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Abstract  The aim of this study was to determine trends
in incidence, treatment and survival of colorectal cancer
(CRC) patients with synchronous metastases (Stage IV) in
the Netherlands. This nationwide population-based study
included 160,278 patients diagnosed with CRC between
1996 and 2011. We evaluated changes in stage distribution,
location of synchronous metastases and treatment in four
consecutive periods, using Chi square tests for trend. Me-
dian survival in months was determined, using Kaplan—
Meier analysis. The proportion of Stage IV CRC patients
(n = 33,421) increased from 19 % (1996-1999) to 23 %
(2008-2011, p < 0.001). This was predominantly due to a
major increase in the incidence of lung metastases
(1.7-5.0 % of all CRC patients). During the study period,
the primary tumor was resected less often in Stage IV
patients (6546 %) and the use of systemic treatment has
increased (29—60 %). Also an increase in metastasectomy
was found in patients with one metastatic site, especially in
patients with liver-only disease (5-18 %, p < 0.001). Me-
dian survival of all Stage IV CRC patients increased from 7
to 12 months. Especially in patients with metastases
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confined to the liver or lungs this improvement in survival
was apparent (9—16 and 12-24 months respectively, both
p < 0.001). In the last two decades, more lung metastases
were detected and an increasing proportion of Stage IV
CRC patients was treated with systemic therapy and/or
metastasectomy. Survival of patients has significantly im-
proved. However, the prognosis of Stage IV patients be-
comes increasingly diverse.
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Introduction

Colorectal cancer (CRC) is one of the most frequently di-
agnosed cancer types in the Western world, and second
leading cause of cancer-related death in The Netherlands
[1]. Approximately 15-25 % of all CRC patients have
distant metastases (TNM Stage IV) at the time of the pri-
mary diagnosis [2-4]. Although metastases are pre-
dominantly located in the liver, little is known about
patterns of metastatic spread.

Curative treatment is possible when resection of the
primary tumor is accompanied by resection of all metas-
tases. About 20-30 % of patients with liver metastases
would have potentially resectable disease [5]; however,
observational studies have reported resection rates of liver
metastases around 5-15 % [2, 6], and 5 years overall sur-
vival rates of curatively operated patients up to 50 % [7].
Although most Stage IV CRC patients present with liver
metastases, also patients with a limited number of metas-
tases (oligometastases) in the lungs [8] or peritoneum [9]
can be treated with curative intent when all metastatic le-
sions are removed.
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However, for patients with unresectable metastatic dis-
ease, best supportive care with or without palliative sys-
temic therapy is the only option. In the past decades,
randomized controlled trials have shown that palliative
chemotherapy improves survival of CRC patients with
metastatic disease, especially after the introduction of
combination regimens of fluorouracil with oxaliplatin or
irinotecan [10-12]. Further improvement of survival was
obtained with the addition of targeted therapies [13]. The
additional value of systemic treatment was also found in
population-based studies [2—4].

Resection of the primary tumor is indicated in patients
with curative treatment options, or in the palliative setting
when the primary tumor becomes symptomatic. However,
resection of an asymptomatic primary tumor is currently
under debate [14, 15]. Whether discussion about resection
of the primary tumor has influenced treatment patterns is
largely unknown. In addition, little is known about treat-
ment patterns according to metastatic sites.

The aim of this nationwide population-based study was
to determine trends in incidence, metastatic spread, treat-
ment and survival of CRC patients with synchronous
metastases in the Netherlands.

Methods
Patients

Population-based data were selected from the nationwide
Netherlands Cancer Registry (NCR), which covers over
16.7 million inhabitants. In the NCR, data on all newly
diagnosed malignancies in the Netherlands are registered.
Main sources of notification are the automated pathology
archive (PALGA) and the National Registry of Hospital
Discharge Diagnoses. Following notification, specially
trained registration clerks collect data on patient, tumor and
treatment characteristics from the medical records in all
hospitals. Completeness of the NCR is estimated to be at
least 95 %. Topography and morphology were coded ac-
cording to the International Classification of Diseases for
Oncology (ICD-O) [16]. Stage of disease was defined ac-
cording to the tumor-lymph node-metastasis (TNM)
classification [17].

For this paper, all patients with colorectal carcinoma in
the period 1996-2011 were selected. Patients with CRC
diagnosed at autopsy or without histological confirmation
were excluded. Tumor location was categorized as colon
(including recto sigmoid: C18-19) or rectum (C20). Date
of diagnosis was divided into four periods: 1996-1999,
2000-2003, 2004-2007, and 2008-2011.

Synchronous metastases were defined as metastases
detected before the start of initial treatment and/or during
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surgical exploration. Data on the location of distant
metastases at organ level (with a maximum of three sites)
were registered in four out of nine NCR-regions in
1996-1999, increasing to national coverage from 2008
onwards. From each region, we have included those years
with a (nearly) complete registration of location of distant
metastases, resulting in 3.5 % missing locations of metas-
tases of included Stage IV patients (0.7 % of included
patients).

Treatment after diagnosis included the treatment mod-
alities as mentioned in the treatment plan and provided to
the patient. Treatment was categorized as resection of
primary CRC tumor, metastasectomy (surgical resection of
one or more metastatic sites) and systemic treatment
(chemotherapy, targeted therapy).

Follow-up on vital status (deceased or alive) was ob-
tained from the national Municipal Personal Records
Database, which contains information on vital status of all
Dutch inhabitants.

Statistical analysis

Chi square tests for trend were used to assess the trends in
stage distribution in the consecutive periods, as well as
trends in the location of distant metastases (denominator:
CRC all stages) and trends in treatment of Stage IV CRC
patients. Due to a change in the TNM-classification of
lymph node metastases from 2003 onwards [17], sensitivity
analyses were performed with all distant lymph node
metastases categorized as non-distant (regional), showing
similar trends over time.

Survival time was defined as the time from first histo-
logical diagnosis to death. Patients who were still alive at
January 1st, 2014 were censored. In consecutive periods,
median survival times with 95 % confidence intervals were
computed of Stage IV CRC patients according to age and
location of the primary tumor and locations of distant
metastases, using Kaplan—Meier analyses. Differences in
survival between subgroups were tested using the log rank
test. All analyses were performed using STATA/SE (ver-
sion 12.0; STATA Corp., College Station, Texas, USA).

Results

Between 1996 and 2011, 160,278 new patients were di-
agnosed with CRC. The proportion of patients with syn-
chronous metastases gradually increased from 19 % in
1996-1999 to 23 % in 2008-2011 (p < 0.001). Within this
period, the proportion of patients with Stage II disease
decreased (from 33 % to 28 %, p < 0.001). This pattern
was found in both colon and rectal cancer patients, as
shown in Fig. 1. Compared to Stage I-III CRC patients
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(n = 126,857), Stage IV CRC patients (n = 33,421) were
younger (median age 69 vs. 71 years, p < 0.001), more
often male (55 vs. 53 %, p < 0.001), and the primary tu-
mour was more often localized in the colon (76 vs. 71 %,
p < 0.001). Over time, median age of Stage IV patients
remained stable (69 years), the primary tumor more often
was found in the rectum (22-26 %, p < 0.001), the pro-
portion of patients with a T3 or T4 primary tumor de-
creased (73-67 %, p < 0.001) and patients more often
were diagnosed with positive lymph nodes (51-60 %,
p < 0.001). Seventy-two percent of all CRC patients were
included in analyses of metastatic spread (Table 1), patient
and tumor characteristics of Stage IV patients in this sub-
group did not differ from those of all Stage IV patients
(data not shown).

Synchronous metastases

The most common site of distant metastases in CRC pa-
tients was the liver, followed by the peritoneum and the
lungs (Table 1). Over time, an increasing percentage of
patients was diagnosed with metastases in more than one
organ (from 3.6 % of all patients in 1996-1999 to 8.0 % in
2008-2011, p < 0.001). The proportion of patients with
liver metastases increased from 14 % to 17 % (p < 0.001)
and with peritoneal carcinomatosis from 3.7 to 4.7 %
(p < 0.001), while the proportion of patients with lung
metastases more than doubled, from 1.7 % to 5.0 %
(p < 0.001). The largest increase was seen especially in
patients with lung metastases only (0.4—1.1 %) and in pa-
tients with liver and lungs affected (from 1.1 to 3.4 %).
Compared to rectal cancer patients, colon cancer pa-
tients were more often diagnosed with peritoneal metas-
tases (4.5 vs. 1.7 % in 1996-1999 and 6.0 vs. 1.7 % in
2008-2011, both p < 0.001) and less often with lung
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metastases (1.4 vs. 2.5 % in 1996-1999 and 4.4 vs. 6.3 %
in 2008-2011, both p < 0.001).

Treatment

Between 1996 and 2011 the percentage of Stage IV CRC
patients undergoing metastasectomy increased from 4 %
(1996-1999) to 12 % (2009-2011, p < 0.001), with higher
median age in the last period (64 vs. 62 years). Analyzed
separately, this increased metastasectomy rate was only
found in patients with metastatic disease isolated to one
organ (Table 2). The most markedly increase was found in
patients with isolated liver metastases (5-18 %, p < 0.001).
We also found an increase in the use of systemic treatment
for Stage IV patients (29-60 %, p < 0.001), which was
combined with targeted therapies in 28 % of patients in
2008-2011. Especially in patients with isolated liver
metastases and in patients with multiple organs affected, the
use of systemic treatment was high. The median age of pa-
tients receiving systemic treatment gradually increased over
time (from 61 to 65 years). The proportion of patients un-
dergoing resection of the primary tumor decreased over time
from 65 to 46 % (p < 0.001). The largest decrease was seen
in patients with multiple-organ metastases, followed by
patients with metastases confined to the liver. Median age of
patients undergoing resection of their primary tumor re-
mained stable (68 years).

In the last period (2008-2011), 8 % of patients received
a combination of above mentioned treatment modalities
(systemic treatment, resection primary tumor, metastasec-
tomy) and 21 % of patients had both systemic treatment
and resection of the primary tumor, compared to 1 and
19 % respectively in the first period (p < 0.001). Over
time, an increasing proportion of these patients have re-
ceived systemic treatment prior to resection of the primary
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Table 1 Percentage of patients diagnosed with colorectal carcinoma and synchronous distant metastases (stage IV) in 1996-2011 in the

Netherlands, by location of metastases en period of diagnosis

1996-1999 N 2000-2003 N 2004-2007 N 20082011 N Chi? for trend
(%) (%) (%) (%) p value
All patients diagnosed with CRC 33,206 36,730 42,924 47,418
Number of patients included” (% of all CRC patients) 15,531 (47) 18,814 (51) 34,278 (80) 47,415 (100)
Number of metastatic sites” <0.001
No distant metastasis 12,688 (82) 15,171 (81) 26,910 (79) 36,749 (78)
Single site 2128 (14) 2634 (14) 4700 (14) 6825 (14)
Multiple sites 5541 (3.6) 870 (4.6) 2260 (6.6) 3796 (8.0)
Distant metastasis, site unknown 161 (1.0) 139 (0.7) 408 (1.2) 45 (0.1)
Most common metastatic sites™
Liver 2143 (14) 2799 (15) 5436 (16) 8123 (17) <0.001
Lung 258 (1.7) 392 (2.1) 1259 (3.7) 2358 (5.0) <0.001
Peritoneum 580 (3.7) 785 (4.2) 1528 (4.5) 2234 (4.7) <0.001
Bone 45 (0.3) 74 (0.4) 192 (0.6) 334 (0.7) <0.001
Brain 21 (0.1) 14 (0.1) 49 (0.1) 74 (0.2) <0.001
Lymph nodes 87 (0.6) 152 (0.8) 604 (1.8) 1278 (2.7) <0.001
Location(s) of distant metastases® <0.001
No distant metastasis 12,688 (82) 15,171 (81) 26,910 (79) 36,749 (78)
Liver-only 1665 (11) 2048 (11) 3503 (10) 4880 (10)
Lung-only 68 (0.4) 96 (0.5) 241 (0.7) 515 (1.1)
Peritoneum-only 291 (1.9) 349 (1.9) 666 (1.9) 917 (1.9)
Other single organ site 104 (0.7) 141 (0.8) 290 (0.9) 513 (1.1)
Liver 4+ no-lung 313 (2.0) 484 (2.6) 1,018 (3.0) 1,614 (3.4)
Liver + lung 165 (1.1) 267 (1.4) 915 (2.7) 1,629 (3.4)
No-liver + lung 25 (0.2) 29 (0.2) 103 (0.3) 214 (0.5)
No-liver + no-lung (Other multiple) 51 (0.3) 90 (0.5) 224 (0.7) 339 (0.7)
Distant metastasis, site unknown 161 (1.0) 139 (0.7) 408 (1.2) 45 (0.1)

# Selection of cancer regions with (nearly) complete data on metastatic sites

® Proportions of all CRC patients, including patients with missing data on location of metastatis

tumor (from 3 % in 1996-1999 to 21 % in 2008-2011,
p < 0.001).

Survival

As shown in Table 3, median survival of Stage IV CRC
patients has gradually increased from 7.2 months (95 %
Confidence Interval [CI] 6.9-7.5) to 12.0 months
(95 %CI 11.6-12.4) (Fig. 2a). Compared to elderly pa-
tients and colon cancer patients, patients younger than
75 years and rectal cancer patients showed a higher me-
dian survival and a larger progress over time. Improve-
ment of survival was largest in patients with metastatic
disease confined to the liver (8.8—15.6 months) or the
lungs (11.7-24.0 months). Patients with bone or brain
metastases had the worst median survival, and showed
little or no progress over time.
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Survival was highest in patients who underwent metasta-
sectomy (with or without other treatments). These patients also
showed the largest improvement in survival, from median
25.0 months (95 %CI 22.1-31.8, 1996-1999) to 46.2 months
(95 %CI 40.5-52.4, 2008-2011, Fig. 2b). In patients who re-
ceived systemic treatment without undergoing metastasecto-
my, median survival increased from 12.1 months (95 %CI
11.5-12.7) to 15.3 months (95 %CI 14.8-15.8, Fig. 2c), while
survival of patients receiving neither metastasectomy nor
systemic treatment (best supportive care) decreased from
5.1 months (95 %CI14.9-5.4) to 3.4 months (95 %CI3.1-3.6,
Fig. 2d). Furthermore, patients with lung-only metastases who
underwent metastasectomy (median 56.1 months [95 %CI
31.1-90.3], n = 77) showed a similar median survival com-
pared to patients who underwent resection of liver-only
metastases (median 51.4 months [95 %CI 48.1-56.8],
n = 1422, period 19962011, p = 0.69).
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Table 2 Percentage of patients diagnosed with colorectal carcinoma and synchronous distant metastases (Stage 1V) receiving treatment, by
location of distant metastases and period of diagnosis

1996-1999 2000-2003 2004-2007 2008-2011 Chi? for trend p value
All patients N = 6206 (%) N = 7337 (%) N = 9211 (%) N = 10667 (%)
Metastasectomy® 4 5 7 12 <0.001
Resection primary tumour 65 50 53 46 <0.001
Systemic therapy 29 41 53 60 <0.001
Liver metastases only” N = 1665 (%) N = 2048 (%) N = 3503 (%) N = 4880 (%)
Metastasectomy 5 5 10 18 <0.001
Resection primary tumour 70 66 57 53 <0.001
Systemic therapy 32 46 57 65 <0.001
Lung metastases onlyb N = 68 (%) N =96 (%) N = 241 (%) N = 515 (%)
Metastasectomy 4 3 7 10 0.006
Resection primary tumour 53 65 58 57 0.72
Systemic therapy 29 38 41 42 0.05
Peritoneum metastases onlyb N = 291 (%) N = 349 (%) N = 666 (%) N =917 (%)
Metastasectomy 2 3 6 7 0.002
Resection primary tumour 58 54 61 56 0.91
Systemic therapy 22 24 36 46 <0.001
Other single organ metastases® N = 104 (%) N = 141 (%) N = 290 (%) N =513 (%)
Metastasectomy 10 6 14 14 0.06
Resection primary tumour 64 61 62 59 0.23
Systemic therapy 25 23 43 44 <0.001
Multiple organ sites of metastases” N = 554 (%) N = 870 (%) N = 2,260 (%) N = 3,796 (%)
Metastasectomy® 5 6 4 5 0.99
Resection primary tumour 56 51 42 32 <0.001
Systemic therapy 33 46 58 62 <0.001

# No information available whether one or all metastatic sites were treated

® Selection of cancer regions with (nearly) complete data on metastatic sites

Discussion

This nationwide population-based study in the Netherlands
showed that the proportion of CRC patients diagnosed with
Stage IV disease increased between 1996 and 2011. The
largest increase was found in the incidence of lung
metastases only and combined lung and liver metastases. In
Stage IV patients, a decrease was found in resection of the
primary tumor, while the use of systemic treatment in-
creased, as well as the use of metastasectomy. The highest
rate of metastasectomy and the largest increase over time
were found in patients with isolated liver metastases.
Survival of Stage IV CRC patients has gradually increased,
especially in patients with isolated liver or lung metastases,
and in patients who underwent surgical resection of their
metastases.

The increasing proportions of Stage IV CRC patients are
in line with earlier reports from the Netherlands [2—4]. In
the absence of a national screening program, the shift in

stage distribution can be attributed to more accurate stag-
ing, due to improved pathological detection of lymph node
involvement in the resection specimen [18], and improved
detection of metastatic disease. An increased use and im-
proved quality of computed tomography (CT) of the chest
and magnetic resonance imaging (MRI) of the liver has
potentially led to an increased detection rate for lung and
liver metastases [19, 20].

The present study showed that the incidence of syn-
chronous lung metastases more than doubled,, which is in
line with a French population-based study [21], and the
incidence of lung metastases became slightly higher than
that of peritoneal metastases. In earlier years, patients with
small lung-only metastases might have been diagnosed as
non-metastatic CRC. The improved detection of lung
metastases also explains the increase of patients with both
liver and lung metastases. Our data suggest that improve-
ments in detecting lung and other non-liver metastases
have surpassed an improvement in the detection of liver
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Table 3 Median survival in months with 95 % confidence interval of patients with colorectal carcinoma and synchronous distant metastases,
according to site(s) of distant metastases, by period of diagnosis

1996-1999 2000-2003 2004-2007 2008-2011 Log rank p value

Overall (stage IV) 7.2 (6.9-7.5) 8.5 (8.2-8.9) 10.3 (9.9-10.6) 12.0 (11.6-12.4) <0.001
Age < 75 years 8.7 (8.3-9.1) 10.5 (10.2-11.1) 13.1 (12.5-13.7) 15.2 (14.6-15.8) <0.001
Age > 75 years 4.6 (4.4-5.1) 4.7 (4.3-5.1) 5.7 (5.2-6.0) 6.8 (6.4-7.2) <0.001
Colon—recto sigmoid 6.8 (6.6-7.1) 8.0 (7.7-8.4) 9.7 (9.3-10.1) 10.9 (10.6-11.4) <0.001
Rectum 8.9 (8.1-9.6) 10.4 (9.7-11.3) 12.2 (11.5-12.9) 15.5 (14.5-16.5) <0.001
Number of metastatic sites®

Single metastatic site 8.6 (8.0-9.2) 10.2 (9.5-10.9) 12.1 (11.5-12.8) 14.9 (14.1-15.6) <0.001

Multiple metastatic sites 5.5 (4.4-6.5) 6.1 (5.5-6.8) 7.5 (7.0-8.1) 8.5 (8.1-9.0) <0.001
Most common metastatic sites®

Liver 7.9 (7.2-8.5) 9.0 (8.4-9.6) 10.4 (9.9-10.9) 12.1 (11.8-12.6) <0.001

Lung 8.3 (7.2-10.0) 9.9 (8.8-11.2) 9.9 (9.0-10.8) 11.5 (10.7-12.2) <0.001

Peritoneum 5.6 (4.8-6.6) 6.2 (5.4-6.8) 7.5 (6.9-8.2) 8.2 (7.6-8.7) <0.001
Location(s) of metastases®

Liver-only 8.8 (8.1-9.4) 10.4 (9.7-11.2) 12.5 (11.8-13.1) 15.6 (14.8-16.4) <0.001

Lung-only 11.7 (8.3-17.5) 15.9 (11.9-20.5) 17.1 (13.6-20.3) 24.1 (21.9-26.3) <0.001

Peritoneum-only 6.7 (5.5-8.2) 7.4 (6.1-9.1) 9.1 (7.8-10.4) 9.0 (8.2-10.1) <0.001

Other single organ site 10.7 (6.2-13.0) 9.4 (7.2-13.0) 12.0 (9.9-14.5) 12.8 (11.12-15.5) 0.04

Liver + lung 8.9 (7.2-11.0) 10.2 (8.8-11.5) 10.3 (8.9-11.7) 11.4 (10.4-12.6) 0.01

Other multiple organ sites 4.4 (3.7-5.6) 5.1 (4.4-5.7) 6.6 (6.0-7.2) 7.5 (6.9-8.0) <0.001

* Selection of cancer regions with (nearly) complete data on metastatic sites

metastases, since a ‘decrease’ in the proportion of patients
with liver metastases was found within the subset of pa-
tients with Stage IV disease (from 80 to 76 %). Consid-
ering all CRC patients (Stage I-IV), however, the
incidence of liver metastases has increased from 14 to
17 %. As the NCR has no data available on the number of
detected metastases per organ, it is possible that the ab-
solute number of diagnosed liver metastases per patient did
increase. The minor changes in bone, brain and other more
atypical metastases probably reflect the fact that diagnostic
imaging for these sites is not performed routinely. How-
ever, when curative treatment is considered, positron
emission tomography (PET) scanning has additional value
in the detection of extra-hepatic metastases [22].

Consistent with several other studies [2—4, 7, 23], an
increased use of systemic treatment in Stage IV CRC pa-
tients was found. Simultaneously, the percentage of pa-
tients undergoing resection of the primary tumor decreased
over time, especially in patients with multiple organ
metastases. This decrease may reflect the recent debate
about the added value of palliative resection of the primary
tumor [15, 24-26]. However, it also may reflect an in-
creased preference for chemotherapy as the treatment of
first choice [27, 28], as we found in this study.

The present study showed an increase in metastatic
surgery for patients with metastatic disease confined to one
site. It is plausible that the majority of these patients were
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treated with curative intent. The largest increase was found
in patients with liver-only metastases, which is potentially
due to the introduction of new treatment possibilities and
improved surgical techniques [7]. These improvements,
together with the increasing efficacy of systemic therapy to
make secondary resection possible, are expected to further
increase the proportion of patients undergoing liver sur-
gery. Therefore, close collaboration with centers of ex-
pertise in liver surgery is essential to select patients eligible
for treatment with curative intent [29]. Although less pro-
nounced, we also observed an increase in surgical treat-
ment of metastases in patients with lung or other single
organ metastases. The proportion of patients with advanced
metastatic disease undergoing metastasectomy did not
change over time. However, there is some evidence that
curative resection is possible in selected patients with
multiple organ metastases [9, 30, 31].

In the Netherlands, median overall survival in the total
group of CRC patients diagnosed with synchronous Stage
IV disease increased from 7.2 months in 1996-1999 to
12.0 months in 2008-2011. Consistent with reports from
other countries [23, 32], the largest improvement in sur-
vival was seen in patients below the age of 75. These pa-
tients are more often eligible for surgical and systemic
treatment, and they can better withstand the complications
and side effects of treatment. However, median age of
systemic treated patients increased over time and median
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Fig. 2 Crude survival of CRC patients diagnosed with synchronous
distant metastases in the period 1996-2011 in the Netherlands, by
period of diagnosis of CRC: a all patients (log rank test p < 0.001),
b patients treated with metastasectomy (log rank test p < 0.001),

survival of elderly patients improved especially in recent
periods. Therefore, increasing numbers of elderly patients
receiving curative or palliative cancer treatments may have
contributed to a slowed survival improvement in the last
period. The increasing survival gap between patients with
colon cancer and patients with rectal cancer is remarkable.
This survival gap may to some extend be explained by
differences in patterns of metastatic spread. Peritoneal
metastases are more frequently found in colon cancer pa-
tients, whereas lung metastases are more common in rectal
cancer patients [33]. Survival is found to be less favorable
in patients with peritoneal carcinomatosis than in patients
with lung metastasis [34, 35], as was also confirmed in this
study.

The survival benefit for patients with single-organ
metastasis can easily be explained, as they will more often
be eligible for curative surgery than patients with multiple
organs affected. In patients who received palliative sys-
temic treatment, survival was lower than reported in
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2008-2011 3884 894 468 221 99 46
19961999 ——--- 2000-2003
coeeeeees 2004-2007  — — - 2008-2011

¢ patients receiving systemic treatment without metastasectomy (log
rank test p < 0.001) and d patients receiving supportive care (no
metastasectomy, no systemic treatment) (log rank test p < 0.001)

randomized trials [10-12], which is partly because the
general population encompass elderly and frail patients
who are usually not included in those trials. This is re-
flected by the fact that only 28 % of the patients in this
population based study received modern, expensive, sys-
temic targeted treatment which might also explain the
lower overall survival. A recent study showed that patients
with Stage IV CRC not fulfilling eligible criteria for the
original trial had a worse outcome while eligible non-trial
patients showed a similar outcome compared to trial par-
ticipants [36].

The remarkable improvement in survival for patients
with lung metastases, especially patients with lung-only
metastases, can partly be contributed to improvements in
systemic therapy and surgical intervention. However, to
some extent it will also reflect earlier diagnosis as a result
of improved imaging techniques [19, 21, 37]. Probably, this
phenomenon has influenced other survival outcomes as
well. With regard to survival of CRC patients who
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underwent metastasectomy of lung metastases, results in
this study are in line with a recent review of 25 retro-
spective series reporting a median survival between 18.5
and 72 months [8].

A limitation in this study is the amount of lacking data
on location of metastasis for patients diagnosed between
1996 and 2007. With careful selection of included data,
missing values were limited to a minimum without com-
promising representativeness. Furthermore, in the literature
several definitions are used for distinguishing synchronous
and metachronous metastases. Because the NCR does not
provide information on the date of diagnosis of distant
metastases, we cannot select distant metastases that were
diagnosed within a predefined period of date of diagnosis
of the primary tumor (e.g. 3, 6 or 12 months) to analyze
possible differences in the incidence of distant metastases.

In conclusion, an increase in the proportion of Stage IV
CRC patients was observed over the last two decades. This
increase can mainly be explained by an improved detection
of non-liver metastases, especially lung metastases. In
upcoming years, further increase of survival is expected,
when more patients will undergo metastatic surgery and the
efficacy of systemic treatment increases further by the
developments in personalized medicine. Optimizing the
use of personalized medicines justifies an extensive track-
ing system of treatment and treatment results. However,
treatment and survival patterns may further diverge ac-
cording to metastatic spread.
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