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ABSTRACT

Background: This study investigates whether inequalities in the utilization of resection and/or ablation
for synchronous colorectal liver metastases (SCLM) between patients diagnosed in expert and non-
expert hospitals changed since a multi-hospital network started.

Materials and methods: Patients diagnosed with SCLM between 2009 and 2020 were included. The
likelihood of receiving ablation and/or resection was analyzed in the prenetwork (2009-2012), startup
(2013-2016), and matured-network (2017-2020) periods.

Results: Nationwide, 13.981patients were diagnosed between 2009 and 2020, of whom 1.624 were diag-
nosed in the network. Of patients diagnosed in the network’s expert hospitals, 36.7% received ablation
and/or resection versus 28.3% in nonexpert hospitals (p < 0.01). The odds ratio (OR) of receiving ablation
and/or resection for patients diagnosed in expert versus nonexpert hospitals increased from 1.38
(p=0.581, pre-network), to 1.66 (p=0.108, startup), to 2.48 (p=0.090, matured-network). Nationwide,
the same trend occurred (respectively OR 1.41, p=0.011; OR 2.23, p < 0.001; OR 3.20, p < 0.001).
Conclusions: Patients diagnosed in expert hospitals were more likely to receive ablation and/or resec-
tion for SCLM than patients diagnosed in non-expert hospitals. This difference increased over time
despite the startup of a multi-hospital network. Establishing a multi-hospital network did not have an
effect on reducing the existing unequal odds of receiving specialized treatment.

Synopsis: Specialized oncology treatments are increasingly provided through multi-hospital networks.
However, scant empirical evidence on the effectiveness of these networks exists. This study analyzes
whether a regional multi-hospital network was able to improve equal access to specialized oncology
treatments.
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Background improves treatment outcomes [11-16] but has also been
associated with unequal access to those treatments [9,17].
Ensuring equal access to these specialized treatments could
thus improve disease control and survival for a broader
group of patients with SCLM.

Research asserts that collaboration in multi-hospital net-

works can reduce unequal access to specialized treatments

With 10% of all cancer diagnoses, colorectal cancer (CRQC) is the
third most commonly diagnosed cancer worldwide [1].
Approximately 20% of all CRC patients have distant metastases at
diagnosis, of whom 83% are located in the liver, most of whom
without extrahepatic metastases [2,3]. Patients with liver-only
metastases have a five-year overall survival (OS) of 25.2% [4,5].

In recent decades, various specialized treatment options
for synchronous colorectal liver metastases (SCLM), such as
resection and ablation, have become available [6], which aim

[18] by making use of scarce specialist expertise [19], stand-
ardizing care [19], transmitting resources to each other [20],
facilitating knowledge transfer [21], and exchanging informa-

tion [22]. Consequently, specialized treatments are increas-
ingly provided through multi-hospital networks [23-25].

to increase local disease control and improve survival [7-10].
Centralization of specialized treatment in expert hospitals
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Literature on stroke and community care shows that net-
works can indeed reduce unequal access to care [18,26,27].
However, scant empirical evidence on the effectiveness of
multi-hospital networks on equal access to centralized onco-
logical treatments exists. Therefore, this study aims to ana-
lyze whether the start of a multi-hospital network mitigated
the already existing unequal odds of receiving specialized
treatment, more specifically: resection or ablation for SCLM.

Materials and methods
The Dutch hospital landscape

The Netherlands has 57 general hospitals, 28 teaching hospi-
tals, and eight university medical centers [28]. While SCLM
are diagnosed in every hospital, resection and ablation for
SCLM are only performed in hospitals that meet specific
requirements, leading to centralization since 2011 [29,30].
Hospitals performing resection and ablation for synchronous
colorectal liver metastases are referred to as ‘expert hospi-
tals’. In the Netherlands, patients are not required to seek
care only within their network. However, in practice, it
appears that referrals do often occur within the network.
Only 4% of all treated Dutch cancer patients (not limited to
SCLM) are referred outside their network [25]. Information on
the distribution and characteristics of Dutch hospitals treat-
ing CRC has been described elsewhere [31].

The network

Hospitals work together in regional networks to be able to
guarantee optimal quality and safety close to the patient’s
home [29]. This study focuses on the OncoZON network, con-
sisting of nine autonomous hospitals in the southeast of the
Netherlands; one university medical center, four teaching hos-
pitals, and four general hospitals, serving 10-15% of all Dutch
cancer patients [32]. The network aims that every patient
always receives the best possible cancer care, regardless of
the hospital in which the patient enters and thus aims to
reduce between-center variation. This regional network is div-
ided into (pathology specific) working groups. In this study,
we zoom in on the network’s gastroenterology group. The
study period is divided into three network periods; prenet-
work (2009-2012), startup (2013-2016), and matured-network
(2017-2020). Until 2017, ablation and resection were per-
formed in three of the network’s hospitals, which was further
centralized to two hospitals from 2017 onward. Since 2017,
delegates from the nine hospitals meet three to four times a
year. The network’s working group investigated in this study
focuses on gastrointestinal oncology and meetings focus on
transmitting resources to each other, facilitating knowledge
transfer, and exchanging information, in line with what is sug-
gested by network literature [20-22]. SCLM is one of the
topics in the network’s gastroenterology working group.
Although the centers performing resection and ablation are
clearly defined, no official referral agreements are formalized
by the network. Both expert hospitals host expert Hepato-
Pancreato-Biliary (HPB) multidisciplinary team meetings
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(expert-MDT) in which nonexpert hospitals can present their
patients to the expert panel. This panel advises whether the
patient should be referred for resection or ablation, or
whether (first) another treatment would be more appropriate
(e.g. chemotherapy). Those other treatments usually take place
in the patient’s own hospital.

Data

For this multi-center cohort study, data from the Netherlands
Cancer Registry was used [33]. The NCR registers all newly diag-
nosed malignancies in the Netherlands. Data managers working
for the NCR are specially trained and use comprehensive data
reporting manuals to extract data on patient, tumor, and treat-
ment characteristics from medical records. De data undergoes
regular validation checks. The anatomical site of the primary
tumor is defined according to the International Classification of
Disease in Oncology (ICD-O) 3rd edition [34]. Staging is based
on the International Union Against Cancer (UICC) tumor-node-
metastasis-classification (TNM) according to the edition valid at
the time of diagnosis based on pathological stage, supple-
mented with the clinical stage if missing [35]. The year of diag-
nosis was defined as the year of first histological confirmation.
Socioeconomic status (SES) is based on individual fiscal data on
the economic value of the home and household income, pro-
vided at an aggregated level per postal code. The outcome of
interest was whether or not resection and/or ablation of SCLM
was received at any time in the patients’ primary treatment
journey (yes/no). Given the patient inclusion in this study
involves only synchronously metastasized patients, it is
expected that if they would have received resection and/or
ablation, it would have been in the primary treatment pathway.
Resection is defined as curative intent liver resection (i.e., RO
intent), and ablation is defined as microwave ablation, radiofre-
quency ablation, or cryo-ablation of SCLM. Overall survival (OS)
was defined as the interval in months between diagnosis and
death, and hospital of diagnosis as the hospital of first contact
for possible malignancy, whether outpatient or inpatient.
Follow-up on vital status was available up to 31 January 2022.

Patient selection

Adult patients (>18 years) with stage-IV CRC with SCLM
without extrahepatic metastases diagnosed in the
Netherlands between 2009 and 2020 were included. Primary
tumor localizations included were colon (C18), rectosigmoid
transition (C19), and rectum (C20), with the presence of syn-
chronous liver metastases (C22.0), defined as metastases
detected before initial treatment was started and/or during
surgical exploration. Metastases of the intrahepatic bile ducts
(C22.1) were excluded due to their rarity. Patients were also
excluded if the primary tumor concerned a neuroendocrine
tumor. Only synchronous metastases are included due to
data availability. One hospital performed resection and abla-
tion treatment up to 2017 but stopped doing so from 2017
forward. Patients diagnosed in this hospital were assigned to
the ‘expert’ group if diagnosed before 2017, and to the
‘nonexpert’ group if diagnosed from 2017 forward.
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Statistical analyses

Analyses are based on the hospital of diagnosis. Chi-square
tests and Mann-Whitney U-tests were used to detect base-
line differences in patient, tumor, and treatment characteris-
tics. Fisher's exact test was used for discrete variables with
<5 observations.

Multilevel logistic regression models were computed to
account for the data structure (patients nested in hospitals)
for the overall period as well as for three separate time peri-
ods. Receiving resection and/or ablation (yes/no) was the
dependent variable and the hospital of diagnosis (expert/no-
nexpert) the variable of interest. Patient and tumor character-
istics, listed in Table 1, were included to adjust for relevant
case-mix factors. Hospital type and other treatments (i.e., not
resection or ablation) were not included in the model, given
the direct correlations with the hospital of diagnosis and
receiving resection or ablation. A Kenward-Roger correction
was used to account for the small sample (n=9) at the hos-
pital level [36,37]. Missing data were included in the analyses
coded as ‘unknown’. The same models were created using
national data, including all Dutch hospitals except for the
network hospitals.

Multilevel Cox Proportional Hazard models were com-
puted to detect differences in survival between patients
diagnosed in expert centers versus patients diagnosed in
nonexpert centers using national data including the network
hospitals, for the same time periods as used in the previous
models, using the same independent variables with the add-
ition of receiving resection and/or ablation (yes/no).

Analyses were conducted using SAS®9.4(SAS Institute
Cary, USA). The significance level adopted was <0.05. Ethical
approval is obtained for a broader project on oncology net-
works by Maastricht University (FHML-REC/2022/047).

Results
Patient characteristics

Of all 13,981 Dutch patients diagnosed with SCLM without
extrahepatic disease between 2009 and 2020, 1.624 (11.6%)
were diagnosed in the network. Nonexpert hospitals diag-
nosed more older patients (p=0.005), with more often well
or moderately differentiated tumors (p=0.015). SES and
comorbidities significantly differed between expert and non-
expert hospitals (p<0.001) (Table 1).

Utilization of care

Of patients diagnosed in the network, 83.9% received some
form of care (surgery for primary tumor, radiotherapy,
chemotherapy, resection of metastases, and/or ablation).
Resection and/or ablation of liver metastases was provided
to 31.1% of the network’s patients. Of patients diagnosed in
the network’s expert hospitals, 36.7% received resection
and/or ablation versus 28.3% of patients diagnosed in nonex-
pert hospitals (p<0.001). From 2009 to 2020, the overall
number of patients diagnosed with SCLM per hospital of
diagnosis varied from 65 to 413 in the network. The overall

number of patients with SCLM that received resection and/or
ablation per hospital of diagnosis varied from n=10 (15.4%)
to n=114 (43.0%) (Figure 1). Patients diagnosed in expert
hospitals received surgery for the primary tumor (p=0.031)
and chemotherapy (p=0.049) more often, while they
received best supportive care less often (p=0.018).

The percentage of patients receiving resection and/or
ablation increased over time. Expert hospitals, however,
show an increasing trend in the percentage of patients
receiving resection and/or ablation, while this percentage
appears to be stabilizing in non-expert hospitals (Figure 2).

While multilevel-multivariable analyses within the network
showed no significant differences in the likelihood of receiv-
ing resection and/or ablation in the pre-network period (OR
1.38, p=0.581), startup period (OR 1.66, p=0.108), and
matured-network period (OR 2.48, p=0.090), the point esti-
mates seem to increase over time. This implies that the dif-
ference in likelihood to receive resection and/or ablation
between patients diagnosed in expert versus nonexpert cen-
ters increases over time within the network (Table 2).

In nationwide data, the proportion of the total number of
patients diagnosed with liver-only SCLM per hospital of diag-
nosis that received resection and/or ablation varied from 9.1
to 67.6% (mean = 28.8%). A significant difference in likeli-
hood of receiving resection and/or ablation was present at
all time periods (prenetwork OR 1.41, p=0.011; startup OR
2.23, p<0.001; matured-network OR 3.20, p<0.001) (Table 3).

Survival analyses

Nationwide, the median overall survival for patients diag-
nosed in nonexpert centers was 15.8 months (Cl 14.3-15.3),
which was 20.5 months for patients diagnosed in expert cen-
ters (Cl 19.5-21.6). Corrected for case-mix differences, receiv-
ing resection and/or ablation led to a significantly lower
hazard of death compared to not receiving resection and/or
ablation for the overall time period (HR 0.32, p>0.001), as
well as for the three separate time periods (respectively HR
0.38, HR 0.32, and HR 0.27, all p<0.001). Being diagnosed in
an expert hospital, regardless of whether or not resection
and/or ablation was received, led to a significantly lower haz-
ard compared to being diagnosed in a non-expert center in
the overall time period (HR 0.93, p=0.022), as well as in the
startup period (HR 0.90, p=0.031), but not in the pre-network
and matured network period. (Table 4)

Discussion

This study sought to understand whether a multi-hospital
network can reduce inequalities in receiving specialized
treatments. Starting a multi-hospital network was unable to
counter the growing disparity in likelihood of getting resec-
tion and/or ablation of SCLM. Although there are generally
more patients receiving resection and/or ablation, suggesting
a positive trend, the between-center disparity in the use of
resection and/or ablation has increased, which is nonetheless
not desirable. Nationwide, a significant variation in odds of
receiving resection and/or ablation between patients
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Table 1. Patient characteristics for stage IV colorectal cancer patients with synchronous liver-only metastases according to hospital of diag-

nosis being an expert-hospital or a non-expert hospital .

Total Nonexpert hospital Expert hospital
(n=1624) (n=1087) (n=537) p-Value
N (%) N (%) N (%)
Resection and/or ablation 505 (31.1) 308 (28.3) 197 (36.7) <0.001
Year of diagnosis
2009-2012 605 (37.3) 379 (34.9) 226 (42.1) <0.001
2013-2016 603 (37.1) 389 (35.8) 214 (39.9)
2017-2020 416 (25.6) 319 (29.4) 97 (18.1)
Hospital type (of diagnosis) b
General hospital 456 (28.1) 456 (42.0) 0 (0) <0.001
Teaching hospital 968 (59.6) 631 (58.1) 337 (62.8)
University hospital 200 (12.3) 0 (0) 200 (37.2)
Gender
Male 995 (61.3) 658 (60.5) 337 (62.8) 0.387
Female 629 (38.7) 429 (39.5) 200 (37.2)
Age in years (median (IQR)) 69 (61 - 77) 0 (62 - 78) 68 (60 - 76) 0.005
18-64 539 (33.2) 349 (32.1) 190 (35.4)
65-74 531 (32.7) 341 (31.4) 190 (35.4)
75+ 554 (34.1) 397 (36.5) 157 (29.2)
Localization of primary tumor
Colon (C18) 1109 (68.3) 737 (67.8) 372 (69.3) 0.799
Rectosigmoid (C19) 41 (2.5) 27 (2.5) 14 (2.6)
Rectum (C20) 474 (29.2) 323 (29.7) 151 (28.1)
T-stadium?
0-3 1005 (61.9) 672 (61.8) 333 (62.0) 0.613
4 292 (18.0) 190 (17.5) 102 (19.0)
X 327 (20.1) 225 (20.7) 102 (19.0)
N-stadium?
NO 480 (29.6) 318 (29.3) 162 (30.2) 0.207
N+ 977 (60.2) 647 (59.5) 330 (61.5)
X 167 (10.3) 122 (11.2) 45 (8.4)
Morphology 0.070
Adenocarcinoma 1453 (89.5) 962 (88.5) 491 (91.4)
Other 171 (10.5) 125 (11.5) 46 (8.6)
Differentiation grade
Well and moderately 945 (58.2) 657 (60.4) 288 (53.6) 0.015
Poorly and undifferentiated 173 (10.7) 103 (9.5) 70 (13.0)
Unknown 506 (31.2) 327 (30.1) 179 (33.3)
Social economic status
Low 513 (31.6) 325 (29.9) 188 (35.0) <0.001
Mediate 619 (38.1) 436 (40.1) 183 (34.1)
High 280 (17.2) 162 (14.9) 118 (22.0)
Unknown 212 (13.1) 164 (15.1) 8 (8.9)
Comorbidities
0 671 (41.3) 420 (38.6) 251 (46.7) <0.001
1 351 (21.6) 238 (21.9) 113 (21.0)
>2 237 (14.6) 153 (14.1) 4 (15.6)
Unknown 365 (22.5) 276 (25.4) 9 (16.6)
Other treatments
Surgery on primary tumor 773 (47.6) 497 (45.7) 276 (51.4) 0.031
Chemotherapy 1115 (68.7) 729 (67.1) 386 (71.9) 0.049
Radiotherapy on primary tumor 347 (21.4) 231 (21.3) 116 (21.6) 0.871
Best supportive care/no active 265 (16.3) 194 (17.9) 1(13.2) 0.018

treatment

*At any point in time during the primary treatment journey.

“Based on pathological staging, supplemented with clinical staging if missing.
PFisher exact test was performed instead of Chi-square test for cell size <5.

Bold text is used to highlight values with statistical significance.

diagnosed in experts versus patients diagnosed in nonexpert
hospitals existed and even increased over time. The same
increasing trend was seen in network data. Methodologically,
given the multi-level approach adopted in this study and an
n=9 at level 2 in the network data (hospital level), the lack
of significance may be explained by too small a sample size,
which is also reflected in the broad Cls. The increasing differ-
ence could be explained by developments in the medical field
and greater availability of treatment options, in which expert
hospitals are often the early adopters. One would expect non-
expert hospitals to, perhaps somewhat delayed, also show

an upward trend, but this remained similar (Figure 2).
The differences found in this study are in line with previous
studies, which showed an up to 59% lower likelihood of
receiving specialized treatment for patients diagnosed in non-
expert hospitals [9,15,38]. In Figure 2, the difference between
expert and non-expert centers appears to be smaller in the
network than in the rest of the country. However, this study
shows that, contrary to what is expected from networks, start-
ing a network was not sufficient to reduce this difference, or
even attenuated the increasing trend in difference between
both groups.
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Figure 1. Distribution of resection and/or ablation for synchronous colorectal liver-only metastases in a regional multi-hospital network (2009-2020).
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Figure 2. Percentage of patients that received resection and/or ablation for SCLM according to hospital of diagnosis being an expert- or non-expert center.
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Table 2. Multivariable logistic regression analyses on the likelihood of receiving resection and/or ablation for SCLM within a regional multi-hospital oncology

network (n=1624), over the overall study period and divided into time-intervals.

Overall Prenetwork Startup Matured-network
(n=1624) (n=605) (n=603) (n=416)
2009- 2020 2009- 2012 2013- 2016 2017-2020
OR 95% Cl p-Value OR 95% Cl p-value OR 95% Cl p-Value OR 95% Cl P-Value

Hospital of diagnosis

Non-expert hospital 1.00 1.00 1.00 1.00

Expert hospital 132 (0.69- 2.55) 0.365 1.38 (0.35- 5.48) 0.581 1.66 (0.85-3.24) 0.108 248  (0.81-7.59) 0.090
Gender

Male 1.00 1.00 1.00 1.00

Female 0.82 (0.64- 1.06) 0.130 0.72 (0.45- 1.15) 0.163 091 (0.60- 1.37) 0.639 0.74 (0.44-1.25) 0.254
Age

18 - 64 1.00 1.00 1.00 1.00

65 -74 0.64 (0.48- 0.85) 0.002 0.70 (0.43- 1.15) 0.158  0.62 (0.40- 0.97) 0.037 0.69 (0.38-1.27) 0.237

75+ 0.21 (0.15- 0.29) <0.001 0.15 (0.08- 0.29) <0.001 0.24 (0.14- 0.40) <0.001 0.21 (0.11-0.41) <0.001
Localization of primary tumor

Colon (C18) 1.00 1.00 1.00 1.00

Rectosigmoid (C19) 125 (0.59- 2.62) 0.561 0.26 (0.03- 2.31) 0227 063 (0.10- 3.95) 0.622 3.00 (1.00-9.04) 0.051

Rectum (C20) 1.00 (0.76-1.31) 0.978 1.01 (0.61- 1.67) 0.969 086 (0.56- 1.32) 0.495 0.97 (0.54-1.75) 0.931
T-stadium

0-3 1.00 1.00 1.00 1.00

4 0.81 (059 -1.11) 0.186 0.88 (0.50 — 1.55) 661 072 (042 -1.25) 242 0.61 (0.33 - 1.14) 121

X 0.07 (0.04- 0.13) <0.001 0.02 (<0.01-0.12) <0.001 0.12 (0.06- 0.26) <0.001 0.03 (<0.01-0.22) 0.001
N-stadium

NO 1.50 (1.14- 1.97) 0.004 2.13 (1.28-3.56) 0.004 129 (0.84-1.98) 0.250 1.28 (0.73-2.24) 0.383

N+ 1.00 1.00 1.00 1.00

Nx 0.29 (0.14- 0.61) 0.001 0.23 (0.06- 0.82) 0.023 0.37 (0.13-1.05) 0.061 0.26 (0.03-2.31) 0224
Morphology

Adenocarcinoma 1.00 1.00 1.00 1.00

Other 0.81  (0.50-1.31) 0.388 117 (0.56- 2.45) 0.675 050 (0.17- 1.45) 0.201 1.10  (0.39-3.06) 0.858
Differentiation grade

Well and moderately 1.00 1.00 1.00 1.00

Poorly and undifferentiated 0.51 (0.33- 0.78) 0.002 0.82 (0.41- 1.63) 0.570 0.46 (0.23- 0.95) 0.035 0.62 (0.24-1.60) 0.392

Unknown 0.43 (0.31- 0.60) <0.001 0.85 (0.49- 1.49) 0.567  0.35 (0.21- 0.60) <0.001 0.21 (0.08-0.52) <0.001
SES

Low 0.90 (0.66- 1.22) 0.490 0.83 (0.49- 1.42) 0.500 1.06 (0.68- 1.66) 0.798 122 (0.55-2.72) 0.618

Mediate 1.00 1.00 1.00 1.00

High 1.07 (0.75- 1.52) 0.729 121 (0.70- 2.10) 0.502 1.10 (0.63- 1.91) 0.744 0.79 (0.25-2.51) 0.687

Unknown 0.84 (0.51-1.38) 0.479 0.92 (0.48-1.78) 0.810
Comorbidities

0 1.00 1.00 1.00 1.00

1 0.77 (0.56- 1.07) 0.115 0.55 (0.29- 1.05) 0.071 0.99 (0.58-1.67) 0.966 0.70 (0.38-1.27) 0.239

>2 0.63 (0.41-0.95) 0.028 0.28 (0.11-0.71)  0.007 1.03 (0.55-1.93) 0.929 0.54 (0.25-1.17) 0.118

Unknown 0.82 (0.56-1.18) 0.281 0.70 (0.37-1.33) 0.269 110 (0.62- 1.96) 0.741 0.31 (0.10-0.95) 0.041
Period

Pre-network 2009 — 2012 1.00

Startup 2013 - 2016 124 (092 - 1.66) 0.156

Matured-network 2017 - 2020 133 (0.87 - 2.03) 0.186

Bold text is used to highlight values with statistical significance.

In secondary analyses, we found a positive effect of
receiving resection and/or ablation of SCLM on survival,
which is in line with previous studies [7-10]. Also, perhaps
more surprising, we found that in the overall period, as well
as in the startup period, being diagnosed in an expert hos-
pital was associated with a significantly lower hazard ratio
on mortality, regardless of whether resection and/or ablation
was performed, which emphases the importance to counter
inequality in access to care and continue to explore how to
achieve this in networks.

It is noticeable that the number of patients with SCLM in
expert centers in 2017-2020 decreased compared to earlier
periods. This can be explained by the fact that until 2016,
three hospitals performed ablation and surgery for SCLM,
which was further centralized to two hospitals in 2017. As a
result, if this would have been the only explanation, the
number of SCLM diagnoses in non-expert centers in period
three would have increased simultaneously compared to the

earlier periods. Instead this also slightly decreased, indicating
an overall decrease of patients with SCLM compared to pre-
vious periods. Possible explanations for this overall decrease
are probably the previously described effect of the introduc-
tion of nationwide screening, leading to a decrease in overall
as well as advanced-stage CRC diagnosis [39], and the fact
that the COVID-pandemic covered the last few years of
period 3, possibly resulting in delayed visits to general practi-
tioners and/or hospitals [40].

Three possible explanations can be given for the inequal-
ities found in this study. First, patients are referred by nonex-
pert hospitals but may refuse care at another (i.e., expert)
hospital. However, the literature indicates that only 2.6-3.8%
of patients refuse cancer treatment [41-43], which suggests
that further focus is needed on the collaboration in
networks.

Second, the nonexpert hospitals seek consultation from
an HBP-expert team, but their patients are still less likely to
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Table 3. Multilevel multivariable logistic regression analyses on the likelihood of receiving resection and/or ablation for SCLM in the Netherlands (n=12.357)*

over the overall study period and divided into time-intervals.

2009- 2020 2009- 2012 2013- 2016 2017- 2020
(n=12.357) (n=4.600) (n=4.382) (n=3.375)
OR 95% Cl p-Value OR 95% Cl p-Value OR 95% Cl p-Value OR 95% Cl p-Value

Hospital of diagnosis

Non-expert hospital 1.00 1.00 1.00 1.00

Expert hospital 2.09 (1.77-2.47) <0.001 1.41 (1.08- 1.84) 0.011 2.23 (1.82- 2.74) <0.001 3.20 (2.21- 4.69) <0.001
Gender

Male 1.00 1.00 1.00 1.00

Female 097 (0.88-1.07) 0514 093 (0.79- 1.09) 0.348 1.04 (0.89-1.21) 0630 092 (0.76- 1.10) 0.356
Age

18-64 1.00 1.00 1.00 1.00

65-74 0.70 (0.63-0.78) <0.001 0.66 (0.55-0.79) <0.001 0.76 (0.64- 0.91) 0.002 0.70 (0.56- 0.86) 0.001

75+ 0.27 (0.24-0.31) <0.001 0.23 (0.19- 0.29) <0.001 0.30 (0.24- 0.37) <0.001 0.30 (0.24- 0.37) <0.001
Localization of primary tumor

Colon (C18) 1.00 1.00 1.00 1.00

Rectosigmoid (C19) 1.06 (0.81-1.40) 0.665 1.16 (0.76- 1.77) 0.502 0.98 (0.44-2.17) 0.965 1.01  (0.65- 1.56) 0.980

Rectum (C20) 1.15 (1.03-1.27) 0.010 1.27 (1.05- 1.54) 0.012 092 (0.78-1.09) 0.328 111 (091-1.36) 0.299
T-stadium

0-3 1.00 1.00 1.00 1.00

4 0.63 (0.56-0.70) <0.001 0.50 (0.41-0.61) <0.001 0.58 (0.48-0.70) <0.001 0.82 (0.66- 1.01) 0.068

X 0.04 (0.03-0.05) <0.001 0.04 (0.02- 0.06) <0.001 0.36 (0.21- 0.63) <0.001 0.07 (0.04- 0.12) <0.001
N-stadium

NO 1.52 (1.37-1.68) <0.001 1.64 (1.36- 1.96) <0.001 1.79 (1.50-2.14) <0.001 1.23 (1.01- 1.50) 0.041

N+ 1.00 1.00 1.00 1.00

Nx 032 (0.24-0.44) <0.001 0.27 (0.17- 0.42) <0.001 0.36 (0.21- 0.63) <0.001 0.34 (0.18- 0.65) 0.001
Morphology

Adenocarcinoma 1.00 1.00 1.00 1.00

Other 0.76 (0.62-0.91) 0.004 1.06 (0.78- 1.44) 0.704 0.81 (0.58-1.13) 0.207 0.68 (0.45- 1.02) 0.061
Differentiation grade

Well and moderately 1.00 1.00 1.00 1.00

differentiated

Poorly and undifferentiated 0.46 (0.39-0.54) <0.001 0.53 (0.40- 0.69) <0.001 0.43 (0.32- 0.57) <0.001 0.50 (0.36- 0.69) <0.001

Unknown 0.43 (0.38-0.48) <0.001 0.70 (0.58- 0.85) <0.001 0.36 (0.30- 0.44) <0.001 0.20 (0.15- 0.27) <0.001
SES

Low 0.94 (0.83-1.06) 0312 093 (0.76- 1.14) 0.503 095 (0.79-1.15) 0618  0.84 (0.63-1.12) 0.231

Mediate 1.00 1.00 1.00 1.00

High 1.08 (0.96-1.21) 0.229 1.00 (0.83-1.22) 0.989 1.15 (0.96- 1.38) 0.130 110 (0.82- 1.48) 0.536

Unknown 0.89 (0.75-1.06) 0.201 0.85 (0.68- 1.07) 0.178
Comorbidities

0 1.00 1.00 1.00 1.00

1 0.89 (0.74-1.08) 0247 0.96 (0.61-1.50) 0.844 087 (0.67-1.14) 0304 077 (0.52- 1.14) 0.187

>2 0.53 (0.40-0.70) <0.001 0.31 (0.15- 0.64) 0.001 0.66 (0.45- 0.96) 0.031 0.44 (0.26- 0.75) 0.003

Unknown 0.61 (0.53-0.71) <0.001 0.73 (0.54- 1.00) 0.049 083 (0.68-1.00) 0.052  0.27 (0.20- 0.38) <0.001
Period

Prenetwork 2009-2012 1.00

Startup 2013-2016 1.14 (1.02-1.28) 0.023

Matured-network 2017- 2020 1.24 (1.08-1.43) 0.003

*Except for patients diagnosed in hospitals affiliated with the network
Bold text is used to highlight values with statistical significance.

receive surgery and/or ablation for SCLM. This may be
because they are rejected from resection and/or ablation
more often than patients diagnosed in an expert center and
are thus treated differently compared to the expert hospitals’
own patients. This could have many causes, like technical
reasons (e.g., reduced quality of images due to data sharing
complicating clinical assessment), time constraints (e.g.,
reviewing the images last-minute during the expert-MDT,
rather than in preparation for the expert-MDT), or a physician
(team)’s cognitive bias, which is known to be an important
factor in medical decision making [44]. Also, nonexpert hos-
pitals could seek consultation from an HPB-expert team in
which it is decided that the patient will be first treated at
the non-expert hospital for the primary tumor, after which
the patients later will be referred to an expert center for sub-
sequent treatment by surgery or ablation. The possibility is

that progression has occurred due to elapsed time, making
surgery and/or ablation no longer possible.

As a third possible explanation, patients from non-expert
centers are not referred to expert centers. This third explan-
ation could be further distinct in patients who are discussed
with specialists form the expert center in a consultation and
from whom a joint decision is taken not to refer them, and
patients from non-expert centers not referred to expert cen-
ters that are not discussed between non-expert and expert
centers, leaving the option for resection and/or ablation for
SCLM unaddressed. In general, physicians experience a high
level of professional autonomy and referrals are often based
on habits and routine practice, making behavioral change
and guideline adherence concerning patient referral difficult
to achieve [45,46]. Moreover, physician barriers could stand
in the way of adherence [47], for example, referrals take up a
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Table 4. Multilevel Cox Proportional Hazard analyses on all patients with SCLM in The Netherlands (n=13.981) over the overall study period and divided into

time intervals.

2009 - 2020 2009 - 2012 2013 - 2016 2017 - 2020
(n=13.981) (n=5.205) (n=4.985) (n=3.791)
HR 95% Cl  p-Value HR 95% Cl p-Value HR 95% Cl p-Value HR 95% Cl p-Value

Received resection and/or ablation for SCLM

No 1.00 1.00 1.00 1.00

Yes 0.32 (0.31-0.34) <0.001 0.38 (0.34- 0.41) <0.001 0.32 (0.30- 0.36) <0.001 0.27 (0.24- 0.31) <0.001
Hospital of diagnosis

Non-expert hospital 1.00 1.00 1.00 1.00

Expert hospital 0.93 (0.87-0.99) 0.022 .97 (0.89-1.06) 0520  0.90 (0.82-0.99) 0.031 1.00 (0.88-1.12) 0.929
Gender

Male 1.00 1.00 1.00 1.00

Female 1.06 (1.02-1.10) 0.004 1.04 (0.98- 1.10) 0.195 1.05 (0.99-1.12) 0.120 1.09 (1.01- 1.18) 0.035
Age

18 - 64 1.00 1.00 1.00 1.00

65 -74 1.16 (1.11-1.22) <0.001 1.16 (1.08- 1.24) <0.001 1.08 (1.00- 1.16) 0.058  1.28 (1.15- 1.42) <0.001

75+ 1.33 (1.26-1.40) <0.001 1.29 (1.19- 1.40) <0.001 1.24 (1.14- 1.35) <0.001 1.43 (1.28- 1.58) <0.001
Localization of primary tumor

Colon (C18) 1.00 1.00 1.00 1.00

Rectosigmoid (C19) 0.94 (0.84-1.06) 0.299 1.02 (0.86- 1.20) 0.839 076 (0.57- 1.03) 0.079 0.97 (0.80- 1.17) 0.722

Rectum (C20) 0.89 (0.84-0.94) <0.001 .88 (0.80- 0.96) 0.005 0.88 (0.80-0.98) 0.014 0.95 (0.84- 1.07) 0.420
T-stadium

0-3 1.00 1.00 1.00 1.00

4 1.39 (1.32-1.46) <0.001 1.36 (1.25- 1.47) <0.001 1.53 (1.41- 1.66) <0.001 1.33 (1.21- 1.47) <0.001

X 1.24 (1.18-1.31) <0.001 1.30 (1.19- 1.42) <0.001 1.26 (1.15- 1.38) <0.001 1.27 (1.14- 1.42) <0.001
N-stadium

NO 0.76 (0.72-0.79) <0.001 0.68 (0.63- 0.73) <0.001 0.74 (0.69- 0.80) <0.001 0.89 (0.81- 0.97) 0.001

N-+ 1.00 1.00 1.00 1.00

Nx 0.99 (0.93-1.06) 0.832 0.91 (0.83-1.00) 0.044 1.08 (0.96- 1.20) 0.195 1.17 (1.01- 1.36) 0.035
Morphology

Adenocarcinoma 1.00 1.00 1.00 1.00

Other 1.42 (1.34-1.51) <0.001 1.04 (0.94- 1.15) 0474 1.63 (1.47- 1.81) <0.001 1.70 (1.50- 1.92) <0.001
Differentiation grade

Well and moderately differentiated 1.00 1.00 1.00 1.00

Poorly and undifferentiated 1.64 (1.54-1.74) <0.001 1.54 (1.40- 1.69) <0.001 1.63 (1.46- 1.81) <0.001 2.05 (1.78- 2.36) <0.001

Unknown 1.17 (1.11-1.22) <0.001 1.14 (1.06- 1.23) <0.001 1.15 (1.06- 1.24) <0.001 1.18 (1.06- 1.31) 0.003
SES

Low 1.02 097-1.07 0404 1.00 (0.93-1.07) 0.895 1.04 (0.97-1.12) 0297 1.07 (0.95- 1.20) 0.257

Mediate 1.00 1.00 1.00 1.00

High 0.96 (0.91-1.00) 0.067 0.93 (0.86- 1.00) 0.040 0.97 (0.90- 1.05) 0.494 0.98 (0.86- 1.12) 0.776

Unknown 1.05 (0.98-1.12) 0.206 1.06 (0.96- 1.18) 0.250
Comorbidities

0 1.00 1.00 1.00 1.00

1 1.07 (0.99-1.15) 0.098 0.99 (0.86- 1.14) 0.881  1.11 (1.00- 1.23) 0.061 1.11 (0.94- 1.31) 0.236

>2 1.12 (1.03-1.22) 0.012 1.17 (1.00- 1.37) 0.054 1.19 (1.05- 1.35) 0.010 0.88 (0.72- 1.08) 0.215

Unknown 1.00 (0.94-1.05) 0.861 0.99 (0.89-1.10) 0.881  0.97 (0.90- 1.06) 0.526  0.96 (0.84- 1.10) 0.572
Resection of primary tumor

No 1.00 1.00 1.00 1.00

Yes 0.44 (0.41-0.46) <0.001 0.48 (0.44- 0.53) <0.001 0.46 (0.42- 0.50) <0.001 0.33 (0.30- 0.38) <0.001
Chemotherapy

No 1.00 1.00 1.00 1.00

Yes 0.47 (0.45-0.49) <0.001 0.43 (0.40- 0.46) <0.001 0.48 (0.45- 0.52) <0.001 0.45 (0.41- 0.49) <0.001
Radiotherapy

No 1.00 1.00 1.00 1.00

Yes 0.85 (0.79-0.91) <0.001 0.81 (0.73- 0.91) <0.001 0.94 (0.84-1.05) 0.262 0.70 (0.61- 0.81) <0.001

*All SCLM patients in the Netherlands, including patients diagnosed in the network

Bold text is used to highlight values with statistical significance.

physicians’ valuable time and good technology to share
patient information is lacking [48]. Many factors described as
barriers are beyond physician control but could be compen-
sated for by providing adequate resources [47]. For instance,
MDTs take place in every hospital, but input from physicians
of expert hospitals is not yet standard practice. The two
expert hospitals affiliated with the network do offer opportu-
nities for non-expert centers to present their patients, like in
an expert-MDT, but this may not yet be used structurally.
Participating in these (expert)-MDTs costs nonbillable time.
Funding for network care is therefore desirable to lower the

participating physician’s burden by reimbursing network care
like participation in regional MDTs, but also to invest in
resources for digital data exchange.

Another barrier that is mentioned in the literature is the
lack of a reminder system [47]. It may help for nonexpert
hospitals to schedule expert-MDTs as a permanent feature of
their calendars instead of something that has to be done in
the spur of the moment. It may also help to make one per-
son responsible for attending the structural expert-MDT. This
person responsible may, but need not necessarily, be a phys-
ician, nurse practitioner, or physician assistant. This way,
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possible cases that could be discussed are pooled, which can
be especially time efficient for hospitals that diagnose rela-
tively few patients with SCLM. This person could put out
reminders to all CRC physicians when another expert-MDT
for SCLM is scheduled, automatically introducing a reminder
system.

Finally, literature shows that clinical pathways are able to
standardize practice patterns within large networks, leading
to more uniform and cost-effective treatments [49], and
agreements and protocols are shown to be able to change
practices [50]. It is therefore recommended to create service
level agreements, defining which patients with SCLM should
be referred to an expert-MDT and when. To perform quality
control in the future and to pinpoint which of these possible
explanations is the biggest driver for these disparities, it is
important to properly report which patients are or are not
discussed in expert-MDTs.

Limitations

This study has some limitations. First, due to data availability,
we used a somewhat narrow definition of synchronous meta-
stases of CRC, as opposed to some literature that suggests
up to twelve months after initial diagnosis of CRC, thereby
focusing on only a limited patients selection [51]. Another
limitation could be the interference of clinical trials at time
of this study, like the CAIRO5 study [52], which could ensure
that the number of surgical treatments increases. A previous
study showed that a lack of a research environment was a
key barrier for enrollment in clinical trials, which is most
common in small hospitals [53]. Another limitation of this
study is the absence of data on patients referred to an
expert-MDT for consultation with an expert HPB surgeon. As
a result, we cannot pinpoint which of the possible explana-
tions as described in the discussion section explains the
between-center variation as found in this study (i.e.,, nonex-
pert hospitals not seeking consultation with an HPB-expert
center, or the HPB-expert centers treating their own patients
differently compared to patients from nonexpert centers).
However, both possible explanations suggest an insufficiency
in the collaboration and that the network in its current form
was ineffective in reducing the between-center variation in
the utilization of resection and/or ablation for SCLM. As
described, patients diagnosed in nonexpert hospitals could
either be treated differently by the expert hospitals or could
not even be referred to expert hospitals at all. Due to the
absence of information on whether or not consultation with
an expert-HPB team took place, it is not possible to pinpoint
the origins of the growing disparities. We therefore advocate
follow-up research by in-depth analysis of medical records of
patients diagnosed in non-expert centers versus patients
diagnosed in expert centers, possibly supplemented by quali-
tative research to verify these results and identify the reason
of the differences. Finally, comparing networks across regions
within the country is impossible given the diversity of these
networks in, among other things, their structure, governance,
formality and startup years.

Conclusions

Variation in the utilization of resection and/or ablation for
SCLM between patient diagnosed in expert hospitals and
patients diagnosed in nonexpert hospitals exist, potentially
causing patients to miss out on life-extending or even cura-
tive treatments. Patients diagnosed in expert hospitals have
a significantly higher likelihood of receiving resection and/or
ablation for SCLM compared to patients diagnosed in nonex-
pert hospitals. Our study shows that this difference increased
over time. Moreover, contrary to what is expected, starting a
multi-hospital network based on meeting frequently, getting
to know each other, facilitating knowledge transfer, and
exchanging information does not seem to be (sufficiently)
effective in reducing this disparity in likelihood of receiving
resection and/or ablation. To find out if more targeted net-
work strategies are effective, it is important to understand
how the mechanisms in networks work to be able to steer
network activities differently toward greater effectiveness.
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