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Abstract
Purpose Early detection and multidisciplinary treatment of
colorectal liver metastases (CLM), preferably resection, can
significantly prolong the survival of colorectal cancer patients.
The purpose of this study was to analyze the incidence,
management and long-term clinical outcome of CLM patients
using data from a regional German tumour registry.
Methods We conducted a retrospective analysis of 884 patients
diagnosedwith colorectal adenocarcinoma in the year 2002 and
documented in a regional tumor registry in Southern Germany.
Results Two hundred thirty-six patients (26.7%) had or
developed CLM, 132 patients (14.9%) had synchronous
CLM and 104 patients (11.8%) developed metachronous
CLM. At diagnosis of CLM, 86 patients (36.4%) had 3 or less
documented lesions, 6 patients (2.5%) had 4 to 6 lesions and 89
patients (37.7%) showed multiple, diffuse metastases; for 55
patients (23.3%), the number of lesions was not specified.

CLM patients (19.1%) (5.1% of all patients) underwent liver
resection; a higher resection rate (28.3%) was observed in a
subgroup of patients treated in two academic centres. Patients
without CLM had a significantly better 5-year survival rate
than patients with liver metastases (65.5% versus 16.3%).
CLM patients with up to 3 liver metastases (i.e., potentially
resectable) who underwent liver resection (n=34) showed a
significantly higher 5-year survival than non-resected patients
(n=52) (40% versus 5%).
Conclusions The present study is the first population-based
analysis of the surgical management and outcome of CLM
in Southern Germany. The percentage of liver resections
was lower than expected, particularly for patients with three
or less metastases. The present data suggest that relevant
undertreatment of CLM patients may occur which may
have a negative impact on survival.
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Introduction

Colorectal adenocarcinoma is the second most common
cancer in both men and women in Germany. Approximately
70,000 patients are diagnosed with colorectal cancer (CRC)
per year resulting in approximately 28,000 deaths each year
[1]. Although 85% of patients diagnosed with CRC can
undergo local resection, which is initially curative [2], a
leading cause of death is local recurrence and/or metastatic
disease. The primary metastatic site for patients with CRC
is the liver: 60–70% of metastatic recurrences in CRC
patients occur in the liver, and up to 35% of metastatic CRC
patients have metastases only in this organ [3]. Approxi-
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mately 25% of CRC patients present colorectal liver metas-
tases (CLM) synchronously with the primary tumour and
30% develop CLM within 24 months after primary
diagnosis [4]. The median survival of metastatic CRC
patients can be prolonged from 6 months in untreated
patients to 25 months using modern chemotherapeutic
regimens [5, 6]. However, a treatment concept including
liver surgery remains the only curative approach [7–10].

Surgical management of CLM has undergone a signif-
icant change during the last decades. Previously, surgical
interventions for CLM were limited to patients with a
maximum of three unilobular metastases, of which the
largest had a maximum diameter of 5 cm and with no
evidence of extrahepatic metastases at the time of surgery
[2, 10, 11]. Advances both in multimodality treatment and
surgical technique have led to a significant increase in liver
resections for CLM. In 2006, an expert consensus recom-
mended liver resection for all patients meeting the following
criteria: (1) manageable margin-negative resection, (2) resid-
ual liver of ≥2 contiguous hepatic sectors, (3) adequate
perfusion and biliary drainage and (4) >20% residual
healthy liver [8]. Since then, only a few population-based
studies have analyzed the surgical management of CLM in
general hospitals and academic centres. The present study
is the first of this kind in Southern Germany, performed in
Bavaria using data from the Regensburg Cancer Registry,
Germany.

Patients and methods

Patient population and data acquisition

The study population included all patients that were
diagnosed with colorectal adenocarcinoma in the year
2002 and registered in the Tumorzentrum Regensburg
(TUZR, Regensburg Cancer Registry). The TUZR col-
lects epidemiological and clinical information on all
cancer patients in the Southern German Regions of
Upper Palatinate and Lower Bavaria. These regions have
a total population of approximately two million inhab-
itants. Data were collected from standardized cancer
report sheets submitted from care centres and oncologists
as well as from archived hospital discharge letters for
each patient. All diagnoses were confirmed by histology.
Life status of the patients was ascertained using death
certificates and information from the registration offices
of the patients’ respective resident districts. The obser-
vation time was the interval between the diagnosis of
primary tumour until last follow-up or death of patient.
Cut-off date was February 2007. Patients suffering from
more than one tumour entity, e.g. another malignancy in
addition to colon cancer, were excluded. The study

population includes a total of 884 patients with complete
clinical records, representing a completeness of 85%.
Data pertaining to demographics, TNM staging, grading,
histology, completeness of resection, adjuvant treatment,
localization, time and characteristics of metastases,
surgical interventions, recurrences, disease-free periods,
outcomes and type of treatment institution (academic
centre or general hospital) were reviewed for each patient
and entered into a database.

Synchronous metastasis was defined as a lesion diag-
nosed/documented simultaneously or within 3 months of
the diagnosis of the primary tumour—under the consider-
ation that a real hepatic tumour “recurrence” that early after
primary treatment is very unlikely. A diagnosis of metas-
tases later than 3 months after the primary was defined as
metachronous metastasis. All collection of patient informa-
tion was approved by the Bavarian Law of Cancer
Registration.

Statistical analysis

Overall, survival time was censored at the time of death or
last follow-up with a cut-off date in February 2007 in order
to have a follow-up of 5 years for each patient. Survival
curves were estimated by the Kaplan–Meier method. Results
were considered significant at p<0.05. All statistical and
descriptive analyses were performed using SPSS software,
version 18.0.

Results

Occurrence of synchronous and metachronous liver
metastases

Data were obtained for a total of 884 patients who had been
diagnosed with CRC in the year 2002 (Fig. 1). Of those,
236 patients (26.7%) were documented to have developed
liver metastases during the 5-year follow-up. The timing of
occurrence of CLM is shown in Fig. 2. One hundred and
thirty-two of those 236 patients (55.9%) had synchronous
metastases, which were documented at the time of initial
diagnosis in 87 patients (36.8%) and by a month 3 in 45
patients (19.1%). Thus, in 45 out of 132 patients (34.2%),
synchronous metastases were recognized (or documented)
only within the first 3 months after the primary operation.
One hundred four patients (44.1%) developed metachro-
nous CLM (i.e. liver metastases documented beyond
3 months after the diagnosis of the primary tumour). In
all cases, the diagnosis of liver metastases was based on
ultrasound plus CT, MRI and/or surgical examination
during resection of the primary tumour. Of all metastases,
74.1% were diagnosed within 12 months, 85.7% within

1476 Int J Colorectal Dis (2011) 26:1475–1481



24 months and 97.1% within 36 months after the diagnosis
of the primary tumour (Fig. 2).

Characteristics of CLM patients and of colorectal liver
metastases

Tables 1 and 2 summarize the characteristics of the 236
patients suffering from CLM and compare their demo-
graphic and primary tumour staging data with the 648
patients without liver metastasis. Among the CLM patients,
60.6% were male and 39.4% female. The vast majority was
older than 51 years (85.5%) with a mean age at diagnosis of
65 (median, 66 years).

At first diagnosis of CLM, a single liver nodule was
documented in 57 patients (24.2%), while up to three
nodules were documented in 86 patients (36.5%); in 95
patients (40.2%) 4 or more nodules were documented,
while no documentation about the number of lesions
existed for 55 patients (23.3%). The size of metastases
could not reliably be assessed since documentation was

missing in 63.2% of the cases. In 23.7% of CLM patients, it
was documented that three or less hepatic segments showed
metastatic nodules, while in 37.6% disease in four or more
segments was described. In 91 patients (38.7%), the
distribution of hepatic metastases was not documented.

Surgical approach to hepatic metastases

Of all 236 patients with documented CLM, 45 patients
(19.1%) underwent liver resection with curative intent
(Table 3) with a larger proportion of 42.1% in patients with
single metastasis. The surgical approach included 17
atypical resections, 13 segmental resections, 5 right hemi-
hepatectomies and 10 combination surgeries (i.e. hemi-
hepatectomy and atypical resection, hemihepatectomy and
segmental resection or segmental and atypical resection).
With regard to the timing of hepatic surgery, the vast
majority of patients underwent liver surgery in a separate
operation after prior resection of the primary colon cancer.
No patient underwent reverse resection (hepatic resection
before colectomy) and only two patients underwent
synchronous bowel and liver surgery. Surgeries were
performed in a total of 30 hospitals including two academic
centres. In a subpopulation of 113 CLM patients, treatment
of primary tumour, surveillance and (if applicable) liver
resections were performed in two academic centres being
part of this study, both specialized in and experienced at
liver surgery. Of those 113 patients, liver resection was
performed in 32 patients (28.3%). Among all 45 patients
undergoing liver surgery, R0 resection was achieved in 28
patients (62.2%), R1 resection in 3 patients (6.7%) and R2
resection in 5 patients (11.1%). In nine patients (20%), the
resection status was not documented (Fig. 1).

Few patients underwent ablative therapies (three radio-
frequency thermoablations in patients not undergoing liver
surgery, three radiofrequency ablations, two infrared coag-
ulations, one instillation of ethanol and one cryoablation in
patients with recurring liver metastases after liver surgery).

Fig. 1 A total of 884 patients diagnosed with colorectal adenocarci-
noma in 2002 were included into the present analysis. Of these, 236
patients developed hepatic metastases and 45 underwent liver
resection

Fig. 2 Relative cumulative
incidence of colorectal liver
metastases in months after
diagnosis of the primary tumour
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In 27 of the 45 patients (60%) receiving liver resection,
additional chemotherapy was documented versus in 113 of
the 191 patients (59.2%) with liver metastases that did not
undergo resection. No data on this issue were documented
in about 30% of the patients.

Clinical outcome

Of all 884 patients, 479 (54.2%) were alive in February
2007. Kaplan–Meier survival curves are shown in Fig. 3.
Whereas the 5-year survival was 65.6% for patients without
liver metastases, CLM patients showed a significantly
lower 5-year survival of 16.3% (p<0.001). Figure 4 shows
the 5-year survival after diagnosis of liver metastasis for
CLM patients undergoing liver resection versus CLM
patients without liver surgery. Whereas CLM patients
undergoing non-surgical management showed a 5-year
survival of less than 5.3%, patients undergoing liver
resection with curative intent showed a 5-year survival of
38.8% (p<0.001). Figure 5 depicts the survival after the

diagnosis of liver metastasis in relation to the number of
metastases documented. There is a significant difference for
survival with one and two or three metastases versus more
than three metastases (p<0.001 and p=0.017). For patients
with one metastasis (irrespective of surgical treatment),
5-year survival was 25.8%. Survival for patients with two

Table 2 Characteristics of liver metastases in patients diagnosed with
colorectal liver metastases

No. of patients 236 %

Number of hepatic metastases

1 57 24.2

2 16 6.8

3 13 5.5

4 2 0.8

5 0 0

6 4 1.7

>6 89 37.7

Unknown 55 23.3

Size of largest hepatic metastasis in cm

1 8 3.4

2 13 5.5

3 10 4.2

4 16 6.8

5 14 5.9

6 12 5.1

>6 14 5.9

Unknown 149 63.2

Number of liver segments with metastases

1 26 11

2 20 8.5

3 10 4.2

4 6 2.5

5 1 0.4

>5 82 34.7

Unknown 91 38.7

Table 3 Surgical management of 236 patients with colorectal liver
metastases

Surgical management No. of patients %

Total 236 100

No surgery 191 80.9

Surgical approach 45 19.1

Atypical resection 17 7.2

Segmental resection 13 5.5

Right hemihepatectomy 5 2.1

Combination 10 4.3

Table 1 Characteristics of 236 patients with and 648 patients without
colorectal liver metastasis

Hepatic metastasis

Yes No

Number % Number %
236 648

Sex

Male 143 60.6 407 62.8

Female 93 39.4 241 37.2

Age (years)

31–40 4 1.7 13 2.0

41–50 15 6.4 39 6.0

51–60 44 18.6 108 16.7

61–70 87 36.9 210 32.4

71–80 70 29.7 215 33.2

>80 16 6.8 63 9.7

Mean age (years) 65 67

Site of primary tumour

Colon 146 61.9 353 54.5

Colorectal junction 10 4.2 37 5.7

Rectum 80 33.9 258 39.8

Initial UICC stage

I 9 3.8 158 24.4

II 19 8 202 31.2

III 37 15.7 220 34.0

IV 171 72.5 68 10.5

236 100.0 648 100.0

UICC Union for International Cancer Control
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or three metastases is comparable in the first 2 years,
then declines to 4.5% after 5 years (p=0.216). The survival
curve for patients with no documented number of metas-
tases (5-year survival=10.0%) suggests that these were
predominantly patients with multiple metastases. Figure 6
shows survival curves for the 86 patients with up to three
liver metastases documented (i.e. potentially resectable),
who did (n=34) or did not (n=52) undergo liver resection,
which was significantly different at 5 years (40.0% versus
5.0%) (p<0.001). In the subgroup of 57 patients with only
one liver metastasis, 5-year survival after the diagnosis of
liver metastasis was 50.0% after resection versus 7.6%
without resection (p<0.001)

Discussion

During recent years, remarkable advances in the treatment
of CRC and improvement of surgical technique have led to
a significant extension of indications for liver resection for
CLM patients. Today, liver resection has become accepted
as the standard of care for CLM patients with resectable
metastases. Single-centre publications have shown 5-year
survival rates after liver resection for CLM of up to 50%
[7–10]. However, single, high-volume academic centres
represent a biased population consisting predominantly of
highly selected patients and therefore the results do not
reflect the clinical outcome of the average CLM patient.

Fig. 5 Comparison of overall survival (Kaplan–Meier) after diagnosis of
hepatic metastases in relation to the number of metastases documented
(one metastasis: n=57, blue line; two to three metastases, n=29 green
line; >3 metastases, n=95 red line; and not documented, n=55, yellow
line). Irrespective of surgical treatment, patients with one or two/three
liver metastases showed a significantly higher 5-year survival rate than
patients with more than three metastases (p<0.001 and p=0.017)

Fig. 4 Comparison of overall survival (Kaplan–Meier) after diagnosis
of hepatic metastases in liver resected (solid line) versus unresected
(dotted line) patients in 236 patients with colorectal liver metastases.
Patients not undergoing surgery showed a significantly lower 5-year
survival compared to patients undergoing hepatic resection (5.3%
versus 38.8%, p<0.001). The survival curve of resected patients
includes all resected patients independently of their resection margin
status

Fig. 3 Comparison of overall survival (Kaplan–Meier) after the
diagnosis of the primary tumour in 884 patients with colorectal
carcinoma with (solid line) or without (dotted line) liver metastases.
CLM patients showed a significantly lower 5-year survival (16.3%
versus 65.6%, p<0.001)

Fig. 6 Comparison of overall survival (Kaplan–Meier) after diagnosis
of hepatic metastases in patients with up to three liver metastases
documented (n=86) that did (n=34, solid line) or did not (n=52,
dotted line) undergo liver resection. Survival was significantly better
in resected patients (40.0% versus 5.0%, p<0.001)
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Recently, several population-based studies have analyzed
the surgical management and clinical outcome of CLM
patients. However, the present study is the first population-
based analysis of the incidence, management and clinical
outcome of CLM patients in Southern Germany.

In the present study, 236 out of a total of 884 patients
diagnosed with CRC in 2002 (26.7%) were documented to
have developed CLM within 5 years after the primary
diagnosis: about half of them had synchronous metastases
and the other half had metachronous metastases. Overall,
these findings are at the lower range as compared to other
recently published population-based analyses from France,
Sweden, Northern Germany, Canada, Great Britain and the
USA where CLM rates between 25% and 50% have been
observed. Rates of synchronous metastases in these studies
using the same definition, however, varied between 13.9%
and 71% [9, 12–17]—a fact that probably reflects selection
or referral bias of different centres. For our study, it remains
unclear whether the rather low rate of over all liver
metastases (about 27%) is really true or whether it is due
to a documentation deficit—however, the completeness of
the registry at about 85% suggests that our data reflect the
reality in our region.

In our study population, 45 of the 236 CLM patients
(19.1%) underwent liver resection with curative intent. This
proportion was higher (over 40%) among patients with
single lesions. Single-centre publications have shown that
10% to 20% of CLM are resectable at first diagnosis and up
to a further 15% may become resectable after chemotherapy
resulting in a higher resection rate than that found in our
population [8]. However, the resection rate in our population
was higher than all recently published population-based
analyses. For instance, a Northern German analysis of 1,299
CLM patients showed a resection rate of 8.8% [12], two
French cancer registries published resection rates of 17.3%
and 16.9% [13, 17], a Swedish analysis of 537 CLM patients
showed a resection rate of 4% [14] and a large US
population-based study analyzing 13,599 CLM patients
published a resection rate as low as 6.1% [15].

In a British population-based analysis published in 2010,
the hepatic resection rate for a population of 114,155
patients diagnosed with CRC [16] (the rate of liver
metastases was not specified) was reported to be on
average 2.7% for the study period (1998–2004), increasing
from 1.7% in 1998 to 3.8% in 2004. In our population,
45 patients underwent hepatic resections among 884
patients diagnosed with CRC, i.e. a rate of 5.1%, which
compares favourably to the British data. Further studies
would be required in our population to show whether
there is also an increase in resection rates over time.

One hundred thirteen of 236 CLM patients (47.9%) in
our study were treated at one of two academic centres,
while 123 patients were treated at smaller hospitals. Of

those 113 patients, liver resection with curative intent was
performed on 32 patients (28.3%). Thus, in our population,
32 out of 45 patients (71%) who underwent liver surgery
were treated in academic centres. This is comparable to the
aforementioned population-based publications. A higher
resection rate of patients treated in experienced centres is
also consistent with data published from large academic
single institution studies and could reflect selection and
referral bias, or may also indicate that more patients with
resectable CLM actually underwent surgery in these
centres. In larger centres, tumour patients are systematically
discussed in comprehensive tumour-board meetings, where
surgical options for each patient are evaluated on an
individual basis by experienced liver surgeons.

In our analysis, CRC patients without liver metastases
showed a 5-year survival of 65.6% whereas CLM patients
showed an overall 5-year survival of 16.3%. This clearly
indicates that patients who develop CLM have a worse
prognosis than those who do not. Moreover, the number of
metastases was also important in determining the prognosis.
Further analyses of CLM patients showed that 5-year
survival from the time of diagnosis of liver metastasis was
5.3% for unresected CLM patients and 38.8% for resected
CLM patients. These rates are equal to or higher than recent
population-based studies, where curatively resected CLM
patients had 5-year survival rates between 10.8% and 45%
[9, 12–17]. A large academic single-centre analysis of
resected CLM patients has recently shown that survival
curves for patients undergoing liver resection for CLM
reach a plateau at approximately 10 years after hepatic
resection [3]. Tomlinson and colleagues have defined
“cure” of CLM as 10 years disease-free survival after liver
resection and have published cure rates between 17% and
25%. In the same publication, Kaplan–Meier survival
analyses showed a 5-year survival of approximately 38%,
which is consistent with our data.

Of particular importance is the subset of patients with up
to three documented metastases. This represents a subgroup
in which the majority of patients would be considered to
have resectable liver metastases. From the documentation,
it is not clear why a large number of these patients were not
treated surgically. Among this subgroup, liver resection was
associated with a 5-year survival of 40.0% after resection
versus 5.0% without resection. Interestingly, even in the
subgroup of patients with only one documented metastasis,
more than half of the patients did not undergo resection
(58%), and here the difference in 5-year survival was even
more profound (50% for the resected group versus 8%
without resection). Although some patients with few
metastases might not have undergone resection because of
other medical contraindications (data that could not be
obtained from the registry), it is very plausible that in a
relevant proportion of these patients, the option for liver
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resection might not have been considered and discussed at
all. Thus, our data suggest an undertreatment particularly in
this subgroup of patients.

A limitation of our study is the lack of systematic
documentation of parameters such as resection margin status
of the liver as well as details concerning the use of or type and
duration of chemotherapy. Therefore, correlations between
resection status and outcome and between the use of
chemotherapy in patients with or without liver resection were
not possible. These issues are clearly of importance, and thus
should be included in further studies. Although the current
study lacks this information, the central findings reported
herein are not diminished.

In conclusion, our study is the first large population-based
analysis on the incidence, surgical treatment and outcome of
CLM patients in Southern Germany. Here, we show that CLM
in our patient cohort were diagnosed (or documented) at a
lower rate than expected, and treatment options offered to
patients varied depending on the experience of the institution.
Our study thereby clearly demonstrates that population-based
analyses of CLM differ from single academic centre reports.
Moreover, our results suggest that undertreatment may have
occurred in a relevant number of patients with limited liver
metastasis (up to three metastases). Taken together, these
findings emphasize the importance of an (experienced)
interdisciplinary management of metastatic colorectal cancer
in designated centres. The present analysis will serve as a
reference for future improvements to multidisciplinary treat-
ment and surveillance of colon cancer patients at our institution.
Early and experienced surgical assessment plays a pivotal role
for long-term clinical outcome, offering the chance of improved
prognosis or cure. Given the obvious survival benefit, the
possibility of performing liver resection has to be evaluated
individually for every patient with CLM before starting
systemic chemotherapy and as soon as possible after diagnosis.
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