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Abstract

Background
Colorectal cancer (CRC) is the fourth most common type of cancer in the United Kingdom and the
second leading cause of cancer death. Despite improvements in CRC survival over time, Scotland
lags behind its UK and European counterparts. In this study, we carry out an exploratory analysis
which aims to provide contemporary, population level evidence on CRC treatment and survival in
Scotland.

Methods
We conducted a retrospective population-based analysis of adults with incident CRC registered on
the Scottish Cancer Registry (Scottish Morbidity Record 06 (SMR06)) between January 2006 and
December 2018. The CRC cohort was linked to hospital inpatient (SMR01) and National Records of
Scotland (NRS) deaths records allowing a description of their demographic, diagnostic and treatment
characteristics. Cox proportional hazards regression models were used to explore the demographic
and clinical factors associated with all-cause mortality and CRC specific mortality after adjusting for
patient and tumour characteristics among people identified as early-stage and treated with surgery.

Results
Overall, 32,691 (73%) and 12,184 (27%) patients had a diagnosis of colon and rectal cancer
respectively, of whom 55% and 53% were early-stage and treated with surgery. Five year overall
survival (CRC specific survival) within this cohort was 72% (82%) and 76% (84%) for patients with
colon and rectal cancer respectively. Cox proportional hazards models revealed significant variation
in mortality by sex, area-based deprivation and geographic location.

Conclusions
In a Scottish population of patients with early-stage CRC treated with surgery, there was significant
variation in risk of death, even after accounting for clinical factors and patient characteristics.

Keywords
colorectal cancer; survivorship; administrative data; geographic variation; cancer registry

∗Corresponding Author:
Email Address: elizabeth.lemmon@ed.ac.uk (Elizabeth Lemmon)

https://doi.org/10.23889/ijpds.v9i1.2179
February 20, 2024 © The Authors. Open Access under CC BY 4.0 (https://creativecommons.org/licenses/by/4.0/deed.en)

http://www.ijpds.org
mailto:elizabeth.lemmon@ed.ac.uk
https://doi.org/10.23889/ijpds.v9i1.2179
https://creativecommons.org/licenses/by/4.0/deed.en


Lemmon E et al. International Journal of Population Data Science (2024) 9:1:04

Introduction

Colorectal cancer (CRC) is the fourth most common type of
cancer for men and women in the United Kingdom (UK) and
the second leading cause of cancer death [1]. Compared to the
rest of the UK, bowel cancer incidence is highest in Scotland
[2] and it is projected that the number of new CRC cases in
Scotland will increase by 43% by 2023-27 compared to 2008-
12 [3]. Since the introduction of the Scottish Bowel Screening
Programme in June 2007, uptake of screening has continued
to increase to an all-time high of 65% during the period 1st
May 2019 to 30th April 2021 [4]. The programme aims to
detect CRC earlier and even prevent CRC occurring in the first
place by identifying and removing pre-cancerous adenomatous
polyps.

Despite improvements in CRC survival over time, Scotland
lags behind its UK and European counterparts [5, 6]. Previous
research has shown that socio-economic deprivation and
remoteness factors, for example distance from a cancer centre,
are significantly associated with poorer survival in Scotland
[7, 8] and in the UK [9–11]. However, there are considerable
differences in conclusions across studies and the mechanisms
behind the observed relationships remain unclear [12–14].

Research in this area, and ultimately patient outcomes,
may be improved by utilising the vast amounts of
administrative healthcare data that are collected routinely as
part of the delivery of patient care [16]. These data provide an
opportunity to generate evidence with a high degree of external
validity, being entirely representative of current care [17].

In England, linked administrative datasets have been
used to investigate routes to CRC diagnosis [18]; explore
provider differences in post-colonoscopy CRC diagnosis rates
[19]; explain variation in treatment and outcomes [20, 21];
and describe management of disease [22]. In Scotland,
there are very few CRC studies using linked administrative
datasets to investigate CRC treatment and many have used
administrative data from a single geographic area e.g. [12,
14, 23]. Furthermore, published, population level statistics on
colorectal cancer survival [15] group stages and/or disease sites
together, without distinguishing patients who are treated at
early-stage or accounting for important prognostic factors.

In this study, we contribute to the existing research by
providing a contemporary, population level description of
the demographic, diagnostic and treatment characteristics of
patients diagnosed with CRC in Scotland. We also carry out an
exploratory analysis of the factors associated with survival for
those early-stage, surgically treated patients. We use a newly
established, unique CRC dataset, which links demographic
data to the Scottish Cancer Registry and routinely collected
hospital admissions data. Full details of the linkage and
creation of this source dataset are described elsewhere [24].
Public Health Scotland’s (PHS) Data Quality Assurance team
carry out regular data accuracy audits on national datasets.
Unlike other published work, we focus on patients defined
as early-stage disease treated with surgery and incorporate
prognostic factors such as disease stage and comorbidities. In
what follows, we firstly describe the demographic, diagnostic
and treatment characteristics of patients with colon and rectal
cancer. Secondly, for those patients identified as early-stage,
surgically treated, we estimate their survival and explore

the factors affecting their overall survival and CRC specific
survival.

Methods

The study design is a retrospective cohort study of adults
with an incident CRC registered on the Scottish Cancer
Registry (International Disease Classification 10th Revision
(ICD-10) codes C18, C19 and 20) between January 2006
and December 2018. Approval for the study was granted by
the Public Benefit and Privacy Panel (PBPP) for health and
social care, project number 1718-0026. The study meets the
requirements set out by the East of Scotland NHS Research
Ethics Service for the analysis of secondary National Services
of Scotland (NSS) data [25]. This study follows the REporting
of studies Conducted using Observational Routinely collected
health Data (RECORD) checklist [26].

Data

We used the Scottish Cancer Registry (Scottish Morbidity
Record 06 (SMR06)) to identify a cohort of patients diagnosed
with CRC. Linked National Records of Scotland (NRS) data
was used to provide date and cause of death and inpatient
and day case hospital admissions data (SMR01) provided
information on comorbidities and hospital use prior to cancer
diagnosis.

These three datasets were linked via a pseudonomysied
patient identifier.

Scottish cancer registry (SMR06)

The Scottish Cancer Registry dataset includes information
on all diagnoses of cancer occurring within Scotland. The
data is collected by PHS and contains diagnostic, staging
and treatment information. Each SMR06 record for a patient
corresponds to a unique cancer diagnosis for that individual.

In this study, we had access to all SMR06 records for
patients who had a diagnosis of CRC (ICD-10 codes C18, C19
or C20) between January 2006 and December 2018 including
multiple SMR06 records for people with more than one CRC
diagnosis between 1981 and 2006 and people with a non-CRC
diagnosis during the study period.

Inpatient and day case admissions (SMR01)

The SMR01 dataset contains episode level data for all
general/acute inpatient or day cases in Scottish NHS hospitals
or Scottish NHS beds in non-NHS-institutions. This study used
all patient SMR01 records for the five years preceding diagnosis
of CRC, for any patient present in the study SMR06 dataset.

National records of Scotland (Deaths)

The NRS is responsible for the registration of all life events
occurring in Scotland including births, deaths, marriages, civil
partnerships and adoptions. For the purposes of this study,
NRS vital events data on births and deaths were used to obtain
patient date of birth, sex, date and cause of death prior to the
end of the study period.
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Cohort derivation

The retrospective cohort was derived from the SMR06
database. Prior to linking SMR06 records to SMR01 and
deaths records, a number of exclusion criteria were applied.
These criteria are described in Figure 1.

Following exclusions, a total of 44,875 records corresponding
to unique individuals remained in the cohort. This cohort
was then linked to the SMR01 records to obtain five-
year pre-CRC diagnosis comorbidity and hospital admissions
information, and finally to deaths records to obtain survival
outcomes.

Descriptive analysis

The full cohort was characterised by descriptive statistics of
their demographics, diagnosis and treatment. The variables
included are described along with their sources in Table 1
below.

Since disease trajectories and treatment pathways are
different for patients with rectal cancer (ICD.10 code C20)
from patients with colon cancer (ICD-10 codes C18 and
C19), analysis was carried out separately for these two disease
sites.

Statistical analysis

For the statistical analysis, we focus on patients treated
with surgery and at an early-stage due to the very different
treatment pathways for those diagnosed with late-stage
disease. After removing those who did not undergo surgery (or
who were coded as unknown or planned surgery) (n= 11,689);
those who were diagnosed with tumour stage IV or unknown
disease stage (n = 4969); those who had palliative or
unknown therapy objectives (n= 3,679) (who are most likely
to be more severe stage three individuals or those with
complications/other comorbidities we cannot capture); and
those with missing chemotherapy and radiotherapy treatment
variables (n= 156), a final early-stage surgically treated cohort
of 24,383 patients remained.

We defined two end points: Overall survival (OS) and CRC
survival (CRCS). OS was the interval between the date of
diagnosis of CRC and the date of death, censored at 31st
December 2018 for survivors to this point. CRCS was defined
as the interval between the date of diagnosis and the date of
death, from CRC as the underlying cause of death. Survivors
were censored in the same way as outlined for OS with the
additional censoring at date of death for those who died from
non-CRC related causes. Survival curves were estimated using
the Kaplan-Meier method. Survival outcomes are reported for
three-, five- and ten-year time points.

Figure 1: Cohort derivation flow chart
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Table 1: Definitions of variables

Variable Description Data source

Demographics
Sex Binary sex indicator to indicate if the patient is male or female SMR06
Age 10-year age bands (18-34, 35-44, 45-54, 55-64, 65-74, 75-84, 85+) based on age at diagnosis SMR06
SIMD Quintile Scottish Index of Multiple Deprivation (SIMD) quintile from most deprived (1) to least

deprived (5)
Scottish
Government

Urban/Rural Binary indicator to indicate the rurality of the usual residence of the patient. Comes from
the Scottish Government’s six-fold urban/rural classification. Urban locations are defined
as large urban areas, other urban areas or accessible small towns. Remote/rural are defined
as remote small towns, accessible rural or remote rural.

Scottish
Government

Cancer Network An indicator of the cancer Managed Clinical Network (MCN) in which the patient was
diagnosed. There are three MCNs in Scotland including South of Scotland Cancer Network
(SCAN), West of Scotland Cancer Network (WoSCAN) and the North of Scotland Cancer
Network (NoSCAN)

SMR06

Diagnosis
Tumour Stage Categorical indicator corresponding to Duke’s stage indicating the extent of spread of the

invasive tumour at diagnosis in terms of the pathological and/or clinical findings. Where
Duke’s stage is missing, pathologic American Joint Committee on Cancer (AJCC) stage is
used. Where pathologic stage is missing, clinical AJCC stage is used. (Stage I,II,III, IV or
Unknown)

SMR06

Method 1st
detection

Categorical indicator to indicate how the tumour was first detected (Screening examination,
incidental finding, clinical presentation, interval cancer or other, not known).

SMR06

Year of diagnosis Three year bands for the year of diagnosis (2006-08, 2009-11, 2012-14 and 2015-18) SMR06

Treatment
Therapy objectives Categorical indicator to indicate the treatment intent (curative, palliative or unknown) SMR06
Chemotherapy Binary indicator to indicate if the patient has had systemic chemotherapy treatment ( 1 if

yes, 0 if no)
SMR06

Radiotherapy Binary indicator to indicate if the patient was treated with radiotherapy ( 1 if yes, 0 if no) SMR06
Surgery Binary indicator to indicate if the patient was treated with surgery

( 1 if yes, 0 if no)
SMR06

Inpatient episodes Mean number of hospital inpatient episodes or day cases in the five years pre-diagnosis SMR01
Comorbidity score Mean comorbidity score [27] in the five years pre-diagnosis using Charlson indicators with

Quan weights (excludes cancer and metastatic cancer).
SMR01

Finally, we conducted univariable and multivariable analysis
to examine the factors associated with all-cause mortality and
CRC specific mortality using Cox proportional hazards models.
The assumption of proportional hazards was checked via a
visual inspection of the Kaplan-Meier curves and statistical
tests of the Schoenfield residuals. In order to account for
differences in patient characteristics and to capture differences
across groups and location, multivariable models were adjusted
for sex, age group, cancer network, Scottish Index of Multiple
Deprivation (SIMD) quintile, tumour stage, urban/rural, year
of diagnosis, number of inpatient episodes and comorbidity
score in the five years pre-diagnosis [27].

Results

The final study population included 44,875 patients and the
early-stage surgically treated cohort included 24,383 patients.
Patient characteristics are described in Table 2. Overall, 32,691
(73%) of patients had a diagnosis of colon cancer and 12,184
(27%) had a diagnosis of rectal cancer. Of those patients
diagnosed with colon cancer, 55% were included in the early-
stage surgically treated cohort compared to 53% of those

diagnosed with rectal cancer. Supplementary Table A, Table
B and Table C display the characteristics of patients by cancer
network, prior to the early-stage surgically treated cohort
selection.

Table 3 presents survival outcomes for the early-
stage surgically treated cohort (n= 24,383) and Figure 2
presents the Kaplan-Meier (KM) survival curves for OS and
CRC.

Tables 4 and 5 display the results of Cox proportional
hazard models. Adjusted models for all-cause mortality and
CRC specific mortality show that females have a significantly
better survival compared to males. Survival was inversely
associated with deprivation. For both cancers, compared to
patients in the most deprived quintile, those in the least
deprived quintile have a significantly reduced risk of death.
Survival improved over time, with diagnoses in later years
associated with better outcomes. Further, increased risk of
death was observed as comorbidity increases. The results also
show that patients diagnosed with colon cancer in SCAN have
significantly increased risk of death from all causes and from
CRC relative to patients in WoSCAN.
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Table 2: Characteristics of patients diagnosed with colon or rectal cancer in Scotland between January 2006 to December 2018

Total cohort N= 44,875 Curative cohort N= 24,383
Colon/Sigmoid Rectal Colon/Sigmoid Rectal

N= 32,691 N= 12,184 N= 17,943 N= 6,440
n % n % n % n %

Demographics
Sex Male 16,989 52.0 7,532 61.8 9,447 52.7 4,030 62.6

Female 15,702 48.0 4,652 38.2 8,496 47.3 2,410 37.4

Age 18–34 265 0.8 91 0.7 154 0.9 45 0.7
35–44 598 1.8 325 2.7 325 1.8 193 3.0
45–54 2,360 7.2 1,227 10.1 1,402 7.8 751 11.7
55–64 5,722 17.5 2,754 22.6 3,462 19.3 1,647 25.6
65–74 9,923 30.4 3,776 31.0 6,140 34.2 2,256 35.0
75–84 9,947 30.4 2,997 24.6 5,210 29.0 1,327 20.6
85+ 3,876 11.9 1,014 8.3 1,250 7.0 221 3.4

SIMD Quintile 1 6,296 19.3 2,368 19.4 3,237 18.0 1,123 17.4
2 6,994 21.4 2,634 21.6 3,785 21.1 1,337 20.8
3 7,002 21.4 2,516 20.7 3,881 21.6 1,319 20.5
4 6,247 19.1 2,436 20.0 3,466 19.3 1,390 21.6
5 6,152 18.8 2,230 18.3 3,574 19.9 1,271 19.7

Urban/Rural Urban 25,018 76.5 9,242 75.9 13,748 76.6 4,867 75.6
Remote or Rural 7,673 23.5 2,942 24.1 4,195 23.4 1,573 24.4

Cancer Network SCAN 11,344 34.7 4,110 33.7 6,871 38.3 2,350 36.5
WoSCAN 13,186 40.3 4,880 40.1 6,823 38.0 2,441 37.9
NoSCAN 8,161 25.0 3,194 26.2 4,249 23.7 1,649 25.6

Diagnosis
Tumour stage I 4,139 12.7 2,651 21.8 3,982 22.2 2,510 39.0

II 8,909 27.3 2,310 19.0 8,315 46.3 2,102 32.6
III 8,035 24.6 2,524 20.7 5,646 31.5 1,828 28.4
IV 7,169 21.9 1,947 16.0 – – – –

Unknown 4,439 13.6 2,752 22.6 – – – –

Method 1st detection Screening 4,432 13.6 1,799 14.8 3,641 20.3 1,399 21.7
Incidental finding 983 3.0 206 1.7 448 2.5 83 1.3

Clinical presentation 26,912 82.3 10,065 82.6 13,737 76.6 4,925 76.5
Interval cancer, other 152 0.5 32 0.3 152 0.5 32 0.3

Unknown 212 0.6 82 0.7 44 0.6 82 0.7

Year of diagnosis 2006–2008 7,552 23.1 2,941 24.1 3,719 20.7 1,338 20.8
2009–2011 8,298 25.4 3,094 25.4 4,688 26.1 1,692 26.3
2012–2014 7,986 24.4 2,823 23.2 4,546 25.3 1,586 24.6
2015–2018 8,855 27.1 3,326 27.3 4,990 27.8 1,824 28.3

Treatment
Therapy objectives Curative 19,312 59.1 7,585 62.3 17,943 100.0 6,440 100.0

Palliative 11,403 34.9 3,659 30.0 – – – –
Unknown 1,976 6.0 940 7.7 – – – –

Chemotherapy No 22,723 69.5 6,922 56.8 12,929 72.1 3,845 59.7
Yes/planned 9,654 29.5 5,136 42.2 5,014 27.9 2,595 40.3
Not known 314 1.0 126 1.0 – – – –

Radiotherapy No 31,556 96.5 7,205 59.1 17,747 98.9 4,300 66.8
Yes/planned 767 2.3 4,794 39.3 196 1.1 2,140 33.2
Not known 368 1.1 185 1.5 – – – –

Surgery No 8,145 24.9 3,360 27.6 – – – –
Yes/planned 24,436 74.7 8,765 71.9 17,943 100.0 6,440 100.0
Not known 110 0.3 59 0.5 – – – –

Inpatient episodes Mean 1.99 – 1.95 – 1.98 – 1.96 –
Comorbidity score Mean 0.07 – 0.06 – 0.05 – 0.05 –
5
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Table 3: Survival Outcomes for early-stage patients diagnosed with colon or rectal cancer in Scotland between January 2006 and
December 2018 and treated with surgery

Early-stage surgically treated cohort N= 24,383
EAll deaths CRC deaths

All Colon/Sigmoid Rectal All Colon/Sigmoid Rectal

Number of patients 24,383 17,943 6,440 24,383 17,943 6,440
Number of deaths 8,102 6,184 1,918 4,348 3,213 1,135
Median survival (years) 11.42 10.93 – – – –
3-year survival 83% 82% 86% 88% 88% 90%
5-year survival 73% 72% 76% 83% 82% 84%
10-year survival 55% 54% 59% 75% 76% 75%

Figure 2: Kaplan-Meier Survival Curves by CRC type for patients diagnosed with early-stage colon or rectal cancer in Scotland
between January 2006 and December 2018 and treated with surgery

Discussion

This paper used a national linked administrative dataset to
describe factors associated with survival for patients diagnosed
with CRC. We described the demographic, diagnostic and
treatment characteristics of patients with colon cancer and
rectal cancer. Further, for early-stage patients treated with
surgery, we assessed the factors affecting overall and CRC
specific survival.

The survival models concur with existing UK and other
worldwide evidence in a number of areas. Specifically, Cox-
proportional hazard models for an early-stage surgically treated
cohort of patients with colon or rectal cancer confirm that,
stage at diagnosis strongly influences mortality/survival, with
those diagnosed at more advanced disease stage having poorer
survival compared to those diagnosed at the earliest stage. The
adjusted models for deaths from all causes show that patients
diagnosed with stage III colon or rectal cancer have a twofold
increase in risk of death when compared to those diagnosed at
stage I. For CRC specific deaths, this risk increases to almost
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Table 4: Cox-proportional hazard regression models: patients diagnosed with early-stage colon cancer in Scotland between January
2006 and December 2018 and treated with surgery, n= 17,941

All-cause mortality CRC-specific mortality
Variable Category Unadjusted Adjusted Unadjusted Adjusted

HR 95 % CI HR 95 % CI HR 95 % CI HR 95% CI

Sex Male 1.00 – – 1.00 – – 1.00 – – 1.00 – –
Female 0.92 0.87 0.97 0.84 0.80 0.88 0.93 0.87 1.00 0.87 0.82 0.94

Age (years) 18–34 1.00 – – 1.00 – – 1.00 – – 1.00 – –
35–44 1.22 0.69 2.14 1.05 0.59 1.85 1.38 0.78 2.43 1.11 0.60 2.04
45–54 1.19 0.72 1.98 1.09 0.66 1.81 1.26 0.76 2.08 1.09 0.63 1.89
55–64 1.56 0.95 2.55 1.47 0.90 2.41 1.39 0.85 2.27 1.28 0.75 2.20
65–74 2.30 1.41 3.76 2.23 1.36 3.64 1.57 0.96 2.56 1.52 0.89 2.60
75–84 4.71 2.89 7.69 4.57 2.80 7.46 2.67 1.64 4.36 2.60 1.53 4.43
85+ 8.31 5.08 13.59 8.15 4.98 13.35 3.99 2.44 6.53 3.89 2.27 6.68

Cancer Network WoSCAN 1.00 – – 1.00 – – 1.00 – – 1.00 – –
SCAN 1.11 1.05 1.18 1.06 1.00 1.12 1.19 1.10 1.29 1.11 1.03 1.21

NoSCAN 1.04 0.97 1.11 1.05 0.97 1.12 1.03 0.94 1.13 1.05 0.95 1.16

SIMD quintile 1 1.00 – – 1.00 – – 1.00 – – 1.00 – –
2 0.92 0.86 1.00 0.90 0.83 0.97 0.98 0.88 1.09 0.95 0.85 1.05
3 0.83 0.77 0.90 0.81 0.75 0.88 0.89 0.80 0.99 0.86 0.77 0.97
4 0.73 0.67 0.79 0.74 0.68 0.80 0.74 0.66 0.83 0.75 0.66 0.84
5 0.71 0.66 0.77 0.68 0.62 0.74 0.77 0.69 0.86 0.74 0.66 0.83

Tumour Stage I 1.00 – – 1.00 – – 1.00 – – 1.00 – –
II 1.61 1.50 1.73 1.40 1.31 1.50 2.55 2.24 2.92 2.31 2.02 2.64
III 2.33 2.16 2.52 2.34 2.17 2.52 5.61 4.92 6.39 5.56 4.88 6.33

Urban/Rural Urban 1 – – 1 – – 1 – – 1 – –
Rural 0.90 0.85 0.96 0.94 0.88 1.01 0.89 0.82 0.97 0.96 0.87 1.05

Year of diagnosis 2008–10 1.00 – – 1.00 – – 1.00 – – 1.00 – –
2009–11 0.86 0.80 0.91 0.93 0.87 0.99 0.89 0.81 0.97 0.97 0.89 1.06
2012–14 0.74 0.69 0.79 0.81 0.75 0.87 0.74 0.67 0.82 0.81 0.73 0.89
2015–18 0.72 0.66 0.79 0.77 0.70 0.84 0.75 0.67 0.84 0.78 0.69 0.87

Inpatient episodes Mean 1.01 1.01 1.01 1.00 1.00 1.01 1.01 1.00 1.01 1.00 1.00 1.01
Comorbidity score Mean 1.39 0.53 1.91 1.25 1.15 1.35 1.23 1.10 1.37 1.15 1.01 1.30

sixfold for patients diagnosed with colon cancer and almost
fourfold for those diagnosed with rectal cancer. These findings
are consistent with published national statistics for colorectal
cancer in the UK [29] and in other published works reporting
the effect of disease stage in Cox-Proportional Hazards models
of CRC patients [30–33].

The models show that in general, survival has improved
consistently since 2006-08 for patients diagnosed with either
colon or rectal cancer. This concurs with other evidence
for Scotland and the rest of the UK [34]. Furthermore,
as expected, the models find a higher comorbidity score is
associated with significantly poorer OS and CRCS for patients
diagnosed with both colon and rectal cancer. This finding is
consistent with other evidence for the UK and the rest of the
world [35–38].

Despite controlling for underlying patient comorbidity as
identified from hospital records, the models suggest significant
regional variation in outcomes between the three MCNs for
patients diagnosed with colon cancer. In particular, patients
diagnosed with colon cancer in SCAN appear to have poorer

CRC outcomes compared to patients in WoSCAN, both
all cause and CRC mortality specifically. These differences
suggest potentially inequitable outcomes for patients in an
NHS that is designed to ensure equal access to quality
care. Other explanations could be selection into the early-
stage surgically treated cohort, which could depend on area
specific factors that determine this selection. For example, the
underlying health of patients in the area; surgeon dependent
influences such as comfort in resecting large tumours; and
data management system differences. Supplementary Tables
A, B and C display the patient characteristics before selection
into the early-stage surgically treated cohort and may indicate
where possible selection bias should be considered. The
models also account for location via the urban/rural indicator.
Previous literature shows mixed evidence on the impact of
rurality on survival [8, 38] Our models support the view that
rurality has no significant impact on survival. However, this
may reflect the greater proportion of older individuals captured
in our rural cohort compared to the general population. This
finding may also differ for later stage patients, where distance
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Table 5: Cox-proportional hazard regression models: patients diagnosed with early-stage rectal cancer in Scotland between January
2006 and December 2018 and treated with surgery, n= 6,440

All-cause mortality CRC-specific mortality
Variable Category Unadjusted Adjusted Unadjusted Adjusted

HR 95 % CI HR 95 % CI HR 95 % CI HR 95% CI

Sex Male 1.00 – – 1.00 – – 1.00 – – 1.00 – –
Female 0.79 0.72 0.87 0.75 0.68 0.82 0.77 0.68 0.87 0.72 0.63 0.82

Age (years) 18–34 1.00 – – 1.00 – – 1.00 – – 1.00 – –
35–44 1.40 0.62 3.16 1.38 0.60 3.15 1.06 0.47 2.38 1.04 0.45 2.40
45–54 1.04 0.48 2.25 0.98 0.45 2.14 0.79 0.37 1.69 0.75 0.34 1.63
55–64 1.27 0.60 2.71 1.20 0.56 2.60 0.92 0.44 1.93 0.88 0.41 1.89
65–74 1.82 0.86 3.87 1.74 0.81 3.74 0.95 0.46 1.98 0.93 0.43 1.99
75–84 3.47 1.64 7.36 3.40 1.58 7.33 1.74 0.83 3.62 1.76 0.82 3.79
85+ 6.96 3.25 14.93 7.41 3.40 16.13 3.51 1.64 7.49 3.91 1.78 8.59

Cancer Network WoSCAN 1.00 – – 1.00 – – 1.00 – – 1.00 – –
SCAN 1.07 0.97 1.19 0.99 0.89 1.10 1.12 0.98 1.28 1.02 0.88 1.17

NoSCAN 1.05 0.93 1.18 1.05 0.93 1.19 1.11 0.96 1.30 1.11 0.95 1.31

SIMD quintile 1 1.00 – – 1.00 – – 1.00 – – 1.00 – –
2 0.86 0.75 0.98 0.85 0.74 0.98 0.87 0.73 1.05 0.88 0.73 1.06
3 0.87 0.76 1.01 0.91 0.79 1.06 0.91 0.76 1.10 0.96 0.79 1.16
4 0.81 0.70 0.93 0.83 0.72 0.97 0.88 0.73 1.06 0.89 0.73 1.08
5 0.74 0.64 0.86 0.74 0.64 0.87 0.79 0.65 0.96 0.79 0.65 0.96

Tumour Stage I 1.00 – – 1.00 – – 1.00 – – 1.00 – –
II 1.52 1.36 1.70 1.44 1.29 1.61 2.05 1.74 2.40 1.94 1.65 2.28
III 2.00 1.79 2.24 2.19 1.96 2.46 3.36 2.88 3.92 3.55 3.04 4.14

Urban/Rural Urban 1.00 – – 1.00 – – 1.00 – – 1.00 – –
Remote 0.96 0.86 1.07 0.95 0.85 1.07 1.01 0.88 1.15 0.97 0.84 1.13

Year of diagnosis 2008–10 1.00 – – 1.00 – – 1.00 – – 1.00 – –
2009–11 0.96 0.86 1.07 0.99 0.88 1.11 0.90 0.77 1.04 0.92 0.80 1.07
2012–14 0.83 0.73 0.94 0.89 0.78 1.01 0.82 0.70 0.97 0.88 0.75 1.04
2015–18 0.68 0.57 0.81 0.75 0.63 0.90 0.73 0.59 0.90 0.79 0.64 0.98

Inpatient episodes Mean 1.01 1.00 1.01 1.00 1.00 1.01 1.01 1.00 1.01 1.00 1.00 1.01
Comorbidity score Mean 1.48 1.31 1.68 1.31 1.14 1.50 1.37 1.15 1.63 1.24 1.02 1.50

to treatment centres is likely to have a bigger impact for those
living in rural locations.

Another concerning finding from our study is that area-
based deprivation is inversely associated with survival, even
after accounting for clinical factors and patient characteristics.
This finding is consistent with previous research carried out
in Scotland [7]. The reasons for poorer outcomes in the
most deprived areas in Scotland is potentially due to later
presentation or delay in treatment, however existing evidence
from one MCN finds that there is no association between
deprivation and these factors [12]. Other explanations include
the possibility of comorbidities present within more deprived
populations that we have not been able to capture from
hospital admissions data or once again the existence of
inequities in access to services within these groups. Further
investigation into these differences is warranted. In particular,
an investigation into type, length and timing of treatment.

In addition, the models find evidence that women have
a significantly lower hazard of death (i.e. better survival)
compared to men. This result is consistent with previous
evidence from Scotland and around the world [39, 40]. The

explanation for these differences remains unclear but might
be explained partly by endogenous factors such as genetics
or hormones, particularly those present in younger females
[40, 41]. A further explanation could be differences in access
to or use of treatment; however, other evidence from the UK
and the US suggests very little difference in survival between
sexes [42, 43].

The main strengths of our analysis are that we have
been able to utilise population level data, which provides a
complete representation of the characteristics and survival
outcomes of those diagnosed with CRC in Scotland. Further,
the study period covers an extensive time frame which once
again adds to the representation of the study population and
gives external validity to the results.

However, there are some important limitations to highlight.
Firstly, exploration into survival outcomes on the early-stage,
surgically treated cohort may be limited by cohort selection
bias and differences in data recording between MCN’s, some
of which can be seen in Tables A, B and C in the Appendix.
Secondly, the selection of the early-stage surgically treated
cohort excludes stage IV patients treated with curative intent;
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therefore, the survival outcomes reported here might be higher
than if those patients were included. Related to this, we have
not been able to confirm the reliability of use of the therapy-
objectives variable as an exclusion criteria to identify patients
treated with non-curative or unknown intent. We have also
not considered emergency presentations as a factor influencing
survival, which may help in our understanding of differences
between MCNs. Moreover, using historical datasets where key
information is missing for many patients, such as disease stage,
is a significant limitation. Although this is improving, linkage
to other datasets including chemotherapeutic, radiation and
prescribing datasets, will improve our ability to interpret
findings on treatment choices and outcomes. In a similar
vein, we have not been able to assess any improvement
in SMR06 data quality over time. A recent publication by
Public Health Scotland assessed the quality of the Scottish
cancer registry in 2020/21 and found an accuracy of 98.85%
for colorectal cancer [44]. If the ascertainment of colorectal
cancer registrations has changed substantially from 2006,
this could influence our results if those missed cases differ
substantially from those included. Furthermore, we may not
have fully captured patient comorbidity in the models because
we only had access to hospital admission records and not
to diagnoses made in primary care. Some existing research
suggests that other measures of comorbidity are superior to
the use of Charlson in the colorectal cancer population [45]
and that deriving a Charlson index from administrative data
sources may result in the under reporting of comorbidities
compared to medical records [46]. Finally, the assumption
of proportional hazards is violated in all of our models with
the exception of the CRCS model for rectal cancer patients.
The consequences of non-proportional hazards means that the
power of tests is decreased, resulting in a higher likelihood
of finding no significant differences when there are truly
differences present. Further, for covariates with hazard ratios
that increase over time, the relative risk may be overestimated,
while for covariates with converging hazards, the relative risk
is underestimated [28]. These consequences should therefore
be considered when interpreting the model results.

Notwithstanding these limitations, we have highlighted
several areas that warrant further research. Specifically, an
exploration into the observed inequity in survival between
MCNs for colon cancer patients to uncover whether differences
in the underlying health of the population are driving variation
in survival, or whether system specific factors like practitioner
decision making and data management issues play a role. Key
next steps in our analysis will be to investigate these areas
further and utilise a number of additional administrative data
sets that have been linked to the registry data for the purposes
of this project [23]. These include detailed information on
chemotherapy prescribing and cancer audit data.

Conclusion

In summary, we have used a nationally linked administrative
dataset to retrospectively explore patterns in treatment and
outcomes for CRC patients in Scotland. We have contributed
to the existing evidence base, which is predominantly focused
on a single geographic area for all disease stages, by
providing evidence for the whole of Scotland, accounting

for important prognostic factors such as disease stage.
We have demonstrated that Scotland’s unique data linkage
infrastructure can accommodate linkage between demographic
records, cancer registry and hospital admissions data,
providing a fuller picture of the needs of CRC patients.
We have identified a number of areas that require further
research including regional and socio-demographic differences
in outcomes.
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Supplementary Appendix 1

Table A: Patient Characteristics by Managed Cancer Network for patients diagnosed with colon or rectal cancer in Scotland between
January 2006 and December 2018: Demographics

Total cohort N= 44,875
Colon/Sigmoid Rectal

SCAN WoSCAN NoSCAN SCAN WoSCAN NoSCAN
N= 11,344 N= 13,186 N= 8,161 N= 4,110 N= 4,880 N= 3,194
n % n % n % n % n % n %

Sex Male 5,890 51.9 6,888 52.2 4,211 51.6 2,544 61.9 2,998 61.4 1,990 62.3
Female 5,454 48.1 6,298 47.8 3,950 48.4 1,566 38.1 1,882 38.6 1,204 37.7

Age 18–34 112 1.0 85 0.6 68 0.8 33 0.8 39 0.8 19 0.6
35–44 203 1.8 280 2.1 115 1.4 101 2.5 141 2.9 83 2.6
45–54 775 6.8 997 7.6 588 7.2 419 10.2 493 10.1 315 9.9
55–64 1,925 17.0 2,371 18.0 1,426 17.5 889 21.6 1,122 23.0 743 23.3
65–74 3,382 29.8 4,077 30.9 2,464 30.2 1,276 31.0 1,542 31.6 958 30.0
75–84 3,488 30.7 3,936 29.8 2,523 30.9 1,025 24.9 1,158 23.7 814 25.5
85+ 1,459 12.9 1,440 10.9 977 12.0 367 8.9 385 7.9 262 8.2

SIMD Quintile 1 1,743 15.4 3,969 30.1 584 7.2 638 15.5 1,500 30.7 230 7.2
2 2,542 22.4 3,182 24.1 1,269 15.5 898 21.8 1,182 24.2 554 17.3
3 2,687 23.7 2,154 16.3 2,162 26.5 905 22.0 788 16.1 823 25.8
4 2,048 18.1 1,762 13.4 2,436 29.8 812 19.8 650 13.3 974 30.5
5 2,324 20.5 2,119 16.1 1,710 21.0 857 20.9 760 15.6 613 19.2

Urban/Rural Urban 8,716 76.8 11,715 88.8 4,588 56.2 3,157 76.8 4,322 88.6 1,763 55.2
Remote or Rural 2,628 23.2 1,471 11.2 3,573 43.8 953 23.2 558 11.4 1,431 44.8

Cancer Network SCAN 11,344 100.0 – – – – 4,110 100.0 – – – –
WoSCAN – – 13,186 100.0 – – – – 4,880 100.0 – –
NoSCAN – – – – 8,161 100.0 – – – – 3,194 100.0

Table B: Patient Characteristics by Managed Cancer Network for patients diagnosed with colon or rectal cancer in Scotland between
January 2006 and December 2018: Diagnosis

Total cohort N= 44,875
Colon/Sigmoid Rectal

SCAN WoSCAN NoSCAN SCAN WoSCAN NoSCAN
N= 11,344 N= 13,186 N= 8,161 N= 4,110 N= 4,880 N= 3,194

n % n % n % n % n % n %

Tumour stage I 1,430 12.6 1,785 13.5 924 11.3 947 23.0 991 20.3 713 22.3
II 3,231 28.5 3,310 25.1 2,368 29.0 792 19.3 869 17.8 649 20.3
III 2,895 25.5 2,988 22.7 2,152 26.4 926 22.5 908 18.6 690 21.6
IV 2,414 21.3 3,049 23.1 1,706 20.9 642 15.6 857 17.6 448 14.0

Unknown 1,374 12.1 2,054 15.6 1,011 12.4 803 19.5 1,255 25.7 694 21.7

Method 1st detection Screening 1,366 12.0 1,812 13.7 1,254 15.4 560 13.6 735 15.1 504 15.8
Incidental finding 337 3.0 343 2.6 304 3.7 74 1.8 73 1.5 59 1.8

Clinical presentation 9,543 84.1 10,890 82.6 6,478 79.4 3,424 83.3 4,031 82.6 2,610 81.7
Interval cancer, other 39 0.3 23 0.2 90 1.1 18 0.4 41 0.8 21 0.7

Unknown 59 0.5 118 0.9 35 0.4 34 0.8 82 0.7 82 0.7

Year of diagnosis 2006-2008 2,565 22.6 3,019 22.9 1,968 24.1 977 23.8 1,205 24.7 759 23.8
2009–2011 2,881 25.4 3,380 25.6 2,037 25.0 1,105 26.9 1,185 24.3 804 25.2
2012–2014 2,826 24.9 3,278 24.9 1,882 23.1 962 23.4 1,130 23.2 731 22.9
2015–2018 3,072 27.1 3,509 26.6 2,274 27.9 1,066 25.9 1,360 27.9 900 28.2
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Table C: Patient Characteristics by Managed Cancer Network for patients diagnosed with colon or rectal cancer in Scotland between
January 2006 and December 2018:Treatment

Total cohort N= 44,875
Colon/Sigmoid Rectal

SCAN WoSCAN NoSCAN SCAN WoSCAN NoSCAN
N= 11,344 N= 13,186 N= 8,161 N= 4,110 N= 4,880 N= 3,194
n % n % n % n % n % n %

Therapy objectives Curative 7,302 64.4 7,476 56.7 4,535 55.6 2,819 68.6 2,836 58.1 1,930 60.4
Palliative 3,783 33.3 4,928 37.4 2,691 33.0 1,173 28.5 1,659 34.0 827 25.9
Unknown 259 2.3 782 5.9 935 11.5 118 2.9 385 7.9 437 13.7

Chemotherapy No 8,093 71.3 8,991 68.2 5,639 69.1 2,543 61.9 2,534 51.9 1,845 57.8
Yes/planned 3,192 28.1 3,950 30.0 2,512 30.8 1,544 37.6 2,248 46.1 1,344 42.1
Not known 59 0.5 245 1.9 10 0.1 23 0.6 98 2.0 5 0.2

Radiotherapy No 11,060 97.5 12,635 95.8 7,861 96.3 2,534 61.7 2,917 59.8 1,754 54.9
Yes/planned 218 1.9 257 1.9 300 3.7 1,539 37.4 1,818 37.3 1,436 45.0
Not known 66 0.6 294 2.2 368 1.1 37 0.9 1 0.0 4 0.1

Surgery No 2,516 22.2 3,716 28.2 1,914 23.5 991 24.1 1,502 30.8 867 27.1
Yes/planned 8,807 77.6 9,386 71.2 6,247 76.5 3,108 75.6 3,331 68.3 2,326 72.8
Not known 21 0.2 84 0.6 110 0.3 11 0.3 47 1.0 1 0.0

Inpatient episodes Mean 1.95 – 2.20 – 1.75 – 1.99 – 2.07 – 1.77 –

Comorbidity score Mean 0.07 – 0.07 – 0.07 – 0.06 – 0.05 – 0.07 –

14


