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Abstract

Background: The aim of this study was to evaluate the Dutch regional practice variation in treatment of

synchronous colorectal liver metastases (CRLM) over time and assess their impact on patients survival.

Methods: Two cohorts of patients with synchronous CRLM were selected from the Netherlands Cancer

Registry (NCR). All patients diagnosed between 2014 and 2018 were selected to analyze interregional

practice variations in local therapy (LT) with multivariable logistic regression. Overall survival (OS) was

assessed for patients diagnosed from 2008 to 2013 using Kaplan Meier method and Cox regression

analyses.

Results: The proportion of patients who underwent LT increased from 15.5% to 21.9%. Interregional

use of LT varied from 19.1% to 25.0%. Multivariable logistic regression showed significant differences

between regions in the use of LT (p = 0.001) in 2014–2018. There was no association between OS and

region of diagnosis for patients who underwent LT after correction for confounders.The use of LT for

CRLM increased from 15.5% in 2008–2013 to 21.9% in 2014–2018. Three-year OS increased from 16%

to 19% respectively.

Conclusion: Interregional practice variations have decreased. The remaining differences are not

associated with OS. The use of local therapy and 3-year overall survival have increased over time. Local

practice should be monitored to prevent undesirable variation in outcomes.
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Introduction

The Netherlands Comprehensive Cancer Organization defines
nine regions with regards to the care for metastasized colorectal
cancer. Each region contains general hospitals that refer patients
for liver surgery, which is centralized in dedicated liver-surgery
centers and academic hospitals. A Dutch population-based
study from 2015 found a large interregional variance in the
application of local therapy for colorectal liver metastases
(CRLM) for patients diagnosed with synchronous CRLM be-
tween 2008-2013.1 In that report, the resection rate for CRLM
HPB 2022, 24, 1651–1658 © 2022 The Author(s). Published by Elsevier Ltd on
access
ranged from 2 to 26% across all hospitals. Furthermore, practice
variations in the type of local therapy may be especially prevalent
in synchronous CRLM, due to the varying approaches for local
therapy. Currently no clear advantage has been demonstrated for
one of these approaches over the others.2–4 Therefore the choice
of local therapy approach is largely at the discretion of the
treating physician.
Awareness of the practice variations has led to efforts to unify

interregional management of CRLM in the Netherlands. As of
2014, the outcomes of surgical treatment for all liver tumors in
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the Netherlands are registered in the Dutch Hepato Biliary Audit
(DHBA). The DHBA is used as a benchmark to provide insight
into the quality of care for patients undergoing local therapy for
liver tumors in order to improve outcomes.5 Another factor that
could contribute to reduced interregional variation is the start of
the CAIRO 5 trial (NCT02162563). For this nationwide study, an
expert panel of experienced liver surgeons and radiologists was
established to review the resectability of patients with initially
unresectable colorectal cancer liver metastases.
This study aimed to evaluate the interregional practice varia-

tion in the local therapy rate for CRLM by comparing the pa-
tients diagnosed with synchronous CRLM diagnosed in
2008–2013 to those diagnosed in 2014–2018. The second
objective was to assess the survival of the patients in the
2008–2013 cohort to evaluate whether there were interregional
differences in overall survival.
Methods

This study was approved by the Erasmus MC ethics committee
(MEC 2020–0294).

The Netherlands cancer registry (NCR)
All newly diagnosed malignancies in the Netherlands are regis-
tered in the NCR. New entries are identified through notifica-
tions by the national automated pathology archive (PALGA) and
hospital discharge notes. Trained personnel of the Netherlands
Comprehensive Cancer Organization (IKNL) retrieve patient-,
tumor-, and treatment data from patient records. Tumor char-
acteristics are classified using the current versions of the TNM
classification of malignant tumors6 and the International Clas-
sification of Disease for Oncology.7 Vital status is updated
annually using the Municipal Personal Records Database, which
contains information on vital status for all inhabitants of the
Netherlands.

Study population
Patients diagnosed with synchronous CRLM between 2008 and
2018 were selected from the NCR. The primary endpoint of the
study was interregional practice variation in the proportion of
patients receiving local therapy for synchronous CRLM. We
hypothesized that the start of the DHBA and the expert-panel of
CAIRO 5 in 2014 may have reduced these interregional differ-
ences. Patients diagnosed from 2014 to 2018 were compared to
patients diagnosed from 2008 to 2013 to evaluate the primary
endpoint. The secondary endpoint of the study was the OS for
patients who underwent local therapy for CRLM. Patients
diagnosed from 2008 to 2013 were selected to determine overall
survival per region. The total number of colorectal cancer di-
agnoses in the Netherlands was obtained from the publicly
accessible NCR registry, to calculate the incidence of synchro-
nous CRLM between 2008 and 2018.8
HPB 2022, 24, 1651–1658 © 2022 The Author(s). Published by Elsevier Ltd on
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Management of synchronous CRLM in the
Netherlands
Liver surgery in the Netherlands is concentrated in expert centers
and academic hospitals. Patients with synchronous CRLM are
evaluated in a multidisciplinary team with at least a surgeon,
oncologist and radiologist present. The treatment approach is
chosen on a patient-to-patient basis depending of the location
and extent of the primary tumour and the metastases. Patients
are treated with a liver-first approach (34%) or simultaneous
resection of liver metastases and the primary tumour (32%).9

Simultaneous resection has gained popularity over the years.9

Liver first procedures are generally preferred in patients with a
rectal tumour, requiring neoadjuvant chemoradiation. Syn-
chronous resections are most commonly employed in patients
with a limited number of upfront resectable liver metastases.
Most patients (64%) are operated without perioperative
chemotherapy, following the Dutch guideline for metastatic
colorectal carcinoma. 9Preoperative chemotherapy is used in
26% of patients with synchronous CRLM and usually reserved
for downstaging of extensive, but potentially resectable meta-
static disease. Adjuvant chemotherapy is not recommend in the
Dutch guidelines for metastatic colorectal cancer and used in
<5% of patients with synchronous CRLM.9

Definitions
Synchronous metastases were defined as metastases diagnosed
before the start of initial treatment or during surgical explora-
tion. Primary tumor locations were grouped in right-sided
(C180–C184), left-sided (C185–C187) and rectum (C199,
C209) with a few tumor locations classified as Overlapping
(C188) or unspecified (C189).
The nine regions as defined by the Netherlands Comprehen-

sive Cancer Organization were reported in a pseudonymized
manner, coding the region of diagnosis for each patients as “A” to
“I”.
General and regional treatment patters were described for

synchronous CRLM. Treatment was classified as: Local Therapy
(LT), Systemic Therapy (ST) and Best Supportive Care (BSC).
Local therapy included: resection, radiofrequency ablation
(RFA), microwave ablation (MWA), radiotherapy on metastases,
or combinations of these modalities.

Statistical analyses
Categorical variables were reported as numbers with percentages
and differences were tested with chi-square tests. Continuous
variables were reported as median with interquartile range, and
differences were tested using ANOVA tests. Bonferroni correc-
tion was applied to correct for multiple testing. Overall Survival
(OS) was reported as medians with 95% confidence intervals
(95%CI). Multivariable logistic regression was used to analyze
the regional variation in the use of local therapy. Survival curves
were generated using the Kaplan–Meier method and differences
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between groups were tested using log-rank tests. Cox regression
analyses were used to investigate whether region of diagnosis was
associated with overall survival. A p value < 0.05 was considered
statistically significant. Follow-up time was calculated as the
median length of follow-up of all surviving patients. SPSS
version 25.0.0.1. (IBM, Chicago, IL) and R (R Foundation for
Statistical Computing, Vienna, Austria.) were used for all
analyses.
Results

Between 2008 and 2013, 13,558 out of the 76,786 patients
(17.7%) diagnosed with colorectal cancer had synchronous
CRLM. Between 2014 and 2018, 10,768 out of the 74,854 pa-
tients (14.4%) diagnosed with colorectal cancer had synchronous
CRLM. The demographics for both cohorts are shown in Table 1.
There were small, yet statistically significant differences in tumor
and treatment characteristics. There were more left sided pri-
mary tumors in 2008–2013 compared to 2014–2018 (38.1% vs
36.8%, p < 0.001). More liver-only metastases were reported in
Table 1 Demographics per cohort

2008–2013
n(%)

2014–2018
n(%)

p value

Synchronous CRLM 13,558 (17.7) 10,768 (14.4)

Patient characteristics

Malerowhead 7857 (58.0) 6256 (58.1) 0.817

Median Age (IQR) 69 (61–77) 69 (60–77) 0.052

Location primary 0.019

Right sided Colon 4484 (33.1) 3663 (34.0)

Left sided Colon 5163 (38.1) 3966 (36.8)

Rectum 3382 (24.9) 2776 (25.8)

Overlapping 182 (1.3) 111 (1.0)

Colon not specified 347 (2.6) 252 (2.4)

Distribution of metastases < 0.001

Liver-only 7955 (58.7) 5679 (52.7)

1 extrahepatic location 4041 (29.8) 3254 (30.2)

2 extrahepatic locations 1533 (11.3) 1386 (12.9)

>2 extrahepatic locations 29 (0.2) 449 (4.2)

Lung metastases 2837 (20.9) 2747 (25.5) < 0.001

Distal lymph node
metastases

1363 (10.1) 1820 (16.9) < 0.001

Peritoneal metastases 1502 (11.1) 1363 (12.7) < 0.001

local therapy (liver
metastases)

2197 (16.2) 2363 (21.9) < 0.001

Systemic therapy < 0.001

Perioperative
chemotherapya

3908 (66.7) 2300 (55.0)

Systemic therapy only 4665 (34.4) 1057 (37.7)

a Resection of the primary tumor.
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2008–2013 compared to 2014–2018 (58.7% vs 52.7%,
p < 0.001). Conversely, more patients had 2, or >2 extrahepatic
metastatic locations in 2014–2018.
The proportion of patients who underwent local therapy for

CRLM was higher in 2014–2018 compared to 2008–2013 (2363/
10,768, 21.9% versus 2197/13,558, 16.2%, p < 0.001). The
proportion of patients who underwent local therapy showed a
steady and significant increase between 2008 and 2013 from
12.5% to 19.4%. (p < 0.001). Between 2014 and 2018 the local
therapy rate did not further increase (20.7%–21.0%, p = 0.810).
More patients underwent resection of the primary colorectal

tumour compared to resection of liver metastases. This was
observed for the 2008–2013 cohort (5529/13,550, 40.8%) as well
as for the 2014–2018 cohort (3799/10,763, 35.3%, 5 missing).
The proportion of patients undergoing resection of the primary
tumour has decreased over time. The regional local therapy rates
are shown in Supplementary Table 1.

Regional use of local therapy
In the 2008–2013 cohort the local therapy rate for CRLM
differed across the regions and ranged from 13.3% to 19.7%
(p < 0.001). In 2014–2018 the local therapy rate ranged from
19.1% to 25.0% across regions, however, this did not reach
statistical significance. Table 2 shows the local therapy rates per
region for both cohorts.
Multivariable logistic regression showed that region of diag-

nosis was associated with the use of local therapy for the cohort
from 2014 to 2018 (Fig. 1). Patients who were diagnosed in
region C, D, H, and I had a higher odds of receiving local therapy
compared to region B, adjusted for age, gender, location of pri-
mary tumour, and distribution of metastases.

Survival
There was a statistically significant difference in 3-year OS be-
tween the cohort from 2008 to 2013 and the cohort from 2014 to
2018 from 16% (15–17% 95% CI) to 19% (18–20% 95% CI),
logrank p = <0.001. Comparison of 3 year overall survival for
patients with liver-only metastases between the cohort from 2008
to 2013 and the cohort from 2014 to 2018 showed an increase in
3-year OS from 22% (21–23% 95% CI) to 28% (27%–29%)
respectively, logrank p = <0.001. The Kaplan–Meier curves for
the overall cohorts and for the patients with liver-only metastases
are shown in Supplementary Fig. 1.
Five-year OS was analysed for the 13,558 patients who were

diagnosed with synchronous CRLM between 2008 and 2013.
Median follow-up for survivors was 112 months (95%CI
111–114 months). The median survival in the total cohort was
11 months (95% CI 11–12 months).
Survival curves for all patients and those treated with local

therapy were shown in Fig. 2. Kaplan–Meier Curves showed no
interregional differences in OS for the total cohort (p = 0.267).
There was no interregional difference in OS for the patients who
underwent local therapy (p = 0.716).
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Table 2 Regional use of local therapy

Regional use of local therapy 2008–2013

NKR region

A B C D E F G H I

Total patients 1863 1229 1000 2387 1280 1853 1983 809 1146

Local therapy 247 211 190 375 184 309 299 159 233

% 13.3 17.2 19.0 15.7 14.4 16.7 15.1 19.7 19.5

p < 0.001

Regional use of local therapy 2014–2018

Total patients 1606 932 792 1912 1004 1533 1542 603 839

Local therapy 324 178 198 431 222 340 337 144 188

% 20.2 19.1 25.0 22.5 22.1 22.2 21.9 23.9 22.4

p = 0.094

Figure 1 Multivariable logistic regression for receiving Local therapy for the cohort 2014–2018

1654 HPB
The 5-year OS varied from 26.5% to 34.0% between the re-
gions for the patients that underwent LT. There were no statis-
tically significant differences in 5-year OS for patients who
underwent local therapy between the regions (range
26.5–34.2%, p = 0.567). Supplementary Table 2 shows the 5-year
OS rates per region.
Multivariable Cox regression analysis showed no difference in

overall survival among patients who underwent local therapy
between regions when corrected for age, gender, location of the
primary tumour, distribution of metastases, year of diagnosis
and perioperative chemotherapy (Fig. 3).
HPB 2022, 24, 1651–1658 © 2022 The Author(s). Published by Elsevier Ltd on
access
Discussion

The proportion of patients who underwent local therapy for
synchronous CRLM increased from 15.5% between 2008 and
2013 to 21.9% between 2014 and 2018.1 Three-year OS increased
from 16% in 2008–2013 to 19% in 2014–2018 for the overall
cohort. For patients with liver-only metastasis 3-year OS
increased from 22% in 2008–2013 to 28% in 2014–2018. Local
therapy rates differed across regions in the 2008–2013 cohort
and a similar range across regions was observed in 2014–2018.
While the LTrates did not differ in the later cohort in univariable
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Figure 2 Overall survival of the cohort from 2008 to 2013

Figure 3 Multivariable Cox regression for OS after local therapy for the cohort 2008–2013
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analysis, there are still certain regions associated with a higher
HR of receiving local therapy in multivariable analysis. The
differences in local therapy rates across regions between 2008 and
2013 were not associated with interregional differences in OS.
There was an increase in the proportion of patients under-

going local therapy and an increase in 3-year OS over time. Given
HPB 2022, 24, 1651–1658 © 2022 The Author(s). Published by Elsevier Ltd on
access
that local therapy remains the only curative option, and there
have not been any substantial improvements in local or systemic
therapy over the study period, it seems likely that the increase in
local therapy is at least partially responsible for the increase in
short term OS. The association between local therapy rates and
survival outcomes is a strong incentive to regularly evaluate and
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/licenses/by/4.0/


1656 HPB
address interregional practice variations over time. Future
studies with a longer follow-up period should address whether
the increase in short term OS also results in increased long-term
OS.
The increase in local therapy rates for synchronous CRLM

over time might be explained by several nationwide prospective
trials from the Dutch Colorectal Cancer Group that investigate
local therapy for CRLM; the ORCHESTRA trial (NCT01792934)
and the CAIRO 5 trial (NCT02162563). The ORCHESTRA trial
randomizes patients with unresectable multi-organ metastatic
colorectal cancer between chemotherapy with or without
maximal tumor debulking.10 Given the relatively low number of
patients in this trial, the orchestra trial likely had a minor direct
impact on local therapy rates, however, it might have increased
awareness of local therapy options for patients with metastatic
disease. In the CAIRO 5 trial, patients with unresectable CRLM
are evaluated repeatedly after systemic therapy by an expert panel
of experienced radiologists and liver surgeons.11 Similar to the
CAIRO 5 trial panel, a recent prospective study reported that
repeated centralized multidisciplinary team resectability assess-
ment increased resection rates.12 The CAIRO 5 trial might have
increased local therapy rates directly, but it is likely that the
expert panel has also increased awareness of local therapy op-
tions for CRLM among physicians thus stimulating referral to or
consultation with expert centers.
Another contributing factor to the increasing awareness of

local therapy options for colorectal liver metastases may be the
introduction of the Dutch Hepato Biliary Audit (DHBA). This
national benchmark registry serves to measure and improve the
quality of care for patients undergoing local therapy for liver
tumors in the Netherlands.5 The DHBA may have stimulated an
increase in use of local therapy by allowing centers across the
Netherlands to compare their number of resections and
outcomes.10,13–15

The proportion of patients with synchronous CRLM was lower
in 2014–2018 compared to 2008–2013. This may be explained by
the introduction of the Dutch colorectal cancer screening. In this
program people between 55 and 75 are screened for colorectal
cancer biannually using fecal immunochemical tests.16 Through
this screening the proportion of patients diagnosed with early
stage tumors may have increased, while the proportion of patients
diagnosed with late stage tumors has decreased.
Local therapy rates ranged from 12.1% to 18.6% across re-

gions in 2008–2013. Over time the use of local treatment has
increased across all regions. Interregional differences in the
proportions of patients receiving local therapy are still present.
Regional expert panels were introduced after 2013 and liver
surgery was further centralized which had likely contributed to
the increased local therapy rate, as well as a decrease in the dif-
ferences across regions even though practice variation still
exists.15 This notion is supported by previous studies that have
shown that discussion of patients with CRLM with dedicated
liver surgeons is associated with a higher resection rate.15,17–19
HPB 2022, 24, 1651–1658 © 2022 The Author(s). Published by Elsevier Ltd on
access
However, region of diagnosis remains a significant predictor
for local therapy in multivariable analysis of patients diagnosed
in 2014–2018. This indicates that the regional practice still
varies. Previous studies have shown that there are discrepancies
in the assessment of resectability of CRLM between general
surgeons and hepatobiliary surgeons20 and among hepatobiliary
surgeons as well.21,22 Surgical decision making is a difficult
process that may be influenced by a multitude of factors,
including individual preferences and experience, institutional or
regional practice and different interpretation of literature. More
experienced surgeons working in high-volume expert centers
may be more comfortable performing more extensive resections
and higher risk procedures, compared to their colleagues in
general hospitals.23,24 Hospitals in the Netherlands are required
to have a minimum annual case volume of 20 procedures in
order to perform liver surgery. However, there is considerable
inter-hospital variation with a median center volume of 35
procedures per hospital and an interquartile range of 20–69
procedures annually.15 This could also lead to a higher rate of
therapy with curative intent for patients with extensive disease, if
they are referred to a dedicated center. Individual or institutional
preference may also be reflected in this data given that the
different regions treated similar proportions of patients with
local therapy overall, while the proportions of patients treated
with specific modalities (resection, RFA, MWA, and radio-
therapy) varied considerably. These differences in the use of
various modalities in Dutch clinical practice have been described
previously.13

The interregional differences in use of local therapy over the
period of 2008–2013 did not result in differences in overall
survival for the whole population. The region with the lowest
percentage of locally treated patients did have the second highest
overall survival for the local therapy group followed by one of the
regions with the highest local therapy rate. The favorable 5-year
survival in the region with the lowest resection is most likely due
to patient selection, leading to selective application of local
therapy to the patients with the most favorable prognosis. This is
supported by the fact that no statistically significant interregional
differences remain in cox regression models after correcting for
age, gender, location of the primary tumor and distribution of
metastases. However there is not enough data available to eval-
uate this potential source of bias in more detail. The two regions
with the highest resection rates were also among the highest and
lowest in 5-year survival. Finding the optimal balance between
providing potentially curative treatment for as many patients as
possible and avoiding futile local therapy in patients that are
unlikely to benefit continues to be a challenge.
More patients underwent resection of the primary tumour

than patients underwent resection for CRLM. This is most likely
due to palliative resections for symptomatic primary tumours,
e.g. causing obstruction or bleeding. In Dutch clinical practice
palliative resection of asymptomatic tumours is generally only
performed in experimental settings, like the recently closed
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CAIRO IV trial that was ongoing from 2012 to 2021.25,26

Interregional differences in resection rates of primary tumours
exist. The resection rates for the primary tumour have declined
compared to previous Dutch publications27 as seen in our co-
horts (Supplementary Table 2). Due to recent publications
showing the lack of evidence supporting the resection of
asymptomatic primary tumours in metastatic CRC, the resection
rates of primary tumours have continued to decrease in recent
years.28

There are several limitations in this study, mostly related to the
retrospective study design. Local therapy rates were available,
however, treatment intent is not recorded in the NCR. Therefore,
increased local therapy rates do not necessarily reflect increases
in curative treatment rates. In addition, baseline patient char-
acteristics like comorbidities and performance status were not
available. Thus it was not possible to evaluate patient selection
for local therapy within and between regions.
Another limitation is the used definition of synchronous

metastases. In the NCR this definition is set as metastatic disease
diagnosed before or during resection of the primary tumour.
Other publications have included metastases detected within 3–6
months after resection of the primary tumour as synchronous
metastases. Use of the NCR definition will result in a relative
underreporting of the incidence of synchronous CLRM in our
study compared to other publications. However, patients with
metastases diagnosed before or during resection of the primary
tumour have been shown to be a clinically relevant group that
poses a unique challenge to the clinician.29,30

In this study local therapy rates were a composite of resection,
local ablation, and radiotherapy, whereas previous studies tended
to focus on resection rates alone.1 This choice was made to more
accurately reflect the current clinical practice, where the use of
non-resection local therapy is increasing. Therefore the rates of
local therapy are not entirely comparable to those reported in
previous studies.
In conclusion, the interregional differences in the use of local

therapy for colorectal liver metastases have declined over time.
The overall increase in local therapy may have contributed to the
increase in short term OS. Regular evaluation of differences in
local practice and outcomes with regards to the treatment of
synchronous CRLM could improve patient outcomes and pre-
vent undesirable region-dependent differences in survival
outcomes.
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