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Abstract

Background

Colorectal cancer is the third most common
cancer worldwide and second most common in
Europe. Despite screening, it is often diagnosed at
an unfavourable stage.

Aim

To identify and quantify features of non-metastatic
colorectal cancer in primary care to enable earlier
diagnosis by GPs.

Design and setting

A case-control study was conducted using
diagnostic codes from national and regional
healthcare databases in Sweden.

Method

A total of 542 patients diagnosed with non-
metastatic colorectal cancer in 2011 and 2139
matched controls were selected from the
Swedish Cancer Register (SCR] and a regional
healthcare database respectively. All diagnostic
codes (according to ICD-10) from primary care
consultations registered the year before the

date of cancer diagnosis (according to the SCR)
were collected from the regional database. Odds
ratios were calculated for variables independently
associated with non-metastatic colorectal cancer
using multivariable conditional logistic regressions.
Positive predictive values (PPVs) of these
variables were calculated, both individually and in
combination with each other.

Results

Five features were associated with colorectal
cancer before diagnosis: bleeding, including rectal
bleeding, melaena, and gastrointestinal bleeding
[PPV 3.9%, 95% confidence interval [Cl] = 2.3 to
6.3); anaemia (PPV 1.4%, 95% Cl=1.1to 1.8);
change in bowel habit (PPV 1.1%, 95% Cl = 0.9

to 1.5; abdominal pain (PPV 0.9%, 95% Cl = 0.7

to 1.1); and weight loss PPV 1.0%, 95% Cl = 0.3

to 3.0); all P-value <0.05. The combination of
bleeding and change in bowel habit had a PPV of
13.7% (95% Cl = 2.1 to 54.4); for bleeding combined
with abdominal pain this was 12.2% (95% Cl = 1.8
to 51.2). A risk assessment tool for non-metastatic
colorectal cancer was designed.

Conclusion

Bleeding combined with either diarrhoea,
constipation, change in bowel habit, or abdominal
pain are the most powerful predictors of non-
metastatic colorectal cancer and should result in
prompt referral for colorectal investigation.
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INTRODUCTION

Patients diagnosed with non-metastatic
colorectal cancer have a good survival
outcome, but the risk of dying from
metastatic colorectal cancer is high.!?
Colorectal cancer is the third most commmon
cancerworldwide, withmorethan 1.3 million
cases reported annually.® In Europe, it is
the second most common cancer: more
than 342 000 patients are diagnosed with
colorectal cancer, and 150000 die from
it every year® In Sweden, 6451 patients
were diagnosed with colorectal cancer in
2014, and 2771 died from it.5¢ Even though
Sweden, from an international perspective,
has high survival rates for many cancer
diagnoses, colorectal cancer still has
poor survival rates when discovered at an
advanced stage;’ late presentation and
delays in diagnosis and treatment can be
one cause for this &'

In Western countries such as
Sweden, Norway, Denmark, and France,
approximately 70-85% of patients with
cancer are diagnosed in the primary care
setting.”'® The evidence in literature is
growing concerning the association
between the length of the diagnostic
interval and outcome;""" as such, health
practitioners must improve their knowledge
about the features of colorectal cancer at
early stages. Important contributions from
research into early detection of colorectal
cancer in primary care have been made
in Norway, Denmark, and the UK.¢"
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The National Institute for Health and
Care Excellence (NICE) published new
guidelines for suspected cancer in 2015,
and found evidence from 25-30 studies on
single symptoms for colorectal cancer?
However, only nine studies reported on
the cardinal symptom of rectal bleeding
combined with other symptoms, and only
two of these reported on other symptom
combinations;'®?" thus, there are only a
few multi-symptom studies on colorectal
cancer.

The colorectal cancer assessment tool
for primary care and QCancer, which is a
risk prediction algorithm based on both
symptoms and risk factors, have both
been developed for the UK. It is unlikely
that primary care patients in Sweden have
different symptom patterns from those of
patients in the UK; nevertheless, the UK
has poorer survival rates for colorectal
cancer compared with Sweden and other
European countries, which is thought to
be partly related to late presentation and
different stage distribution at diagnosis.”?2%
Due to these circumstances, and because
the existing risk assessment tools have
been developed for British conditions in
a British primary care setting, it may not
be appropriate to use them elsewhere.
In addition, the British tool does not
discriminate between non-metastasised
and metastasised colorectal cancer.

Patients in Sweden with stage Il
colorectal cancer have good survival rates,
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How this fits in

Rectal bleeding is recognised as one of the
cardinal symptoms of colorectal cancer
but has a low positive predictive value in a
primary care setting. This study shows that
bleeding combined with either diarrhoea,
constipation, change in bowel habit, or
abdominal pain are the most powerful
predictors of non-metastatic colorectal
cancer in primary care.

even when compared with patients who
have stage Il disease: figures from the
Swedish colorectal cancer quality register
for 2015 indicate that 5-year relative survival
for patients with colon cancer who had
undergone elective surgery was 93% for
stage Il and 76% for stage Ill.! For rectal
cancer, regardless of mode of surgery
(elective or non-elective), the 5-year survival
for stage Il was 86% and 71% for stage 1.2

In order to increase survival rates for
people with colorectal cancer, the most
important factor is to be able to identify
patients with a potentially curable
disease. Sweden has high survival rates
in colorectal cancer, despite not having a
national screening programme. In contrast
with both the UK and Denmark, however,
primary care practitioners in Sweden do not
have a role as ‘gatekeepers’. These different
conditions mean there is a need for risk
assessment tools that can be used to detect
colorectal cancer early in different primary
care settings. As Sweden possesses unique
total population-based databases, a case-
control study was conducted using regional
healthcare databases and a national cancer
register. This study aimed to:

e identify and quantify the clinical features
of non-metastatic colorectal cancer in
primary care, both as single symptoms
and in combinations; and

e develop a risk assessment tool for non-
metastatic colorectal cancer for use in
primary care.

METHOD
Study design
A total population-based, case-control
study using the Swedish Cancer Register
and a regional healthcare database in
Region Vastra Gétaland (RVG), Sweden, was
designed. This region, which has 1.6 million
inhabitants (17% of the Swedish population),
is situated in the south-west of the country
and includes both rural and urban areas.
The Swedish Cancer Register, which

was established in 1958, is one of the
oldest disease registers in Sweden and
has high validity.* All physicians, including
pathologists, in Sweden are obliged by
law to report all incident cases of cancer
from both living and dead patients to the
Swedish Cancer Register” Each patient
has a unique personal identity number,
which all Swedish residents acquire either
at birth or when they immigrate to Sweden.

The regional healthcare database was
established in RVG in 2000. It covers all
hospitals, specialised outpatient care, and
all private and public primary healthcare
centres. The database includes place of
residence, age, sex, healthcare contacts,
and diagnostic codes for diagnoses and
surgical procedures.? Physicians are
obliged to enter codes for a patient’s current
diseasels) or symptoms into the patient's
medical records at each consultation. The
reimbursement system for primary care
providers is partly based on the disease
burden of the patients, which is identified by
diagnostic codes reported to this database.

Study population

All  patients with colorectal cancer
diagnosed in 2011 in RVG were identified
from the Swedish Cancer Register. Patients
and matched controls were investigated for
primary care diagnostic profiles. Inclusion
criteria were:

e diagnosed in RVG with colorectal cancer;
e alive at the time of the cancer diagnosis;
° aged >18 years; and

e visited the GP during the year before
cancer diagnosis.

Individuals  were excluded from

participation if they:

¢ lacked controls;

* had a previous cancer diagnosis in the
Swedish Cancer Register (1991-2010); or

* had a metastasised stage IV colorectal
cancer.

Patients with previous cancer [that is,
another cancer diagnosis registered in the
Swedish Cancer Register during the 20-year
period before 2011) were deliberately
omitted to avoid consultations in primary
care being a control or concern of previous
cancer.

Controls were selected from the regional
healthcare database. They had the same
inclusion criteria as the patients with
cancer, with the exception of the cancer
diagnosis. Only controls from RVG who
had visited a GP in primary care between
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Figure 1. Sample recruitment flowchart.

1 January 2010 and 31 December 2011
were eligible. Four controls were matched
to each case on age, sex, and primary care
unit.

Data collection and study measurements
The unique personal identity numbers
of both cases and controls were linked
to the regional healthcare database. All
data concerning diagnoses and dates of
consultations with a GP between 1 January
2010and 31 December 2011 were collected.
The data extracted included diagnostic
codes according to the:

e Swedish version of the /nternational
Statistical Classification of Diseases and
Related Health Problems, 10th revision
(ICD-10); or

e Classification of Diseases and Health
Problems 1997 Primary Care [KSH97-P)
— this is an abbreviated version of ICD-
10, adapted to Swedish primary care to
facilitate diagnostic coding.”-?’

Diagnostic codes

All the diagnostic codes registered when
patients with cancer and their controls
consulted their GP during the year preceding
their cancer diagnoses were studied. As
more than 6000 different diagnostic codes
were received, their number was reduced

according to clinical relevance. The codes
were arranged by incidence in the study
population, and the number reduced by
merging the [CD-10 four-character
diagnostic codes and KSH97-P codes to
the closest three-character diagnostic
code; once this was done, there were 575
diagnostic codes. The three-character
codes are the ‘core’ classification and
mandatory level for reporting to the World
Health Organization's mortality database
and for general international comparison.®

Data analysis

The 575 diagnostic codes for patients
with non-metastatic colorectal cancer
were used as variables for univariable
conditional logistic regression. Those
found to be associated with cancer entered
multivariable analyses, after which a list of
statistically significant variables associated
with colorectal cancer was compiled.

A likelihood ratio was then empirically
calculated for each variable (and
combinations thereof); this ratio was
calculated by dividing the probability of
a patient with colorectal cancer being
registered with a diagnostic code by the
probability of a patient without cancer being
registered with the same diagnostic code.
Using the likelihood ratios, the incidence
of the cancer diagnosis in question, and
Bayes' theorem,?' a positive predictive value
(PPV] was calculated for each variable. Once
there were PPVs for different symptoms
and their combinations, a risk assessment
instrument was created, which could be
used as a clinical tool by GPs.

All analyses were performed using the
statistical software R, [version 3.0.1).

RESULTS
Cases and controls
A flowchart of the study sample recruitment
process is given in Figure 1. In total, 753
patients with colorectal cancer were
identified in the Swedish Cancer Register.
As the study focused on early features of
non-metastatic cancer, 65 patients who
had no stage noted or whose stage could
not be classified as non-metastasised
or metastasised colorectal cancer were
omitted. Of the remaining 688 patients,
542 had stage |-l (78.8%) and 146 (21.2%)
had stage IV cancer [metastatic cancer]. All
patients with stage IV cancer were excluded
from the study, resulting in a final sample
of 542 patients with non-metastatic cancer.
A total of 2152 controls were generated,
but 13 died before diagnosis of their
case. Included in the study were 2139
controls matched to patients with stage
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Table 1. Sample characteristics

Patients with colorectal Controls,
Characteristic cancer, n=542 n=2139
Median age at diagnosis, 72 (30-94) 72 (30-94)
years (range)
<50 years, n (%) 31(5.7) 116 (5.4)
50-59 years, n (%) 52 (9.6) 210(9.8)
<60 years, n (%) 83(15.3) 326 (15.2)
60-80 years, n (%) 347 (64.0) 1378 (64.4)
>80 years, n (%) 112 (20.7) 435(20.3)
Stage |, n (%) 118 (21.8) —
Stage II, n (%) 223 (41.1) =
Stage Ill, (%) 201 (37.1) =
Median number of 5(3-8) 4 (2-7)
consultations per patient
in year before cancer
diagnosis, n (IQR)
Median number of unique 6 (4-10) 5(3-8)

diagnostic codes per patient
in year before cancer
diagnosis, n (IQR)

QR = interquartile range.

I-IIl colorectal cancer. Table 1 outlines the
characteristics of the study sample.

Variables

Table 2. Univariable analysis of diagnoses with odds ratio >1.5
in patients in primary care 12 months before colorectal cancer

diagnosis

ICD-10 code and diagnosis Prevalence, % OR P-value
K625 Haemorrhage of anus and 3.7 79 <0.001
rectum

R194 Change in bowel habit 7.5 23 <0.001
K921 Melaena 4.6 19 <0.001
R634 Abnormal weight loss 0.7 13 0.023
R190 Intra-abdominal and pelvic 1.3 13 0.002
swelling, mass, and lump

K922 Gastrointestinal haemorrhage 3B 12 <0.001
D50 Iron deficiency anaemia 12.3 10 <0.001
D64 Other anaemias 17.0 6.5 <0.001
R63 Symptoms and signs concerning 1.1 45 0.012
fluid and intake

R10 Abdominal and pelvic pain 22.4 4 <0.001
R14 Flatulence 1.5 348 0.009
K591 Functional diarrhoea 1.8 3.3 0.004
R58 Haemorrhage, not 1.1 3.4 0.027
elsewhere classified

R11 Nausea and vomiting 2.0 2.7 0.011
K590 Constipation 7.5 2.6 <0.001

ICD-10= International Statistical Classification of Diseases and Related Health Problems, 10th Revision.

OR = odds ratio.

All 575 variables occurred in >1% of
either cases or controls. After univariable
conditional  logistic  regression, 45
statistically significant variables (P-value
threshold <0.05) were considered for
multivariable analyses. As clinical features
such as symptoms and signs were of
interest, diagnostic codes for unspecific
medical conditions or diseases that had
no connection to colorectal cancer were
excluded. Only variables with an odds ratio
of >1.5were retained, which left 15 variables
(Table 2).

As several of the diagnostic codes
represented similar clinical features, they
were merged into 10 clinical groups. Variable
bleeding included colorectal bleeding,
melaena, gastrointestinal (Gl] bleeding,
and unclassified bleeding; variable loss of
weight contained codes for both abnormal
weight loss and anorexia; and variable
anaemia was a fusion of iron deficiency
anaemia and other anaemias. As it was
not possible to classify the diagnostic code
‘change in bowel habit" as either diarrhoea
or constipation, these three variables were
merged into one and classified as ‘change
in bowel habit". This also helped ensure the
tool created for use in primary care was
simple, as it had fewer variables.

After these two selective processes,
multivariable analysis was undertaken
of the 10 variables. This showed that
five symptoms or signs (P-value <0.05,
although for most this was <0.001) were
independently associated with colorectal
cancer during the year preceding the cancer
diagnosis. These were:

e change in bowel habit;
* bleeding;

e weight loss;

e abdominal pain; and

* anaemia.

Positive predictive values

Figure 2 shows the PPVs for non-metastatic
colorectal cancer for those symptoms
associated with the disease:

e independently in the multivariable
analysis;

* in combination with another symptom;

e when the symptom was reported a
second time;

e for patients aged >50years (as they
accounted for 94.3% of the patients with
colorectal cancer); and

e against a background risk of 0.25%.

A combination of bleeding and a change
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Single PPV 1.1 PPV 3.9 PPV 1.0 PPV 0.9 PPV 1.4

symptom - 95% CI 95% CI 95% CI 95% ClI 95% CI
0.9to 1.5 2.3t06.3 0.3t0 3.0 0.7to 1.1 1.1t01.8

. PPV 1.0 PPV 1.5 PPV 2.9

b fv'v‘:l"ﬂ:,;l': - 95% CI 95% Cl 95% CI
0.6t0 1.6 0.8to 2.6 1.0t0 8.4

PPV 2.9

Bleeding 95% CI
1.2t0 6.9

PPV 2.9
Weight loss - 95% CI
0.3t0 22.2

q PPV 1.0 PPV 4.2

Abd°"::fnl - 95% Cl 95% Cl
0.7t0 1.5 1.6t010.3

PPV 1.6

Anaemia + 95% Cl
1.1t02.4
Charllge in Bler:ding Weigrlnt loss Abdominal Anaemia

bowel habit pain

Figure 2. Risk assessment tool for non-metastatic
colorectal cancer. Risk plot with PPV for colorectal
cancer stage I-1ll, in patients aged =50 years
(against a background risk of 0.25%). Top-row
single symptoms show the individual risk of each
symptom. The diagonal rows show the PPV when
the symptom is reported a second time. Other cells
show the PPV of the combination of two different
symptoms. PPV = positive predictive value.

White: 0-1%. Yellow: >1%. Orange: >2.5%. Red:
>5%. Dark red: >10%. Grey: too few patients with
this combination.

in bowel habit, or bleeding and abdominal
pain, were found to be the combinations of
clinical features with the highest PPVs of
non-metastatic colorectal cancer.

DISCUSSION

Summary

Five symptoms and signs were found to be
independently associated with colorectal
cancer, and — more importantly —
combinations of symptoms and signs with
a high predictive value for non-metastatic
colorectal cancer were identified. The
combination of bleeding and a change in
bowel habit, or bleeding and abdominal
pain, had the highest PPVs of non-
metastatic colorectal cancer. These findings
enabled a risk assessment instrument for
primary care to be created.

Strengths and limitations

The study is total population based, which is
its main strength. All patients with cancerin
the sample were identified via the Swedish
Cancer Register, so there is no selection
bias and the completeness of the register
is very high.* Early features of colorectal
cancer were studied as these have great
implications in primary care. The symptoms
and signs with which the risk assessment
instrument was constructed are intended to
help GPs detect non-metastatic colorectal
cancer early. In addition, the instrument is
simple to use without too many variables
needing to be entered.

Another strength is the use of
diagnostic codes; however, this could also
be considered a limitation as not all the
symptoms for which a patient consults

their GP will be recorded as a diagnostic
code in their medical record. Important
information about symptoms hidden in the
free text of the medical record can be lost,
which has been observed in other fields of
research in primary care databases such
as that of rheumatoid artritis.®? In addition,
for the purposes of this study diagnostic
codes were merged, from four- to three-
character diagnostic codes. These were
finally merged into 10 clinical groups, which
explains why Gl bleeding from both the
upper and lower Gl tract were merged into
variable bleeding. This could be considered
a limitation too.

The time span studied may also be
considered a limitation. Even though
many studies suggest that most cancer
symptoms occur 3-6 months before the
cancer diagnosis,'®¥% a longer time span
than the one in this study may be needed
for observation. In addition, some cells
in the risk assessment tool lack a PPV
because there were too few cases — for
example, as with weight loss. It could be
that Swedish GPs are underdiagnosing and
tend to use disease diagnostic codes rather
than those that are symptom based. Finally,
it is important to be aware that the risk
assessment tool that was developed has
not yet been validated.

Comparison with existing literature

The risk assessment tool for colorectal
cancer that was developed for primary care
in the UK has PPVs for single symptoms
and also for pairs of symptoms that
are similar to those outlined in the tool
created here.'®3 However, in the results
presented here, diarrhoea, constipation,
and change in bowel habit were merged
into a single variable (change in bowel
habit). The combination of bleeding and
change in bowel habit yielded a PPV of
13.7% (95% Cl =21 to 54.4); this is four
times higher than PPVs of the combination
of rectal bleeding and constipation or
diarrhoea in the UK risk assessment tool.
In addition, this study showed that bleeding
combined with abdominal pain had a PPV
of 12.2% (95% Cl=1.8 to 51.2), which is
almost four times higher than in the UK
risk assessment tool.”® Most importantly,
however, the study outlined here showed
that these risk combinations are presented
in patients with non-metastatic colorectal
cancer.

In a systematic review from 2011 —
the aim of which was to investigate the
diagnostic value of symptoms for colorectal
cancer in primary care — the summary
estimate PPV of rectal bleeding and change
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in bowel habit was 11.8%, which is similar to
the findings presented here; however, that
review did not study only non-metastatic
colorectal cancer® Another systematic
review from primary care settings of only
early-stage colorectal cancer found PPVs
of 9-12% with these combined symptoms.*’

QCancer is a risk prediction algorithm
developed in the UK to identify an individual's
absolute risk of having a diagnosis of
colorectal cancer in the next 2years,
based on both symptoms and risk factors.
When compared with specific symptoms
such as rectal bleeding, abdominal pain,
weight loss, and anaemia alone, the PPVs
from the study presented here are very
similar.?? The QCancer algorithm is based
on colorectal cancer diagnoses but makes
no distinction between early or advanced
colorectal cancer. The risk assessment tool
created in this study has been designed to
diagnose colorectal cancer at an earlier,
more favourable stage than other risk
assessment instruments.

A recently-published study from Israel
describes a validated computational model
to identify individuals at increased risk of
colorectal cancer at an earlier stage by
analysing complete blood counts, age,
and sex.® This model is not symptom
based and can detect colorectal cancers
in asymptomatic and even non-anaemic
patients; this adds a significant clinical
benefit to symptom-based tools but, as the
model is based on changes in haemoglobin
over time, detection depends on continuity
in consultation pattern, regular complete
blood counts, and utilisation of the
same analysing laboratory facilities. The
advantage of the symptom-based tool

developed in this study, compared with
the model above, is that it is more flexible
and not dependent on patients needing
to consult the same primary care unit or
laboratory for blood samples.

Implications for research and practice

A useful and simple risk assessment
tool has been developed for GPs to use
in everyday practice. Even though this
tool has not yet been validated it could
help GPs to detect colorectal cancer at
an early stage. A change in bowel habit
— whether constipation, diarrhoea, or any
change in bowel habit — in combination
with bleeding, as well as bleeding combined
with abdominal pain, should cause GPs
to consider a swift referral to confirm or
exclude colorectal cancer.

These two symptom combinations had
the highest PPVs in the study presented
here but, as recent NICE guidelines applied
a new 3% threshold for the PPV warranting
urgent referral,”? the research presented
here indicates that there are several other
pairs of symptoms that should lead to
prompt clinical action, such as early referral
for colorectal investigation. As the majority
of patients present to primary care, GPs
could use this tool to help identify those
at high risk of non-metastatic colorectal
cancer.

There are many potential benefits, as
well as challenges, about the use of risk
prediction tools for cancer in primary
care and their implementations. Further
validation of different risk prediction tools
to assess the acceptability, clinical impact,
and economic implications are needed.*’
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