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Abstract

Background: Danish cancer patients have lower survival rates than patients in many other western countries. Half
of the patients present with non-alarm symptoms and thus have a long diagnostic pathway. Consequently, an
urgent referral pathway for patients with non-specific serious symptoms was implemented throughout Denmark in
2011–2012. As part of the diagnostic workup, a panel of blood tests are performed for all patients referred by their
general practitioner (GP) to the urgent referral pathway. In this study, we analysed the probability of being
diagnosed with cancer in GP-referred patients with abnormal blood test results.

Method: We performed a cohort study that included all patients aged 18 years or older referred by their GP
to Silkeborg Regional Hospital for analysis of a panel of blood tests. All patients were followed for 3 months
for a cancer diagnosis in the Danish Cancer Registry. The likelihood ratio and post-test probability of
subsequently finding cancer were calculated in relation to abnormal blood test results.

Results: Among the 1499 patients included in the study, 12.2% were subsequently diagnosed with cancer.
The probability of cancer increased with the number of abnormal blood tests. Patients with specific combinations of
two abnormal blood tests had a 23–62% probability of cancer. Only a few single abnormal blood tests were linked
with a high post-test probability of cancer, and most abnormalities were not specific to cancer.

Conclusions: A number of specific abnormal blood tests and combinations of abnormal blood tests markedly
increased the probability of cancer being diagnosed. Still, abnormal blood test results should be interpreted
cautiously as most are non-specific to cancer. Thus, results from the blood test panel may strengthen the
suspicion of cancer, but blood tests cannot be used as a stand-alone tool to rule out cancer.
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Background
Danish cancer patients are diagnosed at a later stage and
have a lower cancer survival rate than patients in other
western countries [1, 2]. As a result, urgent referral
pathways have been introduced for a number of specific
cancer types [3, 4]. Referral from primary care to one of
these pathways is based on specific alarm symptoms
(such as rectal bleeding, dysphagia or breast lump) that
are considered suggestive of specific cancer sites [5, 6].

However, only half of patients with cancer present with
specific alarm symptoms [7, 8]. The remaining half
present with either vague symptoms or non-specific ser-
ious symptoms, and they have a longer diagnostic path-
way than patients with specific alarm symptoms [7].
An urgent referral pathway for patients with non-

specific serious symptoms was developed and
implemented at the Diagnostic Centre at Silkeborg
Regional Hospital; this pathway was subsequently im-
plemented throughout Denmark in 2011–2012 [9–11].
The diagnostic pathway is intended for patients with
non-specific serious symptoms, whom the general
practitioner (GP) suspects suffer from a serious
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disease although the symptoms could be suggestive of
a wide range of conditions.
The majority of patients referred to this pathway

present with non-specific symptoms, such as weight
loss, fatigue and general malaise [12]. Such non-
specific symptoms may have several causes and are
features of both serious non-malignant disease and
cancer. Therefore, the GP first initiates diagnostic
workup consisting of imaging and a standardised
panel of blood tests as part of the diagnostic pathway.
This is referred to as a “triage function” or “filter
function”. Within 3 days, the results of the diagnostic
tests are delivered to the GP who decides on the next
step together with the patient (i.e. watchful waiting,
referral to further diagnostic workup or initiation of
treatment) [10, 11].
The purpose of the standardised blood test panel is to

enable GPs to make a fast diagnostic evaluation of ser-
ious disease (serious non-malignant disease and cancer),
and the blood tests are selected based on best clinical
practice. However, no study has yet addressed the diag-
nostic value of blood tests among patients referred with
non-specific serious symptoms of cancer. As the diag-
nostic spectrum and prevalence of both non-malignant
and malignant disease vary considerably between pa-
tients referred with non-specific serious symptoms and
the usual patients in primary care, the clinical perform-
ance of blood tests may also vary greatly [13]. The aim
of the present study was to examine the diagnostic value
of the blood test panel used by GPs when cancer is sus-
pected in patients with non-specific serious symptoms.

Method
Study design and population
We performed a cohort study that included all pa-
tients aged 18 years or older who had been referred
by their GP to the blood test panel in the triage func-
tion at Silkeborg Regional Hospital in the Central
Denmark Region between 1 February 2011 and 31
December 2013. Eligible patients were detected using
a specific identifier in the laboratory information sys-
tem. The unique civil registration number, which is
assigned to all Danish citizens at birth or immigra-
tion, allowed linkage to the Danish Cancer Registry
(DCR) [14]. The DCR contains information about all
incident cancers diagnosed from 1943 in the Danish
population; these data are coded according to the
International Classification of Diseases, 10th revision
(ICD-10) [15]. All patients were followed for 3
months in the DCR for a cancer diagnosis (except for
non-melanoma skin cancer). Patients were excluded if
they had been diagnosed with cancer during the pre-
ceding 10 years or had less than 10 valid blood tests.

Setting
All Danish citizens have free access to the publicly
funded healthcare system. Approximately 98% of all citi-
zens in Denmark are registered with a general practice
and can thereby consult their GP for medical care when
needed [16]. GPs act as gatekeepers to the secondary
healthcare system and can initiate diagnostic workup
and treatment for most chronic and acute diseases [17].
The urgent pathway for non-specific serious symptoms

consists of a two-step approach. Firstly, an initial triage
function (imaging and blood test panel) is requested by
the GP. Secondly, if relevant, a referral for further diag-
nostic workup is sent by the GP to the Diagnostic
Centre [11]. The imaging may consist of either a com-
puted tomography (CT) scan of the chest, abdomen and
pelvis or a combined thoracic X-ray and ultrasound of
the upper and lower abdomen. The investigations are
performed and the results are reported electronically to
the GP within 3 days. On the basis of these investiga-
tions, the GP is responsible for taking clinical action and
deciding on the ensuing diagnostic approach. If the tri-
age function yields no obvious explanation for a patient’s
symptoms, the GP is advised to refer the patient to the
Diagnostic Centre. After this referral, the Diagnostic
Centre takes over the responsibility for the patient’s
diagnostic workup [18].

Data
A specific identifier was introduced in the laboratory in-
formation system at Silkeborg Regional Hospital in Janu-
ary 2011, allowing identification of patients referred by
the GP to the blood test panel. We assigned the index
date as the date when the blood test panel was re-
quested. Results of all blood tests were registered
electronically in the clinical laboratory information
system (LABKA) according to the international NPU
(Nomenclature, Properties and Units) coding system [19,
20]. For each analysis undertaken, LABKA stored the
test result (or indicated that it was missing), the patient’s
unique civil registration number, date of blood test ana-
lysis and provided the identification number of the refer-
ring GP practice. If the GP had requested blood panel
tests more than once for the same patient during the in-
clusion period, only the first tests were included. If re-
sults were missing for the first tests, we allowed
inclusion of the new tests if the GP had requested the
new analysis within 14 days from the first referral using
the specific identifier.

Variables
The blood test panel at Silkeborg Regional Hospital con-
sisted of 48 blood tests (Additional file 1). As some of
the tests in the panel were not relevant to cancer diag-
nostics, we selected 27 laboratory tests for men (22
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unspecific tests and 5 tumour markers) and 26 labora-
tory tests for women (22 unspecific tests and 4 tumour
markers) that we hypothesised to be predictive of cancer
(Table 1).
Abnormal test results were defined as test results that

were outside the normal reference range established by
the Department of Clinical Chemistry at Silkeborg
Regional Hospital (Table 1). We excluded the following
blood test results as these intervals were considered ir-
relevant for cancer diagnosis: high albumin, low amylase,
low bilirubin, low alkaline phosphatase, high haemoglo-
bin and low uric acid.
Based on a literature search, we pre-defined seven dif-

ferent abnormal blood tests that we hypothesised would
frequently be abnormal in patients diagnosed with can-
cer [21–29]. These blood tests were used in the analysis
of combinations of two abnormal blood tests in cancer
diagnostics.
We defined four different types of anaemia based on

measurements of haemoglobin, ferritin and C-reactive
protein (CRP) [30–32]: 1. Iron deficiency anaemia: an-
aemia with ferritin <30 microgram/l (μg/l), regardless of
CRP level; 2. Anaemia from other causes: anaemia with
ferritin >30 μg/l and normal CRP; 3. Combined inflam-
matory anaemia and iron deficiency anaemia (CIIDA):
anaemia with ferritin <100 μg/l and increased CRP; and
4. Inflammatory anaemia: anaemia with ferritin >100 μg/
l and increased CRP.

Statistical analysis
The probability of cancer was calculated as the propor-
tion of patients registered with a new cancer diagnosis
in the DCR during the 3 months of follow-up from the
index date. A chi-squared test and the Wilcoxon rank
sum test were used to test differences between patients
diagnosed with and without cancer. For each abnormal
blood test, the likelihood ratio (LR) of cancer was calcu-
lated. The post-test probability of cancer was calculated
in each interval for all abnormal blood tests using Bayes’
theorem [33]. Prior odds were calculated from the
prevalence of cancer in the study population (pre-test
probability of cancer). For abnormal blood tests, effect
measure modification of age (18–64 years old or
≥65 years old) and gender was calculated for the LR of
cancer. Only blood tests with an LR of cancer exceeding
1.0 for the total study population and with abnormal re-
sults in at least 100 patients were included to ensure
reasonable statistical precision. The post-test probability
of cancer in patients with different numbers of abnormal
blood tests was calculated for five different intervals (0,
1–2, 3–5, 6–8 and ≥9 abnormal blood test results). The
95% confidence intervals (CI) were calculated assuming
exact binomial distribution. Data analysis was conducted
using Stata Statistical Software version 14.

Results
Study population
A total of 1654 blood test panels were requested by GPs,
and 1499 (90.6%) patients complied with the inclusion
criteria (Fig. 1). After 3 months of follow-up, 183 pa-
tients (12.2%) were diagnosed with cancer (Table 2).
These patients were more likely to be older and male
than patients not diagnosed with cancer. The most fre-
quently diagnosed malignancies were lung cancer, colo-
rectal cancer, haematological cancers, prostatic cancer
and pancreatic cancer (Additional file 2). The tumour
stage (local vs. regional/distant) was local in 29/88 of pa-
tients (33%) diagnosed with solid cancer (the tumour
stage was missing in the DCR for 64 patients diagnosed
with solid cancer).

Abnormal blood test results and post-test probability of
cancer
The median number of abnormal blood tests was 7
(interquartile interval (IQI): 4–10) for patients diagnosed
with cancer and 3 (IQI: 1–6) for patients not diagnosed
with cancer (p < 0.001) (data not shown). There was a
markedly increased probability of cancer with six or
more abnormal blood tests (probability of cancer6–8 ab-

normal blood tests = 25.5% and probability of cancer ≥9 abnor-

mal blood tests = 35.4%); less than two abnormal blood
tests lowered the post-test probability of cancer (Fig. 2).
The most frequent abnormal blood tests among cancer

patients were high inflammatory markers (CRP or
erythrocyte sedimentation rate (ESR)), high monocyte
count, anaemia, low lymphocyte count, hypo-
albuminaemia and high alkaline phosphatase (Table 3).
Twenty-five of the blood tests had an estimated LR of

cancer above 1.0 when abnormal (Table 3), which re-
sulted in post-test probabilities of cancer ranging from
13.4 to 44.4%. The highest post-test probability of cancer
was found in patients with high human chorionic go-
nadotropin (hCG) (44.4%), high M protein (37.4%) or
high cancer antigen 125 (CA-125) (36.8%). In men with
high hCG and women with high CA-125, the predomin-
ant cancer types were of non-gonadal origin.
Besides abnormal tumour markers, cancer was seen in

more than 25% of patients with high bilirubin, low im-
munoglobulin A (IgA), high calcium, high metamyelo-
cyte count, high alkaline phosphatase, high neutrophil
count or low platelet count (Table 3). Among cancer pa-
tients with low IgA, 54% were diagnosed with malignant
plasma cell disorders. For anaemia, the probability of
cancer varied between the different anaemia types; the
highest post-test probability of cancer was found among
patients with either CIIDA (28%) or inflammatory an-
aemia (28%).
For high calcium and inflammatory anaemia, the LR of

cancer was most markedly increased in patients aged
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Table 1 Definition of abnormal blood test results for the 28 included blood tests

Blood test interval Reference group Definition of abnormal result

Inflammation

CRP High All ≥8.0 mg/l

ESR High Men under 50 years old
Men 50 years or older
Women under 50 years old
Women 50 years or older

≥ 15 mm/h
≥ 20 mm/h
≥ 20 mm/h
≥ 30 mm/h

Immunology

IgA Low All < 0.8 g/l

High Under 50 years old
50 years or older

> 3.90 g/l
> 4.90 g/l

IgG Low All men, and women 50 years or older
Women under 50 years old

< 6.1 g/l
< 6.9 g/l

High All men, and women 50 years or older
Women under 50 years old

> 14.9 g/l l
> 15.7 g/l

IgM Low All men, and women 50 years or older
Women under 50 years old

< 0.39 g/l
< 0.55 g/l

High All men, and women 50 years or older
Women under 50 years old

> 2.08 g/l
> 2.30 g/l

Haematology

White blood cell count Low All < 3.5 × 109/l

High All > 10.0 × 109/l

Neutrophil count Low All < 2.0 × 109/l

High All > 7.0 × 109/l

Eosinophil count High All ≥ 0.5 × 109/l

Basophil count High All ≥ 0.10 × 109/l

Metamyelocyte count High All ≥ 0.05 × 109/l

Monocyte count Low All < 0.2 × 109/l

High All > 0.7 × 109/l

Lymphocyte count Low All < 1.3 × 109/l

High All > 3.5 × 109/l

Platelet count Low Men
Women

< 145 × 109/l
< 165 × 109/l

High Men
Women

> 350 × 109/l
> 400 × 109/l

Anaemia

Haemoglobin Low Men
Women

< 8.3 mmol/l
< 7.3 mmol/l

Liver and metabolism

Albumine Low Under 70 years old
70 years or older

< 36 g/l
< 34 g/l

Alkaline phosphatase High All > 105 U/l

ALK High Men
Women

> 70 U/l
> 45 U/l

Bilirubin High All > 25 μmol/l

Amylase High All > 120 U/l

Calcium total High All > 2.55 mmol/l

LDH High Under 70 years old
70 years or older

>205 U/l
>255 U/l

Uric acid High Men >0.48 mmol/l
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Table 1 Definition of abnormal blood test results for the 28 included blood tests (Continued)

Blood test interval Reference group Definition of abnormal result

Women under 50 years old
Women 50 years or older

>0.35 mmol/l
>0.40 mmol/l

Tumour markers

M protein High All ≥ 2.0 g/l

sFLC ratio Low All < 0.26

High All > 1.65

AFP High All ≥ 7 KU/l

PSA High Men under 60 years old
Men between 60 and 69 years old
Men 70 years or older

≥ 3.0 μg/l
≥ 4.0 μg/l
≥ 5.0 μg/l

hCG High Men ≥ 2 IU/l

CA-125 High Women ≥ 35 kIU/l

The blood tests were divided into intervals according to the reference range used at the Department of Clinical Chemistry at Silkeborg Regional Hospital
Abbreviations: CRP C-reactive protein, ESR erythrocyte sedimentation rate, IgA immunoglobulin A, IgG immunoglobulin G, IgM immunoglobulin M, ALT alanine
aminotransaminase, LDH lactate dehydrogenase. sFLC serum-free light chain κ/λ ratio, AFP alpha-fetoprotein, PSA prostate-specific antigen, hCG human chorionic
gonadotropin, CA-125 cancer antigen 125

Fig. 1 Application of exclusion criteria
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less than 65 years (high calcium: LR of cancerage group

18–64 years = 7.3 vs. LR of cancerage group ≥ 65 years = 1.7 and
inflammatory anaemia: LR of cancerage group 18–64

years = 4.4 vs. LR of cancerage group ≥ 65 years = 1.9)
(Additional file 3). Gender had no significant influ-
ence on the LR of cancer (Additional file 3).
Table 4 shows the post-test probability of cancer for

combinations of two abnormal blood tests. All combina-
tions resulted in a more than twofold increased prob-
ability of cancer, especially combinations of two
abnormal blood tests including high calcium.

Discussion
Main findings
This study is the first to quantify the diagnostic value of
routine blood tests in patients referred from general
practice through an urgent referral route for patients
with non-specific serious symptoms. Twelve percent of
patients referred by the GP were diagnosed with cancer.
The probability of cancer increased with a growing num-
ber of abnormal blood tests, and combinations of two
abnormal blood tests indicated a 23–62% probability of

cancer. For single blood tests, a number of specific ab-
normal test results yielded a high probability of cancer,
but most single-test results yielded only a small increase
in the post-test probability of cancer.

Comparison with previous studies and discussion of
findings
In our study population, the risk of cancer was 12%. Our
figure was thus lower than the 16% reported in a previ-
ous study [12]. However, this previous study did not ex-
clude patients who had suffered from cancer within the
past 10 years. The study found that the symptoms with
the highest LR of cancer among patients referred by
their GP was jaundice (LR: 3.9), dysphagia (LR: 3.0) and
lump (LR: 1.9). Still, with the exception of patients pre-
senting with a lump, most of these symptoms were infre-
quent among patients referred by their GP to the triage
function (present in less than 2% of patients). This study
also demonstrated that approximately 60% of patients
examined in the triage function were later referred to
the diagnostic centre by their GP.

Table 2 Baseline characteristics of patients referred by GPs to the panel of blood tests as part of the triage function (n = 1499)

Patients diagnosed with cancer
(n = 183, 12.2%)

Patients not diagnosed with cancer
(n = 1316, 87.8%)

p-value

Age, years

median (IQI) 71 (66–77) 65 (54–75) <0.001a

Gender, n (%)

Male 108 (59.0) 606 (46.0) <0.001b

Female 75 (41.0) 710 (54.0)

Number of valid blood test results (median (IQI))

Men 27 (25–27) 26 (25–27) 0.110a

Women 26 (24–26) 25 (24–26) 0.392a

aWilcoxon rank sum test
bChi-squared test

Fig. 2 Number of abnormal blood tests and probability of cancer. The red line indicates the pre-test probability of cancer
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Table 3 Sensitivity, specificity, likelihood ratio and post-test probability of cancer for the 28 different blood tests

Blood test interval Valid blood
tests (n)

Number of abnormal test
results (n (%))

Sensitivity/
specificity

Likelihood ratio of cancer
(95% CI)

Post-test probability of cancer
(95% CI)†

Inflammation

High CRP 1474 438 (30%) 0.60/0.74 2.4 (2.0; 2.7) 24.7 (21.9; 27.6)

High ESR 1154 375 (32%) 0.61/0.72 2.2 (1.9; 2.6) 23.3 (20.6; 26.3)

Immunology

IgA 1473

Low 46 (3%) 0.08/0.98 3.1 (1.7; 5.7) 30.1 (19.0; 44.2)

High 108 (7%) 0.10/0.93 1.4 (0.9; 2.3) 16.5 (10.9; 24.2)

IgG 1472

Low 78 (5%) 0.08/0.95 1.7 (1.0; 2.9) 19.1 (12.1; 28.8)

High 71 (5%) 0.08/0.96 1.8 (1.0; 3.1) 19.6 (12.2; 30.0)

IgM 1474

Low 114 (8%) 0.13/0.91 1.4 (0.9; 2.1) 16.5 (11.6; 22.9)

High 123 (8%) 0.12/0.92 1.6 (1.0; 2.4) 17.7 (12.2; 24.9)

Haematology

White blood cell count 1486

Low 20 (1%) 0.01/0.99 0.4 (0.1; 2.8) 5.0 (0.7; 28.1)

High 226 (15%) 0.24/0.86 1.7 (1.3; 2.3) 19.5 (15.3; 24.5)

Neutrophil count 1469

Low 56 (4%) 0.02/0.96 0.6 (0.2; 1.6) 7.4 (2.8; 17.8)

High 204 (14%) 0.29/0.88 2.5 (1.8; 3.3) 25.6 (20.7; 31.2)

High eosinophil
count

1469 62 (4%) 0.06/0.96 1.6 (0.9; 3.0) 18.2 (10.6; 29.6)

High basophil count 1468 41 (3%) 0.03/0.97 1.0 (0.4; 2.6) 12.6 (5.4; 26.5)

High metamyelocytes 1468 161 (11%) 0.24/0.91 2.5 (1.9; 3.5) 26.1 (20.5; 32.7)

Monocyte count 1468

Low 13 (1%) 0.06/0.99 0.6 (0.1; 4.7) 7.9 (1.1; 39.7)

High 473 (32%) 0.51/0.70 1.7 (1.4; 2.0) 19.1 (16.6; 21.9)

Lymphocyte count 1469

Low 360 (25%) 0.42/0.78 1.9 (1.6; 2.3) 20.8 (17.7; 24.4)

High 42 (3%) 0.02/0.97 0.8 (0.3; 2.2) 9.8 (3.8; 23.2)

Platelet count 1481

Low 72 (5%) 0.10/0.96 2.4 (1.5; 4.0) 25.1 (16.7; 35.8)

High 210 (14%) 0.25/0.87 2.0 (1.5; 2.6) 21.5 (17.0; 26.8)

Anaemia

Low haemoglobin 1482 428 (29%) 0.48/0.74 1.8 (1.5; 2.2) 20.1 (17.4; 23.1)

Iron deficiency anaemia 1470 83 (6%) 0.08/0.95 1.4 (0.8; 2.5) 16.7 (10.4; 25.9)

Anaemia, other causes 1452 145 (10%) 0.11/0.89 1.1 (0.7; 1.7) 12.9 (8.7; 18.7)

Combined anaemia 1452 25 (2%) 0.04/0.98 2.8 (1.2; 6.7) 28.3 (14.3; 48.2)

Inflammatory anaemia 1452 159 (11%) 0.25/0.91 2.8 (2.1; 3.8) 28.0 (22.2; 34.6)

Liver and metabolism

Low albumin 1494 361 (24%) 0.41/0.78 1.9 (1.5; 2.3) 20.7 (17.6; 24.2)

High ALT 1484 118 (8%) 0.12/0.93 1.7 (1.1; 2.6) 18.7 (13.0; 26.3)

High alkaline phosphatase 1479 257 (17%) 0.37/0.85 2.5 (2.0; 3.2) 26.0 (21.8; 30.7)

High bilirubin 1479 38 (3%) 0.07/0.98 3.3 (1.7; 6.4) 31.5 (19.1; 47.2)
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A recent Danish study of patients referred by their GP
for diagnostic workup at a diagnostic centre found pro-
portions of anaemia, high ESR and alkaline phosphatase
in patients who were later diagnosed with cancer that
were similar to those reported in our study [34]. This
study used the same cut-points as our study, and the au-
thors found a LR of cancer of 1.8 among patients with
anaemia, a result that is very similar to our findings.
The prevalence of inflammatory anaemia in cancer pa-

tients has been reported to range between 30 and 77%
[35]. In line with this finding, we demonstrated a high
probability of cancer among patients with inflammatory
anaemia. We are unaware of other publications that

explore the value of inflammatory anaemia in cancer
diagnostics.
The association between hypercalcaemia and malig-

nant disease is well established in both primary and sec-
ondary care studies. A UK case-control study in primary
care found that even mild hypercalcaemia had a PPV for
cancer of 11.5% in men and 4.1% in women [29]. In our
study, 27% of patients with hypercalcaemia were diag-
nosed with cancer; the risk was even higher in hypercal-
caemic patients with high levels of one of the following:
lactate dehydrogenase (LDH), alkaline phosphatase,
white blood cell count, CRP or platelet count. Even
though the prevalence of cancer is much lower in

Table 3 Sensitivity, specificity, likelihood ratio and post-test probability of cancer for the 28 different blood tests (Continued)

Blood test interval Valid blood
tests (n)

Number of abnormal test
results (n (%))

Sensitivity/
specificity

Likelihood ratio of cancer
(95% CI)

Post-test probability of cancer
(95% CI)†

High amylasec 1070 51 (5%) 0.04/0.95 0.9 (0.4; 2.0) 10.7 (5.0; 21.7)

High calcium 1484 119 (8%) 0.18/0.93 2.8 (1.9; 4.0) 27.7 (21.0; 35.7)

High LDH 1429 160 (11%) 0.22/0.90 2.3 (1.6; 3.1) 23.9 (18.5; 30.4)

High uric acid 1484 119 (8%) 0.09/0.92 1.1 (0.7; 1.9) 13.4 (8.6; 20.4)

Tumour markers

High M-proteinc 1050 33 (3%) 0.09/0.98 4.3 (2.2; 8.4) 37.4 (23.3; 54.0)

sFLC ratio 1455

Low 30 (2%) 0.05/0.98 2.6 (1.2; 5.8) 26.7 (12.3; 45.9)

High 201 (14%) 0.16/0.87 1.2 (0.8; 1.7) 13.9 (9.5; 19.5)

High AFP 1446 159 (11%) 0.10/0.89 0.9 (0.6; 1.4) 11.0 (7.2; 16.4)

High PSAa 694 97 (14%) 0.24/0.88 1.9 (1.3; 2.9) 21.1 (15.1; 28.6)

High hCGa 684 37 (5%) 0.18/0.97 5.8(3.1; 10.6) 44.4 (30.3; 59.6)

High CA-125b 769 93 (12%) 0.39/0.91 4.2 (2.9; 6.1) 36.8 (28.7; 45.7)

Abbreviations: ESR erythrocyte sedimentation rate, CRP C-reactive protein, IgA immunoglobulin A, IgG immunoglobulin G, IgM immunoglobulin M, ALT alanine
aminotransaminase, LDH lactate dehydrogenase, sFLC serum-free light chain κ/λ ratio, AFP alpha-fetoprotein, PSA prostate-specific antigen, hCG human chorionic
gonadotropin, CA-125 cancer antigen 125
†The pretest probability of cancer was 12.2%; a likelihood ratio of >1.0 increased the probability of cancer. aPSA and hCG were only performed in men
bCA-125 was only performed in women
cAs the reference range was changed for M protein and amylase during the inclusion period by the Department of Clinical Chemistry at Silkeborg Regional
Hospital, we did not include test results for these blood tests after this change

Table 4 Post-test probability of cancer for combinations of two abnormal blood tests

High LDH High alkaline phosphatase Thrombocytosis High WBC count High CRP Anaemia

Hypercalcaemia 62.8 (38.3; 82.1)
(n = 16)

46.6 (32.2; 61.7)
(n = 39)

46.8 (30.4; 63.9)
(n = 30)

47.1 (31.7; 63.2)
(n = 34)

42.6 (31.5; 54.5)
(n = 62)

34.1 (22.0; 48.6)
(n = 44)

Anaemia 26.2 (17.5; 37.2)
(n = 69)

29.9 (22.6; 38.3)
(n = 111)

23.9 (17.7; 31.4)
(n = 126)

28.5 (20.0; 39.0)
(n = 77)

28.9 (23.8; 34.6)
(n = 200)

High CRP 36.6 (26.4; 48.1)
(n = 67)

34.5 (28.0; 41.7)
(n = 145)

30.3 (23.8; 37.6)
(n = 138)

26.6 (20.7; 33.5)
(n = 149)

High WBC count 34.6 (20.6; 52.8)
(n = 29)

27.8 (19.3; 38.3)
(n = 76)

28.7 (20.4; 38.6)
(n = 84)

Thrombocytosis 37.8 (21.2; 57.7)
(n = 24)

26.4 (17.4; 37.9)
(n = 65)

High alkaline phosphatase 30.9 (21.3; 42.4)
(n = 66)

The post-test probability of cancer is shown in each cell with the 95% CI shown in parenthesis. The number of patients with each combination is shown at the
bottom of each cell. Pre-test probability of cancer: 12.2%
Abbreviations: LDH lactate dehydrogenase, CRP: C-reactive protein, WBC count white blood cell count
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primary care, the results highlight the importance of
hypercalcaemia in cancer diagnostics. Still, as hyper-
calcaemia has been associated with poor prognosis in
cancer patients, its occurrence may be a sign of ad-
vanced disease [36]. The diagnostic value of hypercal-
caemia in early cancer diagnostics may accordingly be
limited.

Strengths and limitations
Key strengths of this study were the large number of pa-
tients who were included and the prospective data col-
lection combined with a standardised panel of blood
tests that remained the same throughout the study
period. Furthermore, quantification of the diagnostic
value of blood tests in a patient population suspected of
having a wide variety of diseases increases the usefulness
of the results in clinical practice.
The specific identifier was unique for the panel of

blood tests. Consequently, the specificity of this
method for identifying referred patients was high.
However, it was not possible to use the specific iden-
tifier if GPs had not installed the latest version of the
software for handling blood tests when ordering on-
line. Thus, we may have missed some patients, espe-
cially at the beginning of the inclusion period.
Additionally, GPs were allowed to deselect actively
blood samples (including the specific identifier). We
had no method to estimate the number of patients
who were missed due to deselection of blood samples,
but we consider such deselections to be rare.
The register data are generally considered valid and

complete as information in the DCR is continuously up-
dated based on national registries, and the records have
been shown to be highly accurate [15]. The same applies
to the LABKA system, which includes all clinical informa-
tion on blood test results in the Central Denmark Region.
We used a follow-up period of 3 months as we wanted to
include the incident cancers that had caused the symp-
toms that made the GP request the blood test panel. This
follow-up interval was based on a marked decline in the
number of patients registered with a new cancer 3 months
after the index date (12 patients were diagnosed with a
new cancer 4–6 months after the index date, and 15 pa-
tients were diagnosed with a new cancer 7–12 months
after the index date). However, we had no information on
reasons why the patients encountered their GP, and some
cancer types, such as prostate cancer, may have acciden-
tally been diagnosed using a standardised blood test panel.
Still, non-specific symptoms may be features of several
cancer types, including prostate cancer [37, 38]. Further-
more, GPs interpreted the results of the blood test panel
based on the patients’ medical history and clinical find-
ings, and decided on further diagnostic tests accordingly.
However, we are not able to reject the possibility that

using multiple blood tests may have caused accidental
diagnosis of some of the cancers in the study.
An important misclassification of blood test results

may be due to other known diseases. We did not
include information about known comorbidity or sever-
ity of disease in patients that may have caused some of
the blood tests to be abnormal. Furthermore, we studied
the diagnostic value of blood tests when the test results
were abnormal compared to the reference range of the
Department of Clinical Biochemistry. Thus, the refer-
ence values of our test panel were not specific for can-
cer. More research is needed to evaluate the importance
of earlier blood test results and identify appropriate cut-
off values for cancer diagnosis.
We used a simple diagnostic algorithm to define sub-

types of anaemia [31] although more complex algo-
rithms for establishing the cause of anaemia have been
reported [32]. Still, a ferritin level below 30 μg/l has high
diagnostic accuracy for iron-deficiency anaemia [30, 31,
39]. However, under inflammatory conditions, the serum
ferritin level may be a poor marker of iron stores, and
other laboratory markers may thus be required (e.g. sol-
uble transferrin receptor or ferritin index). Still, as no
universally accepted diagnostic algorithm allows
differentiation between CIIDA and inflammatory an-
aemia [32], we used an algorithm that is clinically applic-
able for GPs.

Implications for clinical practice
The purpose of the blood test panel is to enable GPs
to make fast clinical decisions on further diagnostic
workup for patients with non-specific serious symp-
toms of disease. We found that the information
derived from a number of specific abnormal blood
tests markedly increased the probability of finding
cancer, although none of the abnormal blood tests
were specific to cancer.
Our findings suggest that further diagnostic investiga-

tions for cancer are warranted especially in patients with
multiple abnormal blood test results and in patients with
certain combinations of abnormal test results. While
specific abnormal blood tests may be highly predictive of
cancer (e.g. high hCG, M protein or high bilirubin), sin-
gle abnormal test results seem to be of little value in
cancer diagnostics. Still, the risk of cancer is high among
patients referred to the triage function. Therefore, given
the non-specificity of the blood tests, GPs should not
hesitate to refer patients for further investigation if no
obvious explanation is present for patients’ symptoms
after the triage function.
Apart from cancer, GPs may consider other nonmalig-

nant conditions, especially in combination with the im-
aging results that form part of the triage function. Our
results emphasise the importance of strong interaction
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and integration between primary and secondary care re-
garding diagnostic pathways for these patients.

Conclusion
Relatively few abnormal blood tests increased the risk of
cancer in patients referred to the triage function. Spe-
cific combinations of two abnormal blood tests increased
the risk of cancer, but most of these combinations were
rarely present. The blood test panel should be inter-
preted with caution if cancer is suspected. Further diag-
nostic workup is warranted if no obvious explanation for
a patient’s symptoms is found after the triage function.
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Additional file 1: An overview of the blood tests used in the triage
function at Silkeborg Regional Hospital. Forty-eight different blood tests
were used in the triage function. The highlighted blood tests represent
the 28 blood tests included in the present study. Abbreviations: CRP: C-
reactive protein; ESR: erythrocyte sedimentation rate; IgA: immunoglobu-
lin A; IgG: immunoglobulin G; IgM: immunoglobulin M; MCHC: mean
corpuscular haemoglobin concentration; ALT: alanine amino-
transaminase; INR: international normalised ratio; LDH: lactate dehydro-
genase; TSH: thyroid-stimulating hormone; HBA1C: glycated haemoglo-
bin; sFLC: serum-free light chain κ/λ ratio; AFP: alpha-fetoprotein; hCG:
human chorionic gonadotropin; PSA: prostate-specific antigen; CA-125:
cancer antigen 125; ANA: antinuclear antibody. (XLSX 10 kb)

Additional file 2: Cancer types (n = 183 patients). *: Haematological
cancers included 12 patients with lymphoma, 12 patients with malignant
plasma cell disorders and 8 patients with leukemia.**: “Other cancer
types” refers to cancer types diagnosed in less than five patients and
included the following cancer types: bladder cancer, breast cancer,
central nervous system cancer, female reproductive cancer, head and
neck cancer, soft tissue cancer and malignant melanoma. (PDF 150 kb)

Additional file 3: Effect measure modification of gender and age on
likelihood ratio of cancer. Pre-test probability of cancer: All patients =
12.2%; age-group 18–64 years = 5.9%, age-group ≥65 years = 18.0%,
males = 15.1%, and females = 9.6%. Abbreviations: CRP: C-reactive protein,
ESR: erythrocyte sedimentation rate; ALK: alanine aminotransaminase.
(XLSX 14 kb)
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