < 0.05). The individual survival rate was evaluated based on PI. Resection of hepatic colorectal metastases may produce
long-term survival and cure. The proposed Pl was easy to use, was highly predictive of patient outcome, and permitted catego-
rization of patients into treatment groups.
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Introduction

Colorectal carcinoma (CRC) is a common malignancy
of the digestive system and up to 50% of affected patients
will develop metastases during the course of their disease
(1,2). Radical resection offers the only chance of long-term
survival, with 30 to 40% of patients surviving 5 years. Recent
advances in imaging modality, indication of hepatic resec-
tion, technical refinement of hepatectomy and perioperative
care, together with the expansion of criteria for surgery,
have increased the number of patients suitable for hepatic
resection and the safety of the procedure (3,4). However,
the prognosis for patients with liver metastases from CRC
is still poor. Because of this, only 30 to 58% of patients who
undergo a curative liver resection with complete extirpation
of liver metastases are alive at 5 years (5,6). The present
study retrospectively analyzed 293 patients subjected to
resection of liver metastases in the Department of Surgery,

the First Hospital of China Medical University and Shen
Zhou Hospital of Shen Yang Medical College, China, from
January 1993 to January 2006. Several variables were
analyzed by univariate and multivariate methods to deter-
mine independent prognostic factors in order to calculate
the prognostic index (PI) and then to establish a prognostic
scoring system to identify patients most likely to benefit
from surgery.

Patients and Methods

Patients

A total of 293 patients with histologically proven liver
metastases from CRC underwent surgical therapy in the
Department of General Surgery, the First Hospital of China
Medical University and Shen Zhou Hospital of Shen Yang
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Medical College, from January 1993 to January 2006.
The diagnosis of metastatic CRC was confirmed by his-
topathological assessment. Patients were considered to
have resectable disease if there was local control of the
primary cancer, no extrahepatic disease existed, and com-
plete removal of all hepatic lesions was expected, leaving
enough hepatic parenchyma to prevent liver failure. No
ablative strategies were used along with resection in any
of these patients. Intraoperative ultrasound of the liver was
performed in all patients to assign the location of the lesions
to anatomical structures and to rule out additional lesions
in the remnant liver.

The treatment policy for synchronous liver metastases
was simultaneous resection regardless of their number
and extent and the location of the primary cancer. Data for
these patients were extracted from the hospital database
and interviews, including gender, age, vascular invasion,
hepatic lymph node metastases, extrahepatic metastases,
type of hepatic resection, location of the primary tumor, pre-
operative carcinoembryonic antigen (CEA) levels, degree
of primary tumor differentiation, diameter of the largest liver
metastasis, liver metastasis distribution, resection margin,
number of liver metastases, resection of liver metastases,
and time of diagnosis of liver metastases.

Statistical analysis

Death occurring within 30 days of the surgical procedure
was defined as operative mortality. Death occurring after
surgery and before discharge was defined as hospital mor-
tality. Survival time was calculated from the date of hepatic
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resection to death or censored date. Patients who died of
CRC were treated as event observations, and patients
who died of unrelated causes and were alive at the last
follow-up were treated as censored observations. Survival
curves were constructed using the Kaplan-Meier method
and compared by the log-rank test. Significant prognostic
factors in the univariate analysis were entered into the
Cox proportional hazards multiple regression model, and
stepwise selection of independent prognostic variables was
performed manually by significant changes in likelihood
ratio. A software program (SPSS 14.0, SPSS Inc., USA)
was used for the statistical analyses.

Results

Patient demographics

The 1-, 3-, and 5-year overall survival rates were 58.3,
26.4, and 11.3%, respectively. The overall survival curve
is shown in Figure 1A.

Patients with stage Il or IV colon cancer according to
the classification of the International Union Against Cancer
(UICC) normally received adjuvant chemotherapy after re-
section, but chemotherapy was not administered routinely
before or after hepatic resection. Six patients who died in
the hospital and 35 patients with an uneventful perioperative
course who were lost to follow-up were also excluded from
analysis. Thus, data of 252 patients were eligible for final
analysis. The study population included 172 men (68.3%)
and 80 women (31.7%). Median patient age was 61 years
(range: 33-84 years). The primary tumor was located in the
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Figure 1. Overall survival curve for all patients (A) and different risk groups (B). + = censored.
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colonin 146 patients (57.9%) and in the
rectum in 106 patients (42.1%). Liver
metastases were present at the time
of diagnosis in 105 patients (41.7%),
whereas 147 patients (58.4%) had
metachronous hepatic lesions. Nine-
teen patients (7.5%) underwent repeat
liver resection. Among the 252 curative
surgical procedures, 43 wedge resec-
tions (17.1%), 138 segmentectomies
(54.8%), and 71 major hepatectomies
(28.2%) were performed. Operative
complications occurred in 46 patients
(18.3%). Postoperative hemorrhage,
pleural effusion, wound abscess, intra-
abdominal abscess, bile leakage and
anastomotic leakage, occurred in 9,
13, 10, 6, 4, and 4 patients, respec-
tively. In 11 patients (4.4%), a second
laparotomy was required.

Univariate analysis of outcome

We analyzed the effects of 15
clinical pathologic factors on survival.
Preoperative CEAlevel of less or more
than 100 ng/mL (P = 0.006), degree
of primary tumor differentiation (P =
0.001), positive or negative resection
margin (P =0.007), more or less than 3
liver metastases (P =0.021), resection
of liver metastases or not (P = 0.018)
showed a significant prognostic value
for survival (Table 1).

Multivariate analysis of outcome

The prognostic factors in univariate
analysis were entered into a multi-
variate model to identify independent
predictors of long-term survival.
Among the five significant variables,
preoperative CEA level, number of
liver metastases, and resection of
liver metastases were identified as
independent prognostic factors and
used to calculate the PI (Figure 2). Of
these, preoperative CEA levels were
clearly the most influential, with an
increase in the likelihood of death of
1.746 times if preoperative CEAlevels
were higher than 100 ng/mL, followed
by number of liver metastases of 3 or
more (relative risk, RR = 1.432), and
resection of liver metastases or not
represented a favorable factor (RR =
0.406) (Table 2, Figure 2).
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Table 1. Univariate analysis of prognostic factors after resection of liver metastases

from colorectal cancer.

Variable No. of patients Median survival x2 P
(months)

Gender

Male 172 223

Female 80 235 0.61 0.460
Age

<60 167 221

260 85 22.9 214 0.197
Vascular invasion

Negative 230 27.6

Positive 22 19.3 2.31 0.119
Hepatic lymph node metastasis

Negative 246 26.8

Positive 6 13.2 0.157 0.245
Extrahepatic metastases

Negative 226 24.7

Positive 26 20.5 3.57 0.067
Type of hepatic resection

Wedge 43 27.4

Segmentectomy 138 19.2

Hepatectomy 71 23.5 429 0.052
Location of primary tumor

Colon 146 241

Rectum 106 23.8 1.634 0.392
Preoperative CEA levels (ng/mL)

<100 ng/mL 138 28.2

2100 ng/mL 114 19.7 10.24 0.006
Degree of primary tumor differentiation

Good 76 26.7

Moderate 109 251

Poor 67 20.1 22.54 0.001
Diameter of the largest liver metastasis

<5cm 163 31.2

=5 cm 89 246 3.48 0.069
Liver metastasis distribution

Unilobar 185 33.4

Bilobar 67 26.0 3.97 0.062
Resection margin

Negative 233 294

Positive 19 17.2 9.64 0.007
No. of liver metastases

<3 203 38.4

>3 49 243 4.69 0.021
Resection of liver metastases

Yes 143 29.5

No 109 241 523 0.018
Time of diagnosis of liver metastases

Synchronous 105 30.3

Metachronous 147 23.7 0.51 0.532

CEA = carcinoembryonic antigen.
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Calculation of PI

The Pl equation was constructed including all significant
variables and coefficients from Table 2 as follows: Pl =
(0.349 x number of liver metastases) + (0.751 x preopera-
tive CEA levels) - (0.817 x resection of liver metastases).
In this equation the value of each variable was scored as
1 or 2: liver metastasis resection, 1; no liver metastasis
resection, 2; less than 3 liver metastases, 1; more than 3
liver metastases, 2; preoperative CEA level of less than 100
ng/mL, 1; preoperative CEA level of more than 100 ng/mL,
2. The maximum Pl value is 1.383, and the minimum value
is -0.534. With the upper and lower quartile of PI, patients
were divided into three risk groups and the differences in
survival between groups were significant by the Kruskal-
Wallis H test (Table 3, Figure 1B).

1119

Calculation of individual survival

To estimate the expected survival rate of each individual,
we first calculated the average level of the t-year survival rate
S(t). In this study, we used the median prognostic index M
as a benchmark, and individual’s RR = exp(P-M). Thus, the
individual t-year survival rate is S(t)RR. Next, we randomly
selected four individuals to calculate the expected survival
rate compared to the benchmark (Table 4).

Discussion

The liver is the most common site of distant metastases
from CRC. Resection remains the only chance of cure for
patients with hepatic colorectal metastases, resulting in pro-
longed survival compared to patients treated with palliative

Table 2. Multivariate analysis of prognostic factors after resection of synchronous liver metastases from

colorectal cancer.

Variable B Wald 2 P Relative risk RR (95%Cl)
(RR)
Lower  Upper
Number of liver metastases 0.349 5542 0.019 1.432 1.062 1.931
Preoperative CEA levels 0.751  4.149  0.002 1.746 1.021 2.985
Resection of liver metastases -0.817 4526  0.033 0.406 0.177 0.934
Gender 0.126  0.096 0.757 1.134 0.512 2.515
Age -0.425 1578  0.209 0.654 0.337 1.269
Vascular invasion 0.284 0.458 0.498 1.328 0.584 3.020
Hepatic lymph node metastasis 0.384 1.094 0.296 1.468 0.715 3.015
Extrahepatic metastases 0.080 0.021 0.886 1.084 0.362 3.247
Type of hepatic resection wedge 0.994 1989 0.158 2.701 0.679 10.744
Location of primary tumor 0.036 0.094 0.759 1.037 0.824 1.305
Degree of primary tumor differentiation -0.185 0.746  0.388 0.831 0.547 1.264
Diameter of the largest liver metastasis 0.329 0.252 0.616 1.389 0.385 5.016
Liver metastasis distribution 0.125 0.017 0.895 1.133 0177 7.236
Resection margin 0.188 0.128 0.720 1.206 0.432 3.372
Time of diagnosis of liver metastases 0.092 0.035 0.852 1.096 0.418 2.875
CEA = carcinoembryonic antigen.
Table 3. Survival rate of the different risk groups (Kruskal-Wallis H test).
Pl classification Median PI Number of cases Survival rate (%) x2 P
1year 3years 5years

Low risk 31 P <0.016 63 749 345 20.8 27.3 <0.00

Moderate risk 15 0.016 < PI < 1.383 123 55.7 243 10.3

High risk 6 Pl =1.383 66 32.3 1.7 0

PI = prognostic index.
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Figure 2. Survival curve according to five significant variables. + = censored.

chemotherapy (7-9). The safety of major hepatic resection
has been demonstrated in many institutions, encouraging
surgeons to pursue more extensive resections (10-13).
This has resulted in increasing complexity of the surgical
approach. Resections involving the removal of more than
two-thirds of the liver parenchyma are common, as are
resections of more than four hepatic metastases (14-16).
Advances in surgical technique and perioperative care, such
as portal vein embolization, have enabled a more radical
approach to the treatment of CRC liver metastases and
extended the indications for surgical therapy. Thus, there
is an ongoing need for a system to be used for the scrutiny
of such invasive therapy.

In the 1980’s, two staging systems were developed by
Gennari et al. (17,18). These systems were based on the

Braz J Med Biol Res 43(11) 2010

degree and extent of metastatic tumors and not on factors

Table 4. t-year survival rate of four selected individuals.

Random PI RR Expected t-year
individual survival rate (%)
1year 3years 5years

1 1.383 2.61 245 3.9 0.5
2 0.632 1.29 499 203 7.7
Benchmark 0.425 1.0 58.3  29.1 13.7
3 0.217 0.81 645 36.7 19.9
4 -0.534 0.38 81.3 623 46.7

PI = prognostic index; RR = relative risk.
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related to primary CRC (17,18). These staging systems
were based on a multivariate survival analysis reflecting
prognosis but using 7 factors. Thus, all of the factors must
be explored to determine the stage, which may make it
difficult to use these staging systems. Thus, a prognostic
system might be helpful to grade patients’ risk and to be
used to tailor their further management. We have chosen
a novel approach to develop a prognostic system based
on variables that were derived from significantindependent
prognostic factors for consideration of liver surgery.

The prognostic index model presented here canimprove
the accuracy of patient selection for surgery and be used to
allocate patients to combined treatment modalities. More-
over, the P values for high risk vs moderate risk groups and
moderate risk vs low risk groups are significant.

The Pl was calculated from an equation based on
variables and their correlation coefficients and related to
high, moderate and poor risk groups. Three groups with
different prognoses were identified among all candidates
for liver surgery.

Although liver resection improved survival prospects in
all patients regardless of their prognosis, none of the patients
assigned to the high risk group were alive at 5-year follow-
up. From our results, it is obvious that patients in the high
risk group have very poor outcomes, and resection without
additional effective adjuvant therapy is highly questionable.
Patients in the moderate risk group have a much more
guarded prognosis, and resection should be planned in the
context of adjuvant therapies. Patients in the low risk group
have a highly favorable outcome, and surgical resection is
undoubtedly a rational therapy. Moreover, extensive pre-
operative staging involving positron emission tomography
and magnetic resonance imaging might be performed in
patients who are in the high risk group, but are otherwise
suitable for major liver resection (19-22).

Extrahepatic extension, such as extrahepatic metasta-
ses, extrahepatic invasion, local recurrence of the primary
cancer, and hepatic node metastases, has been analyzed
as a whole in most previous studies. Patients with these
factors have long been considered to be contraindicated for
hepatectomy because of their negative outcome. However,
lung metastases, intraperitoneal dissemination, and local
recurrence have gradually gained acceptance for resection
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