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Abstract

Background: Patient outcome after resection of colorectal liver metastases can be
predicted by various prognostic factors. Aims: Development of a model for risk
stratification based on analysis of prognostic factors. Methods: Data of 201 patients
were collected prospectively and included in a single-centre trial. A total of 20 factors
were analysed as to their influence on recurrence-free and overall survival. Independent
prognostic factors were entered into a model of a clinical risk score. Results: Median
recurrence-free survival reached 24 months for all patients; median overall survival was
50 months. Only a synchronous manifestation of primary colorectal carcinoma and
liver metastases, the presence of four or more metastases and a carcino-embryonic
antigen level of 200 ng/ml or more significantly influenced recurrence-free and overall
survival in the multivariate analysis. The derived risk stratification grouped the patients
according to the following criteria: low risk, zero prognostic factors (n=112);
intermediate risk, one factor (n=74); high risk, two or more factors (n=15). The
median recurrence-free survival for low, intermediate and high risk were 30.0, 23.0 and
11.0 months, respectively; the median overall survival was 94.0, 40.0 and 33.0 months.
Compared with the low-risk group, patients with intermediate risk demonstrated an
increased hazard ratio (HR) of 1.57-fold for recurrence (P=0.018) and 1.91-fold for
mortality (P=0.007). For the high-risk group, the HR rose significantly to 3.26 for
recurrence (P < 0.0005) and to 3.10 for mortality (P=0.001). Conclusions: The pre-
sented clinical score may allow for patients with colorectal liver metastases to be stratified
appropriately and for optimization of their subsequent therapeutic management.

The management of colorectal liver metastases is a common
and important clinical problem.

Twenty to 30% of patients with colorectal cancer develop
synchronous or metachronous liver metastases. If untreated,
these lesions have a poor prognosis, with a median survival
ranking from 4 to 21 months and a 3-year survival below 3%
(1-3).

To date, after liver resection, patients can achieve a 5-year
survival rate of up to 40%, and resection still represents the
treatment of choice. However, only 10-20% of patients fulfill
selection criteria and are amenable to surgery (4-6).

Promising results in chemotherapy for primarily nonresect-
able liver metastases suggest an improvement in the outcome
through the use of systemic chemotherapy with a neoadjuvant
intent (7). Other treatment modalities, such as locoregional
intra-arterial chemotherapy and local ablative therapy, have
been accepted as palliative measures in patients with nonresect-
able disease (8, 9).

The basis for success of resection of liver metastases is the
complete removal of all macroscopic liver lesions while preser-
ving nontumorous liver, because incomplete resection is not
associated with any clinical benefit and does not prolong
survival (10).

Even if this criterion is carefully attended to, outcome of the
patients depends on several prognostic factors. Identifying the
dominant prognostic factors can help to categorize different

patient risk groups and to stratify patients for entrance into
different treatment protocols (11).

The present study aimed at identifying the value of potential
prognostic factors depending on their influence of recurrence-
free survival and overall survival. Therefore, a consecutive series
of patients at our institution undergoing microscopically com-
plete hepatectomy for colorectal liver metastases were reviewed.
An additional objective was to develop a prognostic model that
can effectively identify different risk groups based on clinico-
pathological parameters.

Patients and methods
Patients

From 1 October 1993 to 31 July 2006, 265 consecutive liver
resections for colorectal liver metastases were performed at
the Department of General, Thoracic and Vascular Surgery,
University of Technology, Dresden, Germany.

Patients with primary cancer of the colon UICC III had
undergone intravenous fluorouracil-based adjuvant che-
motherapy; patients with primary rectal cancer UICC II and
III had undergone adjuvant radiation with 50.4 Gy and fluor-
ouracil-based chemotherapy. Recently (in the last 3 years), all
patients with rectal cancer stages UICC II and III received

89



neoadjuvant therapy (local radiation with 50.4 Gy and systemic
fluorouracil-based chemotherapy).

Selective diagnostic workup for liver metastases included the
measurement of carcino-embryonic antigen (CEA) level, ab-
dominal ultrasonography and spiral computed tomography
(CT) scan and colonoscopy. Only eight patients had percuta-
neous needle biopsies to confirm the presence of hepatic
metastases.

All patients had to fulfill the following criteria to be
considered a candidate for hepatic resection with curative
intent: (i) hepatic metastases showed an adequate location and
a corresponding well-vascularized hepatic remnant that
remained after resection and (ii) the patients were medically
fit for major hepatic resection.

An acceptable amount of liver parenchyma was guaranteed
without pre-operative portal vein embolization to induce com-
pensatory hypertrophy in all cases.

Surgical management

Surgical resections were performed by six experienced hepato-
biliary surgeons. Intra-operatively, a complete exploration of
the abdomen was performed to exclude extrahepatic metastases
of colorectal cancer. In case of synchronous metastasis, resec-
tion of the primary tumour and the liver metastases were
performed simultaneously in 25% of the patients according to
the choice of the surgeon.

Before liver resection, the liver was completely mobilized,
inspected and bimanually palpated. Surgeons performed intra-
operative ultrasound using a flexible system (Sonoline Antara;
Siemens Medical Solutions, Issaquah, WA, USA) and a 7.5-
MH?z transducer to confirm the number and location of the
metastases, as well as the relationship to the vascular and biliary
landmarks.

Liver parenchyma dissection was Performed with a cavipulse
ultrasonic surgical aspirator (CUSA™, Model 200T; Valley Lab.,
Boulder, CO, USA) or a water-jet-dissector in all cases. The
portal inflow was isolated and temporarily occluded before
parenchymal dissection, if necessary (Pringle-maneuver).

After liver resection, all operation specimens were macro-
scopically and microscopically examined and measured by a
dedicated liver pathologist and documented on the pathology
report.

Follow-up

In general, no adjuvant therapy followed after complete resec-
tion (RO) of the liver metastases.

Within the first 5 years after hepatic resection, patients were
followed-up with six monthly clinical examinations, which
included CEA level control and ultrasonography of the abdo-
men. A chest X-ray was performed yearly. Beginning 1 January
2003, sonographical follow-up routinely included contrast-
enhanced ultrasound.

An endoscopy (colonoscopy) was scheduled every 6 months
for the first 2 years and yearly in the third through fifth years
after resection of the primary tumour.

When new liver lesions were suspected sonographically, a
spiral CT of the abdomen was performed. On discovery of
lesions on chest X-rays or when elevated CEA levels were
detected, a spiral CT of the chest was scheduled.

Survival data after the 5-year surveillance period were
obtained by contacting the patients’ oncologists.

Follow-up ended on 31 August 2007.
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Prognostic factors

Age and gender as demographical data and type of liver
resection, surgical margin and peri-/post-operative blood trans-
fusion as surgical criteria were collected for each patient. Local
liver findings included the number, the maximum diameter, the
grading of the metastases and the localization within the liver
and the number of infiltrated liver segments of the metastases.
They also included the simultaneous manifestation of primary
colorectal carcinoma and liver metastases and the CEA level. All
these findings were grouped together as the ‘liver-related
oncological status. The TNM classification and the grading of
the primary tumour, the disease-free interval between diagnosis
of the primary tumour and the liver metastases in case of
metachronous metastasis and the accomplishment of neoadju-
vant chemotherapy before liver resection were all classified as
the ‘extended oncological status’.

Systemic neoadjuvant chemotherapy was performed without
randomization, aiming for response and improvement of long-
term survival or for bridging between resections in metachro-
nous resections of synchronous metastasis. No patient received
regional chemotherapy by intra-arterial catheterization of the
hepatic artery. The number and the localization of the liver
metastases were determined intra-operatively. Satellite metas-
tases within 3 mm from the main metastatic lesion were rated
among the corresponding primary lesions and were not sepa-
rately counted in the analysis. Satellite metastasis was detected
in nine of 14 cases only in the histopathological evaluation of
the specimen.

The grading and the maximum diameter of the metastases as
well as the TNM classification and grading of the primary
carcinoma were noted according to the histopathological report
from the patients’ files. In cases of multiple metastases, the
maximum diameter was taken.

Blood transfusions were included in the analysis up to
48h after the liver resections. Indication for transfusion was
set according to haemoglobin levels and clinical signs of
anaemia.

Endpoints of this study were recurrence (at any localization)
and death. Correspondingly, intervals to this endpoint were
defined as recurrence-free survival (interval between hepatic
resection and recurrence) and overall survival (interval between
liver resection and death). Patients not reaching any endpoint
were censored at the time of the last follow-up for the
Kaplan—Meier estimation.

Exclusion criteria for the analysis included recurrent liver
metastases (n=25), simultaneous extrahepatic tumour recur-
rence (recurrence of primary, extrahepatic metastases, n=38),
simultaneous local ablative therapy (n=8), intra-operative
dissemination of tumour cells (#=0), macroscopically or
microscopically incomplete resection (n=22) and hospital
mortality (n=1).

Statistical analysis

All data were collected prospectively at the Department of
Surgery, Technical University of Dresden.

Recurrence-free survival and overall survival were estimated
by the Kaplan—Meier method and are presented as percentages
or as the median with a 95% confidence interval (CI).

The univariate influence of prognostic parameters on the
recurrence-free survival and overall survival was assessed using
Gehan’s Wilcoxon test. A subgroup analysis of significant
parameters followed using pairwise comparisons.



Then, a multivariate analysis of the parameters was per-
formed with regard to their independent influence on prog-
nosis after adjustment for age, gender, type of liver resection,
surgical margin and peri-/post-operative blood transfusion
using the Cox proportional hazards analysis. Backwards elim-
ination was applied, with inclusion of all parameters in the
starting model. Variables were included if P-values were < 0.05
und were removed if P-values were > 0.10. The stability of the
Cox proportional hazard model was assessed by a nonpara-
metric bootstrap resampling technique. This was used to
estimate the likelihood that each of the final model variables
would have been selected in repeated samples.

Finally, patients were differentiated into risk groups accord-
ing to the existence of significant factors in the multivariate
analysis. The low-risk group comprised patients having zero
factors, the intermediate-risk group had one factor and the
high-risk group had >2 factors. Differences of recurrence-free
survival and overall survival were calculated using Gehan’s
Wilcoxon test again, and a risk analysis was performed (the
univariate Cox proportional hazard model). To assess the
influence of chemotherapy, a subanalysis of the neoadjuvantly
treated patients was performed using a stratified Cox model,
with differences assessed using Gehan’s Wilcoxon test.

Results of the Cox proportional hazard models were dis-
played as hazard ratio (HR) with 95% CL

A two-sided P-value of < 0.05 was considered statistically
significant. In multiple testing with pairwise comparisons, the
P-value was adjusted using the Bonferroni-method.

All statistics were computed with spss 13.0 (SPSS Inc.,
Chicago, IL, USA).

Results

After exclusion according to the exclusion criteria, 201 patients
(121 men, 80 women) with a median age of 65 years (range
39-88 years) were enrolled in this study.

Demographical data of the patients and criteria of the liver
resection are shown in Table 1, and showed no significant
differences.

Surgeries performed were divided into 42 lobectomies, 18
trisegmentectomies, 27 bisegmentectomies, 90 segmentecto-
mies or wedge resections and 24 combinations of resections
plus contralateral wedge resections.

Recurrence and survival

After a median follow-up of 31 months (range 6—143 months)
after hepatic resection, 126 patients (62.7%) developed recur-
rence of the colorectal carcinoma. In 82 patients (40.8%),
recurrence was located exclusively within the liver. After hepatic
recurrence, 15 patients underwent a second complete resection
of metastases; two of these later underwent a third resection.

Primary manifestation of extrahepatic recurrence was a local
recurrence of the primary tumour in nine cases, 18 cases of
pulmonary metastases, four cases of brain metastases, two cases
of bone metastases. Five times a recurrence was noted in the
peritoneum and five times in the lymph nodes. Ten of these
patients underwent curative resection of the recurrence.

Ninety-eight patients (48.8%) expired within the follow-
up period; 83 patient deaths (84.7%) were due to tumour
recurrence.

According to the Kaplan—Meier analysis, cumulative median
recurrence-free survival was 24 months (95%CI: 20.48-27.52),
and the recurrence-free 1-, 3- and 5-year survival was 53, 30 and
28% respectively. Overall survivals were estimated at 50 months
for the median (95%CI: 31.28-68.72) as well as 81, 51 and 43%
after 1, 3 and 5 years respectively.

Characterization of factors and univariate analysis
Factors for the ‘liver-related oncological status’

The details of the factors for ‘liver-related oncological status’ are
presented in Table 2.

For the median, solitary liver metastases were resected
(range: 1-8). The median diameter of the largest metastases
was 34 mm (range: 4-141), and the median CEA level at the
time of diagnosis of the liver metastases was 4.4 ng/ml (range:

Table 1. Univariate analysis of demographical data and surgical criteria (Gehan's Wilcoxon test)

Median 95% confidence interval Median  95% confidence interval
Number of recurrence-free survival
patients survival (months) Lower Upper P-value (months) Lower Upper P-value
Total 201 24.0 20.48 27.52 50.00 31.28 68.72
Age (years)
< 60 72 22.00 17.00 27.00 0.092 45.00 22.15 67.85 0.073
> 60 129 27.00 22.41 31.59 50.00 29.67 70.33
Gender
Male 121 25.00 19.63 30.37 0.633 68.00 50.78 85.22 0.378
Female 80 24.00 19.22 28.78 45.00 34.13 55.87
Type of liver resection
Wegde 67 18.00 7.63 28.37 0.126  50.00 37.51 62.48 0.280
Segmentectomies 92 29.00 17.59 40.41 52.00 29.64 74.36
Lobectomy 42 22.00 17.04 26.96 42.00 30.12 54.63
Surgical margin (mm)
>10 93 24.00 20.25 27.75 0.615 53.00 39.11 66.89 0.523
1-9 108 24.00 15.84 32.16 42.00 31.63 52.37
Blood transfusion
Yes 82 24.00 19.96 28.04 0.844  40.00 33.56 46.44 0.120
No 118 25.00 19.51 30.50 67.00 55.98 87.02
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Table 2. Univariate analysis of prognostic factors of the ‘liver-related oncological status’ (Gehan's Wilcoxon test)

Median 95% confidence 95% confidence
recurrence-free  interval Median interval
Number of  survival survival
patients (months) Lower Upper P-value (months) Lower Upper P-value
Total 201 24.0 20.48 27.52 50.00 31.28 68.72
Time of diagnosis of the liver metastases
Synchronous 70 23.00 17.37 28.63 0.018 39.00 30.47 47.52 0.030
Metachronous 131 26.00 15.63 36.36 53.00 35.06 70.94
Number of liver metastases
1 122 27.00 22.26 31.74 0.003 55.00 41.56 69.85 < 0.0005
2 44 26.00 14.46 37.54 53.00 40.07 67.33
3 23 20.00 11.41 28.59 39.00 26.44 51.56
>4 12 13.00 7.91 18.09 23.00 17.34 28.66
Maximum diameter of liver metastases (mm)
0.1-19.9 26 30.00 20.12 42.89 0.663 67.00 55.36 78.64 0.057
20.0-49.9 124 25.00 20.32 29.68 47.00 36.36 57.64
50.0-79.9 39 24.00 18.35 29.65 41.00 30.09 51.91
>80.0 12 24.00 15.55 32.46 31.00 23.78 38.22
Grading of liver metastases
GO* 6 21.00 9.19 34.80 0.652 41.00 31.40 50.60 0.953
G1 7 39.00 29.67 48.33 52.00 30.94 73.08
G2 158 25.00 20.13 29.86 52.00 34.56 73.08
G3 30 19.00 9.93 28.07 41.00 35.96 46.04
Localization of liver metastases
Left liver lobe 38 29.00 24.64 33.36 0.516 52.00 43.28 60.72 0.810
Right liver lobe 112 24.00 18.68 29.32 47.00 36.13 57.87
Both lobes 51 24.00 17.12 30.88 47.00 34.53 59.47
Localization of liver metastases
Peripherial
Segment 2/3 16 37.00 30.12 44.88 0.241 52.00 31.62 74.92 0.809
Segment 6/7 43 35.00 16.77 53.23 52.00 29.32 75.99
Central
Segment 1/4b/5 29 17.00 9.36 25.13 39.00 29.45 50.03
Segment 4a/8 26 32.00 25.34 39.65 49.00 36.22 62.89
Peripherial and central 87 24.00 21.08 26.92 43.00 28.82 57.18
Number of infiltrated liver segments
1 64 39.00 24.56 53.44 0.041 58.00 49.28 67.72 0.010
2 78 23.00 17.58 28.42 45.00 33.61 56.39
3 30 26.00 19.70 32.31 47.00 37.63 56.36
4 24 23.00 19.49 26.51 41.00 22.48 59.52
>5 5 11.00 8.85 13.15 17.00 12.43 21.57
CEA level (ng/ml)
0.1-3.97 91 27.00 21.76 32.24 0.002 66.00 50.40 82.59 0.018
4.0-99.0 88 26.00 18.83 33.17 52.00 41.42 62.58
100.0-199.9 13 13.00 9.72 16.28 47.00 34.56 59.44
>200 9 13.00 7.16 18.84 23.00 11.31 34.69

*Complete necrosis of the liver metastases after neoadjuvant chemotherapy.

+Normal level of CEA.
CEA, carcino-embryonic antigen.

0.3-8269.5). The number of infiltrated liver segments was
distributed onto one-six segments (two in median).

Univariate analysis revealed that the following factors predicted
the pattern of recurrence and influenced the overall survival:
synchronous manifestation of primary colorectal carcinoma and
liver metastases (P=0.018 and 0.030; supplementary Figure 1),
the number of liver metastases (P=0.003 and < 0.0005), the
number of infiltrated liver segments (P=0.041 and 0.010) and the
CEA level (P=0.002 and 0.018) (Table 2).

In the subanalysis of the number of metastases in the
different groups, whatever their site, multiple liver metastases
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(>4 metastases) had a significant disadvantageous prognostic
effect on the recurrence-free survival and overall survival in
comparison with patients with one, two or three metastases
within the liver (Fig. 1).

Comparing the number of infiltrated liver segments analysed
in five groups, the infiltration of five or more liver segments
showed the worst prognosis. When comparing recurrence-free
survival, a significant difference as compared with the infiltra-
tion of only one segment was proven. In comparison with
overall survival, a significant prognostic effect to all other
analysed groups could be shown (Fig. 2).
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Finally, the cumulative recurrence-free survival and overall
survival worsened significantly from a boundary CEA level of
200ng/ml or more in comparison with the normal value
(0.1-3.9ng/ml) and a moderately increased CEA level
(4.0-99.9 ng/ml) (Fig. 3).

The grading, the maximum diameter and the location of the
metastases within the liver did not show any significant
influence of the recurrence-free survival and overall survival
(Table 2).

Factors of the ‘extended oncological status’

Table 3 shows the results of the factors according to ‘extended
oncological status’

In case of metachronous metastases, the median interval
between resection of the primary tumour and the diagnosis of
the liver metastases was 18 months (range 4-92 months).

Only a time of diagnosis of the liver metastases in an interval
of < 12 months after primary metastases had a significant
prognostic effect for outcome of the patients in the univariate
analysis (P=0.044 and 0.005; supplementary Figure 2).

A prognostic influence of all other factors could not be
shown (Table 3).

Multivariate analysis

At multivariate analysis, only factors of the ‘liver-related
oncological status’ were independent predictors of poor prog-
nosis (Table 4): four or more metastases influenced both the
recurrence (HR: 3.60) and the mortality (HR: 4.62). The
synchronous manifestation of the primary colorectal carcinoma
was also an independent prognostic factor for recurrence (HR:
1.56) and survival (HR: 1.74). A CEA level of 200 ng/ml or more
had an independent impact on mortality (HR: 2.73). No factors
of the extended oncological status had an influence on the
prognosis of the patients in the multivariate Cox regression.

To assess the stability of the final Cox proportional hazard
model, a bootstrap resampling technique of 1250 bootstrap
samples was performed with the parameters listed in Tables 2
and 3. The most frequently selected variables were those of the
final model (Table 5).

Risk-factor stratification

The risk-factor stratification into three risk groups showed a
significant influence on the occurrence of recurrence
(P=0.001) and on mortality (P=0.020) (Table 6).

Compared with the group of low risk (no independent
prognostic factor), patients with intermediate risk (one inde-
pendent prognostic factor) demonstrated a 1.57-fold increased
HR for recurrence (P=0.018) and a 1.91-fold increased HR for
mortality (P=0.007). When looking at the high-risk group
(=two independent prognostic factor), the HRs increased
significantly for recurrence to 3.26 (P < 0.0005) and for
mortality to 3.10 (P=0.001) as compared with the low-risk
group.

Correspondingly, significantly different survival outcomes
between the groups according to their risk were proven (Fig. 4).

All patients of the high-risk groups developed a recurrence in
a median of 11 months (range: 643 months) after resection of
colorectal liver metastases. A complete resection of all recur-
rences was reached in four cases (recurrent liver metastases:
n=3; lung metastases: n=1). However, a subsequent recur-

rence of primary colorectal carcinoma occurred in all of these
patients. Four patients of the high-risk group were alive and
under palliative chemotherapy at the time of last follow-up. All
other patients died of their malignant disease. None of the
patients identified as high risk survived beyond 5 years.

The prognostic value of the risk stratification could be
confirmed in a subgroup of patients having received neoadju-
vant treatment (Table 7).

In a Cox analysis stratified by risk group to test for the effect
of neoadjuvant therapy, the risk development of recurrence and
tumour-related mortality increased significantly with increas-
ing number of independent prognostic factors and led to a
reduction of the median recurrence-free and overall survival.
In detail, the median recurrence-free survival for the low-,
intermediate- and high-risk group were 38, 23 and 18 months,
respectively, and the median overall survival was 67, 47 and 38
months. Significant differences between the survival rates of the
three analysed risk groups after neoadjuvant chemotherapy
could not be shown. However, patients in the ‘high-risk’ group
having received neoadjuvant chemotherapy survived signifi-
cantly longer compared with patients with primary resection of
the liver metastases.

Thus, the estimated recurrence-free 5-year-survival after
neoadjuvant chemotherapy was 14.3% compared with 0% after
resection only (P=0.016); the cumulative overall survival was
found to be 21.4% vs. 0% (P=0.041).

Discussion

During the last 20 years, resection of colorectal liver metastases
in selected patients with limited disease has been increasingly
accepted by surgeons and medical oncologists. This is the result
of the overwhelming evidence in favour of an associated
survival benefit (12).

At the beginning, liver metastasis resection was restricted to
small, solitary lesions within only one lobe of the liver. The
improvement in pre-operative workup, anaesthesiological
management and surgical technique, including vascular control
of the hepatic pedicle with consequent reduction in the post-
operative death to < 5%, were the key points in expanding the
indications for liver metastases resection in the recent years
(13-16).

Because of the broadening indication of colorectal liver
metastases resection, there is still debate over which groups of
patients may benefit from surgery. Several prognostic factors
have been already evaluated to define which of these affect long-
term survival after colorectal liver metastases resection. Mina-
gawa et al. (17) stressed that most variables are considered
significant in 8-86% of the published articles. However, only
the presence of lymph node metastases at the hepatic hilum has
been consistently associated with poor prognosis (17). Given
these differing data, we analysed our own patients whose data
were continuously and prospectively collected over a period of
12 years and 8 months. The principal aim of this study was to
define variables that can predict long-term outcome and to
develop a model for risk stratification.

In the analysis, only patients with complete resection of the
metastases were included because of the demonstration of
unfavorable data for R1 resection of colorectal liver metastases
in various studies (18-20). The completeness of tumour
elimination from the liver was insured by the combination of
intra-operative surgeon’s macroscopic judgment (inspection
and bimanual palpation) and ultrasonography of the liver. This
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Fig. 3. (a) Recurrence-free survival rates of 201 patients according to the carcino-embryonic antigen (CEA) level at the time of diagnosis of the
liver metastases (Gehan'’s Wilcoxon test; Bonferroni-adjusted P-value < 0.008). (b) Overall survival rates of 201 patients according to the CEA
level at the time of diagnosis of the liver metastases (Gehan’s Wilcoxon test; Bonferroni-adjusted P-value < 0.008).
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Table 3. Univariate analysis of prognostic factors of ‘extended oncological status’ (Gehan'’s Wilcoxon test)

Median 95% confidence 95% confidence
recurrence-free interval Median interval
survival survival
Number of patients ~ (months) Lower Upper P-value  (months)  Lower Upper P-value
Total 201 24.0 20.48 27.52 50.00 31.28 68.72
Primary colorectal carcinoma
Localization
Rectum 89 24.0 20.00 28.00 0.389 47.0 37.36 66.64 0.704
Colon 112 26.0 18.05 38.95 52.0 41.05 62.95
T-stage
pT1 6 29.0 20.12 39.47 0.213 70.0 50.12 90.33 0.069
pT2 41 24.0 19.43 28.57 47.0 37.28 56.72
pT3 139 21.0 16.20 25.80 41.0 32.55 49.45
pT4 15 18.0 9.82 26.18 29.0 22.24 35.76
N-stage
pNO 94 35.0 26.24 43.76 0.351 69.0 49.21 89.55 0.276
pN1 61 24.0 21.43 26.57 67.0 52.26 81.74
pN2 46 21.0 14.01 27.99 40.0 29.37 50.63
Grading
G1 7 39.0 29.67 48.33 0.611 52.0 40.94 63.06 0.717
G2 162 24.0 19.73 28.27 52.0 34.09 69.92
G3 32 19.0 9.61 28.40 43.0 37.50 48.50
Metachronous disease-free interval (months)
<12 102 22.0 17.93 26.07 0.044 39.0 29.82 48.17 0.005
>12 99 30.0 20.92 39.08 53.0 48.56 57.44
<24 152 24.0 20.44 27.56 0.098 47.0 36.51 57.49 0.266
>24 49 35.0 27.39 42.61 72.0 54.52 89.48
Neoadjuvant chemotherapy before liver resection
Yes 43 23.0 18.55 27.45 0.343 47.0 31.77 62.23 0.867
No 158 25.0 19.71 30.29 52.0 41.09 62.91
Table 4. Multivariate analysis of prognostic factors (Cox proportional hazards analysis, backward elimination)
Recurrence Mortality
95% confidence 95 confidence
interval interval
Hazard
Hazard ratio Lower Upper P-value ratio Lower Upper P-value
Number of liver metastases >4 3.60 2.86 5.18 < 0.0005 4.62 3.18 6.78 < 0.0005
CEA level (ng/ml) >200 2.73 2.20 5.25 0.017
Time of diagnosis of the liver 1.56 1.08 2.25 0.017 1.74 1.09 2.77 0.021

metastases: synchronous

CEA, carcino-embryonic antigen.

procedure seemed to be the most useful and applicable as a
clinical approach and realized the highest detection rate for
liver metastases (21). Thus, misjudgment as to the prognostic
influence of the factors characterizing the local liver findings
could be minimized. The RO status of the resection specimens
was guaranteed through routine pathohistological assessment
of the smallest distance between the ink-marked resection edge
and the tumour.

For a differentiated evaluation of the prognostic impact, all
potential factors were allocated to either the ‘liver-related
oncological status’ or to the ‘extended oncological status’ The
‘liver-related oncological status’ included all factors that were
collected at and around the time of liver metastasis resection.
The ‘extended oncological status’ enhances prognostic value by
adding anamnestic facts on the primary tumour, the tumour-

free interval in metachronous disease and the procedure for
downsizing of the metastases.

When we considered factors of ‘extended oncological status’,
no single factor was sufficient for discriminating the potential
for recurrence-free survival and overall survival in the multi-
variate analysis. In contrast, three of eight factors of ‘liver-
related oncological status’ showed an independent and signifi-
cant influence on the outcome of disease. All of these factors
describe the tumour load and the degree of aggressive tumour
biology and characterize in detail a synchronous manifestation
of primary colorectal carcinoma and liver metastases, a high
number of liver metastases and an increased CEA level.

Patients who simultaneously detected colorectal liver metas-
tases at the time of their colorectal carcinoma diagnosis have
been regarded as a less biologically favorable group in terms of
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Table 5. Bootstrap investigation of the stability of the Cox proportional hazards model (1250 sample models)

Recurrence

Frequency of selection for final model

Number %
Number of liver metastases >4 1012 81.0
Time of diagnosis of the liver metastases — synchronous 980 78.4
CEA level (ng/ml)>200 815 65.2
Number of infiltrated liver segments >5 806 64.5
Metachronous disease-free interval (months) < 12 783 62.6
Primary colorectal carcinoma — N-stage 779 62.3
Primary colorectal carcinoma — T-stage 766 61.3
Localization of liver metastases — peripherial/central/ peripherial and central 716 57.3
Maximum diameter of liver metastases (mm) 708 56.6
Grading of primary colorectal carcinoma 673 53.8
Primary colorectal carcinoma — localization rectum 670 53.6
Grading of liver metastases 630 50.4
Localization of liver metastases — left/right/both liver lobes 563 45.0
Metachronous disease-free interval (months) < 24 562 45.0
Neoadjuvant chemotherapy before liver resection 549 43.9

Mortality

Frequency of selection for final model

Number %
Number of liver metastases >4 1087 87.0
CEA level (ng/ml) >200 1023 81.8
Time of diagnosis of the liver metastases — synchronous 948 75.8
Metachronous disease-free interval (months) < 12 871 69.7
Number of infiltrated liver segments>5 863 69.0
Maximum diameter of liver metastases (mm) 860 68.8
Grading of primary colorectal carcinoma 843 67.4
Primary colorectal carcinoma — T-stage 820 65.6
Primary colorectal carcinoma — N-stage 781 62.5
Neoadjuvant chemotherapy before liver resection 772 61.8
Grading of liver metastases 716 57.3
Metachronous disease-free interval (months) < 24 711 56.9
Localization of liver metastases — peripherial/central/peripherial and central 681 54.5
Localization of liver metastases — left/right/both liver lobes 617 494
Primary colorectal carcinoma — localization rectum 608 48.6

CEA, carcino-embryonic antigen.

Table 6. Risk stratification of 201 patients (univariate Cox proportional hazard analysis)

Recurrence Mortality
95% confidence 95% confidence
) interval ) interval

Patients Hazard ——— Patients Hazard

(number)  ratio Lower Upper P-value (number)  ratio Lower Upper P-value
Low risk 112 1.00 0.001* 108 1.00 0.020*
Intermediate risk 74 1.57 1.08 2.28 0.018™* 75 1.91 1.19 3.05 0.007**
High risk 15 3.26 1.81 5.88 < 0.0005*** 18 3.10 1.58 6.07 0.001%***
*P-value for baseline hazard.
**Comparison low risk vs. intermediate risk.
***Comparison low risk vs. high risk.
survival because tumour cells have already spread to a distant in our study, with a reduction in the recurrence-free and overall
organ even before the treatment of the primary cancer (22). survival.
This resulted in an impaired prognosis, as shown in various The optimal timing and indication for surgical resection of
studies (23, 24). It was corroborated by the multivariate analysis synchronous liver metastases is still controversial. It has been
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Fig. 4. (a) Recurrence-free survival as related to the clinical risk score. (b) Overall survival as related to the clinical risk score.
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Table 7. Risk stratification of 43 patients after neoadjuvant chemotherapy (univariate Cox proportional hazard analysis)

Recurrence Mortality
95% confidence 95% confidence
. interval . interval

Patients Hazard Patients Hazard

(number)  ratio Lower Upper P-value (number)  ratio Lower Upper P-value
Low risk 9 1.00 0.005* 8 1.00 0.043*
Intermediate risk 27 1.90 0.648 3.559 0.015** 27 1.40 0.402 3.054 0.023**
High risk 7 2.63 0.602 4.575 0.0071%*** 8 2.06 0.459 6.211 0.009%***

*P-value for baseline hazard.
**Comparison low risk vs. intermediate risk.
***Comparison low risk vs. high risk.

shown that synchronous resection of colorectal liver metastases
is associated with a low peri-operative morbidity rate (25, 26).
On the other hand, many surgeons advocate the resection of
the colorectal primary tumour first and then to wait about
3 months to monitor the disease progression. If the hepatic
involvement remains stable, these patients are then considered
for subsequent liver resection (27-29). This ‘interval’ approach
might allow occult metastases to become detectable, and
patients who develop inoperable metastases during this ‘time
of re-evaluation’ may avoid another major surgery. In sum-
mary, this staged approach allows for selection of a favourable
group for liver resection (30).

Another therapeutic approach included the enrollment of
patients into multimodal treatment procedures with che-
motherapy and resection. However, it is unclear whether to
prefer simultaneous resection followed by adjuvant chemother-
apy or neoadjuvant chemotherapy followed by liver resection
(31, 32). In the present trial, no adjuvant chemotherapy
followed after complete resection of simultaneous colorectal
liver metastases. Neoadjuvant chemotherapy was performed in
81.4% of synchronous liver metastases before metachronous
resection (n =35 of 43 cases) and did not lead to an improve-
ment in survival. Ultimately, the decision about the therapeutic
procedure in the case of simultaneous colorectal liver metas-
tases remains subjective, depending on the expertise and on the
aggressiveness of the surgeon (32).

The number of colorectal liver metastases, when they are
resectable, is a predictor of both poorer recurrence-free and
overall survival (28, 33, 34). The predictive value of the number
of lesions for survival is unclear. The discussion has focused on
the cut-off number of four metastases. For some authors, this
number represents the boundary between patients who are
capable of achieving an acceptable outcome and those who are
not (5, 33, 35). Among others, the results of Shimada et al. (36),
published in 2004, with a cumulative overall 5-year survival rate
of 46.7% after resection of five or more colorectal liver
metastases, speak for an operative procedure. On the other
hand, according to the results of systemic chemotherapy with
prolonged survival beyond 2 years in a palliative setting, a more
conservative approach would appear to be appropriate (7). In
the present trial, four or more liver metastases proved to be
independent predictors, with highest HRs for recurrence devel-
opment (HR: 3.60) and mortality (HR: 4.62) in the multivariate
analysis. In addition, four or more liver metastases were the
most frequently selected variable in the bootstrapping analysis
of 1250 bootstrap samples.

A recently published series described a limitation of the
prognosis for patients with eight or more liver metastases.
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These patients were more likely to develop hepatic recurrence
within 6 months as well as extrahepatic recurrences and
unresectable disease (34, 37). Until a definitive consent is
reached, we believe that patients with multiple colorectal
liver metastases, irrespective of their size and location,
should always be evaluated by an experienced hepatobiliary
surgeon. Hepatic resection should be performed in such a way
that a balance is maintained between radical removal of the
tumours, minimal blood loss and maximum residual hepatic
mass (10).

The CEA levels characterize the malignancy of the colorectal
carcinoma as well as the metastases and the tumour load. An
elevated CEA level at the time of diagnosis of the metastases is a
poor prognostic sign and correlates with reduced survival even
if a complete resection of the liver metastases can be realized
(38). Specifically, pre-operative CEA levels of 200ng/ml or
more have been evaluated as a characteristic of aggressive
tumour biology (20, 39). Accordingly, this study confirmed this
boundary as an independent parameter for reduced overall
survival.

Prognostic scoring systems have been described in several
cancer types and are being increasingly used in clinics to define
different risk groups for patients with different cancers (32, 40,
41). In the present trial, variables that reached significance for
recurrence-free and overall survival on multivariate analysis
were entered into a clinical risk score. Using this risk stratifica-
tion, we were able to refine our prognostic estimation such that
if one had no independent prognostic risk factors, the estimated
5-year recurrence-free survival associated with complete surgi-
cal resection would be 40% and the estimated 5-year overall
survival would be 57%. Accordingly, the low-risk group is
predicted to have a significantly better estimated survival with-
out recurrence and overall survival when compared with the
intermediate- and the high-risk groups. None of the patients
with two or more independent prognostic factors (high-risk
group) would be alive beyond 5 years from resection.

Application of this refined prognostic estimation may be
used to identify patients who might benefit from differentiated
therapeutic procedures, especially in light of more effective
chemotherapy regimens, which have produced a large impact
on the survival of the patient with hepatic colorectal metastases
(12). Analogously, in the present study, patients of the ‘high-
risk’ group having received neoadjuvant chemotherapy show
significantly better survival than after resection only, as proven
in a comparison between the stratifications of neoadjuvantly
treated and primarily resected patients.

However, for planning of surgery, potential side effects of the
chemotherapy have to be taken into account.



Thus, especially in patients with known steatosis and in
patients at known risk for steatosis (e.g. with a high body mass
index, diabetes mellitus and predisposing metabolic syndrome)
there is a markedly elevated risk for the development of a
chemotherapy-associated steatohepatitis syndrome and asso-
ciated complications (42). These lead to a reduction of the
hepatic reserve, consecutively increasing the rate of post-
operative liver failure, especially after ‘major resections’ (43,
44). In this situation, it can be useful to decide which type of
hepatectomy should be performed. When the choice is possible
between several wedge resections or a major liver resection
removing at once all the deposits, wedge resections should be
preferred to ensure maximum remaining liver parenchyma
(43). Additionally, pre-operative portal vein embolization
should be considered, which has been recommended to induce
hypertrophy of the liver uninvolved with tumour, when the
estimated functional liver remant is < 30-40% (45). This can
eventually lead to a change in the management, such as
substitution of local ablative techniques for resection to avoid
post-operative liver insufficiency (46).

The implementation of the presented score system to pre-
operatively stratify patients according to their prognosis has still
to be evaluated. The transfer of the CEA level and the
synchronous manifestation of primary colorectal carcinoma
and liver metastases into the model seem unproblematic.
However, the pre-operative definition of the exact number of
metastases could prove difficult because pre-operative diagnos-
tic methods and the PET reach only sensitivities of < 90% in
comparison with intra-operatively obtained findings in the liver
(47, 48).

Conclusion

This study represents a single-centre analysis of prognostic
factors for 201 patients with complete resections of colorectal
liver metastases. All variables that influenced prognosis in the
multivariate analysis (CEA level >200ng/ml, number of liver
metastases >4 and time of diagnosis of the liver metastases
synchronous to primary colorectal carcinoma) were evaluated
at the time of liver metastases resection. Based on these factors,
a clinical scoring system was developed to allow patients to be
appropriately stratified to optimize their subsequent manage-
ment. In particular, patients of the high-risk group are candi-
dates for a multimodal therapy concept as their cumulative
survival probability after resection alone is limited to <5
years and may profit from neoadjuvant chemotherapy before
resection.
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Fig. S1. (A) Recurrence-free survival rates of 201 patients
according to the time of diagnosis of the liver metastases
(synchronous vs. metachronous). (B) Overall survival rates of
201 patients according to the time of diagnosis of the liver
metastases (synchronous vs. metachronous).
Fig. S2. (A) Recurrence-free survival rates of 201 patients
according to the time of diagnosis of the liver metastases in an
interval of < 12 months after primary resection vs. 12 months
and more. (B) Overall survival rates of 201 patients according
to the time of diagnosis of the liver metastases in an interval of
< 12 months after primary resection vs. 12 months and more.
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