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ORIGINAL ARTICLE

Colon cancer diagnosed in patients with non-specific symptoms – comparisons
between diagnostic paradigms

Christina Sadolin Damhusa,b , Volkert Siersmaa, Anna Rubach Birkmosea, Henrik Støvringc,
Susanne Oksbjerg Daltond,e� and John Brandt Brodersena,b,f�
aDepartment of Public Health, Centre of General Practice, University of Copenhagen, Copenhagen, Denmark; bPrimary & eHealth Care,
Region Zealand, Sorø, Denmark; cDepartment of Public Health, Aarhus University, Aarhus, Denmark; dSurvivorship & Inequality in Cancer,
The Danish Cancer Society Research Center, Copenhagen, Denmark; eDepartment of Clinical Oncology & Palliative Care, Zealand University
Hospital, Næstved, Denmark; fDepartment of Social Medicine, The Research Unit for General Practice, University of Tromsø, Copenhagen,
Denmark

ABSTRACT
Background In Denmark, the Cancer Patient Pathway for Non-Specific Signs and Symptoms (NSSC-
CPP) has been implemented with variations: in some areas, general practitioners (GPs) do the initial
diagnostic work-up (GP paradigm); in other areas, patients are referred directly to the hospital (hospital
paradigm). There is no evidence to suggest the most beneficial organisation. Therefore, this study
aims to compare the occurrence of colon cancer and the risk of non-localised cancer stage between
the GP and hospital paradigms.
Material and Methods In this registry-based case-control study, we applied multivariable binary logis-
tic regression models to estimate the odds ratios (OR) of colon cancer and non-localised stage associ-
ated with the GP paradigm and hospital paradigm. All cases and controls were assigned to a
paradigm based on their diagnostic activity (CT scan or CPP) six months before the index date. As not
all CT scans in the control group were part of the cancer work-up as a sensitivity analysis, we investi-
gated the impact of varying the fraction of these, which were randomly removed using a bootstrap
approach for inference.
Results The GP paradigm was more likely to result in a cancer diagnosis than the hospital paradigm;
ORs ranged from 1.91–3.15 considering different fractions of CT scans as part of cancer work-up. No
difference was found in the cancer stage between the two paradigms; ORs ranged from 1.08–1.10 and
were not statistically significant.
Conclusion Patients in the GP paradigm were diagnosed with colon cancer more often, but we can-
not conclude that the distribution of respectively localised or non-localised extent of disease is differ-
ent from that of patients in the hospital paradigm.
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Background

In the global north, strategies such as Cancer Patient Pathways
(CPPs) have been introduced to expedite the investigation, diag-
nosis, and initiation of treatment of individuals with potential
cancer [1–6]. In Denmark, CPPs were introduced in 2007 and
include the patient trajectory from diagnostic work-up to poten-
tial diagnosis and initiation of treatment for the most common
cancer types [1]. About 50% of patients with cancer present ini-
tially with vague or non-specific symptoms, indicative of poten-
tially severe disease but ineligible for any cancer-type specific
CPPs [7]. Therefore, the Cancer Patient Pathway for Non-specific
Symptoms and Signs of Cancer (NSSC-CPP) was introduced in
Denmark in 2012 and later with inspiration from the Danish ver-
sion transferred to Norway, Sweden and UK [2,3,8]. In Denmark,

general practitioners (GPs) are gatekeepers to the secondary
healthcare sector and about 70% of all NSSC-CPPs are referred
by GPs [9]. The initial diagnostic work-up in the NSSC-CPP con-
sists of a diagnostic blood panel and imaging (often a CT scan).
If no diagnosis is made after the initial work-up, the patient can
be referred to a diagnostic unit to continue the diagnostic work-
up [10]. Diagnostic units are hospital clinics with comprehensive
facilities for medical investigation. Of patients referred to the
NSSC-CPP, about 12% turn out to have cancer and the remain-
ing 88% do not [9]. Regional and intra-regional variations have
been found as in some places the initial step (diagnostic blood
panel and CT scan) is performed by GPs (GP paradigm), and in
others by diagnostic units (hospital paradigm) [11]. The NSSC-
CPP is not registered before/if patients are referred to a diagnos-
tic unit (see Figure 1). This means that patients having their
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initial diagnostic work-up in general practice and who do not
need further diagnostic workup in a diagnostic unit or are
directed to an organ-specific CPP are not registered as taking
part in an NSSC-CPP. This means that within Denmark, NSSC-
CPPs do not include the same type of patients, as some have
already been filtered through diagnostic work-up at GP level and
others are referred directly from GP without diagnostic work-up.
Thereby, registered NSSC-CPPs do not include all initiated NSSC-
CPPs in Denmark. This different organisation and registration of
the NSSC-CPP challenge comparing and measuring the out-
comes of the GP-initiated NSSC-CPP (GP paradigm) and the hos-
pital-initiated NSSC-CPP (hospital paradigm) across the country.
Therefore, no evidence suggests whether the GP paradigm is
associated with better prognostic outcomes than the hospital
paradigm or vice versa.

To compare the two paradigms, we included patients with
a colon cancer diagnosis (cases) and corresponding controls
and identified whether their initial diagnostic steps were initi-
ated by GPs (GP paradigm) or hospitals (hospital paradigm).
We focussed on colon cancer as colon cancer often presents
with non-specific symptoms and is one of the most common
cancers diagnosed within the NSSC-CPP [12,13]. Thereby, the
aim of this study was to compare the occurrence of colon
cancer between the GP paradigm and the hospital paradigm
and given a colon cancer diagnosis, to compare the risk of
non-localised cancer stage between the two paradigms.
Thereby, we assumed the stage at diagnosis is a surrogate
outcome for patient prognosis within the NSSC-CPP.

Method

Study design

This study was a matched case-control study and included
individual-level registry data obtained by linking Danish

national registers using the unique personal identification
number assigned to all Danish residents at birth or immigra-
tion [14].

Study population

Cases were all patients �18 years diagnosed with colon can-
cer from 2014–2018 (inclusive) in the Danish Cancer Registry
[15]. Ten controls per case (1:10) were matched on age, sex
and the municipality of residence, and controls were free of
colon cancer on the date of diagnosis of cases (index-date).
We excluded all cases and potential controls diagnosed with
any cancer (except for non-melanoma skin cancer) five years
prior to the index-date. Further, we excluded individuals if
they had immigrated to or emigrated from Denmark six
months prior to the index-date.

Paradigms

In this study, we were interested in comparing patients ini-
tiating diagnostic work-up for suspected cancer based on
non-specific symptoms referred either from GP or hospital.
Therefore, we needed to differentiate between patients with
different routes to diagnosis. To make this distinction while
at the same time not having information on symptoms at
referral, all cases and controls were assigned to a paradigm
based on their first diagnostic activity six months prior to
the index-date as registered in the Danish National Patient
Registry. Diagnostic activity included: CT scan, colon cancer
CPP (CC-CPP), abdominal CPP (A-CPP) (including a list of
CPPs related to the abdomen, Supplementary 1), other
organ-specific CPPs (OS-CPP), and the NSSC-CPP (Figure 2).
These were chosen as they are relevant markers for cancer
diagnostic work-up. Paradigm 1 includes patients directly

Figure 1. The GP and hospital paradigm represents different organisations of the NSSC-CPP.
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referred to a colon CPP or a CPP related to the abdomen.
We hypothesised that this group of CPPs might be initiated
based on alarm symptoms of cancer, related to the abdo-
men, though not initiated based on non-specific symptoms.
Paradigm 2 included patients with other CPPs and CT scans
not referred from GP or hospital including a mixed group of
patients referred from other health professionals such as
dentists, medical specialist clinics and institutions such as
prisons etc. Paradigm 3 included cases and controls with no
CT scans, NSSC-CPPs or CPPs before index-date. Paradigm 4
(GP paradigm) and 5 (hospital paradigm) included cases and
controls with diagnostic activity initiated by GP or hospital
respectively, and only these paradigms were included for
analysis within this study. The GP paradigm included either a
CT scan referred by GP or a CT scan referred by GP plus one
of the following: A-CPP, OS-CPP, CC-CPP, NSSC-CPP. The

hospital paradigm included either a CT scan referred by the
hospital or an NSSC-CPP. The hospital paradigm was nar-
rower in its inclusion criteria than the GP paradigm, because
we did not want to include patients who after a hospital-ini-
tiated CT scan were sent to either A-CPP, OS-CPP or CC-CPP
as we hypothesised that these might be referred based on
alarm symptoms, thereby belonging to paradigm 1.

Outcomes

The outcomes were the occurrence of colon cancer (ICD-10
diagnosis code C18). As a proxy for the stage at a diagnosis
the colon cancer cases were categorised as localised, non-
localised and undefined extend of disease as described else-
where [16] between 2014–2018, obtained from the Danish

Figure 2. Flow diagram for cases and controls divided into paradigms based on their diagnostic activity.
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Cancer Registry based on tumour, node, metastases (TNM)
codes (Supplementary 2) [15].

Covariates

Sex, age and country of origin were obtained at index-date
from the Population Register [17]. Educational level came
from the Danish Education Register [18], Affiliation to the
labour market from the Danish Registry of Labour Market
Affiliation [19], and cohabitation status from the Danish
Family Relations Database [17,20]. Non-cancer morbidity was
based on twenty broad diagnostic groups of chronic diagno-
ses [21] identified in the National Patient Registry [22]. This
measure was chosen as it has been developed specifically to
identify comorbidity in patients with cancer. It includes a
broad range of diseases while still being restrictive regarding
‘isolated’ diseases and risk factors such as hypertension [21].

Statistical analysis

The two main analyses were: (1) the assessment of a differ-
ence in colon cancer incidence between the GP and the hos-
pital paradigms, and (2) the assessment of a difference in the
incidence of non-localised cancer relative to localised cancer
between the two paradigms. Paradigms were considered the
exposure variable in both analyses and the incidence of
colon cancer and stage at a diagnosis were the outcome var-
iables of each analysis respectively. Odds ratios (ORs) from
multivariable binary logistic regression models were used for
the comparisons, where, due to the symmetry of the OR, the
binary paradigm (GP or hospital) functioned as an outcome,
and the four-category stage variable (localised, non-localised,
undefined, no cancer) functioned as exposure; for the latter
analysis, the OR between non-localised and localised were
reported. Uncertainty estimates were obtained from the
empirical bootstrap distribution of the effect estimates,
which involved resampling the original data set with the
replacement of matched sets 1999 times. All effect estimates
were adjusted for age, sex, country of origin, education, affili-
ation to labour market, cohabitation status, non-cancer mor-
bidity, and year and season of diagnosis.

In the definition of the paradigms, we excluded CT scans
that were likely to be unrelated to cancer diagnostics such as
the knee, hand, ankle, etc. A full list is described elsewhere
[12]. However, since CT scans are used for many purposes, we
cannot assume that all the remaining CT scans were part of
the diagnostic process; nor is this information listed in the
Danish registers. We assumed that in the GP and hospital
paradigms a fraction of the scans not accompanied by a CPP
in the control group were not part of cancer diagnostics. CT
scans in the case group and CT scans occurring together with
a CPP were assumed to be part of cancer diagnostics.

To investigate the sensitivity of our analyses with respect
to the assumed fraction, and to illustrate the range of pos-
sible results, we performed a sensitivity analysis. In this, anal-
yses for all 101� 101¼ 10,201 possible choices of fractions
from 0% to 100% were calculated, each based on a single
bootstrap replicate. Inquiry at GP practices in two Danish

Regions and two radiological departments proposed that
70–90% of all CT scans ordered, both by GPs and hospitals,
were part of cancer diagnostics. For CT scans not accompa-
nied by a CPP in the control group, this translated into 63.7–
87.9% for the GP paradigm, and 68.7–89.6% for the hospital
paradigm (for calculation see Supplementary 3).

Results

Cohort characteristics

There were 16,125 cases and 161,199 matched controls
(Table 1). Of cases, 6186 (38%) were diagnosed with colon
cancer in the localised stage; 6719 (42%) in non-localised
stage, and 3220 (20%) with an undefined stage. The control
group more often had no diagnostic activity before index-
date, were more often non-western descent and had fewer
comorbidities than colon cancer cases. The undefined cases
were in general older patients with more comorbidities and
were more often retired than the other groups.

Odds of cancer between paradigms (analysis 1)

Patients in the GP paradigm were more likely to receive a
diagnosis of cancer than patients in the hospital paradigm.
This analysis was sensitive to the assumptions on fractions of
CT scans being part of cancer diagnostics, as the adjusted
ORs ranged from 1.91 (95% CI 1.73–2.11) to 3.15 (2.85–3.47)
(Table 2, Figure 3). The highest OR was estimated under the
assumption that more CT scans from the hospital were part
of cancer diagnostics (90%) and fewer from GPs (70%).

Stage at colon cancer diagnosis between paradigms
(analysis 2)

No difference was found in cancer stage between the GP
and hospital paradigms; ORs ranged from 1.08 (0.90–1.29) to
1.10 (0.92–1.32), meaning that patients in the GP paradigm
were slightly more likely to be diagnosed in a non-localised
stage. However, none of the ORs was statistically significant
and the analysis was not sensitive to assumptions on frac-
tions of CT scans being part of cancer diagnostics (Table 2).

Figure 3 provides ORs of GP vs. hospital for the detection
of cancer considering all possible scenarios in terms of 0–
100% of CT scans being part of a cancer work-up. CT scans
are either referred from the hospital (y-axis) or GP (x-axis).
The blue dots (NS) represent non-significant ORs. ORs are
adjusted for age, sex, country of origin, education, affiliation
to the work market, cohabitation status, non-cancer morbid-
ity, and year and season of diagnosis.

Discussion

Summary

Patients whose initial diagnostic work-up took place in gen-
eral practice (GP paradigm) had 2-3 times higher odds of
receiving a diagnosis of colon cancer than people whose
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initial diagnostic work-up took place in a hospital (hospital
paradigm). Depending on perspective, this finding can be
interpreted in different ways. It might reflect the essential
role of GPs in cancer diagnostics [23–26] and suggests that
when GPs initiate a diagnostic work-up and order a CT-scan,
their suspicion of colon cancer is more often confirmed com-
pared to when initiated by hospitals. The finding could also
be interpreted as GPs referring too few patients for diagnos-
tic work-up, or the hospital too many because the GPs refer-
rals are associated with higher odds of colon cancer. One
could argue that the ‘hit-rate’ (fraction of referrals that end
in a cancer diagnosis) in the GP paradigm is too high and
should be reduced by referring more people. However, there
is no evidence suggesting an appropriate threshold for such
a hit rate. Referring more patients to diagnostic work-up of
cancer risks introducing harms, e.g., complications to

downstream procedures, overdiagnosis, overtreatment and
thereby physical and psychosocial consequences [27,28].
More studies are needed to estimate the magnitude of these
potential risks. For patients with colon cancer, we found
slightly higher, albeit non-significant, odds for non-localised
cancer stage in the GP paradigm. Therefore, from a patient
prognostic perspective, it does not seem as though patients
who initiate their diagnostic work-up in the GP paradigm are
better or worse off than patients in the hospital paradigm.
Still, this finding must be interpreted with caution due to the
design of this study.

Strengths and limitations

A strength of this study is the large dataset from high-quality
validated Danish registers in which we were able to link

Table 1. Characteristics of the total study population consisting of cases and matched controls (n¼ 177,324).

Study population characteristics

Cases divided by stage at diagnosis

Characteristics
Total study population (n¼ 177,324)

Controls
(free of colon cancer)

(n¼ 161,199)

Cases
(with colon cancer)

(n¼ 16,125)

Case
localised stage
(n¼ 6186)

Case
non-localised
(n¼ 6719)

Case
undefined stage

(n¼ 3220)
Missing
values

Paradigms, n (%) 0
1. Direct A-CPP or CC-CPP 1566 (1.0) 7485 (46.4) 3217 (52.0) 2909 (43.3) 1359 (42.2)
2. Other activity 2961 (1.8) 1726 (10.7) 518 (8.4) 827 (12.3) 381 (11.8)
3. No activity 149,747 (92.9) 3271 (20.3) 1430 (23.1) 1156 (17.2) 685 (21.3)
4. GP paradigm 2619 (1.6) 2209 (13.7) 607 (9.8) 1119 (16.7) 483 (15.0)
5. Hospital paradigm 4306 (2.7) 1434 (8.9) 414 (6.7) 708 (10.5) 312 (9.7)

Age, n (%) 0
18–45 years 4140 (2.6) 414 (2.6) 148 (2.4) 194 (2.9) 72 (2.2)
46–59 years 19,906 (12.4) 1961 (12.2) 707 (11.4) 943 (14.0) 311 (9.7)
60–79 years 101,702 (63.1) 10,157 (63) 4132 (66.8) 4143 (61.7) 1882 (58.5)
�80 years 35,451 (22.0) 3593 (22.3) 1199 (19.4) 1439 (21.4) 955 (29.7)

Sex, n (%) 0
Female 82,321 (51.1) 8236 (51.1) 3209 (51.9) 3455 (51.4) 1572 (48.8)
Male 78878 (48.9) 7889 (48.9) 2977 (48.1) 3264 (48.9) 1648 (51.2)

Country of origin, n (%) 0
Danish 151,862 (94.2) 15,416 (95.6) 5907 (95.5) 6441 (95.9) 3068 (95.3)
Western descent 4632 (2.9) 401 (2.5) 160 (2.6) 155 (2.3) 86 (2.7)
Non-Western descent 4705 (2.9) 308 (1.9) 119 (1.9) 123 (1.8) 66 (2.1)

Education, n (%) 8275
Short 56,230 (36.2) 4854 (35.1) 2060 (35.2) 1892 (34.8) 902 (35.4)
Medium 62,760 (40.4) 5812 (42.0) 2458 (42.0) 2300 (42.4) 1054 (41.3)
Long 36,218 (23.3) 3175 (22.9) 1342 (22.9) 1238 (22.8) 595 (23.3)

Affiliation to work market, n (%) 14
Employed 35,075 (21.8) 3327 (20.6) 1277 (20.6) 1482 (22.1) 568 (17.6)
Unemployed/social benefits 11837 (7.3) 1248 (7.7) 463 (7.5) 579 (8.6) 206 (6.4)
Under education 328 (0.2) 33 (0.2) 19 (0.3) 8 (0.1) 6 (0.2)
Retired/other 113,945 (70.7) 11517 (71.4) 4427 (71.6) 4650 (69.2) 2440 (75.8)

Cohabitation status, n (%) 0
Married or cohabiting 62,386 (38.7) 6276 (38.9) 2206 (35.7) 2623 (39.0) 1447 (44.9)
Single/living alone 98,813 (61.3) 9849 (61.1) 3980 (64.3) 4096 (61.0) 1773 (55.1)

Non-cancer morbidity, n (%) 0
No morbidities 119,883 (74.4) 10,238 (63.5) 3994 (64.6) 4328 (64.4) 1916 (59.5)
One morbidity 27,161 (16.9) 3741 (23.2) 1401 (22.7) 1562 (23.3) 778 (24.2)
Two morbidities 9142 (5.7) 1363 (8.5) 511 (8.3) 531 (7.9) 321 (10.0)
Three or more morbidities 5013 (3.1) 783 (4.9) 280 (4.5) 298 (4.4) 205 (6.4)

Year of diagnosis 0
2014 32,449 (20.1) 3245 (20.1) 1276 (20.6) 1269 (18.9) 700 (21.7)
2015 33,833 (21.0) 3384 (21) 1240 (20.1) 1260 (18.8) 884 (27.5)
2016 32,958 (20.5) 3296 (20.4) 1300 (21.0) 1364 (20.3) 632 (19.6)
2017 32,689 (20.3) 3271 (20.3) 1289 (20.8) 1445 (21.5) 537 (16.7)
2018 29270 (18.2) 2929 (18.2) 1081 (17.5) 1381 (20.6) 467 (14.5)

Season of diagnosis 0
Winter (Jan–Mar) 40585 (25.2) 4059 (25.2) 1583 (25.6) 1664 (24.8) 812 (25.2)
Spring (Apr–Jun) 40,989 (25.4) 4100 (25.4) 1614 (26.1) 1674 (24.9) 812 (25.2)
Summer (Jul–Sep) 38,368 (23.8) 3838 (23.8) 1387 (22.4) 1693 (25.2) 758 (23.5)
Autumn (Oct–Dec) 41,257 (25.6) 4128 (25.6) 1602 (25.9) 1688 (25.1) 838 (26.0)
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Table 2. Odds ratios of GP versus hospital paradigms for detection of cancer (analysis 1) and stage at diagnosis (analysis 2) under different assumptions regard-
ing the fraction of CT scans being part of cancer work-up.

Hospital paradigm

GP paradigm Proportions (%) of CT scans from GPs (y-axis) and hospitals (x-axis) being part of cancer work-up
70% 80% 90%

Adjusted OR (95% CI)� of GP vs. hospital paradigm for detection of colon cancer under different assumptions/% of CT scans (Analysis 1)
70% 2.45 (2.21–2.72) 2.80 (2.53–3.10) 3.15 (2.85–3.47)
80% 2.15 (1.94–2.38) 2.46 (2.23–2.71) 2.76 (2.51–3.05)
90% 1.91 (1.73–2.11) 2.18 (1.98–2.41) 2.45 (2.23–2.71)

Adjusted OR (95% CI)�� of GP vs. hospital paradigm for non-localised stage under different assumptions/% of CT scans (Analysis 2).
70% 80% 90%

70% 1.08 (0.90–1.29) 1.08 (0.90–1.29) 1.08 (0.90–1.29)
80% 1.10 (0.91–1.30) 1.10 (0.90–1.29) 1.10 (0.90–1.29)
90% 1.10 (0.92–1.31) 1.10 (0.92–1.32) 1.10 (0.92–1.32)

�Odds ratio: OR > 1 indicates a higher probability of cancer in GP paradigm (paradigm 4 in Figure 2) than in the hospital paradigm (paradigm 5 in Figure 2).��Odds ratio: OR > 1 indicates a higher probability of non-localised cancer stage in GP paradigm (paradigm 4 in Figure 2) than in the hospital paradigm (paradigm
5 in Figure 2).
All presented ORs are adjusted for age, sex, country of origin, education, affiliation to the work market, cohabitation status, non-cancer morbidity, and year and sea-
son of diagnosis.

Figure 3. Odds ratios of GP versus hospital paradigm for detection of cancer.
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information about cancer stage at diagnosis and diagnostic
activity. No other study has examined the stage at diagnosis
while investigating different paradigms of initial cancer work-
up in Denmark. When designing this study, we knew we
would include people with a CT scan that was likely to be
unrelated to cancer work-up, thus, strength is the presenta-
tion of ORs under a range of different assumptions. Due to
organisational variations of the NSSC-CPP in Denmark,
patients having their initial diagnostic work-up in general
practice are not labelled – NSSC-CPP, but those starting their
diagnostic workup in a diagnostic unit at the hospital are.
Therefore, to identify these two populations and later com-
pare them, we cannot use the label – NSSC-CPP. Regardless
of organisational structure most of the patients with non-
specific symptoms of cancer are having a CT scan as part of
the initial diagnostic work-up. Therefore, CT scan was used
as a marker to identify the population of interest for this
study. Still, some patients with non-specific symptoms do
not have a CT scan but might have an alternative test such
as a fecal immunochemical test (FIT), however, not included
in the analysis. However, as long as no sufficient registration
of the GP-initiated diagnostic work-up exists, we suggest the
CT scan as the best marker for initiation of diagnostic work-
up as it is the most often used test within the NSSC-CPP set-
ting and recommend by guidelines [10].

We included the GP and hospital paradigm, only, as these
were the patients of interest. Still, the five paradigms are not
independent of each other. Therefore, we cannot fully
exclude differing case-mix within this study. Still, we are
aware of this limitation and did comprehensive work in
developing operational definitions of different paradigms to
include only the patients of interest within the analysis,
namely those in paradigms 4 and 5. For transparency, we
have described all five defined paradigms.

For 20% of cases, information about the stage of colon
cancer diagnosis was missing and the group with an
undefined cancer stage was associated with advanced age
and morbidity. While we adjusted for these variables, we
cannot exclude that they biased the results. Finally, we
dichotomised the stage at diagnosis into localised (stage 1–
2) and non-localised stages (regional or distant spread, stage
3–4). Clinically, this dichotomisation is, however, not optimal,
as it would have been relevant to divide into stages 1–3 and
stage 4 as a proxy for potentially curative and non-curative
possibilities for treatment, respectively. This was, however,
not possible due to the data available in the period in the
Danish Cancer Registry. Still, we regarded the available data
on stage at diagnosis as essential to estimate a surrogate
outcome for patient prognosis.

Comparison with existing literature

Despite the fact that the NSSC-CPP runs differently across
Denmark, we have not identified any other studies investi-
gating the effect of different diagnostic paradigms for
patients with non-specific symptoms. A Danish matched
cohort study by Naeser and colleagues found that patients
with cancer of all types presenting with non-specific

symptoms did not have a worse prognosis than patients
with cancer diagnosed through other routes [29]. The
authors suggested that GPs referred patients in a timely way
to the diagnostic units as similar mortality rates were
observed between the different routes to diagnosis [29,30]. A
population-based study of patients with cancer of all types
in Denmark investigated the association between the route
to diagnosis and one-year all-cause mortality [31]. Patients
diagnosed through a hospital-initiated CPP were slightly
more likely to die within the first year compared to patients
diagnosed through GP-initiated CPPs (OR 1.09 (95% CI 1.04–
1.14)) [31]. These results also indicate that patients referred
by GPs do not appear to have a worse prognosis than
patients referred by hospitals. The risk of confounding by
severity needs to be considered as there might be an associ-
ation between disease severity and route to diagnosis. In our
study, we tried to reduce this bias when we defined the GP
and hospital paradigms: we hypothesised that patients with
advanced disease were more often directly referred to an
abdominal CPP and were therefore not included in the ana-
lysis. However, even though we considered this confounding
factor we cannot fully discard it as a potential explanation, at
least in part. CT scans are often part of cancer work-up in
patients with non-specific symptoms [12,32,33]. However,
due to the registration practice in Denmark, we were unable
to distinguish between CT scans being part of cancer diag-
nostic and CT scans ordered for other purposes. Being able
to make this distinction would further enable interesting
comparisons between the proportion of CT-scans as part of
the diagnostic process in GP and hospitals and the risk for
diagnosing cancer. Hypothetically, similar organisational var-
iations of the NSSC-CPP might exist in Sweden as no studies
have examined all diagnostic sites within the country [34–
36]. In UK, different versions of the NSSC-CPPs have been
introduced but also here variations in registration and prac-
tice challenge the monitoring and recommendation of best
practices [37,38]. Thereby, our findings might be relevant in
an international setting.

Implications for research and practice

There may be concerns that patients receiving initial diag-
nostic work-up in general practice do not receive the same
high-quality cancer work-up if they do not receive fast-track
referrals to a diagnostic unit. Our results indicate that
patients might not be worse off by starting their cancer
work-up in general practice. As we found that relatively
more patients were diagnosed with cancer in the GP para-
digm, this study also points to important discussions about
the threshold for referring patients to diagnostic work-up in
order to balance the benefits and harms of diagnostic
workup. Our study suggests that a low hit rate of cancer
should not represent a successful diagnostic work-up alone.
Further, our findings raise the question of which outcomes
should be considered to adequately measure the effective-
ness of the NSSC-CPP and how. In this study, we included
disease extension at diagnosis because we considered the
patients’ prognostic perspectives essential when striving to
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compare the effect, and thereby the quality, of the different
paradigms. Other important outcomes have not been investi-
gated. From an economic perspective, the initial cancer
work-up might be more cost-effective if performed in gen-
eral practice. Patient and GP preferences could also be
included when deciding how the NSSC-CPP should be organ-
ised. It might be less invasive and more convenient for
patients to start cancer work-up in general practice, but GPs
might also need the option to fast-track patients for diagnos-
tic work-up in the hospital. Research using both quantitative
and qualitative methods could explore and contrast sug-
gested alternatives.

The present study’s findings are important for policy-
makers as they indicate the challenge in measuring and
comparing the outcomes of the NSSC-CPP. Thereby, we do
not know if the introduction of the NSSC-CPP has the
intended effect. Especially, the initial diagnostic work-up in
general practice was not registered as part of the NSSC-CPP
making these patients difficult to track in the Danish regis-
tries. Such registration is needed if future studies should be
more valid in estimating outcomes across paradigms. For
some time, there has been political and media attention in
Denmark on the importance of ensuring that patients receive
uniform cancer work-up and treatment across the country.
Uniformity risks implementing a less prognostically beneficial
diagnostic model, as the evidence regarding the outcomes
of the current NSSC-CPP remains limited. Findings from this
study should be interpreted with caution: other cancers may
display different patterns. We focussed on colon cancer as
this is one of the most common cancers detected through
the NSSC-CPP [12,13]. Further, overdiagnosis of colon cancer
is limited and thus length time bias is reduced [28]. Future
studies could replicate our study design to include other
cancer types to validate and add to our findings.

Conclusion

In this population-based matched case-control study, we
found that a larger proportion of patients in the GP para-
digm were diagnosed with colon cancer compared to the
hospital paradigm. As the estimates on differences between
localised versus non-localised stages in the two paradigms
were small and statistically non-significant, we were unable
to conclude that patients who initiate their cancer work-up
in general practice have a better or worse cancer prognosis
than patients whose work-up is initiated from the hospital.
These findings should be interpreted with caution as the
study demonstrates the challenge of measuring the out-
comes of the NSSC-CPP in Denmark and that the different
routes to diagnosis might not explain cancer prognosis
within this population.
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