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A B S T R A C T

Background: The aim of this study was to evaluate potential disparities in the probability of undergoing surgical 
treatment among patients with synchronous colorectal liver metastases (CRLM) and to investigate which non- 
tumour-related characteristics influenced postoperative outcomes.
Methods: This was a population-based study of all patients diagnosed with synchronous CRLM between 2015 and 
2021 in the Netherlands. Data were retrieved from the Netherlands Cancer Registry (NCR) and data of patients 
who underwent surgical exploration were retrieved from the Dutch Hepato Biliary Audit (DHBA). The associa
tion between non-tumour-related factors, the chance of getting local treatment of CRLM and outcomes after 
resection were evaluated using multivariable logistic regression models.
Results: From the NCR, 14,047 patients with synchronous CRLM were included. Of these 2753 (20 %) patients 
underwent local treatment of CRLM. Non-tumour-related factors associated with a lower likelihood of local 
treatment of CRLM included age (OR 0.94 95 %CI 0.94–0.95) and female sex (OR 0.87, 95 %CI 0.78–0.97). 
Middle and high Socioeconomic status (SES) compared to low SES (respectively OR 1.35, 95 %CI 1.18–1.54 and 
OR 1.61, 95 %CI 1.41–1.84) and presentation in a hospital that performed liver surgery (OR 1.52, 95 %CI 
1.26–1.84) were associated with a higher likelihood of getting local treatment. From the DHBA 2535 patients 
were included. Non-tumour-related factors associated with both major morbidity and mortality included age (OR 
1.01 95 %CI 1.00–1.03 and OR 1.07, 95 %CI 1.02–1.11, respectively) and ASA-score ≥3 (OR 1.7,95 %CI 
1.34–2.29 and OR 2.88, 95 CI 1.92–1.11) respectively.
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Conclusion: In addition to tumour-related factors, non-tumour-related factors, including age, male sex, SES and 
hospital of presentation, all contributed to the likelihood of getting local treatment for CRLM. As not all these 
factors influence postoperative outcomes, healthcare systems should also focus on eliminating barriers to 
accessing appropriate care.

1. Introduction

Colorectal cancer (CRC) is the third most common cause of cancer 
worldwide. Approximately 14–18 % of all patients with CRC presents 
with synchronous colorectal liver metastasis (CRLM) [1–4]. Surgical 
resection of CRLM improves the patient’s overall survival and has 
curative potential. Only 20–30 % of patients diagnosed with synchro
nous CRLM undergo surgical resection for CRLM [4–6].

Previous studies conducted in the Netherlands have demonstrated 
significant hospital variation in managing patients with CRLM [7–11]. 
Also, a lack of agreement among hepatobiliary surgeons regarding 
resectability of CRLM has been reported [12,13]. This uncertainty is 
even more pronounced among non-hepatobiliary surgeons or medical 
oncologists [12,14]. Management of CRLM may, however, also be 
influenced by factors beyond resectability criteria.

Recently, more emphasis has been directed toward recognising the 
impact of non-tumour-related disparities in treating patients with 
CRLM. Population-based studies described the influence of sex, age, 
socioeconomic status (SES), race, healthcare insurance, and the hospital 
where the initial treatment occurred as determinants influencing the 
likelihood of CRLM patients undergoing surgical intervention [3, 
15–19]. Disparities in healthcare access are concerning if they cannot be 
explained by disease-related factors, which directly affect surgical 
feasibility and outcomes, or by patient preferences. [20].

The aim of this study was to evaluate potential non-tumour-related 
factors influencing the probability of receiving local treatment (surgi
cal resection and/or thermal ablation) among patients with synchronous 
CRLM in the Netherlands and their potential impact on treatment out
comes after liver resection for synchronous CRLM.

2. Methods

For this study, data analysis across two nationwide sources was 
necessary, including the Netherlands Cancer Registry (NCR) and the 
Dutch Hepato Biliary Audit (DHBA). These databases were used to 
address different aspects of this study. These datasets complement each 
other. While the NCR provided data on all patient and tumour charac
teristics for local treatment of synchronous CRLM, the DHBA provided 
more detailed data on treatment outcomes after liver surgery. Using 
both databases is crucial, as it allows for a more comprehensive analysis 
by combining patient selection data with detailed outcome data. Ac
cording to Dutch law, no ethical approval was needed since all data was 
managed anonymously. The scientific committees of the NCR and DHBA 
approved the study protocol.

2.1. NCR

In the Netherlands, all newly diagnosed patients with malignancies 
have been registered in the NCR since 1989. The main notifications of 
the NCR are the Dutch Pathology Reporting System (PALGA) and the 
National Hospital Discharge Registry. Data is collected retrospectively. 
Trained personnel collect information from medical records in all Dutch 
hospitals. The dataset of the NCR includes patient and tumour charac
teristics and information on treatment at the time of diagnosis of the 
primary tumour. Information on metachronous metastases is not stan
dard available in the NCR.

2.2. DHBA

The DHBA, established in 2013, is a nationwide Dutch audit that 
includes all patients who undergo surgical exploration for intended liver 
surgery and/or thermal ablation [21]. This audit has been mandatory 
since 2014, with reported data completeness of 97 % [22]. Data is 
collected retrospectively. In 2018, with the participation of radiologists, 
the DHBA became multidisciplinary. The funding and initiation of the 
DHBA have been described previously [21]. The DHBA is a clinical 
audit, mainly focusing on outcomes after liver surgery and thermal 
ablation; recently, outcomes after a decade of auditing with the DHBA 
have been published [23].

2.3. Patient selection

To assess which patients underwent local treatment, all patients 
diagnosed with synchronous CRLM between 2015 and 2021 were 
selected from the NCR. Local treatment was defined as either surgical 
resection of CRLM, thermal ablation of CRLM, or concomitant resection 
and ablation.

To assess postoperative outcomes, all patients with synchronous 
CRLM who underwent liver surgery between 2015 and 2021 were 
retrieved from the DHBA. For the DHBA database, patients with missing 
data on date of birth, type of tumour, and timing of metastases were 
excluded. Since thermal ablation alone was not obligatory to register 
before 2023, patients who were treated with thermal ablation alone 
were not included in the analyses of DHBA data. (Supplementary Fig. 1). 
Data was analysed in 2023–2024. Reporting these outcomes is manda
tory for all participating hospitals. Hospitals can update data from the 
previous year until March of the following year to ensure accurate 
follow-up.

2.4. Outcomes

The main outcome of this study was the likelihood of receiving local 
treatment (yes/no) in patients with synchronous CRLM. Furthermore, 
short-term postoperative outcomes (i.e. major morbidity and 30-day 
mortality) after liver resection in patients with synchronous CRLM 
were investigated [24].

2.5. Definitions

In the NCR, synchronous CRLM were classified as liver metastases 
detected before the start of treatment or during surgical exploration of 
the primary tumour. In the DHBA, synchronous CRLM were defined as 
colorectal liver metastases diagnosed within 6 months of primary 
tumour diagnosis.

Major morbidity was defined as complication grade 3A or higher, 
graded according to the Clavien-Dindo classification [25]. Mortality was 
defined as death during initial hospitalisation or within 30 days after 
liver resection, both in and out of hospital.

Income was a proxy for SES using income data by postcode area from 
CBS, with 2019 as the reference year [25]. Income is defined as the 
median disposable household income after adjusting for the size and 
composition of the household and categorised into three groups.

2.6. Statistical analysis

Baseline characteristics were analysed, categorical variables 
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(presented as proportions) were compared using the chi-square test, and 
continuous variables (presented as median with interquartile ranges 
(IQR)) were compared using students’ t-tests.

The association between patient and tumour characteristics and the 
likelihood of undergoing local treatment for synchronous CRLM was 
evaluated using multivariable multilevel logistic regression models, 
accounting for patients’ dependency within hospitals. In this model, the 
hospital of diagnosis was entered as level.

Univariable and multivariable logistic regression models evaluated 
the association between patient and tumour characteristics and post
operative outcomes. All possible variables were included in the multi
variable analysis if there was no restriction due to the number of degrees 
of freedom based on the number of events. If the degrees of freedom 
were exceeded, variables were only included with a P-value of <0.10 in 
univariable regression. In all models, multicollinearity was assessed 
with a variance inflation factor (VIF). Variables were considered mul
ticollinear if VIF exceeded 2.5.

In this manuscript, P-values <0.05 were considered statistically 
significant. All analyses were performed with R version 4.1.0 (R Core 
Team (2021). (R: A language and environment for statistical computing. 
R Foundation for Statistical Computing, Vienna, Austria).

3. Results

3.1. Baseline characteristics (NCR database)

This study included 14,047 patients with synchronous CRLM from 
the NCR, of whom 2753 (19.6 %) underwent local treatment. Of these 
1675 (60.8 %) patients underwent liver resection, 671 (24.4 %) patients 
underwent combined liver resection and ablation, and 407 (14.8 %) 
patients underwent thermal ablation alone for CRLM. Patients who 
underwent local treatment were more often male (62 % vs. 57 %), and 
patients who underwent local treatment had more often higher SES 
scores (40 % vs 31 %). Patients who underwent local treatment were 
younger compared (median age 64 years (IQR 56–72) vs 71 years (IQR 
62–79), P < 0.001) and had better performance status (performance 
status 0: 68 % versus 34 %, P < 0.001) (Table 1).

3.2. Patient selection local treatment (NCR database)

Older patients (OR 0.94, 95 % CI 0.94–0.95), and females (OR 0.87, 
95 % CI 0.78–0.97) had a lower likelihood of receiving local treatment. 
Patients with middle and high SES compared to low SES (respectively 
OR 1.35, 95 %CI 1.18–1.54 and OR 1.61, 95 % CI 1.41–1.84) had a 
higher likelihood of local treatment for CRLM. Patients who were 
diagnosed in a hospital that performed liver surgery also had a higher 
likelihood of undergoing local treatment (OR 1.52, 95 % CI 1.26–1.84).

Tumour-related factors associated with a lower probability of local 
treatment included extrahepatic metastases (OR 0.10, 95 % CI 
0.09–0.129) and a higher number of CRLM (2 CRLM OR 0.62 95 %CI 
0.51–0.75 and > 2 CRLM OR 0.42 95 % CI 0.36–0.50). Patients with left- 
sided (OR 1.48, 95 %CI 1.30–1.67) or rectal CRC (OR 1.46, 95 %CI 
1.28–1.67) were associated with a higher likelihood of receiving local 
treatment for CRLM compared to patients with right-sided tumours 
(Table 2).

3.3. Baseline characteristics (DHBA database)

In total, 2534 patients were included from the DHBA database. Pa
tients included from the DHBA database who underwent liver resection 
were more frequently male (61 %). The cohort’s median age was 65 
years (IQR 57–73). Among all patients undergoing surgery, 22 % had an 
ASA score of 3 or higher, and 21 % had a Charlson comorbidity score of 2 
or higher. All patients and tumour-specific characteristics are summar
ised in Supplementary Table 1.

3.4. Short-term postoperative outcomes after liver surgery (DHBA 
database)

Major complications were observed in 12 % of patients undergoing 
surgery. Non-tumour-related factors associated with major morbidity 
included age (OR 1.01 95 %CI 1.00–1.03) and ASA score ≥3 compared 
to ASA score 1–2 (OR 1.76; 95 %CI 1.34–2.29). Tumour-related factors 
which correlated with major morbidity included rectal primary tumour 
(OR 0.58; 95 %CI 0.44–0.77), 4 or 5 CRLM (OR 1.46 95 %CI 1.05–1.94), 
diameter of largest CRLM >35 mm (OR 1.85 95 %CI 1.26–2.72), 
diameter of largest CRLM >50 mm (OR 2.92 95 %CI 2.04–4.022), and 
major liver resection (OR 1.95; 95 %CI 1.50–2.52) (Table 3).

Thirty-day mortality occurred in 2.4 % of patients undergoing sur
gery. Age (OR 1.07; 95 %CI 1.02–1.11) and ASA score ≥3 (OR 2.88; 95 

Table 1 
Baseline characteristics of patients with synchronous colorectal liver metastases 
diagnosed between 2015 and 2021 in the Netherlands, stratified by local 
treatment of CRLM. (NCR data).

Table 1. Patient Characteristics

Factor Local 
treatment 
CRLM 
N = 2753

No local 
treatment CRLM 
N = 11,294

p-value

Non-tumour-related
Sex ​ ​ < 0.001
Male 1694 (62) 6424 (57) ​
Female 1059 (38) 4870 (43) ​
Age (median, IQR) 64 (56, 72) 71 (62, 79) < 0.001
Performance status ​ ​ < 0.001
0 1267 (68) 2228 (34) ​
1 551 (29) 2619 (40) ​
≥2 56 (3) 1780 (27) ​
Unknown 879 4667 ​
Charlson Comorbidity index 

(CCI)
​ ​ < 0.001

0 889 (65) 2030 (52) ​
1 372 (27) 1190 (30) ​
2 115 (8) 694 (18) ​
Unknown 1377 7380 ​
SES (income) ​ ​ < 0.001
Low 691 (25) 3783 (34) ​
Middle 951 (35) 3942 (35) ​
High 1075 (40) 3461 (31) ​
Unknown 36 108 ​
Tumour-related
Location primary tumour ​ ​ < 0.001
Left-sided 1093 (40) 3673 (33) ​
Right-sided 721 (26) 4341 (38) ​
Rectal 920 (33) 2837 (25) ​
Not otherwise specified/ 

Overlapping parts
19 (1) 443 (4) ​

Pattern of metastasis ​ ​ < 0.001
Liver only metastasis 2371 (86) 4754 (42) ​
Multiple metastasis 382 (14) 6540 (58) ​
Surgical treatment for 

primary colorectal 
tumour

​ ​ < 0.001

No 359 (13) 9331 (83) ​
Yes 2394 (87) 1963 (17) ​
Local treatment
Combined liver resection and 

ablation
671 (24) – ​

Liver resection 1675 (61) ​ ​
Only thermal liver ablation 407 (15) ​ ​
Number of CRLM ​ ​ < 0.001
1 664 (33) 7989 (10) ​
2 372 (18) 653 (8) ​
≥2 788 (39) 1664 (21) ​
Multiple (exact unknown) 214 (11) 4764 (60) ​
Unknown 715 3415 ​
Metastasis
Peritoneal 121 (4) 2181 (19) < 0.001
Lung 167 (6) 3562 (32) < 0.001
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%CI 1.35–6.11) were independently associated with 30-day mortality. 
Tumour-related factors associated with mortality included major liver 
resection (OR 3.10, 95 % CI1.41–6.87) (Table 4).

Other non-tumour-related factors, such as sex, BMI, Charlson co
morbidity, and the type of hospital (regional vs. tertiary referral) where 
the patient underwent surgery, were not significantly related to major 
complications or mortality (Tables 4 and 5).

4. Discussion

During the study time, one in five patients with synchronous CRLM 
underwent local treatment for CRLM. This study revealed that in addi
tion to tumour-related factors, non-tumour-related factors also influ
enced the likelihood of receiving local treatment of CLRM. These factors 
include age, SES, sex, and the hospital at which the patient initially 
presented. While tumour-related factors significantly influenced post
operative outcomes in surgical patients, most non-tumour-related fac
tors such as sex, Charlson Comorbidity Index, and BMI had no impact on 
these outcomes. Higher age and ASA scores were however associated 
with poorer postoperative outcomes.

Factors influencing receiving or not receiving local treatment could 
be categorised as justified and unjustified barriers. It’s important to 
distinguish these factors since factors considered unjustified could 
reflect possible disparities in access to care. Tumour-related factors 
influencing treatment eligibility include the number and size of CRLM, 
presence of extrahepatic metastasis, and the need for major liver 
resection [26]. These factors reflect tumour biology and are critical 
determinants of local treatment feasibility. This study showed that 
major liver resection and maximum diameter of CRLM were indepen
dently associated with increased postoperative complications. In addi
tion to tumour-related factors, non-tumour-related factors such as age 
could be a barrier [27]. While these factors may influence postoperative 
risk, they should not be absolute disqualifiers for treatment. Age alone 
does not necessarily correlate with physiological fitness. This study 
further showed patients with higher ASA scores had a higher likelihood 

of postoperative complications and mortality, which could, therefore, be 
deemed a justified barrier, reflecting the patient’s overall health status 
and surgical risk rather than an arbitrary criterion.

Table 2 
Multivariable multilevel regression analysis of the odds of receiving local 
treatment for CRLM between 2015 and 2021 in patients with synchronous 
colorectal liver metastases (NCR data).

characteristic OR 95 % CI

Non-tumour-related
Age 0.94 0.94–0.95
Sex
Male – ​
Female 0.87 0.78–0.97
SES (income)
Low – ​
Middle 1.35 1.18–1.54
High 1.61 1.41–1.84
Unknown 1.67 1.04–2.67
Year of diagnosis 0.96 0.93–0.99
Hospital of diagnosis performs liver surgery
No – ​
Yes 1.52 1.26–1.84
Tumour-related
Localisation of primary tumour
Right-sided colon – ​
Left-sided colon 1.48 1.30–1.67
Rectal 1,46 1.28–1.67
Colon nno/nos 0.31 0.19–0.52
Liver-only metastases
Yes – ​
No 0.10 0.09–0.12
Number of CRLM
1 – ​
2 0.62 0.51–0.75
>2 0.41 0.36–0.50
Multiple, unknown exact number 0,04 0.03–0.05
Unknown 0,20 0,17–0.24

Table 3 
Baseline characteristics of patients with synchronous colorectal liver metastases 
who underwent liver surgery between 2015 and 2021 in the Netherlands. (DHBA 
data).

Characteristic N (%)

N = 2534

Sex
Male 1552 (61)
Female 982 (39)
Age (IQR) 65 (57–73)
BMI 25.2 (23–28)
Missing 27
ASA score ≥3 546 (22)
Missing 6
CCI ≥2 538 (21)
Surgery performed in a tertiary referral centre 1155 (46)
Location primary tumour
Colon 1699 (67)
Rectal 835 (33)
Extrehepatic metastasis 295 (12)
Missing 43
Number of CRLM
1–3 1603 (66)
4–5 409 (17)
>5 414 (17)
Missing 108
Diameter of largest CRLM in mm
<20 709 (31)
20–34 764 (33)
35–49 424 (19)
≥50 387 (17)
Missing 250
Bilobar disease
No 1022 (45)
Yes 1241 (54)
Missing 271
Liver disease
No 1760 (69)
Cirrhosis 368 (15)
Other 84 (3.3)
Unknown 322 (13)
Preoperative chemotherapy 1091 (46)
Missing 155
Major liver resection 602 (24)
Liver resection alone 1848 (73)
Combined liver resection and ablation 686 (27)
Outcomes
Major complications 297 (12)
30-day mortality 34 (1.4)

Table 4 
Multivariable regression analysis to assess factors associated with mortality in 
patients who underwent liver resection for synchronous colorectal liver metas
tases between 2015 and 2021 in the Netherlands.

Characteristic OR1 95 % CI1

Non-tumour-related factors
Age 1.07 1.02–1.11
ASA score
1–2 – –
≥3 2.88 1.35–6.11
Tumour related factors
Major liver resection
No – –
Yes 3.10 1.41–6.87
Diameter of largest CRLM
<20 – –
20–34 1.12 0.35–3.82
35–49 1.83 0.56–6.34
≥50 2.74 0.92–9.27
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Several non-tumour-related factors should be regarded as unjustified 
barriers. Higher SES meant a higher likelihood of undergoing local 
treatment for CRLM. This was concordant with previous studies [28,29]. 
An interaction between lower SES and multimorbidity has been 
described before and could impact eligibility for local treatment 
[30–32]. Higher SES has been associated with greater health awareness 
and participation in screening programs, potentially leading to earlier 
diagnosis and more treatment options [33–35]. Therefore, it is possible 
that patients with lower SES scores presented later with subsequently 
fewer treatment options [36,37]. Studies conducted in the USA have 
reported that higher SES was associated with increased health-seeking 
behaviour, travelling longer distances and often visiting multiple hos
pitals [38,39]. However, a recent study with DHBA data did not observe 
differences in postoperative outcomes between different SES groups 
[40]. We would not expect travel distance is SES alone is associated with 
proximity to high-volume centers offering liver surgery since the 
Netherlands is small and densely populated, recently research showed 
most Dutch citizens live within 5 km from a hospital facility [41]. A 
strategy to increase patients’ chances for treatment could involve 
enhancing their overall fitness and readiness for surgery. This can be 

achieved through prehabilitation programs, which involve preparing 
patients for surgery through physical, nutritional, and psychological 
interventions [42,43]. These programmes could increase the number of 
patients deemed eligible for local treatment by prioritising patients from 
lower SES neighbourhoods or those with higher ASA scores who might 
have poorer baseline health. Furthermore, it is important to train 
healthcare professionals to align with the patient’s health literacy level
[44]. Healthcare systems should focus on ensuring equal access to sur
gical treatments and improving outcomes for all patients with CRLM.

Another potentially unjustifiable barrier factor was patients’ sex. 
Female patients were less likely to undergo local treatment. This was 
concordant with other studies showing that female patients were less 
likely to receive surgical treatment for CRLM [16,45–47]. Several fac
tors, such as tumour biology, clinical presentation, progression, and 
treatment response of CRC, differ between sexes [48–50]. However, this 
study showed that outcomes after surgery were comparable between 
sexes. A recent Dutch study on sex differences in treatment in patients 
with colorectal cancer described women more often receiving best 
supportive care only [51]. It has been described that compared to men, 
women attach more value to psychosocial support and have other 
preferences concerning health care [52]. More research is needed on 
specific preferences between sexes in CRLM surgery. However, in the 
meantime, healthcare professionals could be more aware of sex differ
ences and enhance their ability to identify patients’ preferences.

Unwarranted variation in practice was also observed in the likeli
hood of local treatment for CRLM, which is significantly influenced by 
the hospital where the patient initially presented. Patients primarily 
presenting at hospitals performing liver surgery were more likely to 
undergo local treatment. A previous study of NCR data, conducted be
tween 2008 and 2012, already showed considerable inter-hospital 
variation in the proportion of patients undergoing liver resection, 
favouring patients diagnosed in hospitals where liver surgery was per
formed [53]. This trend has also been observed in recent studies 
focusing on resectability criteria, which have shown that specialists in 
dedicated liver centers are more likely to evaluate patients as eligible for 
local therapy for metastases than those in general hospitals [12,14,19, 
54,55]. Several strategies could be proposed to reduce disparities in 
access to liver surgery. In the Netherlands, all treated patients with stage 
IV colorectal cancer are discussed in a multidisciplinary team (MDT) 
meeting at the treating hospital. It is essential to optimise 
multi-disciplinary team (MDT) meetings in hospitals that do not perform 
liver surgery. This can be achieved by mandatory MDTs of these hos
pitals with an expert liver surgeon through telemedicine or regular 
consultations. However, considerable variability among expert liver 
surgeons in assessing resectability highlights the complexity of defining 
treatment strategies for CRLM. This underscores the necessity of a 
nationwide expert panel rather than a single-surgeon approach, as 
introduced in a trial setting by the CAIRO 5 trial.[56] Future efforts 
should focus on reintroducing such a panel for regular treatment of these 
patients. The authors advocate that this panel should be available for 
consultation in every patient with CRLM. This could potentially increase 
more comprehensive evaluations and appropriate referrals, increasing 
the chances of patients with CRLM undergoing (local) treatment when 
indicated.

Several limitations of this study must be considered. Although the 
NCR and DHBA are complementary, and their combined use was 
essential for this study, they are distinct registries with slightly different 
definitions of synchronous disease. The NCR included all patients 
diagnosed with colorectal cancer and synchronous metastases, regard
less of treatment type. In contrast, the DHBA only includes patients who 
underwent local treatment, providing detailed perioperative and surgi
cal data but excluding non-surgical patients. This study only included 
patients with synchronous CRLM because the NCR does not routinely 
collect information on metachronous metastases. Timing of metastases 
is an important prognostic factor for patients with CRLM and could also 
influence patient selection. Furthermore, the DHBA uses a broader 

Table 5 
Multivariable regression analysis to assess factors associated with major 
morbidity in patients who underwent liver resection for synchronous colorectal 
liver metastases between 2015 and 2021 in the Netherlands (DHBA data).

Characteristic OR 95 % CI

Non-tumour-related factors
Sex
Male – –
Female 0.92 0.72–1.18
Age in years 1.01 1.00–1.03
BMI 0.99 0.95–1.02
ASA score
1–2 – –
≥3 1.76 1.34–2.29
Charlson comorbidity index
0–1 – –
≥2 1.07 0.79–1.42
Type of hospital
Regional – –
Tertiary referral centre 1.23 0.97–1.57
Tumour related factors
Location primary tumour
Colon – –
Rectal 0.58 0.44–0.77
Extrahepatic metastasis
No – –
Yes 1.10 0.75–1.57
Number of CRLM
1–3 – –
4–5 1.43 1.05–1.94
>5 0.78 0.53–1.11
Unknown 0.94 0.59–1.47
Diameter of largest CRLM in mm
<20 – –
20–34 1.26 0.88–1.80
35–49 1.85 1.26–2.72
≥50 2.92 2.04–4.22
Bilobar CRLM
No – –
Yes 0.87 0.68–1.13
Unknown 1.26 0.36–3.35
Liver disease
No – –
Cirrhosis 1.20 0.85–1.66
Other 1.79 0.99–3.08
Unknown 0.70 0.45–1.04
Preoperative chemotherapy
No – –
Yes 0.96 0.75–1.23
Major liver resection
No – –
Yes 1.95 1.50–2.52
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definition of synchronous liver metastases; therefore, the DHBA 
included more patients who underwent liver surgery compared to the 
NCR. Furthermore, the NCR lacks data on comorbidities for all patients; 
even though comorbidities will influence patient selection for CRLM 
[57]. Furthermore, in the NCR, information about the burden of CRLMs 
was not available for all patients, such as the size and number of CRLMs. 
The DHBA lacked information about post-ablation outcomes. If these 
outcomes after thermal ablation alone could have been included, overall 
morbidity and mortality rates would have been expected similar or 
somewhat lower, as thermal ablation generally has equal or slightly 
better short-term outcome profile compared to surgery. The registra
tional nature of both data sets lacks detailed information, for example, if 
a patient is discussed within the (specialised) MDT and why the MDT 
chose a specific treatment. This makes it challenging to capture the 
complex decision-making process of multidisciplinary teams. Treatment 
strategies, surgical techniques, and institutional experience may have 
evolved during this time, which could have influenced patient selection 
and outcomes.

In conclusion, this nationwide population-based study demonstrated 
several patient, tumour and hospital-related disparities in receiving 
local treatment of synchronous CRLM. Healthcare systems should focus 
on eliminating barriers to accessing proper care.
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[5] Engstrand J, Nilsson H, Strömberg C, Jonas E, Freedman J. Colorectal cancer liver 
metastases – a population-based study on incidence, management and survival. 
BMC Cancer 2018;18. https://doi.org/10.1186/S12885-017-3925-X.

[6] Siebenhüner AR, Güller U, Warschkow R. Population-based SEER analysis of 
survival in colorectal cancer patients with or without resection of lung and liver 
metastases. BMC Cancer 2020;20:1–9. https://doi.org/10.1186/S12885-020-6710- 
1/FIGURES/3.

[7] de Graaff MR, Klaase JM, den Dulk M, te Riele WW, Hagendoorn J, van Heek NT, 
et al. Hospital variation and outcomes after repeat hepatic resection for colorectal 
liver metastases: a nationwide cohort study. HPB (Oxford) 2024. https://doi.org/ 
10.1016/J.HPB.2024.02.014.

[8] de Graaff MR, Klaase JM, de Kleine R, Elfrink AKE, Swijnenburg R-J, M 
Zonderhuis B, et al. Practice variation and outcomes of minimally invasive minor 
liver resections in patients with colorectal liver metastases: a population-based 
study. Surg Endosc 2023:1–15. https://doi.org/10.1007/S00464-023-10010-3. 
2023.

[9] Krul MF, Elfrink AKE, Buis CI, Swijnenburg R-J, Te Riele WW, Verhoef C, et al. 
Hospital variation and outcomes of simultaneous resection of primary colorectal 
tumour and liver metastases: a population-based study. HPB 2021. https://doi.org/ 
10.1016/j.hpb.2021.06.422.

[10] Elfrink AKE, Pool M, van der Werf LR, Marra E, Burgmans MC, Meijerink MR, et al. 
Preoperative imaging for colorectal liver metastases: a nationwide population- 
based study. BJS Open 2020;4:605–21. https://doi.org/10.1002/bjs5.50291.

[11] Elfrink AKE, Kok NFM, van der Werf LR, Krul MF, Marra E, Wouters MWJM, et al. 
Population-based study on practice variation regarding preoperative systemic 
chemotherapy in patients with colorectal liver metastases and impact on short- 
term outcomes. Eur J Surg Oncol 2020;46:1742–55. https://doi.org/10.1016/j. 
ejso.2020.03.221.

[12] Aubin JM, Bressan AK, Grondin SC, Dixon E, MacLean AR, Gregg S, et al. Assessing 
resectability of colorectal liver metastases: how do different subspecialties 
interpret the same data? Can J Surg 2018;61:251. https://doi.org/10.1503/ 
CJS.014616.

[13] Bond MJG, Kuiper BI, Bolhuis K, Komurcu A, van Amerongen MJ, Chapelle T, et al. 
Intersurgeon variability in local treatment planning for patients with initially 
unresectable colorectal cancer liver metastases: analysis of the liver expert panel of 
the Dutch colorectal cancer group. Ann Surg Oncol 2023:1–10. https://doi.org/ 
10.1245/S10434-023-13510-7/TABLES/4.

[14] Homayounfar K, Bleckmann A, Helms HJ, Lordick F, Rüschoff J, Conradi LC, et al. 
Discrepancies between medical oncologists and surgeons in assessment of 
resectability and indication for chemotherapy in patients with colorectal liver 
metastases. Br J Surg 2014;101:550–7. https://doi.org/10.1002/BJS.9436.

[15] Araujo RLC, Riechelmann RP, Fong Y. Patient selection for the surgical treatment 
of resectable colorectal liver metastases. J Surg Oncol 2017;115:213–20. https:// 
doi.org/10.1002/JSO.24482.

[16] Norén A, Sandström P, Gunnarsdottir K, Ardnor B, Isaksson B, Lindell G, et al. 
Identification of inequalities in the selection of liver surgery for colorectal liver 
metastases in Sweden. Scand J Surg 2018;107:294–301. https://doi.org/10.1177/ 
1457496918766706/ASSET/IMAGES/LARGE/10.1177_1457496918766706-FIG3. 
JPEG.

[17] Vallance AE, van der Meulen J, Kuryba A, Braun M, Jayne DG, Hill J, et al. 
Socioeconomic differences in selection for liver resection in metastatic colorectal 

M.R. de Graaff et al.                                                                                                                                                                                                                           European Journal of Surgical Oncology 51 (2025) 110411 

6 



cancer and the impact on survival. Eur J Surg Oncol 2018;44:1588–94. https://doi. 
org/10.1016/J.EJSO.2018.05.024.

[18] sandström P, gunnarsdottir K, ardnor B, isaksson B, rizell M. SCANDINAVIAN 
JOURNAL OF SURGERY SJS identification of inequalities in the selection of liver 
surgery for colorectal liver metastases in Sweden. Scand J Surg 2018;107:294–301. 
https://doi.org/10.1177/1457496918766706.

[19] van der Ven RGFM, Westra D, van Erning FN, de Hingh IH, Olde Damink SWM, 
Paulus A, et al. The impact of a multi-hospital network on the inequality in odds of 
receiving resection or ablation for synchronous colorectal liver metastases. Acta 
Oncol (Madr) 2023;62:842–52. https://doi.org/10.1080/ 
0284186X.2023.2238545.

[20] Sutherland K, Levesque JF. Unwarranted clinical variation in health care: 
definitions and proposal of an analytic framework. J Eval Clin Pract 2020;26: 
687–96. https://doi.org/10.1111/JEP.13181.

[21] van der Werf LR, Kok NFM, Buis CI, Grünhagen DJ, Hoogwater FJH, 
Swijnenburg RJ, et al. Implementation and first results of a mandatory, nationwide 
audit on liver surgery. HPB 2019;21:1400–10. https://doi.org/10.1016/j. 
hpb.2019.02.021.

[22] van der Werf LR, Voeten SC, van Loe CMM, Karthaus EG, Wouters MWJM, 
Prins HA. Data verification of nationwide clinical quality registries. BJS Open 
2019;3:857–64. https://doi.org/10.1002/bjs5.50209.

[23] de Graaff MR, Klaase JM, Dulk M den, Buis CI, Derksen WJM, Hagendoorn J, et al. 
Outcomes of liver surgery: a decade of mandatory nationwide auditing in the 
Netherlands. 50, https://doi.org/10.1016/J.EJSO.2024.108264; 2024.

[24] Clavien, Pierre A, Barkun Jeffrey, de Oliveira, Michelle L, Vauthey, Jean Nicolas, 
Dindo Daniel, Schulick Richard D, et al. The Clavien-Dindo classification of 
surgical complications: five-year experience. Ann Surg 2009;250:187–96. https 
://doi.org/10.1097/SLA.0B013E3181B13CA2.

[25] Kerncijfers per postcode. CBS Available at: https://www.cbs.nl/nl-nl/dossier/ne 
derland-regionaal/geografische-data/gegevens-per-postcode.[Accessed December 
17, 2024].
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