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ABSTRACT
Background: This study compares the characteristics, referral and treatment patterns and overall survival
(OS) of gastrointestinal stromal tumor (GIST) patients treated in reference and non-reference centers in the
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Patients and methods: This retrospective cohort study on patients diagnosed between 2016 and 2019, zgg"sr‘ed 14 February
utilises data from the Netherlands Cancer Registry and the Dutch Nationwide Pathology Database. Patients

were categorized into two groups: patients diagnosed in or referred to reference centers and patients diag- KEYWORDS

nosed in non-reference centers without referral.

Results: This study included 1,550 GIST patients with a median age of 67.0 in reference and 68.0 years
in non-reference centers. Eighty-seven per cent of patients were diagnosed in non-reference centers, of
which 36.5% (493/1,352) were referred to a reference center. Referral rates were higher for high-risk (62.2%
[74/119]) and metastatic patients (67.2% [90/134]). Mutation analysis was performed in 96.9% and 87.6%
of these cases in reference and in non-reference centers (p < 0.01), respectively. Systemic therapy was given
in reference centers versus non-reference in 89.5% versus 82.0% (p < 0.01) of high-risk and in 94.1% ver-
sus 65.9% (p < 0.01) of metastatic patients, respectively. The proportion of positive resection margins and
tumor rupture did not differ between reference and non-reference centers. Median OS was not reached.
Conclusion: A substantial amount of metastatic GIST patients in non-reference centers did not receive
systemic treatment. This might be due to valid reasons. However, optimisation of the referral strategy of
GIST patients in the Netherlands could benefit patients. Further research is needed to explore reasons for
not starting systemic treatment in metastatic GIST patients.
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treatment; mutation
analysis

Introduction
followed-up in these centers since 2009. All other centers are

Gastrointestinal stromal tumors (GIST) are the most common
mesenchymal tumors of the gastrointestinal (Gl) tract and rep-
resent approximately 1%-2% of primary Gl cancers [1].
Incidence ranges between 10 and 15 cases per million per year
and therefore GIST is arare disease [2]. The Netherlands national
guidelines state that patients should be referred or discussed
with a reference center before starting treatment [3]. According
to the report of the Society of all medical specialists clinically
active in Oncology in the Netherlands (SONCOS), a sarcoma ref-
erence center should facilitate an experienced multidiscipli-
nary sarcoma team, discussing at least 100 new sarcoma
patients per year [3]. For GIST, there are 5 GIST reference centers
constituting the Dutch GIST consortium (DGC) which prospec-
tively collects detailed data of all GIST patients treated or

defined as non-reference centers.

Treatment of GIST patients is based on the European Society
of Medical Oncology (ESMO) guidelines [4]. Mutation testing
and central review of pathology are incorporated in the ESMO
guidelines since 2008 and 2010, respectively. The standard
treatment for localized GIST >2 cm is complete surgical resection
[4, 5]. High-risk GISTs as defined by the AFIP-Miettinen criteria
have an indication to receive (neo)adjuvant imatinib [1]. Patients
with localized inoperable GIST or metastatic GIST are treated
with imatinib or other tyrosine kinase inhibitors (TKIs) [6].

Compliance to the ESMO guidelines in the Netherlands was
previously investigated in smaller patient populations [7, 8]. No
studies evaluated the real-life outcomes of GIST patients treated
in non-reference centers. The primary objectives of this study

CONTACT Winette van der Graaf @ w.vd.graaf@nki.nl @ Department of Medical Oncology, The Netherlands Cancer Institute, Amsterdam, the Netherlands and
Department of Medical Oncology, Erasmus MC Cancer Institute, Erasmus University Medical Center, Rotterdam, the Netherlands.

@ Supplemental data for this article can be accessed online at https://doi.org/10.2340/1651-226X.2024.23722

© 2024 The Author(s). Published by MJS Publishing on behalf of Acta Oncologica. This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 In-
ternational License (http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build
upon the material, with the condition of proper attribution to the original work.


https://orcid.org/0000-0001-9733-7619
https://orcid.org/0000-0002-7473-6606
https://orcid.org/0000-0001-7065-928X
https://orcid.org/0000-0003-0945-8299
https://orcid.org/0000-0003-1678-7816
https://orcid.org/0000-0001-9270-8636
https://orcid.org/0000-0001-8293-6002
https://orcid.org/0000-0003-2900-2942
https://orcid.org/0000-0002-2303-3468
https://orcid.org/0000-0001-7549-3338
https://orcid.org/0000-0003-2989-2279
https://doi.org/10.2340/1651-226X.2024.23722
mailto:w.vd.graaf@nki.nl
https://doi.org/10.2340/1651-226X.2024.23722
http://creativecommons.org/licenses/by/4.0/

29 E.ROETSETAL.

Diagnosed in a

I’CfC]‘EHCC center
(n=198; 12.8%)

Yes
(n=493
Patients diagnosed in a reference
center or referred to a reference
center (=691, 44.6%)*

Metastatic GIST

Localized GIST (n=588) 2=102)

* One patient with unknown stage

No (n=859)

Patients without referral (n=859, 55.4%)

Localized GIST (n=815) Metastatic GIST (n=44)

Figure 1. Referral patterns of GIST patients.

are to compare characteristics, referral and treatment patterns
between patients in GIST reference centers and non-reference
centers in the Netherlands. Secondary objectives are to evaluate
the rate of positive resection margins and tumor rupture of
patients operated in reference centers and in non-reference
centers and to compare the overall survival (OS) of patients with
a high-risk GIST or metastatic GIST between both groups.

Patients and methods
Patients and study design

In the Netherlands, data of all cancer patients are collected in a
national cancer registry (NCR), which is maintained by the
Netherlands Comprehensive Cancer Organisation (IKNL). For
each center, clinical data are extracted from the medical records
and entered in the registry 6 to 9 months after diagnosis by
trained data managers. Survival status is updated yearly. In the
current study, only patients diagnosed between 2016 and 2019
were included, because data on mitotic rate, mutation status
and treatment center (i.e. GIST reference center or non-refer-
ence center) were only systematically collected since 2016. Data
acquisition was approved by the supervisory committee of the
NCR, the local ethics committee of the Dutch Nationwide
Pathology Databank (Palga) and the scientific committee of the
DGC.

Variables of interest

Demographic data, including age, year of diagnosis, gender, sur-
vival status, location of diagnosis and treatment center (i.e refer-
ence or non-reference center) were collected from the NCR.
Performance status, comorbidity or patients’ preference regard-
ing treatment were not registered. Patients were subdivided
into two groups: patients diagnosed in a reference center or
referred to a reference center for treatment or discussion at the
multidisciplinary tumor board (MTB), and patients diagnosed in
a non-reference center without referral to a reference center.

Tumor-specific data, such as location, stage (localized or meta-
static), size, mitotic rate (number of mitoses/50 High Power
Fields), margin status (negative [RO], microscopically positive
[R1], macroscopically positive [R2]) and intraoperative tumor
rupture were retrieved from the NCR. Tumor rupture was deter-
mined according to the findingsin the surgery report. Mutational
status was derived from the Palga database and matched to the
data obtained from the NCR database for all GISTs >2 cm accord-
ing to the ESMO guidelines [9]. Standard mutational testing was
performed for KIT and PDGFRA. Based on tumor location, size
and mitotic index, the risk classification according to the AFIP-
Miettinen criteria could be determined [1]. Tumor rupture was
not considered in the risk assessment. The NCR registers treat-
ments received in the first 6-9 months after diagnosis (imatinib
or other TKI). The systemic treatment setting (i.e. [neo]adjuvant
or palliative) was deduced from the sequence of provided treat-
ments as registered in the NCR.

Statistical analysis

Patient and tumor characteristics were described using descrip-
tive statistics. Comparative analyses for categorical and continu-
ous variables were done using the Chi-squared tests or Fisher’s
exact test (for cells with < 5 counts), and the Mann-Whitney U
test, respectively. Follow-up time was defined as the period
between diagnosis and death or last date of follow-up. In
patients with localized GIST, survival analysis was only performed
for patients with a high-risk GIST. Survival curves were estimated
using the Kaplan-Meier method. For patients with localized
GIST, multivariable logistic regression analysis with tumor loca-
tion and size as covariates was performed to investigate differ-
ences in the rate of R1/R2 resections and the rate of tumor
rupture between patients operated in reference centers and in
non-reference centers. Patients with unknown intent of surgery
were excluded from the analysis regarding resection margins. A
two-sided p-value of 0.05 was considered statistically significant.
Statistical analyses were performed using IBM SPSS Statistics 27.



Results

Referral patterns, tumor characteristics and mutation
analysis rate

Between January 2016 and December 2019, 1,550 patients were
diagnosed with GIST and registered in the NCR. Referral patterns
of Dutch GIST patients are summarized in Figure 1. AlImost two
thirds of patients diagnosed in a non-reference center were not
referred to a reference center upon diagnosis. The majority of
patients with metastatic GIST (69.9%) were diagnosed in a refer-
ence center or referred to a reference center.

Patient and tumor characteristics for the total cohort and for
the subgroup of patients with a metastatic GIST or a high-risk GIST
are shown in Tables 1 and 2. Patients in non-reference centers
more often had smaller tumors compared to patients in reference
centers (p < 0.01). For both groups, the most prevalent tumor
locations were the stomach and the small bowel (reference center:
66.1% and 18.4% resp.; non-reference center: 70.9% and 17.2%
resp.). Compared to patients in non-reference centers, patients in
reference centers more often had extra-gastric GIST (31.8% vs.
26.9%, p = 0.01). Patients with a high-risk GIST or metastatic GIST
in non-reference centers were significantly older compared to
patients in reference centers (70 years vs. 65 years, p < 0.01).
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The linkage between the NCR dataset and the Palga dataset
was successful for 1,537/1,550 patients. Overall, mutation
analysis was performed in 62.4% of patients with a primary GIST
=2 ¢cm or a metastatic GIST (721/1,156). The mutation analysis
rate in reference centers was significantly higher than in non-
reference centers (86.4% and 39.3%, resp., p < 0.01). In patients
with a high-risk GIST or metastatic GIST, this difference was less
pronounced (96.9% vs. 87.6%, p < 0.01).

Localized GIST
Referral patterns according to the AFIP-Miettinen risk

Of the 1,403 patients with localized disease, the AFIP-Miettinen
risk classification could be determined for 1,006 patients (Figure
2, Supplementary Table S1). In the remaining patients, tumor
size or mitotic rate was missing. Fourteen per cent of GISTs were
classified as high-risk. The majority of high-risk patients (66.9%)
were referred to a reference center (74/136) or diagnosed in a
reference center (17/136). In contrast, the majority of patients
with a lower-risk GIST (i.e. no-risk, very low-risk or low-risk GIST)
were diagnosed in non-reference centers and not referred to a
reference center.

Table 1. Characteristics of Dutch patients with a GIST diagnosis in 2016-2019. Comparison between patients in reference centers and in non-reference

centers. N (%) or median (range).

Reference center Non-reference center Total p
(n=691) (n=859) (n=1550)
Median age at diagnosis (years) 67.0 (19-94) 68.0 (28-95) 68.0 (19-95) <0.01
Sex
Male 367 (53.1) 410 (47.7) 777 (50.1) 0.04
Female 324 (46.9) 449 (52.3) 773 (49.9)
Tumor stage
Localized GIST 588 (85.1) 815 (94.9) 1,403 (90.5) <0.01
Metastatic GIST 102 (14.8) 44 (5.1) 146 (9.4)
Unknown 1(0.1) 0(0.0) 1(0.06)
T stage
TO 3(0.4) 5(0.6) 8(0.5) <0.01
T1<2cm 104 (15.1) 243 (28.3) 347 (22.4)
T2>2cmand <5cm 221 (32.0) 345 (40.2) 566 (36.5)
T3>5cmand <10cm 194 (28.1) 182 (21.2) 376 (24.3)
T4>10cm 158 (22.9) 65 (7.6) 223 (14.4)
Tx (unknown) 11(1.6) 19(2.2) 30(1.9)
Location
Stomach 457 (66.1) 609 (70.9) 1,066 (68.8) 0.01
Esophagus 11(1.6) 16 (1.9) 27 (1.7)
Small bowel 127 (18.4) 148 (17.2) 275(17.7)
Colon 10(1.4) 16 (1.9) 26 (1.7)
Rectum 32 (4.6) 14 (1.6) 46 (3.0)
Duodenum 37 (5.4) 30(3.5) 67 (4.3)
Other? 3(0.4) 7(0.8) 10 (0.6)
Unknown 14 (2.0) 19(2.2) 33(2.1)
Mutation analysis performed®
Yes 489 (86.4) 232(39.3) 721 (62.4) <0.01
No 77 (13.6) 358 (60.7) 435 (28.0)

aPeritoneum or pancreas.

PMutation analysis is only reported for patients with a successful linkage between the dataset of the national cancer registry (NCR) and the Dutch
Nationwide Pathology Databank (Palga) and only for patients with a primary GIST =2 cm or a metastatic GIST (1,156/1,550 patients).


https://doi.org/10.2340/1651-226X.2024.23722

31 E.ROETSETAL.

Table 2. Characteristics of Dutch patients with a high-risk GIST (according to the AFIP-Miettinen criteria) or a metastatic GIST diagnosed in 2016-2019.
Comparison between patients in reference centers and in non-reference centers. N (%) or median (range).

Reference center Non-reference center Total p
(n=193) (n=89) (n=282)
Median age at diagnosis (years) 65.0 (23-89) 70.0 (38-88) 67.0 (23-66) <0.01
Sex 0.33
Male 116 (60.1) 48 (53.9) 164 (58.2)
Female 77 (39.9) 41 (46.1) 118 (41.8)
Location 0.17
Stomach 101 (52.3) 51(57.3) 152 (53.9)
Esophagus 0(0.0) 1(1.1) 1(0.4)
Small bowel 52(26.9) 23(25.8) 75 (26.6)
Colon 5(2.6) 1(1.1) 6(2.1)
Rectum 10(5.2) 3(3.4) 13 (4.6)
Duodenum 14 (7.3) 1(1.1) 15(5.3)
Other® 1(0.5) 1(1.1) 2(0.7)
Unknown 10(5.2) 8(9.0) 18 (6.4)
Mutation analysis performed® <0.01
Yes 184 (96.9) 78 (87.6) 262 (93.0)
No 6(3.2) 11(12.4) 17 (6.0)

2Peritoneum.

PMutation analysis rate is only reported for patients with a successful linkage between the dataset of the national cancer registry (NCR) and the Dutch

Nationwide Pathology Databank (Palga) (279/282 patients).

Differences in surgical outcomes in patients with localized
GIST

Of 1,221 patients with a localized GIST that underwent surgery,
31.7% received surgery in a reference center. In 858 patients
and in 5 patients, surgery was performed with curative intent or
palliative intent, respectively. For the remaining patients
(n=145), the intent of surgery was not specified or GIST was an
incidental finding (n = 213). Resection margins were missing in
58 patients. No significant difference was seen in the rate of R1/R2
resections between patients operated in reference centers and in
non-reference centers (7.9% [19/242] vs. 6.6% [37/558], p = 0.84).

Data on tumor rupture was missing in 25.8% (315/1,221).The
rate of tumor rupture did not significantly differ between
patients operated in reference and in non-reference centers
(3.0% [8/270] vs. 2.7% [17/636], p > 0.90).

Percentage of patients

Intermediate-risk
(n=96)

No-risk or (very-) low
risk (n=774)

Differences in systemic treatment in patients with localized
GIST

Overall, in the timeframe of 6-9 months after GIST diagnosis,
27/136 high-risk patients did not receive adjuvant therapy, of
which 11 were excluded from the analysis because of the pres-
ence of a non-imatinib sensitive mutation (PDGFRA D842V
mutation [6/11], KIT and PDGFRA wild-type GIST [5/11]). Of the
125 high-risk patients, 77/86 (89.5%) of patients in reference
centers and 32/39 (82.0%) patients in non-reference centers
received imatinib in the (neo)adjuvant setting (p < 0.01). Of 96
intermediate-risk patients, 19/47 (40.4%) and 10/49 (20.4%)
received imatinib in reference and in non-reference centers,
respectively (p = 0.09).

Overall survival in patients with a high-risk GIST

B Diagnosis in reference
center or diagnosis in
non-reference center
and referred

B Diagnosis in
non-reference center
and not referred

High-risk
(n=136)

Figure 2. Referral patterns according to the AFIP-Miettinen risk classification in patients treated with primary surgery (n = 1,006).



Overall survival was analysed in the subgroup of patients with a
high-risk GIST (n = 136, Figure 3). Due to the limited number of
events (n = 11) and the short follow-up time (reference centers:
median 33.3 months, range 5.4-60.0; non-reference centers:
median 35.9 months, range 2.1-58.6), median OS was not reached.

Metastatic GIST
Referral patterns in patients with metastatic GIST

The majority of metastatic GIST patients were diagnosed in
non-reference centers (91.8%, [134/146]). Of these, 90 patients
(67.2%) were subsequently referred to a reference center,
whereas 44 patients (32.8%) were not referred to a reference
center upon GIST diagnosis (Figure 1). Twelve metastatic GIST
patients (8.2%) were diagnosed in a reference center upfront.

Treatment differences in patients with metastatic GIST

Overall, in 21/146 patients with metastatic GIST, systemic ther-
apy was not started within 6-9 months after GIST diagnosis.
Patients in non-reference centers were significantly less often
treated with systemic treatment compared to patients in refer-
ence centers (65.9% vs. 94.1%, p < 0.01).

Overall survival in patients with metastatic GIST

Median follow-up time was 26.4 months (range <1-59.6 months)
and 20.0 months (range <1-57.6 months) for patients in refer-
ence centers and in non-reference centers, respectively.

Median OS for patients in reference centers was not reached
(Figure 4). Median OS for patients in non-reference centers was
27.2 months (95% Cl: 10.9-43.5 months).
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Figure 3. Overall survival in patients with high-risk GIST*.
* Median OS was not reached.
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Discussion

This nationwide study analyzed data of a large cohort of 1550
GIST patients in the Netherlands. The majority of Dutch GIST
patients were diagnosed in a non-reference center, and only one
third of these patients was referred to a GIST reference center
upon diagnosis. The referral rates for patients with a high-risk
GIST (62.2%) and metastatic GIST (67.2%), respectively, illustrate
that complex patients were more likely to be referred to a refer-
ence center. The high rates observed for mutation analysis and
systemic treatment in high-risk GIST patients demonstrate that
guideline adherence is high, both in reference centers and in
non-reference centers. However, in a significant number of met-
astatic GIST patients in non-reference centers, systemic treat-
ment was not started.

The higher age observed in patients in non-reference centers
suggests that age could play a role when determining whether
or not to refer a patient. Furthermore, in a substantial number of
cases, GIST was an incidental finding (e.g. during surgery for
another reason). In some cases, patient preference or ineligibility
for treatment might have been reasons not to refer patients.
However, these variables were not registered.

Previous research showed that centralizing treatment of
sarcoma patients in reference centers leads to improved surgical
outcomes and survival [10, 11]. In this study, only one third of
surgeries for alocalized GIST was performed in reference centers.
This low number might be attributed to incidental GISTs,
discovered during a procedure (e.g. gastroscopy) or surgery for
another reason.

The R1/R2 resection rate (7.0%) and the rate of tumor rupture
(2.8%) in this study were lower than reported in previous studies,
and no significant differences were observed between patients
operated on in reference centers and non-reference centers [12,
13]. However, GIST tumors in reference centers were significantly
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O = number of observed events; N = number of patients at risk.

Median OS was not reached.

Figure 4. Overall survival in patients with metastatic GIST*.
* Median OS was not reached.
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larger and significantly more often non-gastric, which could
have led to different surgical procedures including multi-organ
resections, making a comparison more difficult [14-16].
Furthermore, the rate of tumor rupture might be underestimated
as data on tumor rupture was missing in 25.8% of cases.
Regarding resection margins, exploring the rate of R1/R2
resection margins in the subgroup of high-risk GIST patients
would have been interesting. Unfortunately, with only 136 high-
risk patients, conducting this subgroup analysis is deemed not
meaningful.

Since mutations are related both to prognosis and efficacy of
treatment, the ESMO guidelines recommend mutation analysis
in all patients with a GIST >2 ¢cm [17]. In a previous Dutch study,
mutation analysis was performed in only 33.9% of Dutch GIST
patients that underwent a resection [7]. In the current study,
mutation analysis was performed in 62.4% of patients with a
GIST =2 cm. In high-risk and metastatic GIST patients, high
testing rates of more than 87% were observed which is a big
improvement since the start of mutation testing. A study
conducted in the US between 2010 and 2015 showed lower
mutation analysis rates of 26.7% in patients with localized GIST
[18]. Knowing the mutation status is relevant in patients with an
indication for systemic treatment as potential toxic treatments
will only be given to patients with treatment sensitive mutations
(for instance imatinib in case of KIT mutation and avapritinib in
PDGFRA D842V mutations). Another study conducted in the US
showed that mutation analysis was only performed in 40.7% of
patients receiving (neo)adjuvant treatment [19]. In the same
study, a physician survey revealed that physicians required more
familiarity with the NCCN guidelines to know when and who to test.

In March 2011, adjuvant treatment with imatinib was officially
implemented in clinical practice in the Netherlands for high-risk
GIST patients. Farag et al. demonstrated in 2017 that 61% of
Dutch high-risk GIST patients treated in a reference center with
a diagnosis between 2011 and 2016 received adjuvant imatinib
[20]. Similar results were reported in a Japanese study where
81% of high-risk patients received adjuvant therapy [21, 22]. In
North-American reports ranging from 2004 to 2012, the
percentage of high-risk patients treated with adjuvant therapy
was lower, ranging between 18% and 58% [22-25]. In our study,
the percentage of high risk patients receiving (neo)adjuvant
imatinib increased to 82.0% in non-reference centers and 89.5%
in reference centers. This suggests that over time, guideline
adherence has improved in the Netherlands.

Our current study also shows that in reference centers, nearly
all patients with a metastatic GIST received systemic therapy. In
non-reference centers, despite a high mutation analysis rate,
treatment rates for metastatic GIST patients were significantly
lower (65.9%). Potential reasons for not receiving systemic
therapy could be a difference in age, as high-risk and metastatic
GIST patients in non-reference centers were significantly older
(70.0 years vs. 65.0 years), which was also demonstrated in the
study of Farag et al. [20] but could also be related to performance
status, comorbidity or patient preference which were all not
reported. Identifying the rationale for not starting systemic
treatment in these patients could contribute to improving
treatment patterns.

This study was limited by the retrospective study design and
the design of both registries. Mitotic rate was missing in some
patients, hence AFIP-Miettinen risk classification could not
always be determined. As clinical variables were registered only
up to 6-9 months after diagnosis, changes in therapy or relapse
rate after that period of time are missing and were therefore not
studied, and only patients with synchronic or early metastatic
disease were included. Additionally, it would have been
interesting to identify those patients that were never referred,
not even after the 6-9 months interval, and evaluate survival
outcomes in this particular subgroup. Regarding referral rates,
only referral upon diagnosis was described. If a patient was
referred to a reference center later on, this was not documented.
In some cases, patients are only virtually discussed in the MTB of a
reference center without being physically present in the hospital.
As this type of referral was not registered in the NCR dataset, this
causes an underestimation of the referral rate. Furthermore,
documentation of these virtual MTB discussions could have
given relevant information of reasons for non-referral. Due to
the relatively short median follow-up time (34.1 months for
high-risk patients; 14.7 months for patients with metastatic
GIST), median OS was not reached.

To our knowledge, this is the first study describing referral
patterns in GIST patients combined with detailed patient and
tumor characteristics. This study is larger than most studies based
on national GIST registries and gives an overview of patient and
tumor characteristics with a complete national coverage.

Conclusion

In conclusion, in the Netherlands more complex patients are
more likely to be referred to a reference center, and in the vast
majority of patients with a high-risk GIST, mutation analysis was
performed and systemic treatment was started, both in refer-
ence and in non-reference centers. In non-reference centers,
mutation analysis and systemic treatment were less common
practice for all patients. Therefore, optimisation of referral pat-
terns could benefit patients. The frequency of RO resections and
tumor rupture was similar in reference and non-reference
centers. The reasons for not performing mutation analysis or not
starting systemic treatment in non-reference centers are subject
to further research.
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