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Recent trends and predictors of multimodality treatment
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Background. In recent years, evidence supporting multimodality treatment for oesophageal, oesophagogastric junction
(OGJ), and gastric cancer has accumulated. This population-based cohort-study investigates trends and predictors of
utilisation of multimodality treatment for oesophagogastric cancer in the Netherlands.

Patients and methods. Data were obtained from the Netherlands Cancer Registry regarding patients with oesopha-
geal (n=5450), OGJ (n=2168) and gastric cancer (n = 6683) without distant metastases who had undergone RO or R1
surgery diagnosed between 2000 and 2012. Follow-up was completed until February 2014. Preoperative/postoperative
chemotherapy and/or radiotherapy combined with surgery were considered multimodality treatment. Logistic regression
analysis was performed to analyse the association of age, gender, socioeconomic status, clinical T and N classification,
hospital type, comprehensive cancer centre network region, and year of diagnosis, with multimodality treatment receipt.
Additional analyses were performed to explore differences in trends of utilisation of multimodality treatment between
academic and non-academic hospitals.

Results. Multimodality treatment utilisation for oesophageal, OGJ and gastric cancer increased significantly to 90%,
85% and 56% in 2012, respectively. In oesophageal and OGJ cancer patients, preoperative chemoradiotherapy was most
frequently administered (85% and 47% in 2012, respectively), and in gastric cancer patients preoperative chemotherapy
(47% in 2012). Lower age, higher clinical T and N classification, and diagnosis in more recent years were significantly
associated with more frequent multimodality treatment receipt. The adoption of most types of multimodality treatment
in academic hospitals preceded non-academic hospitals by a year.

Conclusion. In the Netherlands, the utilisation of multimodality treatment for oesophagogastric cancer has significantly
increased during the past decade, especially in oesophageal and OGJ cancer. Multimodality treatment utilisation was
especially dependent on patient and tumour characteristics and year of diagnosis, but multimodality treatment trends
seem to be related to the publication of landmark studies, participation in nationally running clinical trials, and hospital
type, preceding national guidelines.

ABSTRACT

The incidence of oesophageal, oesophagogastric
junction (OGJ), and gastric cancer is relatively low
in the Netherlands (population approx. 16 million).
Around 2600 and 1500 patients were newly diag-
nosed with oesophageal/OG]J and gastric cancer in
2012, respectively [1]. Surgery has a central role in

the potentially curative treatment for oesophagogastric
cancer, but despite optimisation of surgical quality
[2,3], overall survival (OS) remains poor [4] with
five-year overall survival rates of 13% for oesophageal
and 19% for gastric cancer in the Netherlands [1].
In recent years, evidence supporting multimodality
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treatment for oesophageal, OGJ and gastric cancer
in patients selected for clinical trials has accumu-
lated [5-7].

The results of the Intergroup 0116 trial, pub-
lished in 2001, showed an absolute survival benefit
of 17% on five-year OS for gastric cancer patients
who received postoperative chemoradiotherapy
(CRT) [7].The results of the MAGIC trial published
in 2006, demonstrated that patients with gastric or
OGJ cancer randomised for perioperative chemo-
therapy (CT) had a significantly improved five-year
OS (absolute benefit of 13%) [6]. More recently,
results from the CROSS trial published in 2012
showed that the addition of preoperative CRT in
oesophageal and OG]J cancer patients improved five-
year OS by an absolute 13% [5]. These results led to
the implementation of multimodality treatment in
the national guidelines of the Netherlands; for gastric
cancer in May 2009 recommending perioperative
CT and for oesophageal cancer in December 2010
recommending preoperative CRT. In the Nether-
lands, no separate national guideline exists for OG]J
cancer, but the guidelines for oesophageal (2010)
and gastric cancer (2009) both consider OGJ cancer
and recommend preoperative CRT and perioperative
CT, respectively.

It is unknown to what extent the results of ran-
domised clinical trials correspond to daily clinical
practice. Obviously, the results of randomised clini-
cal trials are based upon selected patients, whereas
patients in daily clinical practice are unselected. Also,
not all unselected oesophagogastric cancer patients
are eligible for the evidence-based treatment [8,9].
Consequently, the effect of an evidence-based
treatment may differ in a nationwide population.
The first purpose of this Dutch population-based
cohort-study was to identify trends in the utilisation of
multimodality treatment for non-metastasised oesoph-
ageal, OG]J, and gastric cancer in in the Netherlands
between 2000 and 2012. The second purpose was
to investigate factors associated with the utilisation of
multimodality treatment. The third purpose was to
explore differences in trends of utilisation of
multimodality treatment between academic and non-
academic hospitals.

Patients and methods
The Netherlands Cancer Registry

Data were obtained from the Netherlands Cancer
Registry (NCR), wherefore trained registrars rou-
tinely collect information on all newly diagnosed
malignancies in the Netherlands 9-12 months after
diagnosis from hospital records. Quality of the data
are high and completeness is estimated to exceed

95% [10]. The NCR belongs to the comprehensive
cancer centre (CCC) which was formerly divided
into nine regional comprehensive cancer networks.
The CCC is also responsible for among others the
organisation of oncology consultation by the aca-
demic hospitals for the non-academic hospitals. In
the NCR, topography and morphology are coded
according to the International Classification of
Diseases for Oncology (ICD-O). Tumours are staged
according to the International Union Against Cancer
tumour node metastasis (TINM) classification in use
at the year of diagnosis. For the purpose of this study
the clinical and pathologic TNM classifications from
before 2010 were all converted according to the
seventh edition [11]. In the NCR, vital status was
obtained from the nationwide population registries
network, which provides complete coverage of all
Dutch citizens. Follow-up was completed until the
first of February 2014. The NCR Review Board
approved the study.

Patient selection, inclusion and exclusion

All patients diagnosed in the Netherlands between
January 2000 and December 2012 with invasive
oesophageal (C15.1-15.9), OG]J (C16.0), and gastric
cancer (C16.1-16.9) were selected from the NCR
(Figure 1), thereby not selecting patients with cervical
oesophageal cancer (C15.0) and with non-epithelial
cancers. Patients were included if they were eligible
for treatment with curative intent, defined as no signs
of metastatic disease at time of diagnosis and at sur-
gery, i.e. c MO and pMO according to the seventh
TNM classification. To secure similar study popula-
tions, patients were excluded in case of no surgery,
palliative or macroscopically incomplete (R2) resection,
as they were not eligible for postoperative treatment
with curative intent. Patients operated outside the
Netherlands were excluded (0.2%).

Multimodality treatment and predictors

Data on treatment were also obtained from the NCR.
Distinction was made between chemotherapy, radio-
therapy and concurrent chemoradiotherapy. All
treatments combined with surgery were considered
multimodality treatment. Age was categorised into
four age groups (<45, 45-59, 60-74 and 75 or
older). Socioeconomic status was categorised into
quartiles according to the socioeconomic status of
the four-digit postal code area as calculated by
Statistic Netherlands, which is based on a combination
of factors including income and the average price of
houses. Eight university hospitals and one dedicated
oncology hospital were categorised as academic and
all other hospitals as non-academic. Patients were
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Netherlands Cancer Registry (NCR)
2000 until 2012

\ 4

Selected patients
Oesophageal cancer: ICD-O C15.1-9 (21190)
Oesophagogastric junction: cancer ICD-OC16.0 (6943)
Gastric cancer: ICD-O C16.1-9 (17869)

\ 4

Included patients with non-metastasised disease
Oesophageal cancer: cM0 and pMO0? (14343)
Oesophagogastric junction: cM0 and pM0? (4268)
Gastric cancer: cMO0 and pM(Q? (11456)

A4

Excluded patients with non-curative surgery or surgery abroad
Oesophageal cancer: no surgery/palliative/R2 (8898)
Oesophagogastric junction: no surgery/palliative/R2 (2105)
Gastric cancer: no surgery/palliative/R2 (4790)

v

Study population
Oesophageal cancer: coM0/R0-1 (5445)
Oesophagogastric junction: coM0/R0-1 (2163)
Gastric cancer: copM0/R0-1 (6666)

Figure 1. Schematic diagram of patient selection, inclusion and
exclusion. The numbers between brackets represent the total
number of patients. cMO, clinically MO according the TNM
classification; ICD-O C, International Classification of Diseases
for Oncology codes; pMO, pathologically MO according the TNM
classification; RO, microscopically complete resection; RI,
microscopically incomplete resection; R2, macroscopically
incomplete resection. * According to the 7th version of the TNM
classification.

classified to academic and non-academic according
to the hospital where they had undergone surgery, as
hospital of chemotherapy or radiotherapy was not
applicable to all patients. If the hospital of surgery
was not registered, patients were classified according
to the hospital where the chemotherapy and/or radio-
therapy was administered. Region was according to
the nine former CCC networks.

Statistical analysis

The utilisation of multimodality treatment was mea-
sured by receipt and type. Multimodality treatment
receipt was calculated as the percentage of patients
who received multimodality treatment in reference to
the total study population. To analyse trends in the
utilisation of multimodality treatment, percentages of
multimodality treatment receipt were calculated per
type of multimodality treatment per year. To analyse
factors associated with utilisation of multimodality
treatment, multivariable logistic regression analysis

was performed with multimodality treatment receipt
as outcome. The following factors were investigated:
age, gender, socioeconomic status, clinical T and N
classification, hospital type, CCC-region, and year of
diagnosis. Additional analyses were performed to
explore differences in trends of utilisation of multi-
modality treatment between academic and non-
academic hospitals. For that purpose, the percentage
of patients that received multimodality treatment per
type of multimodality treatment per year was calcu-
lated for academic and non-academic hospitals sepa-
rately. Based upon the observed trends for academic
and non-academic hospitals, two logistic regression
analyses were performed with multimodality treat-
ment receipt as outcome using data of two different
time periods, 2000-2007 and 2008-2012, adjusting
for the abovementioned factors. For comparison pur-
poses all preoperative and postoperative chemother-
apy and/or radiotherapy treatments were combined
as multimodality treatment in the multivariable logis-
tic regression analysis. All statistical analyses were
performed using STATA.

Results

The study population consisted of patients with
cpMO oesophageal (5445), OGJ (2163), or gastric
cancer (6666) who had undergone an R0-1 resection
(Figure 1). Most patients had a clinical T2-4 tumour
classification at diagnosis. Up to 48% of patients had
clinically lymph node positive disease (Table I). All
nine academic hospitals operated patients with
oesophageal, OG]J, and gastric cancer yearly until
2011, when one academic hospital stopped performing
this type of surgery. Oesophageal cancer patients
were operated in 31 non-academic hospitals in 2000,
which decreased to 15 in 2012, OGJ cancer patients
in 31, which decreased to 15, and gastric cancer
patients in 78, which decreased to 43.

The percentage of patients who received multi-
modality treatment for oesophageal, OG]J], and
gastric cancer increased from 20%, 6% and 1% in
2000 to 90%, 85% and 56% in 2012, respectively
(Figure 2). In oesophageal cancer, preoperative
CRT was most frequently administered, up to
85% in 2012 after a rapid increase since 2008
(Figure 2A). The utilisation of preoperative CT
with or without postoperative CT for oesophageal
cancer was more limited than preoperative CRT
(Figure 2B). In OG]J cancer patients, preoperative
CRT was administered up to 47% in 2012 after
a rapid increase since 2009 (Figure 2C). In this
group, the administration of preoperative CT with
or without postoperative CT was the highest in
2008 with 50%, but its use decreased thereafter to
34% in 2012 (Figure 2D). In gastric cancer patients,
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Table I. Patient and treatment characteristics of non-metastasised oesophageal, oesophagogastric
junction and gastric cancer patients who had undergone an RO-1 resection diagnosed between 2000
and 2012 in the Netherlands.

Cancer type Oesophageal OG]J Gastric
Characteristic N (%) N (%) N (%)
No. of patients
total 5445 (100) 2163 (100) 6666 (100)
Age
median, range 63 (18-89) 65 (23-91) 71 (13-100)
Gender
male 4158 (76) 1719 (79) 4076 (61)
SES
high 1324 (24) 493 (23) 1355 (20)
high-middle 1437 (26) 594 (27) 1538 (23)
low-middle 1189 (22) 459 (21) 1487 (22)
low 1495 (27) 617 (29) 2286 (34)
Clinical tumour classification®
T1 331 (6) 60 (3) 265 (4)
T2 1072 (20) 327 (15) 675 (10)
T3 2741 (50) 415 (19) 325 (5)
T4 152 (3) 504 (23) 714 (11)
Tx 1149 (21) 857 (40) 4687 (70)
Clinical node classification®
NO 2433 (45) 822 (38) 3312 (50)
N+ 2590 (48) 958 (44) 1440 (22)
Nx 422 (8) 383 (18) 1914 (29)
Pathological tumour classification®
TO 618 (11) 92 (4) 76 (1)
T1 1001 (18) 187 (9) 1169 (17)
T2 1065 (20) 488 (23) 1668 (25)
T3 2608 (48) 783 (36) 1655 (25)
T4 94 (2) 602 (28) 2040 (31)
Tx 59 (1) 11 (1) 58 (1)
Pathological node classification?
NoO 2816 (52) 766 (36) 2751 (42)
N1 1281 (24) 505 (24) 1393 (21)
N2 784 (15) 458 (21) 1125 (17)
N3 418 (8) 395 (18) 991 (15)
Nx 84 (2) 24 (1) 328 (5)
Morphology
squamous cell carcinoma 1425 (26) 26 (1) 0 (0)
adenocarcinoma 3886 (71) 2109 (98) 6610 (99)
unspecified 134 (2) 28 (1) 56 (1)
Radicality of resection
RO 4215 (77) 1449 (67) 4450 (67)
R1 465 (9) 251 (12) 730 (11)
Rx 765 (14) 463 (21) 1486 (22)
Hospital type
academic 2595 (48) 825 (38) 778 (12)
non-academic 2850 (52) 1338 (62) 5888 (88)
Multimodality treatment
preoperative CRT 2019 (37) 264 (12) 18 (<1)
preoperative CT +/- postoperative CT 682 (13) 482 (22) 1122 (17)
postoperative CRT +/- preoperative CT® 13 (<1) 46 (2) 243 (4)
postoperative CT 11 (<1) 9 (<1) 48 (1)
none 2720 (50) 1362 (63) 5235 (79)

CRT, chemoradiotherapy; CT, chemotherapy; OG]J, oesophagogastric junction; RO, microscopically
complete resection; R1, microscopically incomplete resection; SES, socioeconomic status. *According
to the 7th version of the TNM classification. Patients who received preoperative CT and postoperative
CRT were categorised under postoperative CRT.

postoperative CRT (with or without preoperative or without postoperative CT for gastric cancer was
CT) was very moderately administered up to 9% in higher, up to 47% in 2012 after a rapid increase
2012 (Figure 2E). The use of preoperative CT with since 2006 (Figure 2F).
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Figure 2. Utilisation of multimodality treatment for cpMO0/R0-1 oesophagogastric cancer patients in the Netherlands. For oesophageal
cancer patients preoperative chemoradiotherapy (A) and preoperative chemotherapy with or without postoperative chemotherapy (B).
For oesophagogastric junction cancer patients preoperative chemoradiotherapy (C) and preoperative chemotherapy with or without
postoperative chemotherapy (D). For gastric cancer patients postoperative chemoradiotherapy with or without preoperative chemotherapy
(E) and preoperative chemotherapy with or without postoperative chemotherapy (F). The bars depict the percentage of patients that
received preoperative chemotherapy (plotted on the left y-axis), and the lines depict the total number of operated patients (plotted on

the right y-axis).

For oesophageal, OG]J and gastric cancer patients,
higher age and several CCC-regions were signifi-
cantly associated with less multimodality treatment
utilisation (Table II). For all cancer types, higher
clinical tumour classification, clinically lymph node
positive disease, and diagnosis in more recent years
were significantly associated with a higher chance of
multimodality treatment receipt. For gastric cancer,
a higher socioeconomic status was associated with
more multimodality treatment receipt. For OGJ can-
cer, several CCC-regions were associated with more
multimodality treatment receipt. Gender and hospi-
tal type were not significantly associated with the
utilisation of multimodality treatment.

Additional analysis showed that in academic
hospitals, the administration of preoperative CRT
for oesophageal cancer patients was 200% of that
in non-academic hospitals between 2001 and 2008.
Since 2008, a rapid increase in the utilisation of

preoperative  CRT for oesophageal cancer was
observed, that was similar in academic and non-
academic hospitals (Supplementary Figure 1A, to be
found online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2015.1009638).The admin-
istration of preoperative CRT and CT in OG]J
patients, and preoperative CT in gastric cancer
patients in academic hospitals preceded non-
academic hospitals by one year (Supplementary
Figure 1C, D and F to be found online at http://
informahealthcare.com/doi/abs/10.3109/0284186X.
2015.1009638). No consistent difference between
the administration of preoperative CT for oesopha-
geal cancer and postoperative CRT for gastric cancer
was observed between academic and non-academic
hospitals (Supplementary Figure 1B and E to be
found online at http:/informahealthcare.com/doi/
abs/10.3109/0284186X.2015.1009638). Additional
multivariable logistic regression regarding 2000-2007
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Table II. Multivariable logistic regression analysis to investigate the association of factors with multimodality treatment receipt for non-
metastasised oesophageal, oesophagogastric junction and gastric cancer patients who had undergone an R0-1 resection diagnosed between

2000 and 2012 in the Netherlands.

No. of
patients, 5445 2163 6666
No. of events, Oesophageal 2725 OG]J 801 Gastric 1431
Characteristic Groups OR (95% CI) P OR (95% CI) P OR (95% CI) P
Hospital type academic Ref Ref 0.95 Ref
non-academic  0.93 (0.80-1.08) 0.34 1.01 (0.76-1.34) 0.83 (0.66-1.04) 0.1
Age <45 Ref Ref Ref
45-59 0.91 (0.61-1.36) 0.66 0.76 (0.41-1.39) 0.37 0.83 (0.58-1.19) 0.32
60-74 0.64 (0.43-0.96) 0.03 0.43 (0.24-0.79) 0.006 0.33 (0.24-0.47) <0.001
75+ 0.25 (0.16-0.38) <0.001 0.065 (0.03-0.13) <0.001 0.03 (0.02-0.05) <0.001
Gender Male Ref Ref 0.15 Ref 0.53
Female 0.92 (0.78-1.07) 0.28 0.79 (0.58-1.09) 0.95 (0.81-1.12)
SES high Ref Ref Ref
high-middle 1.12 (0.93-1.35) 0.24 1.18 (0.83-1.67) 0.36 0.75 (0.59-0.95) 0.02
low-middle 0.99 (0.81-1.21) 0.94 0.87 (0.59-1.28) 0.48 0.66 (0.52-0.85) 0.001
low 1.02 (0.84-1.23) 0.87 0.94 (0.65-1.34) 0.71 0.72 (0.57-0.89) 0.003
Clinical tumour T1 Ref Ref Ref
classification® T2 9.74 (6.54-14.49) <0.001 15.43 (4.74-50.16) <0.001 4.13 (2.57-6.66) <0.001
T3 16.81 (11.40-24.80) <0.001 31.05 (9.54-101.08) < 0.001 5.40 (3.23-9.01) <0.001
T4 30.03 (17.34-51.99) <0.001 21.07 (6.51-68.19) <0.001 3.92 (2.40-6.42) <0.001
Tx 5.29 (3.51-7.96) <0.001 10.95 (3.40-35.28) <0.001 2.24 (1.45-3.47) <0.001
Clinical node NO Ref Ref Ref
classification? N+ 1.81 (1.57-2.09) <0.001 1.84 (1.38-2.44) <0.001 1.67 (1.37-2.04) <0.001
Nx 0.98 (0.75-1.29) 0.89 0.87 (0.57-1.32) 0.51 1.05 (0.85-1.30) 0.62
Region® D Ref Ref Ref
A 0.59 (0.46-0.76) <0.001 0.42 (0.26-0.67) <0.001 0.41 (0.30-0.57) <0.001
B 0.96 (0.72-1.29) 0.81 0.49 (0.28-0.87) 0.01 0.98 (0.70-1.37) 0.91
C 0.64 (0.48-0.86) 0.003 0.84 (0.50-1.45) 0.55 0.67 (0.47-0.96) 0.03
E 1.08 (0.81-1.43) 0.6 3.15 (1.90-5.22) <0.001  1.07 (0.78-1.47) 0.68
F 0.98 (0.78-1.22) 0.84 1.18 (0.77-1.81) 0.45 0.77 (0.58-1.02) 0.06
G 0.88 (0.67-1.15) 0.36 0.63 (0.37-1.05) 0.07 0.80 (0.60-1.07) 0.13
H 1.39 (0.98-1.98) 0.07 1.32 (0.67-2.59) 0.43 1.14 (0.81-1.61) 0.45
I 0.42 (0.30-0.58) <0.001 0.54 (0.31-0.94) 0.03 0.52 (0.36-0.75) <0.001
Time period 2000-2003 Ref Ref Ref
2004-2007 0.64 (0.53-0.78) <0.001 3.00 (2.08-4.34) <0.001 6.15 (4.54-8.34) <0.001
2008-2012 6.93 (5.80-8.27) <0.001 49.30 (32.90-73.89) <0.001 66.58 (49.12-90.26) < 0.001

OG]J, oesophagogastric junction; OR, odds ratio; SES, socioeconomic status. *According to the 7th version of the TNM classification;
YRegion according to the nine former Comprehensive Cancer Centre networks of the Netherlands.

(results not shown) revealed that multimodality treat-
ment receipt was significantly lower in non-academic
than in academic hospitals for oesophageal cancer
(HR=0.73; p=10.003). There was also a lower use of
multimodality treatment in non-academic hospitals
for OGJ and gastric cancer patients but this difference
was not statistically significant (HR =0.87; p=0.473
and HR=0.72; p=0.063, respectively). There was
no difference between academic and non-academic
hospitals in multimodality treatment receipt during
2008-2012, for none of the three cancer sites.

Discussion

This nationwide population-based cohort-study in
the Netherlands shows significantly increased utilisa-
tion of multimodality treatment for non-metastasised
and potentially curatively resected oesophageal, OG]J,

and gastric cancer over the past decade, 2000-2012.
This increase occurred particularly in oesophageal
and OGJ cancer, and was less pronounced in gastric
cancer. This study also shows that multimodality
treatment utilisation was significantly associated to
lower age, higher clinical T and N classification, sev-
eral CCC-regions and more recent time period.
Additional analyses showed that the adoption of
most types of multimodality treatment in academic
hospitals preceded non-academic hospitals by a year.
Also, in earlier years, before 2008, patients treated in
academic hospitals were more likely to receive mul-
timodality treatment.

Multimodality treatment trends

From 2000 until 2012 only up to half of the oesoph-
agogastric cancer patients received multimodality
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treatment, indicating that the administration of
multimodality treatment in unselected patients in
daily clinical practice remains challenging [8,9,
12-14]. Nevertheless, when considering only the
most recent years, we observed a large utilisation of
multimodality treatment in oesophageal and OG]J
cancer, and a moderate utilisation in gastric cancer.
The higher multimodality treatment receipt rates in
oesophageal and OG]J cancer than gastric cancer are
in accordance with an US study [8]. The rate of mul-
timodality treatment for oesophageal and OGJ can-
cer is however, higher than previously described by
others [8,9], which could be explained by the differ-
ence in studied time periods in combination with the
more recent practice changing publications. For gas-
tric cancer, similar multimodality receipt rates have
been described in the US and Canada [12, 13].

In oesophageal cancer, the increased use of
preoperative CRT preceded the presentation of the
(preliminary) results of the CROSS trial [5], and the
incorporation in the Dutch guideline. These findings
are partially explained by patient inclusion from
2004 to 2008 in the Dutch CROSS trial by seven
academic and three non-academic hospitals [5], and
several earlier indications that preoperative CRT was
beneficial [15,16]. Furthermore, the implementation
of preoperative CRT was extensive and fast, which
could probably be explained by the usage of embed-
ded logistics within the framework of the Dutch
CROSS trial as radiotherapy institutes in the
Netherlands are mostly independent from hospitals
and patients need to be referred. Even though the
implementation of preoperative CRT was early and
possibly premature in the Netherlands, it seems that
the extensive administration of preoperative CRT
was even earlier in Sweden [17].

In patients with OGJ cancer, overall preoperative
CRT and preoperative CT were equally administered,
likely in response to the MAGIC [6] and the CROSS
trial [5]. Our observations reflect the option to treat
OGJ cancer patients according either the oesophageal
or gastric cancer guideline, which was also observed
in the US [8]. However, in contrast to other European
countries, such as Denmark, Germany, England, Italy
and France where standard treatment is perioperative
CT, we observed a trend of more preoperative CRT
in recent years. This could be explained by the more
recent publication of the CROSS trial and national
oesophageal guideline, but also the administration of
this treatment within the Dutch CROSS trial accom-
panied by the embedded logistics.

In gastric cancer, after the publication of the
INTO116 trial, only a slight increase in administra-
tion of postoperative CRT was observed. No fur-
ther increase was observed after the start of the
Dutch CRITICS trial in 2007, which investigates

the additional advantage of postoperative CRT
when combined with preoperative CT versus peri-
operative CT for resectable gastric cancer, and
which is still actively recruiting (ClinicalTrials.gov
number NCT00407186) [18]. In comparison, an
American cohort-study observed a 12% increase of
the utilisation of postoperative CRT between 1999
and 2000, to an absolute 40% of treated patients
thereafter in response to the INT0116 trial [12,13].
Similar trends were observed in a Canadian popu-
lation-based study [14]. Oppositely, in the Nether-
lands the utilisation of preoperative CT increased
[12]. This followed the results of the MAGIC trial
[6], preceding the national guideline. As mentioned
before, the current Dutch guideline for gastric can-
cer recommends perioperative CT, and does not
recommends postoperative CRT except for patients
who did not receive preoperative CT and had an
R1 resection [19,20]. Therefore, the more frequent
choice in recent years for preoperative CT and its
rapid increase might be explained by adherence of
clinicians to the national guidelines, rather than
responding to landmark publications.

Predictors of multimodaliry treatment and influence
of hospital type

In literature, several patient and tumour characteristics
in unselected oesophagogastric cancer patients have
been consistently associated with a more frequent
receipt of multimodality treatment, such as lower age,
male gender, less comorbidity, higher income and
higher tumour stage [12]. In accordance, in this study,
the receipt of multimodality treatment was associated
with patient and tumour characteristics.

Besides patient and tumour characteristics, sev-
eral other factors may also influence the receipt of
multimodality treatment. The shift from surgery
alone to multimodality treatment requires the rear-
rangement of cancer care, and synchronisation of
logistics between disciplines and institutions. We
hypothesised that this process will be more efficient
for academic hospitals with more extensive resources.
However, conflicting evidence on the association of
hospital type and receipt of multimodality treatment
has been described by others, indicating that hospital
type as sole predictor of optimal cancer care is not
sufficient [21-23]. In this study, we found no inde-
pendent influence of hospital type on the utilisation
of multimodality treatment regarding the entire
aggregated study period. Additional analyses showed
however, that the implementation of several multi-
modality treatment regimens was earlier and faster
in academic hospitals. Dividing the time period in
the multivariable logistic regression analysis resulted
in different effects of hospital type on multimodality
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treatment receipt, reflecting the higher multimodality
treatment receipt in academic hospitals in earlier
years independently of other factors. Therefore, the
difference between academic and non-academic
hospitals was especially pronounced before the
implementation of the national guidelines. Thereaf-
ter, this difference was no longer present.

Limitations

This study has limitations inherent to large database
studies. Importantly, co-morbidity was not scored
in the used database, which is unfortunate because
this influences treatment choices [12], and could
therefore introduce bias. Another limitation is the
exclusion of patients who started with neo-adjuvant
treatment, but did not proceed to potentially
curative surgery for any reason whatsoever, because
this would be more representative of daily clinical
practice.

In conclusion, the utilisation of multimodality
treatment for oesophagogastric cancer has increased
in the Netherlands during the past decade. In
oesophageal and OGJ cancer patients, preoperative
treatment has become standard practice. For gastric
cancer, however, 50% of patients were not treated
with multimodality treatment. It remains debatable
whether this is related to low compliance with the
national guidelines, or to the frailty of the unselected
patient population. Multimodality treatment receipt
is especially dependent on patient and tumour char-
acteristics and year of diagnosis. Multimodality treat-
ment trends seem to be related to the publication of
landmark studies, participation in nationally running
clinical trials, and hospital type, preceding national
guidelines especially in academic hospitals. There-
fore, a more extensive and rapid distribution of prac-
tice changing study results could be valuable.
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