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Abstract

Background: International differences in survival among colorectal cancer (CRC) patients may partly be explained
by differences in emergency presentations (EP), waiting times and access to treatment.

Methods: CRC patients registered in 2015–2016 at the Cancer Registry of Norway were linked with the Norwegian
Patient Registry and Statistics Norway. Multivariable logistic regressions analysed the odds of an EP and access to
surgery, radiotherapy and systemic anticancer treatment (SACT). Multivariable quantile regression analysed time
from diagnosis to treatment.

Results: Of 8216 CRC patients 29.2% had an EP before diagnosis, of which 81.4% were admitted to hospital with a
malignancy-related condition. Higher age, more advanced stage, more comorbidities and colon cancer were
associated with increased odds of an EP (p < 0.001). One-year mortality was 87% higher among EP patients (HR=
1.87, 95%CI:1.75–2.02). Being married or high income was associated with 30% reduced odds of an EP (p < 0.001).
Older age was significantly associated with increased waiting time to treatment (p < 0.001). Region of residence was
significantly associated with waiting time and access to treatment (p < 0.001). Male (OR = 1.30, 95%CI:1.03,1.64) or
married (OR = 1.39, 95%CI:1.09,1.77) colon cancer patients had an increased odds of SACT. High income rectal
cancer patients had an increased odds (OR = 1.48, 95%CI:1.03,2.13) of surgery.

Conclusion: Patients who were older, with advanced disease or more comorbidities were more likely to have an
emergency-onset diagnosis and less likely to receive treatment. Income was not associated with waiting time or
access to treatment among CRC patients, but was associated with the likelihood of surgery among rectal cancer
patients.
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Background
Colorectal cancer is the third most common cancer with
over 1.8 million new cases worldwide, which represented
10.2% of all new cancers diagnosed in 2018 [1]. In
Norway, 4295 patients were diagnosed with colorectal
cancer in 2019, representing 12.3% of all cancers diag-
nosed [2]. Internationally, age-standardised incidence
rates vary between countries and ranged from 56.5 in
the UK to 81.1 in Denmark per 100,000 [3]. Colorectal
cancer represents 9.2% of all cancer-related deaths and
is the second most common cause of death in the world
[1]. In 2018, 1556 colorectal cancer deaths were regis-
tered in Norway, which represents 14.1% of all cancer-
related deaths [2]. Net survival has improved over the
past few decades [3, 4]. In Norway in 2015–2019, the
five-year net survival among colon cancer patients was
estimated to be 68.1% in males and 71.1% in females
while for rectal cancer it was 71.1 and 71.5%, respect-
ively [2]. Considerable variation in survival has been re-
ported for colon and rectal cancers both internationally
and nationally [3–6]. The proportion of patients diag-
nosed through an emergency presentation (EP), waiting
times from diagnosis to treatment, and access to treat-
ment are all contributing factors that may explain some
of the observed variation and potentially affect survival.
There are different explanations why patients are diag-

nosed with cancer following an emergency visit. Some
patients may initially have none or vague symptoms, but
then suddenly experience a rapid development in symp-
toms. For others EPs may be a reflection of delayed
help-seeking behaviour by the patient (patients delay) or
prolonged diagnostic intervals by the general practi-
tioner or the hospital (doctors delay). Internationally,
variations exist in the proportion of colon cancer pa-
tients (11–39%) and rectal cancer patients (12–16%)
who are diagnosed following an EP [7].
The timeliness of and access to treatment are of great

importance to a patient’s prognosis. To ensure a timely
treatment, sufficient capacity of medical staff and equip-
ment are required, as well as a well-organised and struc-
tured health system with clearly defined time frames. In
2015, Norway implemented cancer patient pathways
(CPP) in order to 1) reduce unwanted variation in wait-
ing time to treatment, 2) remove non-medically justifi-
able delays in examination, diagnostics and treatment,
and 3) increase the predictability for patients and their
relatives [8]. The CPPs consist of recommended diag-
nostic procedures and a recommendation of the max-
imum days (for 70% of the patients) that patients should
wait from a hospital referral to the first specialist visit (9
days), to a clinical decision (12 days) and finally to the
start of treatment (14 days to surgery, 18 days to radio-
therapy, 14 days to systemic anticancer treatment
(SACT)). With the implementation of CPPs, cancer

pathway coordinators were introduced to coordinate re-
ferrals, plan appointments, and provide information to
the patients until the first specialist consultation. In
Norway, it has been shown that over 80% of all colorec-
tal cancer patients were included in a CPP during 2015–
2016 [9]. A recent study from Norway showed that the
waiting time from diagnosis to surgery for colorectal
cancer patients diagnosed from 2007 to 2016 remained
around 21 days, while time to start of radiotherapy has
decreased by two weeks to 34 days [10]. Studies have
also shown that patients with high socioeconomic status
(SES) undergo more extensive examinations than low
SES patients [11, 12]. This indicates that non-medical
factors may affect the waiting time to treatment. Other
studies have shown that low SES was associated with a
reduced odds of receiving surgery, radiotherapy and
SACT both among colon and rectal cancer patients [13,
14].
Hence, the aims of this paper were to describe the pat-

tern of care among colorectal cancer patients in Norway
and identify factors associated with EP, waiting time to
treatment and access to treatment.

Methods
Cancer registry of Norway
Since 1953, it has been mandatory for all hospitals, path-
ology laboratories and general practitioners in Norway
to report all newly diagnosed malignant disease to the
Cancer Registry of Norway (CRN). The CRN also re-
ceives death certificates for all patients with a cancer
diagnosis from the Cause of Death Registry. Using the
personal identification number assigned to all Norwe-
gian citizens since 1964, the CRN is linked monthly with
the National Population Register to update vital status
(death or emigration), and three times per year with the
Norwegian Patient Registry (NPR) to ensure complete-
ness of cancer cases. The quality, comparability, com-
pleteness, validity, and timeliness of the data in the CRN
have been evaluated to be high, with an estimated com-
pleteness of 98.8% for all cancer sites together [15].

Norwegian patient registry
The NPR is a national health register that holds data on
all patient visits to government-funded hospitals in
Norway. Reporting to the NPR is mandatory, and its
database covers over 99% of all patient visits to specia-
lised health care services [16]. These also include data
regarding CPPs. From 2008 the NPR data also include
personal identification numbers, thus enabling re-
searchers and health authorities to follow the disease tra-
jectory of patients between different sectors and
hospitals.
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Statistics Norway
The national statistics institute, Statistics Norway, holds
individual-level information in areas such as population,
health, finance and education for the entire Norwegian
population. Education data have been collected from
various national databases since 1970. The tax author-
ities provide Statistics Norway with personal income
data, which are available from 1967, and household type
and income, which are available from 2004 onwards.

Data linkage
The study population included all patients with a colo-
rectal (ICD-10 code C18–20) cancer diagnosis registered
at the CRN between 1 January 2015 and 31 December
2016. As described elsewhere, information from the
NPR was linked to identify which patients were included
in a CPP, the patient’s level of co-existing diseases (i.e.,
comorbidities) and all registered episodes from the spe-
cialist health care [9]. Information about the patient’s
SES, measured through household income and educa-
tion, was obtained from Statistics Norway.

Classification of variables
As described elsewhere, date of diagnosis was defined as
the date of the first histologically verified diagnosis regis-
tered at the CRN, which most often was based on a bi-
opsy [9]. For patients whose tumour was not
morphologically verified, the date of diagnosis was set as
the date from the clinical notification form.

Stage
Stage of disease was categorised as localised, regional,
metastatic, or unknown [17]. For staging, notifications
received within the diagnosis period at the CRN, defined
as the month of diagnosis plus an additional four
months, were used.

Region
As described elsewhere, Norway consists of four regional
health authorities that are responsible for specialised
health care in their catchment areas: Southern and East-
ern Norway, Western Norway, Central Norway and
Northern Norway [9]. Regional affiliation was based on a
patient’s place of residence at the time of diagnosis, in-
dependent of where the patient was diagnosed or
treated.

Socioeconomic (income, education) and marital status
A patient’s SES was measured using individual informa-
tion about household income and the highest level of
obtained education. Household income included wages,
self-employment capital income, pension, and social
benefits earned the year prior to diagnosis. The equiva-
lised household income (square root scale), a measure

adjusting for the number of people living in the house-
hold, was used and grouped as low, intermediate or high,
based on the 20th and 80th sex-specific percentiles of
household income in the entire cancer population [18].
Education was grouped as low (elementary school),
intermediate (high school) or high (university). A pa-
tient’s marital status was categorised as single (registered
as not married, widow, divorced or separated) or mar-
ried (registered as married or partner).

Comorbidity
A patient’s co-existing diseases were measured using a
modified version of the Charlson Comorbidity Index
(CCI) using diagnostic codes (ICD-10) from hospitalisa-
tions within two years prior to, and including, the date
of diagnosis [19, 20]. A score was determined for each of
a patient’s recorded co-existing diseases based on its se-
verity, and the combination of these scores resulted in a
modified CCI. The CCI was grouped into “no hospital
admissions”, low (CCI = 0), intermediate (CCI = 1,2) or
high (CCI = 3+).

Emergency presentation
The NPR registers the urgency of a patient’s visit to the
hospital as either ‘acute’ or ‘planned’. A cancer diagnosis
was defined as an ‘emergency presentation’ if an in-
patient admittance with an acute urgency, irrespective of
cause of admission, was registered in the NPR in the
period from 30 days before to 2 days after the date of
diagnosis.

First/ever treatment
The first treatment was defined as the first registered oc-
currence of surgery of a primary tumour, radiotherapy
(including chemoradiotherapy) or SACT (either alone or
combined with radiotherapy) within one year of the date
of diagnosis. Comprehensive information for surgery
and radiotherapy was obtained from the CRN, while in-
formation on SACT was obtained from the NPR. SACT
included chemotherapy, targeted therapy, immunother-
apy and any other public hospital-administered anti-
cancer medication. All medical procedure codes with the
prefix WBOC and WML000 according to the Norwegian
coding system for medical, surgical and radiological pro-
cedures were included [21]. Ever treatment referred to
all treatment modalities a patient received within a year
of diagnosis.

Statistical analysis
Pearson’s chi-squared test was used to assess differences
between the categories of the explanatory variables and
a dichotomous variable indicating whether a patient was
diagnosed following an emergency visit. Five multivari-
able logistic regressions were performed, with EP,
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surgery, radiotherapy, SACT and any treatment as the
dependent variable, respectively [22]. These were all ad-
justed for case-mix, i.e., year of diagnosis, age group and
stage at diagnosis, sex, region, income group, marital sta-
tus, comorbidity index and cancer type. The analysis of
receiving treatment (surgery, radiotherapy, SACT and
any) was additionally adjusted for EP and CPP-status.
Education was not adjusted for as the regressions would
have given the marginal effects of both income and edu-
cation, instead of the true effect of the patient’s SES.
One-year overall survival was estimated for colorectal
cancer patients, stratified by EP status, using the Kaplan-
Meier method. Additionally, a multivariable Cox regres-
sion model adjusted for case-mix was performed to esti-
mate the effect of EP on one-year overall survival.
Multivariable quantile (median) regressions of waiting
time from date of diagnosis to surgery, radiotherapy,
SACT and any treatment were performed individually
for all patients adjusted for case-mix and CPP-status.
The regression analysing any treatment was additionally
adjusted for treatment modality. Wald test was used to
assess the significance of the different explanatory vari-
ables. Although colon and rectal cancer patients share
the same CPP, their natural presentation, work-up and
treatment differ, and therefore a stratified analysis was
performed to examine differences between the two sites
[23]. A p-value < 0.05 was considered significant. The
statistical program Stata 16.1 was used for all analyses
[24].

Results
Study population
Between 1 January 2015 and 31 December 2016, 8594
patients were identified with a primary colorectal cancer
diagnosis. Patients registered solely by autopsy (n = 7) or
death certificate (n = 96) were excluded. Also, patients
under 18 years of age (n = 9), unknown place of resi-
dence (n = 53), unknown education (n = 58), unknown
income (n = 1) and unknown type of household (n = 119)
were excluded from the analyses. Finally, patients with a
registered treatment prior to diagnosis were excluded
(n = 35). As a result, 8216 patients were eligible for
analyses.

Patient characteristics
Of these 8216 patients diagnosed with colorectal cancer
in 2015–2016 in Norway, 5677 (69.1%) had colon cancer
and 2539 (30.9%) rectal cancer (Table 1). The proportion
of diagnoses morphologically verified (either histologi-
cally or cytologically) was 97.6%. The proportion of
males was 47.3% and the median age at diagnosis was
73 years [IQI: 65–81] for colon cancer, while the propor-
tion of males was 59.6% and the median age at diagnosis
was 69 years [IQI: 60–78] for rectal cancer. The

proportions of patients who were diagnosed following an
emergency visit were 35.4 and 15.5% for colon and rectal
cancers, respectively (Supplementary Table 1, Supple-
mentary Table 2). There were 1101 (19.4%) colon cancer
patients and 244 (9.6%) rectal cancer patients whose date
of resection was the same as their date of diagnosis.
The proportions of colon cancer patients treated with

surgery, radiotherapy or SACT within 12months of
diagnosis were 84.4, 1.7 and 31.6%, respectively (Fig. 1a).
For colon cancer patients the first treatment was surgery
for 82.3% and SACT for 7.9%. In addition, there were 31
colon cancer patients (0.5%) initially treated with radio-
therapy, but these were excluded from the remaining
analyses due to low numbers. Within one year of diag-
nosis, 525 (9.2%) colon cancer patients did not receive
any form of tumour-directed treatment. The median age
of this group was 82 years with the interquartile interval
of 70–88 years. Of these, 357 patients (68.0%) died, and
168 patients (32.0%) were alive after one year, but
remained untreated.
The proportions of rectal cancer patients treated with

surgery, radiotherapy or SACT within 12months of
diagnosis were 78.8, 31.9 and 26.2%, respectively (Fig.
1b). For rectal cancer patients the first treatment was
surgery for 56.4%, radiotherapy for 26.2% and SACT for
10.0%. Within one year of diagnosis, 188 (7.4%) rectal
cancer patients did not receive any form of treatment.
The median age of this group was 74 years with the
interquartile interval of 60–85 years. Of these, 111 pa-
tients (59.0%) died, and 77 patients (41.0%) were alive
without registered cancer treatment after one year.

Emergency presentation
Among both colon and rectal cancer patients, older age,
more advanced stage and higher level of comorbidity
were significantly associated with increasing odds of be-
ing diagnosed during an EP (p < 0.001). Colorectal can-
cer patients with a regional (OR = 2.26, 95%CI: 1.93,
2.65) or metastatic (OR = 5.21, 95%CI: 4.38, 6.20) stage
had over a 2- and 5-fold increased odds, respectively, of
being diagnosed following an emergency visit compared
to patients with a localised disease (Table 2). High-
income patients had a 32% reduced odds of EP (OR =
0.68, 95%CI: 0.56, 0.82) as opposed to low-income pa-
tients. Patients who were married had a 28% reduced
odds of an emergency diagnosis (OR = 0.72, 95%CI: 0.64,
0.80) compared to single patients. Colon cancer patients
had a 2.7-fold increased odds of EP (OR = 2.66, 95%CI:
2.34, 3.02) compared to rectum cancer patients.
A total of 2403 colorectal cancer patients were diag-

nosed after an emergency presentation. The cause of ad-
mission was registered as “Malignant tumour in the
colon, rectosigmoid or rectum” (70.3%), “Diseases of the
digestive system” (8.0%), “Benign or unknown
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a

b

Fig. 1 Euler diagram shows the combination of treatments received within one year of diagnosis among (a) colon cancer patients and (b) rectal
cancer patients diagnosed in 2015–2016 in Norway
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Table 2 Univariable and multivariable analysis of having an emergency presentation prior to diagnosis among colorectal cancer
patients in 2015–2016 in Norway

Univariate Multivariate

Odds Ratio [95%CI] Odds Ratio [95%CI]

Year of diagnosis

2015 1.00 (ref) 1.00 (ref)

2016 0.95 [0.86,1.04] 0.96 [0.86,1.06]

p-value 0.282 0.404

Age group

18–49 1.14 [0.87,1.50] 1.19 [0.89,1.58]

50–59 1.00 (ref) 1.00 (ref)

60–69 1.19 [0.98,1.44] 1.07 [0.87,1.32]

70–79 1.59 [1.32,1.91] 1.23 [1.00,1.50]

80–89 2.56 [2.12,3.09] 1.75 [1.42,2.17]

90+ 4.89 [3.71,6.46] 2.77 [2.04,3.77]

p-value < 0.001 < 0.001

Sex

Female 1.00 (ref) 1.00 (ref)

Male 0.81 [0.74,0.89] 0.96 [0.86,1.06]

p-value < 0.001 0.416

Stage

Localised 1.00 (ref) 1.00 (ref)

Regional 2.44 [2.10,2.84] 2.26 [1.93,2.65]

Metastasis 5.08 [4.30,5.99] 5.24 [4.40,6.23]

Unknown 3.64 [2.94,4.51] 3.37 [2.67,4.24]

p-value < 0.001 < 0.001

Marital status

Single 1.00 (ref) 1.00 (ref)

Married 0.65 [0.59,0.72] 0.72 [0.65,0.80]

p-value < 0.001 < 0.001

Income

Low 1.00 (ref) 1.00 (ref)

Intermediate 0.82 [0.71,0.93] 0.84 [0.72,0.97]

High 0.48 [0.41,0.57] 0.68 [0.57,0.82]

p-value < 0.001 < 0.001

Region

Southern and Eastern Norway 0.98 [0.93,1.02] 0.99 [0.95,1.04]

Western Norway 1.03 [0.94,1.12] 1.02 [0.92,1.13]

Central Norway 1.05 [0.94,1.18] 1.03 [0.91,1.16]

Northern Norway 1.00 [0.87,1.15] 0.96 [0.82,1.12]

p-value 0.708 0.905

Comorbidity

No admissions 0.16 [0.09,0.26] 0.18 [0.11,0.30]

0 1.00 (ref) 1.00 (ref)

1–2 1.92 [1.71,2.15] 1.74 [1.54,1.97]

3+ 3.49 [2.77,4.40] 3.15 [2.44,4.06]
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malignancy tumours – any location” (6.9%), “Other ma-
lignant tumours than C18–20” (4.2%), “Deficiency an-
aemia, haemolytic anaemia, aplastic anaemia and other
anaemia” (4.2%) and “Others” (6.5%).” The median time
from admission to hospital to cancer diagnosis ranged
from 2 days (IQI: 0–4) in “Malignant tumour in the
colon, rectosigmoid or rectum” to 7 days (IQI: 4–15) in
“Deficiency anaemia, haemolytic anaemia, aplastic an-
aemia and other anaemia.
One-year overall survival among patients who had an

emergency presentation prior to a colorectal cancer
diagnosis was 67.7% (95%CI: 65.8–69.6%) while it was
90.2% (95%CI: 89.4–90.9%) for patients without an
emergency presentation. After adjusting for case-mix,
patients with an emergency presentation were 87%
(HR = 1.87, 95%CI: 1.72–2.02) more likely to die within
one year of diagnosis compared to patients without an
emergency presentation (data not shown).

Waiting time to treatment
The median waiting time for colorectal cancer patients
to any treatment increased with increasing age, and pa-
tients aged 80–89 years waited three days longer than
patients aged 18–49 years (Table 3). Colorectal cancer
patients with a regional disease had a median 2.3-day
(95%CI: 1.4, 3.0) longer waiting time to surgery, com-
pared to localised patients (Table 3). Colorectal cancer
patients with an EP had a 7.0-day (95%CI: − 7.9, − 6.1)
shorter median waiting time to any treatment compared
to those with a non-EP.
In addition to the results above for colon and rectal

patients, the time to surgery and SACT for colon cancer
patients increased with increasing level of comorbidity
(Supplementary Table 3). Married colon cancer patients
had a 6.0-day (95%CI: − 10.3, − 1.7) shorter time to
SACT compared to single patients. Colon cancer pa-
tients who had an EP had a 7.1-day (95%CI: − 8.1, − 6.2)
shorter median waiting time to any treatment compared
to patients with no EP. The waiting time to SACT as
compared to surgery, was almost 14 days longer (Supple-
mentary Table 3).
Among rectal cancer, male patients experienced a 3.3-

day shorter time to surgery compared to females

(95%CI: 0.8, 5.7). Being married was associated with a 3-
day (Coeff: -3.1, 95%CI: − 5.6, − 0.7) shorter waiting time
to surgery among rectal cancer patients (Supplementary
Table 4). The waiting time to radiotherapy among rectal
cancer patients, was almost seven days longer than the
waiting time to surgery (Supplementary Table 4). Rectal
cancer patients living in Western Norway and Northern
Norway had a 5.8-day (95%CI: − 9.7, − 1.9) shorter and
9.5-day (95%CI: 3.4, 15.6) longer waiting time, respect-
ively, to SACT compared to the national median, and
patients living in Central Norway had a 2.9-day (95%CI:
− 5.4, − 0.3) shorter and 5.6-day (95%CI: − 7.5, − 3.8)
shorter waiting time to surgery and radiotherapy, re-
spectively. Rectal cancer patients living in Southern and
Eastern Norway, experienced a 5.9-day (95%CI: 4.5, 7.3)
longer waiting time to radiotherapy than the national
median.

Access to first treatment modalities
Treatment modality varied by cancer type and stage of
disease (Table 1, Supplementary Table 1, Supplementary
Table 2). Table 4 shows that that the odds of receiving
SACT as the first treatment decreased with increasing
age and more comorbidities (p < 0.001) among colorectal
cancer patients. The odds of receiving surgery was lower
for metastatic colorectal cancer patients (OR = 0.02,
95%CI: 0.02, 0.03). Compared to Norway, patients living
in Western Norway had a 59% increased odds (OR =
1.59, 95%CI: 1.35, 1.88) of SACT and patients from
Northern Norway had a 36% reduced odds (OR = 0.64,
95%CI: 0.47, 0.85) of SACT (Table 4).
In addition, male and married colon cancer patients

experienced a 30% (OR = 1.30, 95%CI: 1.03, 1.64) and
39% (OR = 1.39, 95%CI: 1.09, 1.77) increased odds of
SACT (Supplementary Table 5). Compared to Norway,
colon cancer patients living in Western Norway had a
44% reduced odds (OR = 0.56, 95%CI: 0.47, 0.67) of
surgery.
Supplementary Fig. 1 and supplementary Table 6 show

that that the odds of receiving radiotherapy as the first
treatment decreased with increasing age (p < 0.001)
among rectal cancer patients. The opposite pattern was
observed for surgery, where there was an increased odds

Table 2 Univariable and multivariable analysis of having an emergency presentation prior to diagnosis among colorectal cancer
patients in 2015–2016 in Norway (Continued)

Univariate Multivariate

Odds Ratio [95%CI] Odds Ratio [95%CI]

p-value < 0.001 < 0.001

Cancer type

Rectum 1.00 (ref) 1.00 (ref)

Colon 2.97 [2.64,3.35] 2.66 [2.34,3.02]

p-value < 0.001 < 0.001
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among patients aged 60–69 (OR = 1.48, 95%CI: 1.09,
2.01), 70–79 (OR = 2.79, 95%CI: 2.01, 3.88) and 80–89
(OR = 2.40, 95%CI: 1.66, 3.46) compared with patients
aged 50–59 years. The odds of receiving surgery de-
creased with more advanced cancer (p < 0.001), while pa-
tients with a regional or metastatic disease experienced
over a 7-fold (OR: 7.32, 95%CI: 5.23, 10.23) and 5-fold
(OR: 5.10, 95%CI: 3.50, 7.44) increase in the odds of re-
ceiving radiotherapy, respectively. Rectal cancer patients
with a high income had a 48% (OR = 1.48, 95%CI: 1.03,
2.13) increased odds of receiving surgery. Patients from
Northern Norway had a 51% increased odds (OR = 1.51,
95%CI: 1.15, 1.97) of radiotherapy compared to Norway.
Those patients who were included in a CPP experienced
over a 3-fold increase in the odds of radiotherapy (OR =
3.32, 95%CI: 2.22, 4.97).

Discussion
The odds of having an EP prior to a colon or rectal can-
cer diagnosis increased with increasing age, more ad-
vanced stage and a higher level of comorbidity, while the
odds decreased for patients who were married or had a
high income. Patients having an EP were more likely to
die within the first year after diagnosis. The waiting time
to any treatment increased with increasing age and stage
for all colon and rectal cancer patients. Compared with
the waiting time to surgery, longer times to SACT and
radiotherapy were observed for colon and rectal cancers,
respectively. Regional differences in waiting time to
treatment and choice of treatment existed within both
colon and rectal cancers. Access to treatment for colo-
rectal cancer patients was associated with the patient’s
age and stage of disease. Additionally, gender and mari-
tal status were associated with the likelihood of receiving
SACT among colon cancer patients, while income was
associated with surgery among rectal cancer patients.
The proportion of emergency-onset diagnosis among

colon cancer patients was 35%, while it was 15% among
rectal cancer patients. It is important to distinguish be-
tween EPs as part of the route to diagnosis and emer-
gency resection at diagnosis. Earlier studies have shown
that 15–25% of all colon cancer patients, and less than
5% of rectal cancer patients were hospitalised and
resected at the time of diagnosis due to acute symptoms
such as obstruction, perforation or bleeding [25]. The
higher proportions observed in the present study may be
due to the definition of EP, which included all registered
hospital visits irrespective of cause of admission up to
30 days prior to a colorectal cancer diagnosis, and not
limited to those resected at the time of diagnosis. For ex-
ample, if a patient presents at a hospital for a non-
colorectal cancer-related emergency, and then within 30
days has a colorectal cancer diagnosis, the patient would
be registered as having a colorectal cancer EP. This

definition should be considered when interpreting the
results.
Similar to previous studies, this study showed that the

proportion of EPs and waiting time and access to
tumour-directed treatment were associated with both
age and stage among colon and rectal cancer patients [6,
26]. Older patients may have more chronic diseases and
hospital admissions than younger patients [20]. There-
fore, older colorectal cancer patients may be more often
admitted to hospital to have more complex diagnostic
examinations rather than having these performed during
an outpatient visit. Residual confounding in comorbidity
may also partially explain the association between age,
EP and waiting times for treatment. Although comorbid-
ity was adjusted for through the grouped CCI, more de-
tailed information about coexisting diseases could
explain some of the age effect. Patients with more ad-
vanced stage of disease may experience more severe
symptoms such as intestinal obstruction, anemia, and re-
duced general condition, which may increase the pro-
portion of (emergency) hospital admissions [26]. Older
patients with comorbidity may undergo more extensive
examinations, such as a geriatric assessment, prior to
treatment selection [27]. Disparities in treatment and
survival occur between countries, for example, colon
cancer patients over 80 years of age in the UK have a
lower likelihood of resection and lower survival than in
Norway [6, 28]. Studies have also shown that increased
age was associated with an increased proportion of
right-sided colon cancers, which have an increased risk
of death compared to left-sided colon cancers [29]. Pa-
tients who had an EP prior to a diagnosis were found to
be 87% more likely to die within one year of diagnosis.
In addition to older age, more advanced stage and more
comorbidities, EP patients often present with poorer
performance status, and may have tumour blockage
which can lead to subileus or ileus, or perforation result-
ing in abdominal infections. Patients with EP are more
likely to have emergency surgery. These factors may
additionally contribute to the lower survival.
It is reasonable to observe that patients with more ad-

vanced stage experience longer waiting times to treat-
ment, as these patients may require a more extensive
diagnostic period for complete staging and consideration
of feasible treatment options. For example, colon cancer
with regional spread may include anything from a local
tumour with malignant lymph nodes, to tumours with
perforation of the visceral peritoneum, to direct growth
into other organs or structures. Additional diagnostic
procedures may be necessary to determine resectability.
Rectal cancer patients with regional disease are often re-
ferred to a regional hospital with a radiotherapy unit,
and their treatment plan is discussed at a multidisciplin-
ary team meeting. This may contribute to the longer
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waiting time to treatment experienced by more advanced
stage rectal cancer patients.
This study found regional differences among colorectal

cancer patients, both in waiting times and in access to
treatment. Part of the difference may be explained by
geographical distance between regions. During the study
period, patient referrals were sent to the hospitals via
postal service, and handling of referrals may have varied
between hospitals. Despite having national guidelines for
diagnosis and treatment of colorectal cancer, the use of
radiotherapy among rectal cancer patients varied be-
tween different regions in Norway. The 2019 annual re-
port from the Norwegian Colorectal Cancer Registry
showed that the use of preoperative radiotherapy ranged
from 30.1 to 39.6% between the different health regions
in Norway [30]. Similar results have been reported from
the UK [31]. Reasons for observed regional variation in
radiotherapy use may be due to the uncertainties in
evaluating pathological lymph nodes with an MRI, and
differing practices regarding treatment with radiotherapy
when the lymph nodes are uncertain. As the guidelines
across Europe do not have a common optimal level of
preoperative radiotherapy, some variation across regions
is expected [32, 33]. In addition, this study also found
that the use of SACT among colon cancer patients var-
ied significantly between regions, which may also indi-
cate different local practice and individual interpretation
of the national guidelines. It is also possible that inclu-
sion in a clinical phase III study at Western Norway,
comparing addition of neoadjuvant chemotherapy with
standard treatment in patients with locally advanced
colon cancer, may explain some of the increased odds of
receiving SACT.
Rectal cancer patients had over a week longer waiting

time to start radiotherapy than to surgery, although the
CPP guidelines state that radiotherapy should start
within 39 days of start CPP, i.e., four days longer than
time to surgery. Radiotherapy treatment in Norway is
centralised to fewer hospitals than surgical treatment.
Therefore, the referral time from local hospital to a
radiotherapy centre may in part explain the increased
time among rectal cancer patients who are initially
treated with radiotherapy. Although this study defines
start of radiotherapy as the first day the patient received
treatment, the period prior to treatment is dedicated to
treatment planning. Thus, it may be more appropriate to
use the phrase “time to start radiotherapy” rather than
“waiting time”.
Married and high-income colorectal cancer patients

were less likely to enter the hospital as an EP, while no
effect was seen in waiting times. These results are con-
sistent with the general understanding that health aware-
ness and lifestyle are superior among high SES patients
compared with low. From these results, patients’ SES

seems to affect how quickly patients were seeking help,
but after entering the health care system, no systematic
differences existed in how quickly patients were treated.
Similar to what earlier studies found, high-income rectal
cancer patients had a significantly increased odds of
treatment compared with low-income patients [13, 34].
In Norway, there are several private providers of colon-
oscopy services where waiting times may be shorter than
at public hospitals. Use of these private services may be
more common among high-income patients, which may
potentially enable them to be diagnosed earlier and
therefore be more eligible for resection. Earlier detection
may result in better surgery results. For example, a
Swedish study found that high SES rectal cancer patients
had a lower proportion of surgeries resulting in colos-
tomy [12].
This study has some limitations. It may be possible

that the proportion of patients with an EP was over-
estimated, however, by using as many as 30 days prior
to diagnosis, it ensures that as many as possible of
those who actually had a colorectal cancer diagnosis
based on an EP were included. As over 80% of those
with an EP were admitted due to a condition related
to a malignancy, the vast majority had an emergency
onset diagnosis. Thus, the magnitude of a potential
overestimation may be small. Secondly, detailed SACT
information where pharmaceutical prescriptions were
collected outside the hospital setting were not in-
cluded in this study. Data linkage with the Prescrip-
tion Registry would be required to add additional
information. This limitation may bias our results as
the number of SACT in this study may be an under-
estimation. This study also has several strengths. First,
the study utilised comprehensive treatment informa-
tion regarding all three treatment modalities: surgery,
radiotherapy, and SACT. The study was also able to
use individual-level information about income. And fi-
nally, the study used a population-based design and
national, comprehensive, high quality data to generate
results that are widely representative.

Conclusion
This study showed that patients who were older, had ad-
vanced disease or increased comorbidities were more
likely to have an emergency-onset diagnosis and less
likely to receive tumour-related treatment. In general,
income did not affect the waiting time or access to treat-
ment among colorectal cancer patients. Therefore, pub-
lic health awareness campaigns for colorectal cancer are
important to ensure earlier hospital attendance, diagno-
sis, and best treatment in the Norwegian population.
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