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Chapter 1

GENERAL INTRODUCTION
Persistent lower abdominal complaints in primary care
Lower abdominal complaints such as abdominal pain, rectal bleeding and altered defecation
pattern are complaints that are frequently presented to general practitioners (GPs). 7.3% of all
consultations in general practice in the Netherlands is related to GI symptoms: an estimated
300.000 patients annually.1 Half of these patients have symptoms of the lower GI tract. In
up to 50%, symptoms persist more than 2 weeks.2–4 For the average primary care practice,
this means 45 new patients with persisting lower intestinal complaints annually. Most of
the lower GI complaints are caused by a functional bowel disorder (FBD). The prevalence
of organic bowel disease (OBD), including colorectal cancer (CRC) and inflammatory bowel
disease (IBD), in primary care patients with lower abdominal complaints is approximately
7%.2–4 The GP faces the challenge to accurately discriminate between FBD and OBD, and
timely refer the latter to secondary care.

Functional bowel disease (FBD)
The irritable bowel syndrome (IBS) is the most prevalent FBD. In the Dutch population 15
to 20% of women and 5 to 20% of men are affected.5 In the period of 1998 to 2006 the
incidence in primary care was 2-3 per 1000 persons per year for men and 6-7 per 1000
per year for women. The prevalence was 4 per 1000 and 10 per 1000, respectively.5 IBS is
characterized by recurrent abdominal pain or discomfort that is accompanied by altered
bowel habits. Several criteria have been developed to diagnose IBS in primary care patients
with lower abdominal complaints (Table 1) but the usability in practice seems limited. IBS
may have a large impact on quality of life of patients and often last several decades. In the
Netherlands an estimated 90% of patients with IBS are treated in primary care, in England
this is estimated to be around 66%.5,6 Treatment of IBS focuses on reassuring the patient and
reducing the burden of the complaints. Patients are explained the importance of a healthy
lifestyle, such as sufficient physical activity, high fiber diet and avoidance of stress factors.
The efficacy of symptom-targeted medication is limited.5,6 IBS also puts a heavy economic
burden on patients, the healthcare system and employers.7 IBS is a debilitating disorder but
is not associated with an increased mortality. Patients with IBS have a slightly increased risk
of coeliac disease, but a comparable risk of other organic bowel diseases compared with the
general population.5

Organic bowel disease (OBD)
OBD represents a group of bowel diseases, such as inflammatory bowel disease, diverticulitis
and CRC. Inflammatory bowel disease (IBD) brings together a cluster of chronic idiopathic,
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Table 1: Diagnostic criteria for IBS.

a
b

Manning Criteria (1978)

Kruis Criteriaa (1984)

Rome III Criteriab (2006)

Pain relief with bowel
movements
Looser stool with pain
More frequent bowel
movements with pain
Abdominal distention
Mucus per rectum
Feeling of incomplete
evacuation

Patients fills out:
1. Did you come because of abdominal pain?
Do you suffer from flatulence?
Do you suffer from irregularities of bowel
movements?
2. Have you suffered from your complaints for
more than two years?
3. How can your abdominal pain be described:
burning, cutting, very strong, terrible, feeling
of pressure, dull, boring, not so bad?
4. Have you ever noticed alternating
constipation and diarrhea?
Physician fills out:
1. Abnormal findings and/or history
pathognomonic for any diagnosis other than
IBS
2. ESR > 20 mm/2 h
3. Leukocytosis (>10 000/cm)3
4. Hemoglobin: female, <12 g/dl; male, < 14 g/
dl
5. History of blood in stool

> 3 days/month in the last
3 months continuous or
recurrent symptoms with
symptom onset at least 6
months prior to diagnosis:
Abdominal pain or
discomfort
Plus:
>= 2 of the following:
Improvement with
defecation
Onset associated
with a change in
frequency of stool
Onset associated with
a change in form
(appearance) of
stool

Questions not associated with a score are left out.
Latest version of the Rome Criteria. Rome I and Rome II Criteria not shown.

relapsing inflammatory disorders of the gastrointestinal tract, such as Crohn’s disease
and ulcerative colitis. Patients with IBD may suffer from abdominal pain, diarrhea, rectal
bleeding and mucal discharge. The annual incidence of IBD is low: 0.3 per 1000 persons, with
a prevalence of 1.3 per 1000.1 Patients that are suspected of having IBD should be referred
by their GP to secondary care for additional endoscopic and histological investigations.8
Therapy focuses on reducing the inflammation by induction therapy (medical or surgical) and
maintaining remission by maintenance therapy. Improving nutritional status and quality of
life are also key elements of IBD treatment. IBD is associated with intestinal disease-related
complications such as intestinal stricture and fistula formation, small bowel obstruction,
toxic megacolon, CRC and malnutrition. Over 50% of people with Crohn’s disease need
surgery within 10 years of diagnosis.9 IBD influences quality of life on social, psychological
and physical dimensions. Mortality for UC patients is considered on average not higher than
in the general population. Mortality for patients with CD is slightly raised, mainly due to
infections and GI disorders, other than the CD itself. Mortality due to CRC is raised for both
UC and CD patients in younger age categories, but overall CRC mortality is the same as in
the general population.8
Diverticulitis is an infective complication of diverticular disease, an expulsion of the bowel
wall occurring in most people older than 50 years. Diverticulitis presents with pain in the
lower left abdomen, no history of vomiting and C-reactive protein levels are above 50
9
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mg/L.10 The annual incidence of diverticulitis is 0.7 per 1000 persons and the prevalence
1.3 per 1000.1 Of patients who develop diverticulitis, 15% to 20% will develop significant
complications,11–13 such as peritonitis, abscess, enteric fistula, and/or stricture formation.
Uncomplicated diverticulitis is treated with lifestyle and dietary advice. Complicated
diverticulitis with infiltration needs to be treated with antibiotics and, in case of abscess
formation, with drainage. In case of peritonitis, emergency surgery is needed, when fistula or
stenosis occurs elective surgery.14 Diverticulitis significantly contributes to healthcare costs
in Western societies.15,16 Mortality in patients with uncomplicated diverticulitis is rare and
conservative treatment is successful in 70%-100% of patients.17 In patients with complicated
diverticulitis undergoing surgery, the mortality rate ranges from 0.6% to 20%.18–24
Cancer from the rectum and colon (CRC) originates mostly from small, noncancerous
(benign) tumours called adenomatous polyps that form on the inner walls of the large
intestine. Some of these polyps (about 5% of them) may grow into malignant cancers over
time if they are not removed during colonoscopy. The annual incidence and prevalence
of CRC is 0.3 per 1000 and 0.9 per 1000 persons, respectively.1 CRC is the second most
common malignancy in Western societies and the second leading cause of death related
to cancer.25 CRC largely can be prevented by the detection and removal of adenomatous
polyps and survival is significantly better when CRC is diagnosed while still localized.26
Diagnosis is usually made by colonoscopy. Treatment consists of surgery (or when localized
in an adenomatous polyp, by polypectomy), chemotherapy or radiotherapy, depending of
the stage of the disease. Survival after treatment of CRC depends on the pathologic stage
at presentation.27 In 2011, 5.088 persons died of colorectal cancer in the Netherlands.28
Although large (>1 cm) adenomatous polyps are often asymptomatic, they have substantial
risk of developing into CRC.29,30 A barium enema study has shown the cumulative risk of
malignancy at 5, 10, and 20 years to be 2,5%, 8% and 24%.31

The diagnostic challenge in primary care
Patients presenting with lower GI symptoms considered at high risk of OBD should be
referred by the GP for colonoscopy instantly, given the serious consequences of OBD and
the obvious benefit of early detection. FBDs on the other hand should not be referred, as
these patients can be adequately treated in primary care.5 Discriminating OBD from FBDs
in primary care patients with lower GI symptoms without endoscopy, is challenging as the
symptoms and signs of both are mostly non-speficic.32–34 As a consequence, at present at
least 20% of the primary care patients with lower GI complaints is considered at risk for
OBD and referred for colonoscopy.2,4 In the Netherlands this comes down to an estimated
number of 60.000 patients annually.
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As said, endoscopy is the most accurate procedure for diagnosing OBD and is often
considered the golden standard. With colonoscopy, the complete colon and rectum can
be visualized and biopsies can be taken.35 However, at colonoscopy only 20% to 40% of
the referred primary care patients are actually diagnosed with OBD.2,36–39 In addition, the
endoscopic procedure itself also has impact on the patients’ quality of life. Moreover,
colonoscopy carries a small risk of serious complications: 0,1% risk of perforation, and 0,01%
of death.35 Furthermore, the procedure usually requires a day leave from work or school.
Endoscopy is expensive: diagnostic endoscopy services take up to half of the medical costs
of bowel disease management.40 At an average total cost of 350 Euro’s per procedure in the
Netherlands in 2014, total annual costs for GP initiated colonoscopies sum up to 21.000.000
Euros.41
In conclusion, the current diagnostic process in patients with persistent GI complaints
in primary care is suboptimal, resulting in unnecessary, costly referrals for endoscopy in
many individuals, and delayed referrals in others.42 The diagnostic process in primary care
needs improvement. A diagnostic strategy that aids the GP in safely preventing unnecessary
referrals for colonoscopy is needed, certainly when endoscopy resources are limited. In
2014 the colorectal cancer-screening program was introduced in the Netherlands. After full
implementation of this program an additional number of 70.000 screening colonoscopies is
required every year.

Diagnostic tools in primary care
Presently the diagnostic process in primary care patients with lower GI complaints is based
on history and physical examination.36 Diagnostic criteria, such as the Rome criteria for IBS,
may help to rule out OBD but their diagnostic value has not yet been established in primary
care.5,43,44 Biochemical or urine analysis is done in 4-20% of patients.1 But these blood tests,
including erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), haemoglobin
concentration and leukocyte count, have been tested for their potential contribution to
diagnosing or ruling out OBD. By themselves, they were found not to provide sufficient
diagnostic information or may even provide conflicting results.2,5,45
Combining the information from history taking, physical examination and simple laboratory
measurements into a so-called diagnostic decision model, may improve the discrimination
between OBD and FBD in primary care patients with persistent lower GI complaints. Fijten
et al. developed such diagnostic model based on 269 primary care patients presenting with
rectal blood loss. The model had a sensitivity of 100% and specificity of 90% for detection
of colorectal cancer. Application of the model could avoid 90% of the unnecessary referrals
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(24% of participants were referred).46 However, patients with rectal blood loss are a very
selected subgroup of all primary care patients with persistent lower GI complaints.
Muris et al. also developed such model from a cohort study of 933 primary care patients
with upper and lower abdominal complaints, of whom 14,5% had organic GI disease and
2,6% had CRC. Eight factors were identified that independently discriminated organic from
functional disease: male sex, higher age, epigastric pain, a-specific pain, pain affecting sleep,
blood in stool, no pain relief after defecation and abnormal leukocyte count. Five factors
predicted the presence of CRC: male sex, greater age, no specific character to pain, weight
loss and ESR> 20 mm/hour.47 However, the discriminative value of this diagnostic model was
limited, mainly due to the overlapping symptoms of OBD and FBD.
It has been suggested that addition of more novel biomarkers, such as fecal calprotectin
and the immunochemical fecal occult blood test (iFOBT), may improve the discriminative
accuracy of the diagnostic models. Calprotectin, in isolation, has been demonstrated to
have high diagnostic accuracy for discriminating OBD from FGID in secondary care.48,49
Similarly, iFOBTs are widely used and evaluated for colorectal cancer screening purposes in
asymptomatic individuals and may be valuable for the primary care setting as well. Although
both biomarkers seem very promising, the added diagnostic value of calprotectin and iFOBTs
in primary care has not been studied yet.33,34,44,50
In secondary care, diagnostic models using a combination of history taking, physical
examination and additional laboratory measurements have been demonstrated to improve
the diagnostic process. Tibble et al. reported the results of a diagnostic work-up of 602
secondary care patients with lower GI symptoms, of whom 44% had OBD (1% CRC) and 56%
had IBS. The fecal calprotectin test had a sensitivity and specificity for OBD of 89% and 79%.
The sensitivity and specificity of the Rome diagnostic criteria for IBS was 85% and 71%. A
model consisting of a negative calprotectin test, positive Rome IBS criteria and a negative
lactulose intestinal permeability test had a PPV of 97% and a NPV of 61% for identifying
IBS.45
In a secondary care population, however, the incidence and presentation of OBD is different
from the primary care population. In order to improve the diagnostic process and selection
for endoscopy, the development and evaluation of diagnostic models for patients presenting
with lower GI complaints in primary care is required. For this purpose we designed the
CEDAR study: Cost-Effectiveness of a Diagnostic rule for lower Abdominal complaints in
primary caRe.
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The CEDAR study
The CEDAR study is a prospective, cross-sectional, diagnostic study in 266 general practices in
two regions of the Netherlands: central (Gelderse Vallei) and south (Oostelijke en Westelijke
Mijnstreek). Between July 2009 and January 2012, primary care patients consulting their GP
for persistent lower abdominal complaints and considered at risk for OBD were included.
The University Medical Center Utrecht Medical Research and Ethics Committee approved
the study protocol. Patients were eligible if they were at high risk of OBD, defined as lower
abdominal complaints present for at least two weeks in combination with one or more of
the following: rectal bleeding, altered defecation pattern, abdominal pain, fever, diarrhea,
weight loss, a sudden onset in the elderly or findings at physical examination suggestive
of OBD (i.e. palpable abdominal or rectal mass). Patients in the following categories were
ineligible: <18 years old, unable to give informed consent, previously diagnosed with OBD,
or when triple feces testing (TFT) was positive (indicating a parasitic origin of the complaints,
not requiring endoscopy).
Patient recruitment was either at the GP’s office (20%) or directly following referral at the
endoscopy department (80%). Parameters from patient history and physical examination
were assessed by patient and GP questionnaires. Data on quality of life and costs were
collected by patient questionnaires. Biochemical parameters collected were erythrocyte
sedimentation rate, C-reactive protein, hemoglobin, mean corpuscular volume, leukocyte
and anti-tissue transglutaminase (anti-TTG) concentrations. Three fecal biomarkers were
investigated: calprotectin ELISA and point-of-care (POC) test and an iFOBT POC test. The
reference standard was defined as the presence or absence of OBD determined at endoscopy
(i.e. colonoscopy or sigmoidoscopy), as performed by experienced gastroenterologists at
one of three endoscopy centers, taking biopsies if required according to routine clinical
practice. Furthermore, all patients were followed three months after an inconclusive
diagnostic reference procedure to establish a definite diagnosis.

Objectives of the studies presented in this thesis
The objectives of this thesis are to assess the diagnostic value of combination of signs and
symptoms to differentiate between OBD and FBD in primary care patients with persistent
lower GI complaints. Subsequently we assessed the added value of laboratory tests, and
aimed to develop an integrated diagnostic strategy to efficiently exclude or confirm OBD in
these patients. Also, the associated costs and benefits of the new diagnostic strategy are
evaluated.
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Outline of this thesis
All studies but one (Chapter 2) described in this thesis are performed within the CEDAR
study. Chapter 2 is based on data from a pilot study, in which we studied the value of fecal
calprotectin and lactoferrin biomarker tests in isolation for differentiating between primary
care patients suspected of IBD and IBS. In Chapter 3, fecal calprotectin tests are evaluated
with an iFOBT test for their ability to discriminate OBD from non-organic bowel disorders. In
Chapter 4, the value of the Rome III criteria for IBS in/exclusion is assessed. In Chapter 5 an
overview is provided of all yet available diagnostic models for detection or exclusion of CRC
or OBD, which are subsequently tested in the CEDAR study population. Chapter 6 describes
the development and internal validation of a diagnostic model for excluding OBD in primary
care, by using information from history taking, physical examination, laboratory tests and
the fecal biomarker tests described in Chapter 3. In Chapter 7, the associated costs and
benefits of two final diagnostic models are shown in comparison to the costs and benefits of
the current diagnostic strategy. Finally, in Chapter 8, the general discussion, we discuss the
implications of our findings for future studies and clinical practice.
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Abstract
Background
Ruling out somatic bowel disease, such as inflammatory bowel disease (IBD), is an
important goal in the management of abdominal complaints. Endoscopy is commonly used
but is invasive and expensive. Mucosal inflammation in IBD can be detected through fecal
biomarkers, though the present enzyme-linked immunosorbent assay (ELISA) tests require
laboratory facilities. We validated the diagnostic performance of two new fecal rapid tests
(FRTs) for the detection of calprotectin and lactoferrin and assessed their potential to
differentiate IBD from irritable bowel syndrome (IBS).

Methods
The calprotectin and lactoferrin POCs and ELISA tests were performed on the fecal samples
of 114 patients referred for endoscopy, 80% of whom had IBS and 20% IBD, and validated
against the endoscopic diagnosis.

Results
The sensitivity and negative predictive value of the calprotectin POC test were both 100%,
whereas they were 78% and 95%, respectively, for the lactoferrin POC test. The specificity
and positive predictive value were slightly higher for the lactoferrin POC test. Both POC tests
had similar diagnostic accuracy as the corresponding ELISA tests.

Conclusion
We concluded that the calprotectin and lactoferrin POC tests are as good as the ELISA tests
in detecting colonic inflammation. Given their simple use, POC tests can support the noninvasive exclusion of IBD, notably in primary care.
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Introduction
Chronic abdominal complaints are highly prevalent in primary care practice. In the majority
of patients, they have a functional background. Irritable bowel syndrome (IBS) is the
most prevalent functional intestinal condition. Most patients with IBS can be managed
adequately in primary care. Despite expert based diagnostic criteria, such as the Rome
criteria, it remains difficult to differentiate IBS from organic and more severe colonic
abnormalities, such as inflammatory bowel disease (IBD) and even colon carcinoma, using
symptoms and signs only. Existing diagnostic items are insufficient to rule out organic
disorders due to a substantial overlap in symptomatology and other test results with nonorganic or functional diseases.1 Hence, at least 20% of patients with chronic abdominal
complaints are still referred to hospital for invasive tests, such as endoscopy, to rule out
organic disorders.2 In approximately 70% of these referred patients, no severe abnormalities
are found at endoscopy.3 Thus, endoscopy is not indicated in all primary care patients with
chronic abdominal complaints. Less invasive and cheaper diagnostic tests that could more
effectively rule out IBD in primary care patients with chronic abdominal complaints are
needed to reduce the number of unnecessary referrals for endoscopy. Calprotectin and
lactoferrin are degradation products of neutrophil granulocytes in the mucosal layer of the
colon. Neutrophil granulocytes play an important role in the inflammation process in IBD.
Patients suffering from IBD have a larger intestinal permeability than healthy individuals,
resulting in an increased transport of neutrophil granulocytes into the gut.4,5 Granulocytes
reaching the lumen lead to apoptosis, releasing lactoferrin and calprotectin into the gut.6
This explains the increased concentration of calprotectin and lactoferrin in the feces in the
case of inflammation. Both calprotectin and lactoferrin resist enzymatic degradation, in vivo
and in vitro, and show and show a high stability in feces (more than one week at room
temperature).7-10 Bowel inflammation can thus be diagnosed by measuring calprotectin
and lactoferrin in fecal samples, using ELISA methods in the laboratory. Several studies
have demonstrated significantly different concentrations of both biomarkers in the feces
of patients with IBD and with IBS.11-13 Increased fecal concentrations of calprotectin and
lactoferrin after exacerbation of Crohn’s disease and Colitis Ulcerosa can also be measured
by ELISA methods, as well as mucosal healing after the start of treatment for IBD.4,14-18
Unfortunately, ELISA methods to detect fecal biomarkers are relatively time consuming
and expensive. They require laboratory facilities and cannot be performed in the general
practitioner’s office. Recently, two new point-of-care or fecal rapid tests (FRT) for calprotectin
and lactoferrin have been developed, that can support non-invasive differentiation of
colonic inflammation from other (functional) diagnoses in primary care patients with
chronic abdominal complaints.
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Our aim was to evaluate the diagnostic accuracy of these two new rapid calprotectin and
lactoferrin fecal tests in assessing colonic inflammation in patients with chronic abdominal
complaints. In addition, the association of the results of the two rapid tests are compared
with the result of calprotectin and lactoferrin ELISA test.

Methods
Design and Patients
This diagnostic study involved a cross sectional design. Consecutive patients with lower
gastro-intestinal abdominal complaints, including bloating, change in defecation frequency
or consistency, or blood and mucus in the feces, referred for endoscopy or sigmoidoscopy
to the endoscopy unit of the Gelderse Vallei Hospital, a major regional hospital in the
Netherlands, were included. Patients younger than 18 years, patients with a history of
colonic surgery and those with iron-deficiency were excluded. All patients referred between
May and June 2007 who met the inclusion criteria were invited by phone to participate.
After consenting, participants were sent a fecal sample tube and an information leaflet
how to collect and store the sample. At the day of endoscopy, patients turned in their fecal
sample and informed consent form. FRTs were performed at the endoscopy unit before
the procedure. Fecal samples were frozen for ELISA determination at a later stage. Both
calprotectin and lactoferrin are reported to be stable at a temperature of -20°C for 3-6
months.19 The study protocol was approved by the local Ethical Committee.

Index tests
The calprotectin rapid test (Prevent ID® CalDetect Preventis, Bensheim, Germany) is a
semiquantitative immunochromatographic test to detect the presence of calprotectin in
feces. The test was performed according to the manufacturer’s instruction (www.preventisonline.de). Briefly, the collection stick of the sample collection device, was dipped in the
fecal sample and then into the extraction buffer of the sample collection device and shaken
thoroughly. This was repeated once. Two drops of the diluted fecal sample were added to the
calprotectin RT device. The diluted feces were allowed to migrate laterally, thus providing
a control line indicating the test worked properly. In the presence of calprotectin, one, two
or three test lines appeared, corresponding with calprotectin concentrations of <15 mg/kg,
between 15 and 60, or >60 mg/kg. In line with instructions of the manufacturer, the test was
evaluated positive when at least the second test line appeared, i.e. concentration ≥15 mg/
kg. The test results were interpreted after 10 minutes.
The lactoferrin Rapid test (IBD EZ VUE™, TECHLAB, Blacksburg, VA, USA) is an
immunochromatographic test for the qualitative detection of lactoferrin. According to the
manufacturer’s instruction (www.techlab.com/product_details), a portion of 0.05 gram
22

Chapter 2

feces was weighted on an analytic balance and mixed with 2.5 ml diluent (10x concentration
of a buffered protein solution containing 0.2% thimerosal). Four drops of this diluted feces
was added to the test device and allowed to migrate on the absorbent strip. If the test
worked properly, a control line appeared. The test result could be read from the test line,
which was positive at concentrations of lactoferrin ≥128 ng/ml. The results were read after
three minutes.
Both Fecal Rapid Tests were performed and interpreted by two of the authors (CO and LK)
at the endoscopy department, before endoscopy.

ELISA test
Fecal calprotectin (Phical test®, CALPRO AS, Norway] and lactoferrin [IBD-SCAN®, TECHLAB,
Blacksburg, VA, USA) concentrations were also measured by ELISA methods.19,20 Both ELISA
tests were carried out by the laboratory staff of the hospital. Until analysis, the fecal samples
were stored at -20°C for a maximum of one month. According to the manufacturer’s cut-off
value, the ELISA calprotectin test was considered positive if the concentration was higher
than 50mg/kg, and for the ELISA lactoferrin test if the concentration was higher than 7.25
mcg/mL.
The two rapid tests and the two ELISA tests were all performed and interpreted without
knowledge of each other results, and blinded for patient history, physical examination and
endoscopy results.

Diagnostic outcome (reference standard)
The outcome of the present study was defined as the presence or absence of IBD. To this
aim, all patients underwent colonoscopy or sigmoidoscopy according to routine procedure,
performed by a gastroenterologist at the endoscopy department. Diagnosis was based
on the endoscopic picture, biopsies were taken if necessary to confirm the diagnosis. The
endoscopists were blinded for the results of the rapid tests and ELISA’s.

Statistical analysis
We calculated for both rapid tests the sensitivity, specificity, positive and negative
predictive values (PPVs and NPVs), and positive and negative likelihood ratio (LR+, LR-) with
95% confidence intervals for the detection of IBD, in comparison with the result of the
colonoscopy or sigmoidoscopy. For the calprotectin rapid test these characteristics were
calculated for the two possible cut-off points, i.e. ≥15 mg/kg and ≥60 mg/kg. This was not
possible for the lactoferrin rapid test, as this is a qualitative test.
We also calculated these diagnostic accuracy parameters for the two ELISA tests using the
standard applied cut-off points of the manufacturer, i.e. above 50 mg/kg for the calprotectin
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ELISA and above 7.25 mcg/ml for the lactoferrin ELISA test. The correlation between the
results of the ELISA tests and the two rapid tests were also assessed, using the Kappa statistic.

Results
In total, 180 consecutive patients referred for colonoscopy or sigmoidoscopy by either the
general practitioner (80%) or the gastroenterologist (20%), were invited to participate in the
study. Of these, 36 refused participation; 144 patients (80%) were included. The endoscopy
procedure had to be aborted in two patients because of discomfort during the procedure.
In addition, three other patients were excluded because they did not have active bowel
complaints at the time of feces collection and endoscopy. From the remaining 139 patients
(77%), a diagnosis at endoscopy was available. In 25 of these patients somatic bowel
disorders other than IBD were diagnosed: polyps (N=16), cancer (N=4) or other (N =5). As
our aim was to study whether the rapid tests could differentiate IBD from IBS we analyzed
the 114 patients (Table 1), of whom 23 were diagnosed IBD (20%) and 91 IBS (80%).
Patients with IBS were elder (mean age 52.3 years) than those with IBD (44.5 years). Of the
patients with IBD 56% presented with rectal bleeding and 87% with diarrhea, compared to
26% resp. 67% of those with IBS.
The sensitivity of the calprotectin FRT was 100% at cut-off point ≥15 mg/kg and 60.6% at
cut off point ≥60 mg/kg (Table 2). The corresponding specificities were 94.5% and 97.8%,
respectively. The PPV for detecting IBD was 82.1% and 87.5% for the cut-off point ≥15
and ≥60 mg/kg, respectively, and NPV 100% and 90.8%. For the lactoferrin rapid test the
sensitivity was 78%, specificity 99%, and the PPV and NPV both 94.7%.
The sensitivity of the calprotectin and lactoferrin ELISA tests were 95.7% and 78.3%, with
specificities 86.8% and 90.1%, respectively. The PPV for diagnosing IBD was 64.7% for the
calprotectin ELISA, and 66.7% for the lactoferrin ELISA, with NPVs of 98.8% and 94.3%,
respectively.
The correlation between the calprotectin and lactoferrin rapid test showed a kappa statistic
of 0.76 (Table 3), whereas this was 0.67 between the two ELISA tests. The correlation between
the lactoferrin FRT and lactoferrin ELISA test was 0.68, and between the calprotectin FRT
and ELISA test 0.69.
Finally the diagnostic performance of the combination of the two FRT’s at endoscopy was
determined (Table 4). If both test results were positive (with calprotectin FRT at cut-off point
≥15 mg/kg) the probability of presence of IBD was 95% (18/19). If the calprotectin test was
positive but the lactoferrin test negative the IBD probability was 44% (4/9). There were no
patients with a positive lactoferrin test and negative calprotectin test, and if both tests were
negative the probability of IBD was also 0%. If either one of the two test was positive, the
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probability of IBD presence was 79% (22/28), and if either one of the two was negative, the
presence of IBD was 4% (4/95).

Table 1. Patients referred for lower GI endoscopy (N=114).
Number of patients
Age (mean, in years)
Women
Symptomatology (N=113)
Rectal bleeding
Constipation
Diarrhea
Pain
Bloating

IBS
91
52.3
49 (53.8)

IBD
23
44.5
12 (52.2)

24 (26.4)
51 (56.0)
61 (67.0)
68 (74.7)
49 (53.8)

13 (55.8)
8 (34.8)
20 (87.0)
17 (73.9)
16 (69.6)

Patient characteristics and presenting symptoms are reported in absolute numbers and %.

Table 2. Diagnostic accuracy parameters of the calprotectin and lactoferrin fecal rapid tests
and the two ELISA tests for distinguishing IBS from IBD as determined by colonoscopy or
sigmoidoscopy (N=114 patients).
Calprotectin FRT Calprotectin FRT
(cut-off point
(cut-off
≥15 mg/kg)
≥60 mg/kg)

Lactoferrin FRT

ELISA
calprotectin
(cut-off
>50 mg/kg)

ELISA lactoferrin
(cut-off
>7.25 mg/mL)

Specificity (%)

94.5 (78.1-98.0)

97.8 (91.5-99.6)

99.0 (93.0-99.9)

86.8 (77.7-92.7)

90.1 (81.6-95.1)

Sensitivity (%)

100 (78.1-98.0)

60.6 (38.8-79.5)

78.0 (65.0-92.0)

95.7 (76.0-99.8)

78.3 (55.8-91.7)

PPV (%)

82.1 (62.4-93.2)

87.5 (60.4-97.8)

94.7 (71.9-99.7)

64.7 (46.5-89.0)

66.7 (46.0-82.8)

NPV (%)

100 (94.7-100)

90.8 (82.8-95.5)

94.7 (87.6-98.0)

98.8 (92.3-99.9)

94.3 (86.5-82.8)

LR+

18.2 (7.7-42.7)

27.7 (6.7-113.3)

75.1 (0.5-534.2)

7.3 (4.3-12.4)

7.9 (4.1-15.3)

LR-

0

0.4 (0.2-0.7)

0.2 (0.1-0.5)

0.5 (0.007-0.8)

0.2 (0.1-0.53)

Estimates are provided with 95% confidence intervals. Abbreviations: FRT: fecal rapid test; PPV: positive predictive
value; NPV: negative predictive value; LR+: positive likelihood ratio; LR-: negative likelihood ratio.

Table 3. Correlation between the calprotectin and lactoferrin fecal rapid tests and ELISA
tests results (N=114 patients).

Cohen’s kappa

Calprotectin
FRT vs.
lactoferrin FRT

Calprotectin
ELISA vs.
lactoferrin ELISA

Calprotectin
FRT vs.
calprotectin ELISA

Lactoferrin
FRT vs.
lactoferrin ELISA

0.76

0.67

0.69

0.68

Abbreviation: FRT: fecal rapid test.
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Table 4. Diagnostic performance of the combination of calprotectin and lactoferrin fecal
rapid tests for diagnosing IBD at endoscopy.
IBD +
(N=23)

IBD (N=91)

Total
(N=114)

Calpro FRT+ and lacto FRT+

18 (95%)

1 (5%)

19

Calpro FRT+ and lacto FRT -

4 (44%)

5 (56%)

9

Calpro FRT- and lacto FRT+

0 (0%)

0 (0%)

0

0 (0%)

86 (100%)

86

At least one of the two FRT tests positive

Calpro FRT- and lacto FRT-

22 (79%)

6 (21%)

28

At least one of the two FRT tests negative

4 (4%)

91 (96%)

95

Results are shown for the calprotectin FRT at cut-off point of ≥15 mg/kg. Abbreviations: Calpro FRT: calprotectin
fecal rapid test; Lacto FRT: lactoferrin fecal rapid test; +: positive result; -: negative result.

Discussion
Recently introduced rapid tests for the detection of calprotectin and lactoferrin in fecal
samples have a good diagnostic performance to differentiate patients with IBD from those
with IBS, which is at least comparable to that of the ELISA tests. The calprotectin rapid
test (at the cut-off value of ≥15 mg/kg) seem to have better diagnostic accuracy than the
lactoferrin rapid test, notably to rule out IBD, viewing the higher sensitivity and NPV and the
lower negative likelihood ratio. Addition of the lactoferrin rapid test result did not improve
the exclusion of IBD; in our study a negative calprotectin test correctly ruled out IBD already.
The mission of the GP is to select those patients who require specialist attention because of
a high risk of serious disease. If the GP performs this gatekeeper function adequately, the
referred population will have a high risk for severe gastrointestinal (GI) disease, while the
risk in the non-referred group will be below average. Ruling out IBD is the most important
diagnostic goal in patients with non-alarming abdominal complaints, especially in case of
diarrhea predominant complaints. A fecal biomarker test can support the GP in this selection
process, as in many countries the primary care physician is the first to encounter patients
with these symptoms. The calprotectin rapid test could be particularly useful as an initial
test to rule out IBD in subjects with chronic lower abdominal complaints, and thus to limit
the number of (unnecessary) referrals for endoscopy.
To our knowledge, this is the first study to quantify the accuracy of the rapid fecal tests
for discriminating IBD (usually diagnosed with endoscopy) from IBS. Hence, we specifically
included patients referred for endoscopy for suspicion of presence of IBD, to determine to
what extent the tests can discriminate between IBD and IBS. Accordingly, we also included
in this initial study patients referred for endoscopy by the gastroenterologist. A substantial
number of the patients referred for endoscopy by their GP had rectal blood loss as part
of their abdominal complaints. Rectal blood loss can be indicative for colorectal cancer
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and IBD. This was probably one of the main reasons for the GP to consider referral, even
though the predictive value of rectal blood loss for colorectal cancer in primary care is low.21
Of those patients who had IBD at endoscopy, more than half had rectal blood loss as a
presenting symptom. Of those who were diagnosed as having IBS after a normal endoscopy,
26.4% had rectal blood loss as a presenting symptom. Hemorrhoids, which are reported to
be prevalent in 20% of patients with IBD,22 are the most likely explanation for this blood loss.
A strong point of our study – and in line with STARD (Standards for reporting of diagnostic
accuracy studies) guidelines - is that we included patients on their indication of referral or
indication of endoscopy rather than on their true presence or absence of IBD. However,
the rapid tests are as said, particularly useful in a primary care setting to be applied to all
patients with non-alarming chronic colonic complaints. Given the promising results of the
present study in referred patients with IBS and IBD only, we believe it is timely to quantify
the accuracy and cost-effectiveness of the calprotectin test in a primary or family care
population. Such study should preferably be larger to allow for a more precise estimation
(i.e. with smaller confidence intervals) of the diagnostic accuracy parameters, notably the
sensitivity, NPV, and negative likelihood ratio. It is very likely that in the primary care setting
the prevalence of IBD and organic disorders will be lower than in our referred population.
As found for other disorders, this would potentially result in higher NPV and sensitivity, and
lower negative likelihood ratio.23
A number of studies also have reported changes in fecal calprotectin and lactoferrin in
patients with colorectal cancer and polyps.24 In a meta-analysis, the pooled sensitivity and
specificity of (non-rapid) fecal calprotectin for diagnosing colorectal neoplasia was 36%
and 71% respectively.15 Hence, subsequent studies should not only quantify the ability
of these rapid tests to exclude IBD from IBS, but rather on their accuracy to discriminate
between organic disorders (including diverticulitis and cancer) and functional disorders.
Many guidelines recommend an age threshold for a safe non-endoscopic diagnosis of IBS,
usually >50 years.25,26 In subsequent studies, the diagnostic contribution of other patient
characteristics (age), (blood) test results (such as fecal occult blood test) and lifestyle habits
should be taken into account.
Some studies reported factors that may influence the diagnostic capacity of biomarker
tests: marginally elevated fecal calprotectin concentrations in patients with physical
inactivity, obesity and increasing age, a lower concentration in the care of high fiber intake
and vegetable consumption and considerable day-to-day variability in some patients.27
The diagnostic value of calprotectin may be limited in patients with collagenous colitis, as
up to 40% of the patients with active collagenous colitis are reported to have a normal
calprotectin excretion.28
Hence, subsequent studies should not only quantify the value of rapid tests in isolation, but
rather in combination with, e.g., the Rome III criteria, family and medical history, physical
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examination and blood test results.29 Such analysis could result in a multivariable diagnostic
model to differentiate between functional and somatic bowel disease without endoscopy.30
As in all diagnostic tests, the procedure and interpretation of the FRTs need proper instruction,
and performance improves with experience. This could interfere with the application of
the test in primary care because the tests may be used less frequently than in a hospital
setting. We experienced some minor problems with the procedure of the rapid tests. The
calprotectin FRT yielded some interpretation problems, as the brightness of the test lines
may vary. Although the reading of the lactoferrin FRT is easier than of the calprotectin FRT,
the test procedure for calprotectin is easier because less laboratory devices are required.
In conclusion, in this sample of patients referred for endoscopy, the recently developed fecal
calprotectin and lactoferrin rapid tests have good diagnostic performance, comparable to
that of the more expensive and time-consuming ELISA tests. The calprotectin test shows
better performance to rule out IBD, while the lactoferrin test seems better to detect the
presence of IBD. These rapid tests for fecal biomarkers have a potential role to easily and
non-invasively determine the absence of IBD in patients with chronic colonic symptoms and
signs, that seems ideal for use in primary care. The cost-effectiveness of their use in primary
care is yet unknown and topic for further study.
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Abstract
Background
Fecal biomarker tests that differentiate between organic bowel disease (OBD) and nonOBD in primary care patients with persistent lower abdominal complaints could reduce the
number of unnecessary referrals for endoscopy. We quantified the accuracy of two novel
calprotectin and immunochemical occult blood (iFOB) point-of-care (POC) tests, and a
calprotectin ELISA test in a suspected primary care patient population.

Methods
Biomarker tests were performed on pre-endoscopy fecal samples of 386 patients with lower
abdominal complaints suggestive for OBD. Endoscopic and histological diagnosis served as
the reference standard.

Results
OBD was diagnosed in 99 (prevalence 26%): 19 adenocarcinomas, 53 adenomas and 27
patients with inflammatory bowel disease. Sensitivity for OBD was 0.64 (95% CI: 0.54-0.72)
for the calprotectin POC, 0.56 (0.46-0.66) for the iFOB POC and 0.74 (0.65-0.82) for the
calprotectin ELISA test. Corresponding specificities were 0.53 (0.48-0.59), 0.83 (0.78-0.87)
and 0.47 (0.41-0.53) respectively. Negative predictive values (NPV) were similar for all tests:
0.81 to 0.85; positive predictive values (PPV) varied from 0.32 and 0.35 (calprotectin tests)
to 0.53 (iFOB POC). Combining both POC tests resulted in improved sensitivity (0.79) and
NPV (0.87), but lower specificity (0.49) and PPV (0.35). When adenomas of ≤1 cm - often
considered clinically non-relevant - were considered non-OBD, the NPV of all tests improved
considerably to over 0.90 (combined POC tests even 0.97).

Conclusion
Diagnostic accuracy of the tests alone or combined was insufficient when all adenomas were
considered OBD. However, when only probably symptomatic adenomas (>1 cm) were
considered OBD, all tests were able to rule out OBD to a reasonable extent, especially when
the POC tests were combined. The tests were less useful for the inclusion of OBD.
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Introduction
Abdominal pain, rectal bleeding or altered defecation pattern are complaints frequently
encountered by general practitioners. Most of these complaints have a non-organic
background, with the prevalence of organic bowel disorders (OBD) – including inflammatory
bowel disease (IBD) and colorectal cancer (CRC) – in the primary care patient population
being low at about 7%.1-3 Distinction between OBD and non-organic bowel disorders needs
to be timely and the diagnostic work-up usually aims at not missing OBD patients requiring
subsequent work-up and referral to secondary care. Consequently, given the potential
problems of missing OBD cases, a large number of patients is referred for secondary care
colonoscopy to rule out OBD. Of these referred patients, 22% to 37% actually turn out to
have OBD.1,4-7
Colonoscopy is a valuable procedure for diagnosing OBD, but it is costly and carries risks,
including bleeding and bowel perforation, and it is therefore very important to identify those
patients who need to undergo colonoscopy and those who do not. Further discrimination
by the general practitioner (GP) between organic and non-organic bowel disease based on
patient history and physical examination is challenging because of overlap in symptoms and
signs.8-10
Additional simple, non-invasive tests that could help the general practitioner to better
discriminate between non-organic and organic bowel disease are thus needed. Several
blood tests, such as erythrocyte sedimentation rate, C-reactive protein, haemoglobin
concentration and leukocyte count, have been investigated for this purpose, but are not
likely to provide enough additional diagnostic information.1,11-13
Emerging candidate tests to meet this need are biomarkers such as calprotectin and
immunochemical fecal occult blood (iFOB). Several tests are available for both calprotectin
and iFOB: different ELISA methods and recently also point-of-care (POC) tests. For primary
care, especially POC tests have advantages as they are timely, less expensive and there is
no need for laboratory infrastructure. Calprotectin, a degradation product from neutrophil
granulocytes from the mucosal layer of the colon, is found in increased levels in feces in
case of colonic inflammation. Immunochemical fecal occult blood tests detect human
hemoglobin in feces, which may indicate the presence of polyps or adenocarcinoma of the
colon. Although these biomarkers seem very promising, the diagnostic value of calprotectin
and the iFOB test has not been studied in a primary care population with persistent lower
abdominal complaints.14,15
We quantified the diagnostic accuracy of three novel biomarker tests (i.e. the Quantum
Blue® Calprotectin quantitative lateral flow assay and the EK-CAL Calprotectin ELISA, both
from Bühlmann Laboratories and the Clearview One Step Fecal Occult Blood Test Device,
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Inverness Medical Innovations) for the inclusion or exclusion of OBD in patients with
persistent lower abdominal complaints presenting in primary care.

Methods
Study design and participants
We performed a prospective cross sectional diagnostic study in two regions of the
Netherlands: central (Gelderse Vallei) and south (Oostelijke Mijnstreek). Primary care
patients consulting their general practitioner for persistent lower abdominal complaints
were included from July 2009 through January 2011. We preplanned the current analyses
in this ongoing study after inclusion of 400 evaluable patients, providing a maximum margin
of error of 10% for the sensitivity and 6% for the specificity estimates (Score method, α= 5%
and assuming 25% OBD prevalence).16
The University Medical Center Utrecht Medical Research and Ethics Committee approved
the study protocol.
Patients with a presumed high risk of OBD were eligible, as defined by lower abdominal
complaints present for at least two weeks, in combination with one or more of the following
symptoms or signs: rectal bleeding, altered defecation pattern, abdominal pain, fever,
diarrhea, weight loss, a sudden onset in the elderly or findings at physical examination
suggestive of OBD (i.e. palpable abdominal or rectal mass). Patients were ineligible when
aged under 18, unable to give informed consent, previously diagnosed with OBD or when
Triple Faeces Testing (TFT) was positive.
For logistic reasons we included the patients and documented their study data either at the
GP’s office or at the moment of referral to the endoscopy department. Symptoms and signs
that were recorded by questionnaire included the presence and duration of anamnestic
rectal bleeding, abdominal pain, persistent diarrhea, altered defecation, fever or weight loss
with no apparent cause. Recorded signs at physical examination included the presence of
pain or mass upon abdominal palpation or digital rectal examination. Patients also reported
their abdominal symptoms with the IBS Symptom Severity Score questionnaire.17,18

Calprotectin and iFOB index tests
Participants were asked to collect stool sample as soon as possible after inclusion. Study
protocol dictated a maximum of two days between stool collection and handing in, while
keeping the sample refrigerated. Clinical laboratory technicians performed the ELISA and
trained research nurses the POC index tests, unaware of the patient’s clinical details and
according to the instructions of the manufacturers.
The calprotectin POC test (Quantum Blue® Calprotectin quantitative lateral flow assay,
Bühlmann Laboratories, Schonenbüch, Switzerland, website: http://buhlmannlabs.ch) is a
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quantitative immunoassay. Shortly, 80 mg of feces was homogenized during one minute
with 4 ml extraction buffer using a vibration mixer. The extract was 1:16 diluted and 5
minutes centrifuged (3000xg) before 60 μl supernatant was applied onto the test cartridge.
Correct lateral migration of the sample results in a control and test line ensuring valid readout. Tests were readout after 12 minutes by a dedicated reader (Quantum Blue® POC Reader,
Bühlmann), providing a calprotectin concentration of the sample (dynamic range 30 through
300 μg/g). Using the same stool extract, calprotectin concentrations were also measured by
ELISA (EK-CAL Calprotectin ELISA, Bühlmann). The supernatant of one ml undiluted stool
extract after 5 minutes centrifugation (3000xg) was transferred into a clean tube and stored
at -20°C for a maximum of four months until analysis.
The iFOB POC test (Clearview One Step Fecal Occult Blood Test Device, Inverness Medical
Innovations, Australia, website: www.invernessmedicalpd.com) is a rapid chromatographic
immunoassay for qualitative detection of human fecal occult blood. The specimen collection
stick was randomly stabbed into the stool sample at three different sites. The collection tube
was then shaken vigorously and after tip breaking two full drops of extracted specimen were
applied to the test device. Correct migration of the specimen results in a control and a test
line. Test results were read after five minutes.
The calprotectin tests were considered positive at the manufacturer’s cut-off of >50 μg/g.
The iFOB POC test is inherently dichotomous (presence yes/no of human blood in stool
sample).

Reference standard
We defined the diagnostic outcome as the presence or absence of OBD determined
at endoscopy. After screening the application form, experienced gastroenterologists
performed either colonoscopy or sigmoidoscopy at one of the two adherent high-volume
diagnostic centers, taking biopsies if required according to routine clinical practice. Outcome
assessment was blinded to the results of the index tests.
Furthermore, all patients were followed for three months to allow for additional clinical
work-up after an inconclusive diagnostic reference procedure. As the primary outcome, we
classified cancer, all adenomas, IBD and diverticulitis as OBD and all other findings as nonOBD. As a secondary outcome we regarded all adenomas of ≤1 cm based on endoscopy
or pathology as non-OBD, as the risk of subsequent development in carcinoma is low for
these small adenomas.19,20 Also, they are rarely symptomatic and may thus be considered as
incidental findings.21-23
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Analysis
Estimates of sensitivity, specificity, positive and negative predictive values (PPV; NPV),
positive and negative likelihood ratio’s (LR+; LR-) and diagnostic odds ratios (dOR) with
their corresponding confidence intervals (95% CI) were estimated for both POC tests and
for the calprotectin ELISA test, separately. For this we used the manufacturer’s cut-offs
and the diagnostic outcome with small adenomas as either OBD (primary analysis) or nonOBD (secondary analysis) cases. We also report accuracy estimates combining both POC
tests, considering this composite test positive with one or both of the individual tests being
positive. To test differences in sensitivity and specificity between the calprotectin and iFOB
POC tests, we used the McNemar test.
Furthermore, we related the quantitative calprotectin result to the outcome (OBD status)
by estimating the area under the receiver operating characteristic (ROC) curve (AUC).
Agreement between the calprotectin POC and ELISA test was assessed by the Kappa
statistic after dichotomization at the manufacturer’s cut-off and by the intraclass correlation
coefficient (ICC) for the continuous test results.
The study is reported according to the STARD guideline for reporting of studies of diagnostic
accuracy.24

Results
Study population
From July 2009 through January 2011 423 patients with abdominal complaints suggestive
for OBD referred by our general practitioners to one of the two adherent endoscopy
facilities were enrolled in the study (participation rate following study contact: 65%; Figure
1). Of these, 382 patients remained for analysis (12 patients withdrew informed consent, 25
patients were excluded due to problems with stool sample collection and 4 patients did not
undergo any bowel examination; Figure 1, flow diagram).
The median age was 60 years (range 18-91), and 55% was female. The predominant
presenting symptom was abdominal pain, followed by rectal bleeding and diarrhea, whereas
fever and weight loss were less frequent. At physical examination, almost half of patients
had abdominal pain at palpation, but palpable abdominal mass was found in only a minority
(3%) and a palpable rectal mass in only one patient (0.3%; Table 1).

Final diagnosis
Of the 382 patients with a reference standard available, 99 (prevalence = 26%) patients had
OBD and 283 (74%) had not (Table 2). Patients were investigated by colonoscopy in 351
(92%) patients, sigmoidoscopy in 21 (5%) and by different bowel investigations for 10 (3%)
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Figure 1: Flow diagram of Dutch primary care patients with lower abdominal complaints for
over two weeks and referred for secondary care endoscopy and their enrolment in the study
from July 2009 through January 2011.

15% of patients were scheduled for endoscopy in less than one week after referral (extrapolated from counts of
50% of eligible patients).
b
Calprotectin ELISA test results were missing for 3 patients and the calprotectin POC and iFOBT POC test results
were missing for 2 patients.
c
Non-OBD was established by other bowel tests for 6 patients (abdominal ultrasound in 5 and barium enema in
one patient) and by the gastroenterologist based on bowel investigations performed before recruitment in the
study for 4 patients.
a

patients (Figure 1). In 27 (7%) patients, the gastroenterologist reported inadequate bowel
preparation.
The majority of OBD patients had neoplastic disease (19% carcinoma and 54% adenoma),
followed by IBD and diverticulitis. When considering 1 cm or smaller adenomas (n=37) as
non-OBD according to our secondary outcome, the prevalence of OBD was 16%.
Almost all OBD diagnoses were confirmed by histology (90%). Of the 10 OBD patients
without histological confirmation, 6 had diverticulitis and 1 radiation proctitis (both reliable
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Table 1: Characteristics of 386 Dutch primary care patients with lower abdominal complaints
for over two weeks and referred for secondary care endoscopy from July 2009 through
January 2011.
Characteristic
Geographic region of residency in the Netherlands
Central (Gelderse Vallei)
South (Oostelijke Mijnstreek)
Age and gender
Age in years
Women
Presenting symptoms
Rectal blood loss
Abdominal pain
Duration of abdominal pain in days
Persistent diarrhea a
Diarrhea
Fever
Weight loss
Bloating
Constipation
Physical examination a
Pain at palpation
Palpable abdominal mass
Palpable rectal mass

N (%)

Median (range)

257 (66.6)
129 (33.4)

Missings (%)
-

60 (18-91)
211 (54.7)
141 (37.7)
267 (70.6)

-

40 (16.9)
131 (37.2)
40 (11.0)
62 (17.1)
195 (53.6)
169 (46.6)

3.1
2.1
12.0
38.6
8.8
6.2
6.2
5.7
6.0

117 (46.8)
12 (3.0)
1 (0.3)

35.2
35.2
13.6

150 (1 d-30 yrs)

Symptoms are reported by the participant. Symptoms with a are reported by the general practitioner.

colonoscopy diagnoses), 2 had adenomas (narrow band imaging confirmed) with perprocedural biopsy loss, and 1 had proctitis diagnosed by the GP during the three months
follow-up period.
The majority of patients without OBD had no structural abnormalities (40%), followed by
diverticulosis (17%), IBS (12%) and hemorrhoids (11%).

Execution of calprotectin ELISA, calprotectin and iFOB POC tests
The median time between stool collection and endoscopy was 5 days (interquartile range
(IQR) 14), and 18 days (IQR 13 days) between stool collection and GP referral. Stool samples
were handled directly in 38% and first frozen in 62% (median days in freezer: 5; IQR 9). The
extracts for the calprotectin ELISA were stored in the freezer for a median of 82 days (IQR
65).
Of the 386 patients enrolled, logistical problems precluded calprotectin ELISA testing in 3
and iFOB POC in 2 (1 also did not have the reference standard available) and the calprotectin
POC Reader failed to read 2 tests although both control and test line had appeared. These
patients had to be excluded from the respective analyses. Furthermore, the iFOB test
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Table 2: Definitive diagnosis in 386 Dutch primary care patients with lower abdominal
complaints for over two weeks and referred for secondary care endoscopy.
Group diagnosis
	Specific diagnosis
Organic bowel disease
Adenomas
>1 cm
≤1 cm
Adenocarcinoma
Diverticulitis
Colitis ulcerosa
Colitis, othera
Proctitisb
Crohn’s disease

N (overall %)
N (within group %)c
99 (25.9%)
53 (53.5%)
16
37
19 (19.2%)
8 (8.1%)
7 (7.1%)
6 (6.1%)
4 (4.0%)
2 (2.0%)

Non-organic bowel disease
No structural abnormality
Diverticulosis
Irritable Bowel Syndrome
Hemorrhoids
Hyperplastic polyp(s)
Small polyp(s), no histology available
Other benign findings
Fixated sigmoid, or adhesions
Constipation
Cause of complaints outside of GI tract
Non-OBD diagnosed by gastroenterologist

283 (74.1%)
112 (39.6%)
47 (16.6%)
34 (12.0%)
31 (11.0%)
14 (4.9%)
14 (4.9%)
14 (4.9%)
6 (2.1%)
5 (1.8%)
4 (1.4%)
2 (0.7%)

No reference standard available

4 (1.0%)

One patient was diagnosed with microscopic colitis, one patient with lymfocytic colitis and four patients with
aspecific colitis.
b
Of the four patients with proctitis, one patient was diagnosed with radiation proctitis.
c
Sum may not total to 100% due to rounding.
a

gave inconclusive results for 5 patients with very loose stools (the viscosity of the sample
hampering adequate flow through the test cartridge), but their stool was successfully retested.

Accuracy of the index tests
Primary endpoint. Calprotectin levels were higher in OBD compared to non-OBD patients
(median ELISA concentration 102 versus 56 µg/g and median POC concentration 109 versus
43 µg/g). Table 3 shows the diagnostic accuracy measures of all tests. At the manufacturer’s
cut-off level, test sensitivity was highest for the calprotectin ELISA test, followed by the
calprotectin and iFOB POC tests (0.74, 0.64 and 0.56 respectively). Test specificity was
highest for the iFOB POC test (0.83), followed by the calprotectin POC and ELISA tests (0.53
39

40
55
43
1

Missing

1

2

149
132

2

1
73
25

142
139

77
21

0

Missing

Calprotectin POC
Positive
Negative
0

47
15
2

147
171

Only including advanced (> 1 cm) adenomas as OBD

Missing

Calprotectin ELISA
Positive
Negative

Missing

≥ 1 Positive
Both negative

Calprotectin & or iFOBT POC

2

0

Missing

iFOBT POC
Positive
Negative
48
235

131
150

Non-OBD
(N)

63
36

Calprotectin POC
Positive
Negative

Including all adenomas as OBD

OBD
(N)

0.76 (0.64-0.85)

0.74 (0.65-0.82)

0.79 (0.69-0.86)

0.56 (0.46-0.66)

0.64 (0.54-0.72)

Sens
(95% CI)

0.54 (0.48-0.59)

0.47 (0.41-0.53)

0.49 (0.44-0.55)

0.83 (0.78-0.87)

0.53 (0.48-0.59)

Spec
(95% CI)

0.24 (0.19-0.31)

0.33 (0.27-0.39)

0.35 (0.29-0.42)

0.53 (0.44-0.63)

0.32 (0.26-0.39)

PPV
(95% CI)

0.92 (0.87-0.95)

0.84 (0.78-0.89)

0.87 (0.81-0.91)

0.85 (0.80-0.88)

0.81 (0.74-0.86)

NPV
(95% CI)

1.6 (1.4-2.0)

1.4 (1.2-1.6)

1.6 (1.3-1.8)

3.3 (2.4-4.5)

1.4 (1.1-1.7)

LR+
(95% CI)

0.5 (0.3-0.7)

0.5 (0.4-0.8)

0.4 (0.3-0.6)

0.5 (0.4-0.7)

0.7 (0.5-0.9)

LR(95% CI)

3.6 (2.0-6.8)

2.6 (1.5-4.3)

3.6 (2.1-6.1)

6.3 (3.8-10.4)

2.0 (1.3-3.2)

dOR
(95%CI)

Table 3: Diagnostic accuracy of calprotectin and iFOBT POC, and a calprotectin ELISA test in 382 Dutch primary care patients with lower
abdominal complaints for over two weeks and referred for secondary care endoscopy with and without advanced adenomas classified as
OBD.
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Missing

Calprotectin ELISA
Positive
Negative

Missing

≥ 1 Positive
Both negative

1

2

172
146

3

0
50
11

162
155

1

57
262

57
5

0

Missing

Calprotectin & or iFOBT POC

46
16

iFOBT POC
Positive
Negative

0.82 (0.71-0.90)

0.92 (0.82-0.97)

0.74 (0.62-0.83)

0.46 (0.41-0.51)

0.49 (0.43-0.54)

0.82 (0.78-0.86)

0.23 (0.18-0.28)

0.26 (0.21-0.32)

0.45 (0.35-0.54)

0.93 (0.88-0.96)

0.97 (0.93-0.99)

0.94 (0.91-0.96)

1.5 (1.3-1.8)

1.8 (1.6-2.0)

4.2 (3.1-5.5)

0.4 (0.2-0.7)

0.2 (0.1-0.4)

0.3 (0.2-0.5)

3.9 (1.9-7.7)

10.9 (4.3-27.9)

13.2 (7.0-25.0)
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and 0.47). The specificity of the iFOB POC test was statistically significantly higher than of
the calprotectin POC (McNemar test P<0.001), while the difference in sensitivity was not.
NPVs were similar for all tests individually (between 0.81 and 0.85) and improved slightly
when combining both POC tests to 0.87. PPVs ranged from 0.32 and 0.35 (calprotectin tests
and combination of POC tests) to 0.53 (iFOB POC). Compared to the pre-test OBD probability
of 0.26, these test characteristics are mediocre.
Evaluation of both calprotectin tests continuously showed an AUC for the ELISA of 0.66 (95%
CI: 0.60-0.72) and for the POC of 0.65 (0.59-0.72; Figure 2). The agreement between the
calprotectin POC and ELISA test was good (ICC: 0.88; 95% CI: 0.85-0.90 and Kappa: 0.66;
0.59-0.73).
Secondary endpoint. After classifying the 37 adenomas of 1 cm or less as non-OBD,
sensitivity but especially NPV estimates of all tests improved substantially (with all values
above 0.90), with lower PPVs, while specificities did not change (Table 3). Also, the AUC for
the calprotectin tests improved to 0.75 (95% CI: 0.67-0.82) (ELISA) and 0.73 (0.66-0.81) (POC
test).

Test results per diagnosis
If referral would have been based on test outcome, a large group of non-OBD patients would
correctly not have been referred, especially when only probably symptomatic adenomas
were considered OBD (Table 3). On the other hand, OBD diagnoses would be missed with a
majority of adenoma patients. Excluding the 37 small adenomas, the calprotectin ELISA was
negative in 18% of OBD cases: 1 adenocarcinoma, 3 IBD, 2 diverticulitis and 5 large adenoma
patients. The calprotectin POC test was negative in 24% of OBD cases (15; 4 adenocarcinoma,
4 IBD, 2 diverticulitis and 5 large adenoma patients). Similarly, the iFOB POC test and the
combination of POC tests were negative in 26 and 8% of OBD cases respectively (iFOB: 16;
3 adenocarcinoma, 4 IBD, 4 diverticulitis and 5 adenoma patients and combination of POC
tests: 5; 1 adenocarcinoma, 2 IBD and 2 diverticulitis patients). Detailed test characteristics
per specific disease diagnosis are shown in Table 4.

Discussion
This study is the first to evaluate the diagnostic accuracy of two novel calprotectin and iFOB
POC tests and a calprotectin ELISA in the discrimination between organic and non-organic
bowel disorders in primary care patients with chronic lower abdominal complaints. Overall
test performance largely depended on the size of adenomas. The diagnostic accuracy of
the tests alone or in combination was insufficient for clinical utility when all adenomas
were considered as OBD. However, when only probably symptomatic adenomas (>1 cm)
were considered OBD, all tests showed good diagnostic accuracy. Especially the negative
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Figure 2: Receiver operating characteristics (ROC) curves and the area under the ROC curve
(AUC) for the calprotectin ELISA and POC test, for the two endpoints.

Figure 2A: ROC curve and AUC for the calprotectin ELISA test with primary endpoint (adenocarcinoma,
diverticulitis and all adenomas classified as OBD).
Figure 2B: ROC curve and AUC for the calprotectin POC test with primary endpoint (adenocarcinoma,
diverticulitis and all adenomas classified as OBD).
Figure 2C: ROC curve and AUC for the calprotectin ELISA test with secondary endpoint (adenocarcinoma,
diverticulitis and only advanced (>1 cm) adenomas classified as OBD).
Figure 2D: ROC curve and AUC for the calprotectin POC test with secondary endpoint (adenocarcinoma,
diverticulitis and only advanced (>1 cm) adenomas classified as OBD).

IBD,
IBD,
IBD,
IBD,

predictive values were high (above 90%), which largely drives clinical utility in this primary
care setting. Each test alone – but even more so when combining the two POC tests – was
able to identify a large population for which the presence of OBD could be ruled-out to a
reasonable extent.
Whether to consider all adenomas or only the probably symptomatic ones as relevant OBD
is the subject of discussion. Adenomas may develop into invasive cancer and are thus a
focus of attention in a screening situation, but even there, subsequent invasive cancer risk
for small adenomas is relatively low.19,20 Furthermore, the diagnostic process in abdominal
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Table 4: Percentage of positive tests per specific OBD and non-OBD diagnosis groups for
the calprotectin and iFOBT POC, and the calprotectin ELISA test, with median calprotectin
concentrations, for 382 Dutch primary care patients with lower abdominal complaints for
over two weeks and referred for secondary care endoscopy.
iFOBT

Calprotectin or
iFOBT

ELISA

POC

POC

Calprotectin
POC
Median
(25th;75th
perc)

> 50
(N (%))

Median
> 50
(25th;75th perc) (N (%))

Positive
(N (%))

Positive
(N (%))

54 (30;191)

27 (51)

71 (29;122)

20 (38)

36 (69)

OBD (N=99)
Adenoma (N=53)

34 (64)

> 1 cm (N=16)

111 (30;264)

11 (68)

89 (34;217)

11 (68)

11 (68)

16 (100)

≤ 1 cm (N=37)

42 (30;105)

16 (43)

60 (24;108)

23 (62)

9 (25)

20 (56)

274 (94;442)

18 (95)

16 (84)

18 (95)

Adenocarcinoma (N=19)

215 (105;300) 15 (79)

IBD (N=19)

135 (64;300)

15 (79)

201 (55;1200)

16 (84)

15 (79)

17 (90)

Diverticulitis (N=8)

220 (57;300)

6 (75)

477 (48;1305)

7 (100)

4 (50)

6 (75)

No structural abnormality (N=112)

38 (30;90)

48 (43)

46 (19;101)

52
(46)

17 (15)

53 (47)

Diverticulosisb (N=53)

52 (30;155)

27 (51)

63 (28;163)

32 (60)

9 (17)

29 (55)

Non-OBD (N=283)a

Irritable Bowel Syndrome (N=34)

40 (30;69)

15 (44)

49 (21;99)

15 (47)

4 (12)

16 (47)

Hemorrhoids (N=31)

62 (30;109)

17 (55)

60 (18;125)

18 (58)

10 (32)

19 (61)

Other benign findings (N=19)

36 (30;107)

8 (44)

60 (26;87)

11 (58)

2 (11)

8 (44)

Hyperplastic polyp (N=14)

53 (30;185)

8 (57)

56 (29;168)

8 (57)

4 (29)

8 (57)

Small polyp(s), no histology (N=14)

32 (30;82)

5 (36)

64 (14;122)

9 (64)

2 (14)

6 (43)

c

Median calprotectin POC and ELISA concentrations are given in μg/g, with 25 and 75 percentiles.
Categories ‘Non-bowel related causes’ and ‘Non-OBD diagnosed by GE’ are not shown (number of patients within
categories too small).
b
Categories ‘Fixated sigmoid or adhesions’ and ‘Diverticulosis’ from Table 2 were merged to keep categories larger
than 10 patients.
c
Categories ‘Other benign findings’ and ‘Constipation’ from Table 2 were merged to keep categories larger than
10 patients.
th

th

a

complaints in primary care setting is driven by complaints of the patient and not by screening
for small incidental adenomas that are generally asymptomatic. Therefore, we considered
as a secondary outcome adenomas of ≤1 cm as likely non-symptomatic and thus non-OBD
as several studies have shown that the likelihood of bleeding is substantially lower for these
small adenomas.21-23 As 1 cm is a somewhat arbitrary cut-off and adenoma size is difficult to
measure,25 we chose to include all adenomas as OBD for our primary endpoint.
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The evaluation of the tests’ diagnostic accuracy not only depends on the composition of the
OBD outcome, but also on other study strengths and limitations. Until now, the biomarkers
under study have only been evaluated in secondary care and in screening populations.
The main strength of our study is its base in primary care, thus satisfying the need for
studies evaluating new OBD biomarkers in this setting. This is of paramount importance
as results from studies in secondary care cannot directly be transferred to primary care.14
Index and reference tests were evaluated blinded for each other, and almost all patients
(96%) underwent colonoscopy or sigmoidoscopy as the reference test, which also included
pathological confirmation where relevant and a three months follow-up period if the initial
colonoscopy or sigmoidoscopy was inconclusive.
Furthermore, as 170 general practices contributed to the study, participants reflect the usual
primary care patient with persistent lower abdominal complaints. We took special care to
keep eligibility of screened patients representative by screening every nth case if patient
referral outpaced study resources. Nevertheless, two potential threats to the generalizability
need to be addressed. First, 15% of eligible patients could not be recruited in time as
endoscopy was scheduled within a week upon referral. Likely, these patients had more
severe conditions warranting expedited medical action. That the exclusion of these patients
leads to a non-representative case-mix could be argued against as GPs are likely to sidestep
additional (biomarker) testing if OBD suspicion is that high, thus effectively excluding these
patients from the target population. Second, the overall participation of eligible patients
was moderate (48%). We can only speculate about the exact consequences, but baseline
characteristics of the study population were as expected for a primary care population and
age and gender distribution was similar for eligible and participating patients.
Then, two aspects of the study logistics made the stool sample collection and handling
different from actual practice and might have influenced the test results. The moment of
stool sample collection was a few days later for patients recruited by the research nurses than
by the GP and thus a different disease status could have been measured for the first group
(e.g. adenomas can stop bleeding). This seemed nonetheless unlikely as test characteristics
for subgroups of the two recruitment groups did not differ materially (not shown). Secondly,
it is known that freezing and thawing may result in slightly raised calprotectin levels due
to degradation of neutrophils and consequent release of calprotectin.26 As for efficiency
reasons the majority of the stool samples were frozen and thawed before execution of the
tests, the actual diagnostic estimates of the calprotectin tests are probably higher than we
have observed. It is unlikely that freezing and thawing has an effect on the iFOB test.27
The diagnostic estimates found in this study are lower than found in previous studies on
calprotectin, even when only likely symptomatic adenomas (> 1 cm) were considered OBD. A
recent meta-analysis of studies with patients suspected of IBD in secondary care reported a
pooled sensitivity for calprotectin of 0.93 (95% CI: 0.85-0.97) and a pooled specificity of 0.96
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(0.79-0.99).28 Our study population differs from previous study populations of secondary
care patients. The different case mix influences the diagnostic estimates, which explains the
different study outcomes. The choice of the composite outcome OBD with all adenomas
classified as OBD also contributes to a different diagnostic performance than in previous
studies, where only IBD or only colorectal cancer has been chosen as outcome. Sensitivities of
the calprotectin ELISA did improve when only IBD or CRC was used as endpoint to 0.84 (95%
CI: 0.62-0.94) and 0.95 (0.75-0.99) respectively, and to 0.79 (0.57-0.91) for the calprotectin
POC test for both outcomes, with corresponding lower specificities. It seems that, with
regard to sensitivity the calprotectin ELISA performs as well as previously investigated tests
on calprotectin, but the calprotectin POC test slightly less, also reflected in the agreement
(Kappa of 0.66 (0.59-0.73)).
Patients without structural abnormalities or with benign findings as hemorrhoids and
diverticulosis were frequently found to have elevated calprotectin levels in our study,
contributing to lower specificity. Mild diverticulitis may be not visible by the endoscopist and
may be a reason for raised calprotectin levels in patients with diverticulosis. Furthermore,
high levels of calprotectin have also been reported in healthy subjects and may be related
to various subject-specific variables.29,30 Certainly age-related factors can play a role as the
median age of the participants was 60 years.
With regard to the iFOB test, comparison of our results with previous studies is difficult as it
is the first time the test is evaluated in a diagnostic setting. A recent review showed that onetime screening with the iFOB test in asymptomatic individuals has a sensitivity for detecting
colorectal cancer of 0.56 to 0.89 and specificity from 0.83 to 0.97 for different test methods
(15). Sensitivity of the iFOB POC test for detecting CRC only in our data was comparable at
0.84 (95% CI: 0.62-0.94) and the specificity at 0.76 (0.71-0.80) lower, as expected in this
population with a high prevalence of rectal bleeding.
In conclusion, the new calprotectin and iFOB POC tests are valuable in ruling out OBD in
primary care patients presenting with chronic lower abdominal complaints, with best results
if used in combination, when the small adenomas are considered non-OBD. Discriminating
OBD from non-OBD in primary care may improve even further when using these tests in
combination with symptoms and signs. In order to lower the number of false-positives,
there might also be a need for new cut-off levels of calprotectin for certain subgroups of
patients, for instance with higher age, certain diet or with the use of certain medications.29,30
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Abstract
Objective
To determine to what extent the Rome III criteria for irritable bowel syndrome (IBS) can
contribute in safely reducing unnecessary referrals for colonoscopy in primary care patients
with lower gastrointestinal (GI) complaints.

Design
Data from the CEDAR study was used: a cross-sectional study in 810 patients with lower
GI complaints suggestive for organic bowel disease who were referred by their general
practitioner (GP) for secondary care colonoscopy. Rome III criteria fulfilment was ascertained
by questionnaire. GPs recorded presence or absence of alarm symptoms. Outcome was
determined by colonoscopy and histology.

Results
Of 810 participants 222 fulfilled the Rome III criteria (27%, 95% confidence interval [CI]: 2431%). The majority of these presented with alarm symptoms. Only 39 participants fulfilled
Rome III criteria and lacked alarm symptoms (overall frequency 5% [95%CI: 4-7]). Overall,
organic bowel disease was diagnosed in 141 participants (17%). Participants who fulfilled
the Rome III criteria had a significantly lower risk of organic bowel disease compared to
participants that did not (12% [95%CI: 8-17] versus 20% [17-23], P<0.01). The lowest risk
was observed in patients without alarm symptoms that fulfilled the Rome III criteria: 3%
(95%CI: 0-14).

Conclusion
A minority of referred primary care patients with lower GI complaints both fulfilled the
Rome III criteria for IBS and lacked alarm symptoms. Although organic bowel disease could
be ruled out safely in this small group, application of the Rome III criteria is not likely to lead
to a substantial reduction of unnecessary referrals for colonoscopy in these patients.
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Introduction
Lower gastrointestinal (GI) complaints are common in primary care.1 The diagnostic
challenge for general practitioners (GPs) is to not miss patients with serious conditions such
as colorectal cancer and inflammatory bowel disease (‘organic bowel disorders’ [OBD]), and
refer them to secondary care in time. Symptoms and signs of OBD overlap considerably with
those of conditions not requiring specialist attention. As a result many patients are currently
referred unnecessarily, of all patients referred for colonoscopy, only 22% to 37% actually
have OBD.2-6 Colonoscopy is expensive7 and carries a small risk of serious complications so
better selection is needed.
Patients with functional bowel disorders, such as the irritable bowel syndrome (IBS), do
not need referral to secondary care, as treatment options are the same in primary and
secondary care.8 Diagnosing IBS is difficult as no structural, metabolic or neurological cause
for IBS has been identified. Therefore, in practice IBS is often diagnosed ‘by exclusion’, i.e.
based on negative colonoscopy results. To facilitate a ‘positive’ diagnosis symptom-based
criteria for IBS have been developed, such as the Manning and the Rome criteria.9-11 In the
third version of the Rome criteria, published in 2006, IBS is defined as recurrent abdominal
pain or discomfort for at least 3 months with onset at least 6 months earlier, associated
with stool frequency or stool consistency.12 According to current guidelines patients that are
Rome III positive and lack alarm symptoms for colon cancer, are considered to have IBS.13-18
However this has not been confirmed in the primary care setting yet.8,13,19
If proven accurate, The Rome III criteria for IBS may contribute to the integrated diagnostic
approach required to aid the GP in ruling out OBD in primary care patients with lower GI
complaints that are considered for colonoscopy. As a result, the number of referrals for
colonoscopy could be safely reduced. This study therefore aimed to determine to what extent
the Rome III criteria for IBS can contribute to safely reducing the number of unnecessary
colonoscopy referrals in primary care patients with lower abdominal GI complaints referred
for colonoscopy.

Methods
Study design and participants
Data from the CEDAR study (Cost-Effectiveness of a Decision rule for Abdominal complaints
in primary caRe) were used, a large cross sectional diagnostic study among patients referred
by their general practitioner (in three Dutch regions) for colonoscopy to the endoscopy
centres of three large hospitals in the Netherlands.20 Current analyses were part of the
primary research goal. Inclusion criteria were primary care patients with a high risk of OBD
and referral by the GP for colonoscopy. We defined high risk of OBD in line with referral
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guidelines8,17,18 as lower abdominal complaints present for at least two weeks in combination
with one or more of the following: rectal bleeding, change in bowel habit, abdominal pain,
fever, diarrhea, weight loss, a sudden onset in the elderly or findings at physical examination
suggestive of OBD (i.e. palpable abdominal or rectal mass). Patients were not eligible when
aged below 18 years, unable to give informed consent, previously diagnosed with OBD or
when triple feces testing (TFT) was positive (indicating a parasitic origin of the complaints,
not requiring endoscopy). Patients were recruited either by the GP at consultation (20%)
or – for those whose inclusion was missed by the GP - by research nurses at the endoscopy
department after referral by the GP (80%). When the number of referrals exceeded study
resources every nth case (i.e. one out of two, three or four patients) was screened to keep
study participants representative. The ethics committee of the University Medical Centre
Utrecht approved the study protocol (protocol number 08-462E).

Alarm symptoms and Rome III criteria for IBS
At recruitment, the referring GPs were asked to record the presence or absence of alarm
symptoms: rectal bleeding, change in bowel habit and weight loss, and their estimate of the
patients’ OBD risk. For the participants that were recruited by research nurses the referring
GP was asked to fill out the risk estimate as soon as possible and before the colonoscopy,
thus ensuring unbiased and timely risk estimation. Participants recorded presence and
duration of abdominal symptoms and other Rome III symptoms with the ‘Rome III criteria
for IBS’ questionnaire,21 which they received after recruitment at home (Table 1).

Diagnostic outcome (reference standard)
The diagnostic outcome, presence or absence of OBD, was determined by colonoscopy
or sigmoidoscopy and biopsy as reference standard, performed by experienced
gastroenterologists at one of three adhering endoscopy centres. All participants were
followed for three months to allow for additional clinical work-up in case of an inconclusive
colonoscopy procedure. We considered colorectal cancer, advanced adenomas (>1 cm), IBD
and diverticulitis as OBD. Benign endoscopic results or cause outside of the gastrointestinal
tract were considered as non-OBD. We classified the smaller adenomas (≤1 cm) as nonOBD as their risk of subsequent development into carcinoma is low.22,23 As they are rarely
symptomatic we considered them as incidental findings.24-26

Data analysis
To describe the study population and patterns of missing data, we first analyzed the
distribution of patient variables in those without and with missing data. We tested for
differences (with the Chi-square test for categorical variables and the Mann-Whitney
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Table 1: The Rome III Criteria for IBS.
Diagnostic criteriona:
Recurrent abdominal pain or discomfortb at least 3days/month in the last
3 months associated with two or more of the following:
1. Improvement with defecation
2. Onset associated with a change in frequency of stool
3. Onset associated with a change in form (appearance) of stool
a
b

Criterion fulfilled for the last 3 months with symptom onset at least 6 months prior to diagnosis.
”Discomfort” means an uncomfortable sensation not described as pain.

Figure 1: Flow diagram of Dutch primary care patients with lower abdominal complaints > 2
weeks duration who were referred for secondary care endoscopy and enrolled in the study
from July 2009 through January 2011.

Non-OBD was established by other bowel tests for 17 patients (abdominal ultrasound in 6, barium enema in
2 patients and a bowel transit investigation in one patient) and by the gastroenterologist based on bowel
investigations performed before recruitment in the study for 8 patients.
b
OBD was established by the gastroenterologist for one patient based on bowel investigations performed before
recruitment in the study.
a
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test for continuous variables as all were non-normally distributed) to determine whether
missingness was selective, i.e. related to other patient variables, and thus not completely
at random (Appendix I). As simply ignoring subjects with (selectively) missing data leads to
biased results, missing data were multiply imputed before analysis (multiple imputation with
10 datasets), with confidence intervals indicating the impact of imputation. The imputation
model included participant-reported variables (age, gender, rectal bleeding, weight loss,
abdominal pain, duration of abdominal pain, severity of abdominal pain and the Rome
III criteria questionnaire variables), and GP-reported variables (rectal bleeding, change in
bowel habit, weight loss, fever, risk-estimation of OBD). The outcome (OBD yes/no) was also
used as predictor as this results in less bias.27-29
The prevalence of patients with and without alarm symptoms and fulfilment to the Rome
III criteria was estimated. Then the prevalence of OBD was estimated in the total study
population and according to gender, age, alarm symptoms and Rome III criteria fulfilment. A
cut-off of 50 years was used for the age categories as age over 50 is considered a risk factor
for OBD.8,13,30 Risk of having OBD as estimated by the GP was calculated for the total study
population and in patient with Rome III fulfilled but without alarm symptoms. All risk and
prevalence estimates are provided with 95% confidence intervals (CIs), and all tests were
two-sided with a cut-off for statistical significance of 5%. Analyses were performed using
SPSS 17.0 (PASW Inc, Chicago, Illinois, USA). We observed Standards for the Reporting of
Diagnostic Accuracy (STARD) guidelines.31

Results
Study population
A total of 843 participants from 266 general practices were recruited between July 2009
and January 2012. Of these, 33 (4%) were excluded (4 met exclusion criteria, 7 withdrew
informed consent and 22 did not receive reference testing). Of the resulting 810 participants,
268 patients had missing data for one or more variables of interest. This last group was
comparable to patients without missing data in all baseline characteristics except rectal
bleeding and change in bowel habit (Appendix I). Therefore, missing data were multiply
imputed.
The median age of the study population was 61 years (with 78% being over 50 years), and 55%
were female. Abdominal pain was present in 562 (68%), change in bowel habit in 536 (65%)
and rectal bleeding in 333 (41%). Of the participants with abdominal pain, nearly all (96%)
experienced pain at least 2-3 times per week during the last 3 months. Improvement with
defecation was reported in 440 (78%) and association with stool frequency or consistency
in 46-66% (Table 2). 112 (14%) participants reported using laxatives, 61 (8%) antispasmodics
and 13 (2%) antidiarrheal medication.
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Table 2: Patient characteristics, Rome III criteria and outcome at colonoscopy for the 810
Dutch primary care patients with lower abdominal complaints for over two weeks referred
for secondary care colonoscopy.
Overall N (%)c
Within group N (%)
Characteristics
Median age (years, range)
Women
OBD
Median risk of OBD estimated by GP (%, range)
Rectal bleeding
Change in bowel habit
Weight loss
Abdominal paina

61 (19-92)
445 (55)
141 (17)
25 (0-100)
323 (40)
531 (66)
86 (11)
559 (69)

Rome III criteria:b
Median duration of abdominal pain (days, range)
Last 3 months abdominal pain ≥ 2-3 days/month
Abdominal pain not only during period
Abdominal pain improves after BM
More frequent BM when pain started
Less frequent BM when pain started
Looser stools when pain started
Harder stools when pain started

171 (1-50 yrs)
537 (96)
549 (98)
437 (78)
309 (55)
255 (46)
368 (66)
277 (50)

Outcome
Organic Bowel Disease
Advanced adenomas
Adenocarcinoma
IBD
Diverticulitis

141 (17)
49 (35)
37 (26)
37 (26)
18 (13)

Non-Organic Bowel Disease
Small adenoma or polyp(s)
Irritable Bowel Syndrome
Diverticulosis
Benign findings, other
Haemorrhoids
Cause outside of GI tract

431 (53)
127 (30)
84 (20)
83 (19)
72 (17)
57 (13)
8 (2)

No diagnosis

238 (29)

R= range. BM= bowel movement.
a
Where abdominal pain is stated abdominal discomfort should also be read.
b
Rome III criteria questionnaire was filled out when abdominal pain was present.
c
Data are N (%) unless noted otherwise.
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OBD was diagnosed in 141 participants (prevalence 17%, 95%CI: 15-20), of which the
majority had advanced adenomas, followed by adenocarcinoma and IBD. The majority of
the 431 non-OBD participants turned out to have benign findings such as small polyps,
diverticulosis and haemorrhoids and in 29% of participants no abnormalities were found
(Table 2). Outcome was determined by colonoscopy in 94%, 29 (4%) participants underwent
sigmoidoscopy and 18 (2%) other bowel investigations including abdominal ultrasound or
barium enema.

Frequency of ‘Rome III criteria defined IBS’ and risk of OBD
The overall number of participants fulfilling the Rome III criteria was 220 (prevalence 27%
[95%CI: 24-31]). The majority of these patients also presented with alarm symptoms.
Only 39 patients fulfilled the Rome III criteria and did not have alarm symptoms (overall
frequency 5% [4-7%]). Participants with female gender and age below 50 years met the
Rome III criteria more often (Table 3).
Table 4 shows the (absolute) risk or prevalence of having OBD overall and according
to patient characteristics. This risk was significantly lower for younger patients and for
those without alarm symptoms. Also, participants who fulfilled the Rome III criteria had a
significantly lower risk of OBD compared to those who did not (12% [95%CI: 8-17%] versus
20% [17-23%], P<0.01). Patients without alarm symptoms had an even lower OBD risk of 6%
(95%CI: 3-12), as had Rome III criteria positive patients below 50 years old. The lowest OBD
risk was observed in patients without alarm symptoms who fulfilled the Rome III criteria:
Table 3: Prevalence of participants fulfilling Rome III criteria within the 810 Dutch primary
care patients with lower abdominal complaints for over two weeks referred for secondary
care colonoscopy, overall and according to gender, age and alarm symptoms.

Overall (N=810)

Prevalence of Rome III
criteria (95%CI)
27 (24-31)

P-value

Gender
Female (N=445)
Male (N=365)

31 (27-36)
23 (18-27)

<0.01

Age
≤50 years (N=181)
>50 years (N=629)

38 (31-45)
24 (21-28)

<0.01

Alarm symptoms
No alarm symptoms (N=117)
Alarm symptoms (N=693)

32 (23-41)
26 (23-30)

0.27

Numbers are provided with percentages and 95%CI.
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Table 4: Absolute risk for OBD according to age, alarm symptoms and Rome III criteria for
IBS in 810 Dutch primary care patients with lower abdominal complaints for over two weeks
referred for secondary care colonoscopy.
Total
N (%)
Overall
Gender
Female
445 (55)
Male
365 (45)
Age
≤ 50 years
181 (22)
> 50 years
629 (78)
Alarm symptoms
No alarm symptoms
123 (15)
Alarm symptoms
687 (85)
Rome III criteria
Rome III criteria negative
590 (73)
Rome III criteria positive
220 (27)
Alarm symptoms according to age
Age ≤ 50 years
No alarm symptoms
32 (4)
Alarm symptoms
149 (18)
Age > 50 years
No alarm symptoms
91 (11)
Alarm symptoms
538 (66)
Rome III criteria according to age
Age ≤ 50 years
Rome III criteria negative
113 (14)
Rome III criteria positive
68(8)
Age > 50 years
Rome III criteria negative
477 (59)
Rome III criteria positive
152 (19)
Rome III criteria according to alarm symptoms
No alarm symptoms
Rome III criteria negative
84 (10)
Rome III criteria positive
39 (5)
Alarm symptoms
Rome III criteria negative
506 (62)
Rome III criteria positive
182 (22)

OBD
N

No OBD
N

AR (%)
(95%CI)

P-value

73
68

372
297

16 (13-20)
19 (15-23)

0.46

19
122

162
507

10 (7-16)
19 (17-23)

<0.01

8
133

115
554

6 (3-12)
19 (17-23)

<0.01

116
26

474
195

20 (17-23)
12 (8-17)

<0.01

2
17

30
133

7 (2-21)
11 (7-17)

0.45

6
116

85
422

6 (2-13)
22 (18-25)

<0.01

15
4

98
64

13 (8-21)
6 (2-14)

0.13

101
22

376
131

21 (18-25)
14 (9-21)

0.06

7
1

77
38

8 (4-16)
3 (0-14)

0.36

109
24

397
157

22 (18-25)
13 (9-19)

0.02

3% (95%CI: 0-14). Only one out of 39 participants was diagnosed with OBD in this group
(advanced adenoma).
When asked to estimate the patient’s risk of having OBD at the time of presentation, GPs
estimated a lower risk for younger patients, for those without alarm symptoms and for
those that fulfilled the Rome III criteria. In patients without alarm symptoms and fulfilling
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the Rome III criteria, 64% of patients was estimated to have a less than 10% risk of OBD
(Table 5).

Discussion
This study is the first to evaluate the Rome III criteria for their ability to reduce the referral
rate for colonoscopy among primary care patients with lower GI symptoms referred for
colonoscopy. In our large study population, 27% fulfilled the Rome III criteria, but only 5%
both fulfilled the Rome III criteria and lacked alarm symptoms. Current IBS guidelines advice
that the latter group does not require colonoscopy, as the yield of organic bowel disorders
is low.13-18 Our results show that these patients indeed have a very low risk of organic
bowel disease: only one out of these 39 patients (3%; 95%CI: 0-14) was diagnosed with
an advanced adenoma, which was likely to be an incidental finding.24-26 The Rome criteria
are primarily developed for diagnosing IBS in a patient population younger than 50 years
without alarm symptoms. Our results indicate that the IBS criteria are implicitly used by GPs
in the integrated diagnostic approach of all patients with lower abdominal complaints. The
current referral practice in Dutch primary care seems to leave little room for reducing the
number of unnecessary colonoscopies by application of the Rome III criteria.
To appreciate these findings, some strengths and limitations of our study need to be
addressed. First, ascertainment of the final diagnosis was performed rigorously in all patients,
based on colonoscopy with 3 months follow up. Thus, we most likely identified all patients
with a serious bowel disease in our population. Second, the number of missing values in the
Rome III criteria questionnaire was low (<6%). The number of missing values in the alarm
Table 5: Risk of having OBD as estimated by the GP for the 810 Dutch primary care patients
with lower abdominal complaints over two weeks referred for secondary care colonoscopy
and for the patients without alarm symptoms according to Rome III criteria alignment.
Overall
(N=810)

Rome III criteria in patients without alarm
symptoms

Observed risk of OBD

N (%)
141 (17)

Rome criteria negative
(N=84)
N (%)
8 (8)

OBD risk estimated by GP
0-10%
11-20%
21-40%
41-60%
61-100%

280 (35)
109 (13)
139 (17)
144 (18)
139 (17)

45 (54)
10 (12)
8 (10)
10 (12)
11 (13)

25 (64)
1 (3)
3 (8)
5 (13)
6 (15)

Median (IQR)

25 (40)

10 (39)

10 (43)
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symptom variables was higher (12-18% per variable), but we used state of the art multiple
imputation to increase the reliability of the results. Third, the participation of 266 Dutch GP
practices and our patient recruitment procedure ensured a representative study population,
enabling conclusions relevant for primary care in general. The double inclusion route has
increased inclusion of the number of eligible patients. Fourth, our study results can only be
applied to the primary care patients with non-acute lower GI complaints who are referred
for colonoscopy. We did not investigate the application of the Rome III criteria earlier in
the diagnostic process, such as at the time of GP consultation before referral. Still we can
speculate on the consequences of using the Rome III criteria in the integrated diagnostic
approach of all patients with lower GI complaints. As we have shown in our study only a
small gain can be expected in lowering the number of unnecessary referrals, but we also
expect an adverse effect on referral practice. Some patients currently not referred may not
fulfil the Rome III criteria and the GP may then reconsider the decision not to refer. Using the
Rome III criteria might overrule the clinical judgement of the GP, who are presently referring
adequately in patients at increased risk of OBD.32 As a consequence, strict application of the
Rome criteria may even result in additional referrals of patients most likely not having IBD
or colorectal cancer.
Comparison of our results to previous studies is difficult; data on the prevalence of patients
meeting IBS criteria who are referred for colonoscopy is limited. In an UK study GPs referred
29% of IBS patients to a specialist, which is comparable to our findings.33 However, mainly
prevalent IBS patients were referred which makes this study less suited for comparison.
Ishihara et al. found that 5% of patients referred for diagnostic colonoscopy fulfilled Rome III
criteria.34 Besides patients with gastrointestinal complaints also asymptomatic participants
that were screened for colorectal cancer were included, contributing to the lower prevalence
than found in the present study.
The Rome I and II criteria have been evaluated for the exclusion of OBD in primary care
patients referred to gastroenterology clinics. Jellema et al. reported in a systematic review
for patients not fulfilling Rome I criteria an absolute risk of OBD from 0.69 to 0.73 and
for Rome II negative patients from 0.72 to 0.74. Rome I positive patients had an OBD risk
of 0.14-0.37 and Rome II positive patients 0.17-0.39.[19] In this review alarm symptoms
were not taken into account, risks were calculated for fulfilment to the Rome criteria only
(patients with alarm symptoms were included in the studies). Patients were referred by both
GPs and specialists, explaining the higher OBD risks than in the present study. The authors
concluded that OBD could not be accurately excluded by IBS criteria alone. Our findings are
in line with this.
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In summary, our data show that only a minority of primary care patients with lower GI
complaints presently referred for colonoscopy fulfil the Rome III criteria for IBS and lack alarm
symptoms. More active use of the Rome III criteria in primary care patients will therefore not
lead to a substantial reduction of referrals for colonoscopy. Moreover, strict application may
even result in unnecessary colonoscopies in those patients with benign bowel disease who
do not fulfil the Rome III criteria, resulting in extra burden on patients and the healthcare
system. Confirmation of our findings is needed in primary care populations with lower GI
complaints earlier in the diagnostic process.
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Appendix
Appendix I: Distribution of characteristics among the 810 Dutch primary care patients with
lower abdominal complaints over two weeks referred for secondary care colonoscopy, with
complete data and with missing values before imputation.
Characteristics

Median age (years, range)
Women
OBD
Median risk of OBD estimated by GP (%, range)
Rectal bleeding
Change in bowel habit
Weight loss
Abdominal painb
Rome III criteria:c
Median duration of abdominal pain (days, range)
Last 3 months abdominal pain ≥ 2-3 days/month
Abdominal pain not only during period
Abdominal pain improves after BM
More frequent BM when pain started
Less frequent BM when pain started
Looser stools when pain started
Harder stools when pain started

Comparison complete case set vs. cases with missings in
1 or more variables
Complete dataa
N=542 (67%)

≥ 1 Missing
N=268 (33%)

P-value

Missings
N (%)

61 (19-92)
302 (56)
95 (18)
20 (0-100)
207 (38)
340 (63)
46 (9)
384 (71)

62 (19-85)
143 (53)
46 (17)
25 (0-90)
70 (48)
126 (75)
12 (10)
169 (70)

0.49
0.55
0.92
0.91
0.03
<0.01
0.60
0.93

0 (0)
0 (0)
0 (0)
135 (17)
123 (15)
100 (12)
146 (18)
28 (4)

150 (1-50 yrs)
374 (97)
380 (99)
295 (77)
213 (56)
181 (47)
250 (65)
194 (51)

120 (1- 30 yrs)
155 (98)
159 (100)
127 (80)
80 (51)
64 (40)
103 (65)
73 (46)

0.65
1.00
0.33
0.50
0.34
0.16
1.00
0.40

32 (6)
10 (2)
10 (2)
10 (2)
12 (2)
10 (2)
11 (2)
11 (2)

R= range. BM= bowel movement. Data are N (%) unless noted otherwise.
Complete data in variables relevant for this paper.
Where abdominal pain is stated abdominal discomfort should also be read.
c
Rome III criteria questionnaire was filled out only when abdominal pain was present.
a

b

63

proe

5

Chapter

Diagnostic models for

colorectal cancer and organic
bowel disease in primary
care patients with lower

gastrointestinal complaints:
a systematic review and
independent external
validation study

Based on:
Kok L, Elias SG, Witteman BJM, Goedhard JG,
Romberg-Camps MJL, Muris JWM, de Wit NJ,
Moons KGM. Diagnostic models for colorectal
cancer and organic bowel disease in primary
care patients with lower gastrointestinal
complaints: a systematic review and
independent external validation study.
Submitted for publication

proefschrift hoofdstukkenv4rechts.indd 5

27-05-2014 11:54:06

Chapter 5

ABSTRACT
Background
Adequate discrimination by the primary care physician between functional and organic
bowel disorders is important to safely prevent unnecessary referrals for endoscopy. This
study aimed to identify diagnostic models for colorectal cancer and organic bowel disease
and subsequently test the models in an independent dataset for their ability to safely reduce
the number of unnecessary referrals.

Methods
Systematic review and external validation study in 266 general practices and three secondary
care endoscopy centers in the Netherlands. Ten diagnostic models for colorectal cancer and
organic bowel disease found by a systematic literature search were applied on data from 810
Dutch primary care patients with lower gastrointestinal complaints that were referred for
colonoscopy. Diagnostic estimates (area under the receiver operating characteristics curve,
sensitivity, specificity, positive and negative predictive values, the proportion of patients
that would not have been referred for colonoscopy) were calculated for both outcomes
separately. The model scores or predicted probabilities were compared with the observed
presence or absence of the two outcomes to assess diagnostic performance.

Results
Colorectal cancer was diagnosed in 37 and organic bowel disease in 141 patients (prevalence
5% and 17%, respectively). Most models were able to safely rule out colorectal cancer.
Application of the NICE 2 model resulted in the highest proportion of safely prevented
referrals (47%, 95%CI: 0.43-0.51). Model performance was less optimal for organic bowel
disease, a small number of cases was missed by all models.

Conclusion
Most diagnostic models were able to correctly rule out colorectal cancer. These models
may act as a decision support tool for primary care patients with lower gastrointestinal
complaints who are considered for colonoscopy. As expected with models developed for
colorectal cancer, model performance was less optimal for organic bowel disease, expressing
the need for the development of accurate organic bowel disease models.
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Introduction
The presenting symptoms and signs of organic bowel disorders (OBD) – such as colorectal
cancer (CRC) and inflammatory bowel disease (IBD) – and functional bowel disorders – such
as the irritable bowel syndrome (IBS) – overlap substantially. Differentiating organic from
functional bowel disorders is therefore challenging notably in primary or family practice
where these patients are frequently encountered and where often the initial presentation
takes place. As one does not want to miss or delay the diagnosis and treatment of an
underlying OBD, many primary care patients with chronic lower gastrointestinal (GI)
complaints are currently referred for colonoscopy by the GP while only 22% to 37% are
actually diagnosed with OBD.1-5 Colonoscopy is considered the gold standard for diagnosing
OBD6,7 but the limited availability in many countries results in waiting lists that further delay
a timely diagnosis and treatment. Also, it is a relatively costly and burdening procedure with
a (small) risk of serious complications that ideally should only be used in those with a high
suspicion of OBD.8
It is thus important that accurate strategies are developed and implemented to discriminate
suspected primary care patients in whom colonoscopy referral can safely be precluded
and in whom referral is indeed warranted. Symptoms and signs used in isolation do not
have sufficient diagnostic potential for this.9-12 Integrated models using multiple diagnostic
variables have therefore been developed for use in symptomatic patients.13-15 Also, so-called
case-finding models, notably developed for use in non-symptomatic populations, to aid in
a more timely detection of (especially) CRC, such as the recently published BB-equation16,
may be valuable to reduce the number of unnecessary referrals for colonoscopy.
Before implementation of any such diagnostic models in daily practice or uptake in clinical
guidelines, their diagnostic performance should be quantified in a setting relevant for the
intended use and in subjects that were not included in the development of the models. Such
so-called external testing is of importance as any developed diagnostic model may perform
well in the patients and settings used to develop the models, but commonly perform less
when tested or applied to new patients.17,18
Hence, as is recommended19 we first performed a systematic review to identify all existing
diagnostic models for detection or exclusion of OBD (as a combined outcome) or CRC or
IBD (as single outcomes), regardless of the original setting or population. Subsequently,
we tested these models in a large independent cohort of the CEDAR study of primary care
patients with persistent (≥ 2 weeks) lower GI complaints20 (so-called external validation),
to quantify to what extent the identified models can help reduce unnecessary referrals for
colonoscopy in primary or family care medicine.
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METHODS
Ethics statement
The Ethics Committee of the University Medical Centre Utrecht approved the study protocol
(protocol number 08-462E).

Systematic literature search
We searched MEDLINE and Pre-MEDLINE databases for studies on primary care diagnostic
models for OBD and CRC through July 2012. A modified version of the Ingui filter21 combined
with the recently suggested updates of Geersing et al22 was used to identify all diagnostic
models, including scoring systems or diagnostic criteria (full search query is shown in
Appendix I). We searched for models with OBD as combined outcome and with CRC or IBD
as single outcomes. IBS search terms were added to increase the likelihood of finding all
relevant models. All retrieved articles were independently appraised on title and abstract
by two reviewers (LK and SGE) and included after full text screening if regression coefficients
or odds ratios were provided from multivariable logistic regression analysis, or if the article
provided any kind of scoring rule. In case of inconsistencies a third reviewer (KGM) was
consulted.
If diagnostic variables (predictors) of a retrieved model were not collected in our validation
cohort, the CEDAR study, and could not be replaced by proxies (see below), the model was
excluded.

External validation cohort: the CEDAR study
The selected models were tested in data from the CEDAR study (Cost-Effectiveness of a
Decision rule for Abdominal complaints in primary caRe), a large diagnostic cohort study
among patients with lower GI complaints referred by their GP for colonoscopy to the
endoscopy centers of three large hospitals in the Netherlands, which has been described
previously (Table 1).20 In brief, patients suspected of OBD that were referred by the GP for
colonoscopy were included. Patients were eligible if lower GI complaints were present for at
least two weeks in combination with one or more of the following: rectal bleeding, change
in bowel habit, abdominal pain, fever, diarrhea, weight loss, a sudden onset in the elderly or
findings at physical examination suggestive of OBD (i.e. palpable abdominal or rectal mass).
OBD was defined as CRC, advanced adenomas, IBD and/or diverticulitis. All other findings
were classified as non-OBD. The reference standard consisted of colonoscopy (94%) or
sigmoidoscopy (4%), performed by experienced gastroenterologists at one of three adhering
endoscopy centers. Biopsies were taken according to routine clinical practice. Eighteen
(2%) participants underwent other bowel investigations including abdominal ultrasound or
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barium enema. All patients were followed for 3 months to establish a final diagnosis in case
of an inconclusive colonoscopic examination.

Testing of the models in the CEDAR validation cohort
The retrieved diagnostic models or scores were divided into two categories based upon the
population they were developed in: models derived from primary care populations that
were referred to secondary care facilities, as similar to the validation cohort (CEDAR study),
and models developed in the non-referred primary care population at large.
First, the predictors of each retrieved diagnostic model were matched to the variables in the
CEDAR study. When a predictor was not available in the CEDAR study, we sought to replace
it with a proxy variable. An overview of predictors and proxies per model is shown in Table
2. A detailed description of all proxies can be obtained from the corresponding author.
After the predictors were matched, the original models were tested in the CEDAR data using
the observed patient values for each predictor in the model. Thus for each retrieved model,
a probability or score (depending on the type of model) for the outcome of interest was
calculated per patient in the data set.

Data Analysis
To compare the original derivation datasets of each retrieved model with the CEDAR
study population, the baseline characteristics and study details were retrieved from the
original articles (Table 1). Then, we assessed the diagnostic performance of the models
in the validation cohort for the two outcomes CRC and OBD. We first estimated the area
under the receiver operating characteristics curve (AUC) of each model. Then, based on the
model-specific cut-offs as originally proposed by the authors, we calculated the sensitivity,
specificity, positive predictive values (PPVs) and negative predictive values (NPVs), as well as
the proportion of patients that would not have been referred for colonoscopy according to
the model when using that threshold. For those models without a proposed cut-off, we set
the optimal cut-off at a sensitivity for CRC of ≥0.95 in our data (or as high as possible for the
models where 95% sensitivity could not be reached without any test-negatives). Similarly, to
assess their maximal performance in our data, we evaluated all models at the within-CEDAR
observed optimal cut-off for CRC and OBD separately. We constructed calibration plots
after updating of the intercept (recalibration-in-the-large) for those models that allowed
calculation of predicted probabilities. Calibration was only assessed for CRC, which was the
original outcome of interest for these models.
Missing values occurred for various predictor variables ranging from 3% (for abdominal
pain) to 56% (for mean corpuscular volume (MCV)), with a median of 8%. As simply ignoring
subjects with missing data leads to biased results23,24 missing data were multiply imputed
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2009-2011

Data collection time frame

1988

2012

445 (54.9)

354 (43.6)

531 (65.6)

157 (19.3)

653 (80.6)

235 (29.0)

461 (56.9)

Women

Rectal bleeding

Change in bowel habit

Weight loss

Abdominal pain

Diarrhea

Constipation

55 (6.8)

37 (4.6)

Abnormal rectal exam.

Abdominal mass

Physical examination

61 (19-92)

Median age (years, range)

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR (>65)

NR

Retrospective

High risk; elderly
patients (age
> 65 years)
referred for
barium enema

High risk;
primary care
patients with
lower GI
symptoms
referred for
colonoscopy

Prospective

Symptoms

Total
(N=461)

Brazer
Total
(N=981)a

Chak

Bjerregaard
Total
(N=2172)

Panzuto
Total
(N=280)

Total
(N=269)b

Fijten

NR

NR

23.0

17.0

46.0

NR

NR

38.0

66.0

61 (48-71)c

NR

Prospective

1991

High risk; outand inpatients
undergoing initial
colonoscopy

NR

NR

4.9

8.0

10.9

6.1

0.6

47.1d

56.0

60 (21-99)

1992-1994

Prospective

1996

High risk;
primary and
secondary care
patients referred
for colonoscopy

NR

NR

47.8

30.3

79.6

15.0

2.8

NR

NR

NR

54.0

20.8

NR

54.0

40.7
20.3

56.0

61 (40-97)

2002-2003

Prospective

2006

High risk;
primary care
patients
suspected of
CRC referred
to surgical
outpatient clinics

57.1

61 (18-86)

NR

Prospective

2003

High risk;
primary care
patients
suspected of
CRC referred for
colonoscopy or
DCBE

NR

10.1e

NR

NR

50.2

15.6

29.0

100.0

56.1

42 (18-75)

1988-1990

Prospective

1995

Low risk;
primary care
patients with
rectal bleeding
consulting their
GP

Cross-sectional Cross-sectional Cross-sectional Cross-sectional Cross-sectional Cross-sectional Cross-sectional
census
census
census
census
census
census
census

Total
(N=810)

Timing of data collection

Publication year

Domain

Design

Study characteristics

Hill
Total
(N=132)

CEDAR
Controls
(N=1744)

NR

14.6

26.1

37.8

42.4

26.9

NR

42.2

50.7

NR (≥ 40)

NR

0.8

14.8

9.8

9.4

5.3

NR

4.2

50.7

NR (≥ 40)

1998-2002

Retrospective

2011

Low risk; primary
care CRC cases
and controls

Cross-sectional casecontrol

Cases
(N=349)

CAPER

Controls
(N=38,314)

1.6

0.3

27.0

18.0

29.7

6.4

11.2

15.6

46.9

71 (30-105)

0.0

0.0

10.6

5.7

8.1

1.8

1.0

1.2

46.9

71 (30-105)

2001-2006

Retrospective

2011

Low risk; primary care
CRC cases
and controls

Cross-sectional casecontrol

Cases
(N=5477)

BB-equation, NICE 2/3

Table 1: Patient characteristics and outcome of the Dutch CEDAR study and the derivation datasets of the selected diagnostic risk scores for
colorectal cancer and organic bowel disease.
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141 (17.4)

NR

56.1

11.4

NR

NR

NR

-

7.4

34.0h

NR

-

-

14.6

NR

NR
4.5

NR

24.6f

NR

16.5f

-

5.6

1.0i

NR

9.7f

-

3.3

18.2g

NR

6.2g

Data are N (%) unless noted otherwise. NR: not reported.
a
Patients are divided into a derivation group (N=653) and a validation group (N=328). Numbers are provided for the total group.
b
Data combined from two studies.
c
Between parentheses: inter quartile range.
d
Indication as stated by the endoscopist, not patient reported.
e
Performed in 77% of patients (N=208).
f
Percentage of patients with (iron-deficiency) anemia.
g
Performed in 84% of patients (N=225).
h
Performed in 75% of patients (N=347).
i
Performed in 13% of patients (N=291).
j
Study outcomes for which the retrieved models or scores were developed.

Organic bowel disease

Colorectal cancer

37 (4.6)

204 (25.0)

FOBT positive

Outcomes under studyj

37 (4.5)

22 (2.8)

Haemoglobin < 12.0 g/dl

MCV < 80 fl

Investigations

-

349

8.9

NR

22.4

-

-

0.3

NR

4.0

-

5477

0.1

6.6

26.0

4.7

-

-

0.0

2.4
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71

72
ü
ü
û
û
û
û
üb
üb
û
û
û
û
û
û
û
ü
û
ü

û
û
ü
û
û
ü
û
û
±
û

û
ü
üc

û
û
û
±
û

Brazer

û
û
û
±
û

û
û
û

ü
û
û
û
û
ü
û
û
û
û

Chak

û
û
û
±
û

û
û
û

ü
û
û
û
û
ü
û
û
û
û

Panzuto

û
û
û
ü
û

û
û
û

ü
ü
±d
ü
±
ü
ü
û
û
ü

Bjerregaard

û
û
û
û
û

û
û
û

ü
û
ü
û
ü
û
û
û
û
û

Fijtena

ü
ü
û
û
ü

ü
ü
û

û
û
ü
û
û
±
±
±
±
û

CAPER

ü
ü
û
û
ü

ü
ü
û

û
û
ü
û
ü
±
ü
ü
±
û

BBequation

û
û
û
ü
ü

ü
ü
û

ü
û
±
û
û
û
û
±
û
û

NICE 2

û
û
û
ü
ü

ü
ü
û

ü
û
±
û
û
û
û
±
û
û

NICE 3

‘ü’ indicates predictor is present in the model and present in the CEDAR study.
‘±’ indicates predictor is present in the model but not in the CEDAR study: proxy used.
‘û’ indicates predictor is not present in the model.
a
Fijten et al described two models containing the same predictors for two outcomes, one for CRC and one for the combined outcome of CRC and polyps related to rectal bleeding.
b
In the model of Brazer the predictors abdominal pain and diarrhea were defined as having abdominal pain or diarrhea only, with absence of GI bleeding, anemia or a first degree
relative with history of CRC.
c
None of CEDAR participants had obstruction by definition as abdominal complaints were non acute.
d
The model of Bjerregaard et al contains two predictors related to rectal bleeding: ‘fresh rectal bleeding only’ and ‘dark rectal blood’. Freshness and color of rectal blood was not
available in the CEDAR study, so blood mixed with stool was used as a proxy for dark rectal blood.

History
Age
Gender
Rectal bleeding
Rectal mucus
Change in bowel habit
Weight loss
Abdominal pain
Diarrhea
Constipation
Family history of CRC
Physical examination
Abnormal rectal exam.
Abdominal mass
Obstruction
Investigations
Hemoglobin
MCV
Hematocrit
Anaemia
FOBT

Hill

Table 2. Overview of predictors per retrieved diagnostic model or score for colorectal cancer and organic bowel disease diagnosis, with status
of the predictors in the CEDAR study cohort.
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before analysis (using 10 imputed datasets). The imputation model included participantreported variables (age, gender, rectal bleeding, weight loss, abdominal pain, fever, mucus
per rectum, use of antispasmodics, laxatives, anti-diarrheal medication), GP-reported
variables (rectal bleeding, blood mixed with stool, change in bowel habit, weight loss,
fever, family history of colorectal cancer, risk-estimation of OBD) and blood and fecal test
variables (erythrocyte sedimentation rate (ESR), c-reactive protein (CRP), hemoglobin, MCV,
leukocytes, fecal calprotectin and fecal immunochemical occult blood (iFOB)). The outcome
(OBD in categories) was also used to impute the missing values as this results in less bias.25,26
We used Rubin’s rule for pooling of results across the imputed datasets.27
All estimates are provided with 95% confidence intervals (CIs), based on Wilson’s Score
method for proportions28, and all tests were two-sided with a cut-off for statistical
significance of 5%. Analyses were performed using the statistical package R (version 3.0.1,
The R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Systematic literature search for primary care diagnostic models for CRC and OBD
The literature search yielded 2965 articles (Figure 1). After independent screening of titles
and abstracts, 103 articles were selected for full text screening. Of these, 24 articles reported
on a total of 28 scoring rules or sets of criteria for the diagnosis of CRC or OBD in primary
care (Appendix II). Reference checking of the final models and of related reviews did not
yield any additional models. Of the 28 models, 18 were excluded because of insufficient
information: eight included non-established investigational biomarkers or an unpublished
computer algorithm (Appendix II: 1-8), nine models included one or more clinical variables
that were not assessed in the CEDAR study (Appendix II: 9-16, the article of Muris et al
describes two models). Two of the NICE models described in Marshall et al16 became
identical after application of proxies, as for the variable ‘diarrhea’ different frequencies of
GP consultations were needed, which was not recorded in the CEDAR study. One model was
additionally excluded, as the analysis was prognostic rather than diagnostic, and required
longitudinal data (Appendix II, 17). We thus identified 10 distinct diagnostic models or scores
for testing in our CEDAR cohort (Table 1). Five models were developed in a referred primary
care population10,13-15,29, and five in a non-referred general practice population11,12,16,30. Two
models were developed for a specific subgroup: one for patients consulting the GP with
rectal bleeding30 and one for elderly patients above 65 years.13 CRC was most frequently
used as outcome of interest, for two models combined with (adenomatous) polyps14,30, and
one model focused on OBD (CRC, polyps, IBD or diverticulitis)13. Appendix III provides an
overview of the characteristics of the selected diagnostic models.
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Figure 1: Flow chart of the systematic review for diagnostic models for colorectal cancer and
organic bowel disease.
(Pre-)Medline literature search
See Appendix I for details

Criteria:

Total: 2965 articles

Diagnostic model, scoring
system or criteria for CRC or
OBD

Title/abstract screening

2862 articles

!

Exclusion (etiologic, prognostic
and therapeutic articles,
models derived in non-Western
populations, reviews, letters,
animal research, language
other than English and Dutch)

!

Criteria:

103 articles

Sufficient information on
definitions of variables used and
the relative weights

Full text screening
75 articles
No information on beta’s/odds
ratios
!

28 articles

Criteria:
Presented a new diagnostic
model, scoring system or
criteria for CRC or OBD

4 articles
Validation of existing model
developed for CRC or OBD

Criteria:

24 articles

Sufficient information available
in the CEDAR database to
apply model

28 diagnostic models

!

18 models

!

!

10 diagnostic models

Non-established biomarkers or
unpublished algorithm (8
models), no adequate
information available in the
CEDAR study (9 models), non!
cross-sectional (1 model)

5 diagnostic models

5 diagnostic models

developed in referred for colonoscopy
primary care population (similar to
CEDAR study population) or in a
specific patient subgroup (elderly)

developed in non-referred for
colonoscopy primary care population or
in a specific patient subgroup (rectal
bleeding)

Outcome

Outcome

CRC (3 models), CRC and
adenomatous polyps (1 model) and
OBD (1 model)

CRC (5 models). One model studied
CRC and adenomatous polyps as
secondary outcome.

!

!

Figure 1: Flow chart of the systematic review for diagnostic models for colorectal cancer and organic
Comparison
bowel disease. of validation cohort and original development cohorts

A total of 843 participants referred from 266 general practices enrolled in the CEDAR study
!
!
between
July 2009 and January 2012. Of these, 33 (4%) were excluded (4 did not )'meet
!
inclusion criteria, 7 withdrew informed consent and 22 did not receive reference testing).
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Of the remaining 810 participants, OBD was diagnosed in 141 (overall prevalence 17%),
including 37 patients with CRC (5%), 49 (6%) with advanced adenomas (>1 cm) and 37 (5%)
with IBD.

External validation of retrieved models and scores for colorectal cancer
Table 3 and 4 show the diagnostic accuracy estimates for all models for the outcomes CRC and
OBD separately. Overall, most models developed in non-referred primary care populations
showed good discrimination for CRC with the highest AUC for the NICE 3 model16 of 0.86
(95%CI: 0.80-0.92). The models derived from referred primary care populations performed
generally less with AUCs of ≤0.70, except for the Brazer model14 (AUC: 0.85 (0.80-0.91)).
At the proposed cut-off levels for CRC, NPVs were very good for all models (≥0.96). The
NICE 2 model had the most favorable combination of estimates with the highest number
of preventable colonoscopy referrals (0.47, 95%CI: 0.41-0.53). When looking at the optimal
cut-offs in the CEDAR data (Appendix IV), no higher percentage of unnecessary referrals was
found.
CRC calibration plots for the Brazer, Panzuto, Bjerregaard, Fijten en BB-equation models are
shown in Appendix V. Calibration was adequate for Brazer and Panzuto in the CEDAR study,
but predictions were overoptimistic for the other models.

External validation of retrieved models and scores for organic bowel disease
A lower discrimination for OBD was found. NPVs were highest for CAPER and NICE 3: 0.96
(0.90-0.99) and 0.96 (0.92-0.98), with the highest proportions of patients not needing
referral for Fijten and NICE 2 (0.54 and 0.47 respectively). When optimal cut-offs for OBD
were used, the NPVs improved, but not the proportions below referral cut-off (Appendix VI).

DISCUSSION
A systematic review yielded ten diagnostic models, one for OBD and nine for CRC. All
models were independently validated on data from the CEDAR study to assess their value
in preventing unnecessary colonoscopy referrals in a primary care population with lower GI
complaints. Analyses were performed for the outcomes CRC and OBD separately. The models
derived from non-referred primary care populations were able to rule out CRC excellently,
NPVs ranged from 96% to 100%, with a mean of 99%. The NICE 2 model demonstrated
the most optimal combination of diagnostic estimates needed for reducing unnecessary
referrals: 47% of currently referred patients would not need referral while CRC could be
safely ruled out. As all but one model were developed specifically for CRC, excluding OBD
proved more difficult: NPVs ranged from 81% to 96%, with a mean of 92%. The NICE 2 model
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3

3

9

Chak

Panzuto

Bjerregaard

11

7

7

CAPER

BB-equation

NICE 2

NICE 3

0.65 (0.64-0.66)

0.61 (0.60-0.62)

0.83 (0.82-0.84)

0.91 (0.89-0.93)

0.97 (NR)

NR

NR

NR

NR

NR

AUC in initial
publication
(95%CI)

0.86 (0.80-0.92)

0.85 (0.79-0.90)

0.81 (0.77-0.85)

0.82 (0.76-0.88)

0.70 (0.60-0.80)

0.69 (0.61-0.77)

0.65 (0.58-0.73)

0.70 (0.63-0.77)

0.85 (0.80-0.91)

0.67 (0.56-0.78)

AUC in the
CEDAR study
(95%CI)

≥ 1e

≥ 1e

≥ 100e

≥ 35e

≥ 4.2%d

≥ 0.9% b

≥ 4.5% b

≥ 1b

≥ 0.0007% b

≥ 1b

Cut-off for
referral for
CRC

1.00 (0.91-1.00)
0.97 (0.86-1.00)
0.97 (0.86-1.00)

0.23 (0.20-0.27)
0.47 (0.43-0.51)
0.31 (0.28-0.35)

1.00 (0.91-1.00)

0.22 (0.19-0.25)

1.00 (0.91-1.00)

0.97 (0.86-1.00)

0.22 (0.19-0.25)

0.73 (0.52-0.88)

0.97 (0.86-1.00)

0.27 (0.24-0.30)

0.14 (0.11-0.16)

0.97 (0.86-1.00)

0.53 (0.47-0.58)

0.86 (0.66-0.95)

0.30 (0.26-0.33)

Sensitivity
(95%CI)

0.39 (0.33-0.45)

Proportion
below referral
cut-off
(95%CI)
Specificity
(95%CI)

0.33 (0.29-0.36)

0.49 (0.45-0.53)

0.25 (0.21-0.28)

0.14 (0.12-0.17)

0.55 (0.49-0.60)

0.23 (0.20-0.26)

0.23 (0.20-0.26)

0.28 (0.25-0.31)

0.31 (0.28-0.34)

0.41 (0.35-0.47)

NR: not reported.
a
Model developed and tested in subgroup of elderly patients (> 65 years of age, N=276) .
b
Optimal cut-off level chosen to detect ≥ 95% of cancer patients (see text), as no cut-off level was provided in original article.
c
Model developed and tested in subgroup of patients with known rectal bleeding (N=352).
d
Predicted probability for CRC, cut-off provided in original article.
e
Cut-off as provided in original article.

3

10

Fijtenc

Non-referred population

5

6

Hilla

Brazer

Referred population

No. of
predictors
in model

0.06 (0.05-0.09)

0.08 (0.06-0.11)

0.06 (0.04-0.08)

0.05 (0.04-0.07)

0.11 (0.07-0.17)

0.06 (0.04-0.08)

0.06 (0.04-0.08)

0.06 (0.04-0.08)

0.06 (0.05-0.09)

0.11 (0.07-0.16)

1.00 (0.98-1.00)

1.00 (0.99-1.00)

1.00 (0.98-1.00)

1.00 (0.97-1.00)

0.96 (0.92-0.98)

1.00 (0.98-1.00)

0.99 (0.97-1.00)

1.00 (0.97-1.00)

1.00 (0.98-1.00)

0.97 (0.92-0.99)

Negative
Positive
predictive value predictive value
(95%CI)
(95%CI)

Table 3: Performance of the selected diagnostic models for colorectal cancer when tested in the CEDAR study cohort.
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3

9

Chak

Panzuto

Bjerregaard

11

7

7

CAPER

BB-equation

NICE 2

NICE 3

NR

NR

NR

NR

0.92 (NR)

NR

NR

NR

NR

NR

AUC in
initial
publication
(95%CI)

0.79 (0.75-0.84)

0.79 (0.74-0.83)

0.75 (0.70-0.80)

0.77 (0.72-0.81)

0.63 (0.56-0.69)

0.63 (0.58-0.68)

0.58 (0.54-0.63)

0.60 (0.55-0.64)

0.72 (0.67-0.76)

0.67 (0.60-0.73)

AUC in the
CEDAR study
(95%CI)

≥ 1e

≥ 1e

≥ 100 e

≥ 35 e

≥ 5.8% d

≥ 0.9% b

≥ 4.5% b

≥ 1b

≥ 0.0007% b

≥ 1b

Cut-off for
referral for
CRC

0.91 (0.85-0.96)
0.87 (0.80-0.92)
0.92 (0.86-0.96)

0.23 (0.20-0.27)
0.47 (0.43-0.51)
0.31 (0.28-0.35)

0.93 (0.87-0.97)

0.22 (0.19-0.25)

0.97 (0.92-0.99)

0.87 (0.81-0.92)

0.22 (0.19-0.25)

0.62 (0.51-0.72)

0.84 (0.77-0.89)

0.27 (0.24-0.30)

0.14 (0.11-0.16)

0.88 (0.81-0.92)

0.54 (0.48-0.59)

0.86 (0.75-0.92)

0.30 (0.26-0.33)

Sensitivity
(95%CI)

0.39 (0.33-0.45)

Proportion
below referral
cut-off
(95%CI)

0.36 (0.33-0.40)

0.54 (0.50-0.58)

0.27 (0.23-0.30)

0.16 (0.13-0.19)

0.59 (0.53-0.65)

0.25 (0.22-0.29)

0.24 (0.21-0.28)

0.29 (0.25-0.32)

0.33 (0.30-0.37)

0.46 (0.39-0.52)

Specificity
(95%CI)

0.23 (0.20-0.27)

0.28 (0.24-0.33)

0.21 (0.18-0.24)

0.20 (0.17-0.23)

0.35 (0.28-0.43)

0.21 (0.18-0.24)

0.20 (0.17-0.23)

0.20 (0.17-0.23)

0.22 (0.18-0.25)

0.31 (0.24-0.38)

0.96 (0.92-0.98)

0.95 (0.92-0.97)

0.94 (0.89-0.97)

0.96 (0.90-0.99)

0.81 (0.75-0.86)

0.95 (0.90-0.97)

0.90 (0.85-0.94)

0.89 (0.85-0.93)

0.93 (0.89-0.95)

0.92 (0.85-0.96)

Negative
Positive
predictive value predictive value
(95%CI)
(95%CI)

NR: not reported.
a
Model developed and tested in subgroup of elderly patients (> 65 years of age, N=276) .
b
Optimal cut-off level chosen to detect ≥ 95% of cancer patients (see text), as no cut-off level was provided in original article. For the model of Hill, cut-off was
c
Model developed and tested in subgroup of patients with known rectal bleeding (N=352).
d
Predicted probability for combined outcome CRC and polyps related to rectal bleeding, cut-off provided in original article.
e
Cut-off as provided in original article.
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Fijtenc

Non-referred population

5

6

Hilla

Brazer

Referred population

No. of
predictors
in model

Table 4: Performance of the selected diagnostic models for organic bowel disease when tested in the CEDAR study cohort.
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also performed the best for OBD, for 47% of patients referral could be prevented at a cost
of missing 5% of OBD patients.
The models developed in the non-referred primary care populations generally discriminated
better between patients with and without both outcomes than the models derived from
referred primary care populations. This is likely due to the fact that the former models
contain more predictors, and more frequently include predictors from physical examination,
laboratory testing and the FOBT, whereas the latter models mainly use history predictors
(Table 2). The NICE models perform the best on discrimination and diagnostic accuracy,
which can be explained by the fact that they particularly focus on patients with typical highrisk symptoms,16,31 that is also the CEDAR study patient population.
For the GP it is important that besides its ability to discriminate between need for referral or
not, a diagnostic model or score is easy to use.32 A model ideally contains a limited number
of predictors from not too many separate diagnostic steps, e.g. from history taking only
or combined with an item from physical examination or laboratory testing. The models
with the best performance in our study contained many predictors from history, physical
examination, blood and fecal testing. From this perspective one may consider instead of
using the best discriminating model a simpler model that is equally reliable, but at a cost
of less reduction in unnecessary referrals. One example is the model of Chak with three
predictors (age, weight loss and anemia) that would lead to 27% safely reduced referrals.
To appreciate these findings, some strengths and limitations need to be addressed. We
performed a comprehensive and quantitive external validation directly comparing all existing
diagnostic models that have been developed for ruling out CRC and OBD in primary care.
We first thoroughly and systematically reviewed the entire literature and then assessed the
ability of the identified models.19 All models were validated on the same dataset, which
allows for a uniquely direct and valid comparison of the performance of the models.
Participation of 266 GP practices from three regions in the Netherlands contributed to the
generalizability of our findings.
A limitation of validating different models in an existing database is that not all variables
of the retrieved models may be present. When a proxy variable could not be formulated,
models were excluded from the analysis. A number of interesting models could therefore
not be validated. When the variables were present in our database but measured differently,
we used proxies. Use of these proxies may have led to slightly different results than if exactly
the same variables would have been used, likely leading to poorer performance of these
models.
Another important issue is that our results can only confirm the performance of the models in
primary care patients with lower GI complaints that met the current criteria for colonoscopy
referral. We did not validate the models in patients earlier in the diagnostic process, such as
at the time of GP consultation, or, even more broad, as a screening tool in non-symptomatic
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persons. However, GPs are not likely to apply diagnostic models in all patients that consult
with lower GI complaints, but only in patients where they suspect an increased risk of OBD
or CRC, as was the inclusion criterion of the validation CEDAR cohort.
For most of the variables in the dataset, the percentage of missing data was small. However,
the blood parameter MCV was missing in 56% of patients, as this was not measured as part
of the study protocol. It has been shown that complete case analysis (deleting the records
of patients with missing data) can lead to biased results. Multiple imputation is currently the
best available method to deal with missing data, even when the number of missing data is
high.23,24,27 We therefore multiply imputed our data to increase the reliability of the results.
Finally, the number of CRC patients in the CEDAR study was rather small (n=37). This may lead
to uncertainty in the performance measures, as reflected in the relatively wide confidence
intervals for the models with many predictors.33
Some models have been validated previously, but mostly on different datasets preventing
direct or complete comparison. The BB-equation has previously been applied to the CAPER
study database and the CAPER score to the THIN database.16 As the CAPER and THIN
databases are both derived from non-referred primary care populations (Table 1), both
models performed better than when applied to our dataset of referred (high risk) patients.
The NICE 2 and 3 models on the other hand showed poorer performance in the THIN
database16 (AUCs of 0.61 and 0.65), but showed high AUCs in our external validation study
(0.85 and 0.86). The NICE 2 and 3 models were also applied to data from the CAPER study
with AUCs of 0.72 (95%CI: 0.68-0.75) and 0.75 (0.72-0.79). The NICE models thus show the
best performance when applied to data from the CEDAR study.
To conclude, in an independent dataset, using the originally defined cut-off values, most
diagnostic models are able to correctly rule out CRC. Application of the NICE 2 model
resulted in the highest reduction on unnecessary colonoscopy referrals. These models
can thus effectively act as a decision support tool for primary care patients with lower GI
complaints who are considered for colonoscopy. However, CRC is not the only OBD outcome
that patients with lower GI symptoms face in general practice, and the diagnostic process
may better be targeted at the combined outcome ‘CRC, advanced polyps, or IBD’ (OBD).
Accurate multivariable diagnostic models targeted at such combined ‘OBD outcome’ are
currently lacking in the literature but may have a higher priority on the near-future research
agenda.
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APPENDIX
Appendix I: Query used for the systematic review
(“Primary Health Care”[Mesh] OR “primary care” OR “General Practice”[Mesh] OR “general
practice” OR “Family Practice”[Mesh] OR “family care” OR referral* OR referred)) AND
((Validat* OR Predict*[Title] OR Rule*) OR (Predict* AND (Outcome* OR Risk OR Risks OR
Model OR Models OR Modelling)) OR ((History OR Variable* OR Criteria OR Score OR Scores
OR Characteristic* OR Finding* OR Factor OR Factors) AND (Predict* OR Model OR Models
OR Modelling OR Decision* OR Identif* OR Diagnosis OR Diagnostic*)) OR (Decision*
AND (Model OR Models OR Modelling OR Clinical* OR “Logistic Models”[Mesh])) OR
(Diagnosis OR Diagnostic* AND (History OR Variable* OR Criteria OR Score OR Scores OR
Characteristic* OR Finding* OR Factor OR Factors OR Model OR Models OR Modelling)))
OR (“stratification” OR “ROC curve”[Mesh] OR “Discrimination” OR “Discriminate” OR
“c-statistic” OR “c statistic” OR “Area under the curve” OR “AUC” OR “Calibration” OR
“Indices” OR “algorithm” OR “multivariable”)) AND (“inflammatory bowel disease” OR
“Inflammatory Bowel Diseases”[Mesh] OR “Crohn Disease”[Mesh] OR Crohn* OR “Crohn
Disease”[Mesh] OR Colitis[Mesh] OR colitis* OR “Colitis, Ulcerative”[Mesh] OR “Colorectal
Neoplasms”[Mesh] OR “Colonic Neoplasms”[Mesh] OR “Rectal Neoplasms”[Mesh] OR
“colorectal cancer” OR “colon carcinoma” OR “colorectal carcinoma” OR “colon cancer” OR
“rectal cancer” OR “gastrointestinal disease” OR “irritable bowel syndrome” OR “Irritable
Bowel Syndrome”[Mesh] OR “functional bowel disorders”) NOT (children OR teenager*)
Appendix II: Retrieved articles that provide a diagnostic model or score
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Only the models with a provided cut-off level where a more optimal cut-off could be found are depicted here, for the remaining models the performance at the optimal cut-off
for referral was shown in Table 3.
a
Model developed and tested in subgroup of patients with known rectal bleeding (N=352).
b
Predicted probability for CRC, cut-off provided in original article.
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Appendix IV: Performance of the diagnostic models for colorectal cancer at the optimal cut-off for referral in the CEDAR study cohort.
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Appendix V: Calibration curves for colorectal cancer (CRC) for the Brazer (A), the Panzuto (B),
the Bjerregaard (C), the Fijten (D), and the BB-equation model without alarm symptoms (E)
and with alarm symptoms assigned an OR of 100 as suggested by the authors (F). All models
were applied in the CEDAR study (restricted to those with rectal bleeding for the Fijten
model) and evaluated for calibration following update of the intercept. The dashed line
shows perfect calibration, and the solid black line the LOWESS smoothed relation between
predicted and observed CRC risk. The histograms depict the distribution of predicted CRC
risk in patients with actual CRC (top) and without (bottom).
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Only the models with a provided cut-off level where a more optimal cut-off could be found are depicted here, for the remaining models the performance at the optimal cut-off
for referral was shown in Table 4.
a
Model developed and tested in subgroup of patients with known rectal bleeding (N=352).
b
Predicted probability for combined outcome CRC and polyps related to rectal bleeding, cut-off provided in original article.
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ABSTRACT
Background
Many endoscopy-referred primary care patients with persistent lower gastrointestinal (GI)
complaints do not have organic bowel disease (OBD). We aimed to develop and validate
a new diagnostic strategy using routine clinical information plus point-of-care (POC) fecal
calprotectin and immunochemical fecal occult blood tests (iFOBT) for ruling out OBD in
these patients.

Methods
The large-scale prospective diagnostic CEDAR study collected data on signs, symptoms,
simple blood tests, and fecal biomarkers from primary care patients with persistent lower
GI complaints. Endoscopy with follow-up ascertained OBD presence or absence (reference
standard). We developed and (internally) validated various diagnostic prediction models,
e.g. using only simple test results only plus models extended with various blood and fecal
markers, to rule out OBD.

Results
Of 810 included patients, 141 (prevalence 17%) had OBD. A basic model including various
signs, symptoms and C-reactive protein discriminated between presence or absence of OBD
with an area under the receiver operating characteristic curve (AUC) of 0.71 (95% CI: 0.670.76; optimism corrected and internally validated). The AUC significantly increased to 0.74
and 0.81 upon extension with calprotectin and iFOBT markers respectively. The AUC was
0.82 (0.78-0.86) if both markers were added. The latter – final – diagnostic prediction model
resulted in a 0.37 net reclassification improvement (0.23-0.51) compared to the basic model.
Using the final model at a probability threshold of 5% OBD risk, would prevent endoscopy
referral in 30% (27-35%) of the patients with a 96% (93-98%) negative predictive value. This
delayed diagnosis in 4% of the patients included one case of colorectal cancer (stage 1),
three cases of diverticulitis, and five of advanced adenoma patients.

Conclusion
Calprotectin and especially iFOBT showed substantial incremental diagnostic accuracy for
OBD. A diagnostic strategy using a few symptoms, signs and both these markers may safely
rule out OBD in one third of the suspected primary care patients without the need for
endoscopy.
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Introduction
Patients presenting with persistent lower gastrointestinal (GI) complaints are common
in primary care.1 In these patients, the general practitioner (GP) faces the challenge to
differentiate between potentially life-threatening organic bowel disorders (OBD) – such
as colorectal cancer (CRC) and inflammatory bowel disease (IBD) –, and functional bowel
disorders – such as the irritable bowel syndrome (IBS). As symptoms and signs are nonspecific, GPs refer many patients for colonoscopy not to miss or delay a diagnosis of OBD.
However, only 22 to 37% of the referred patients are indeed diagnosed with OBD.2–6 This
unnecessarily strains health care budgets and colonoscopy schedules, and exposes many
non-OBD patients to a small but real risk of severe colonoscopy-associated complications.
There is a need for an improved diagnostic strategy that allows the safe non-endoscopic
exclusion of OBD in suspected primary care patients. We have previously evaluated in OBD
suspected primary care patients, the accuracy of several published diagnostic models or
strategies that incorporate combinations of signs and symptoms. Most of these diagnostic
models were developed in secondary care populations. For the primary care setting, they
appeared generally promising in ruling out CRC – for which virtually all strategies but one
were developed, but the ability to rule out OBD was low (Chapter 5).
Addition of fecal biomarkers may improve the discriminative accuracy of such diagnostic
models. The presence of occult blood may indicate neoplastic disease, and elevated
calprotectin levels colonic inflammation. Although five of the validated existing diagnostic
models included a fecal occult blood test,7,8 over the past decade such assays have improved
substantially, likely increasing their diagnostic contribution. Moreover, none of the evaluated
existing diagnostic strategies incorporated calprotectin, another promising marker in this
field. Calprotectin has only been evaluated for its diagnostic accuracy to exclude OBD in
isolation,9 i.e. without taking other diagnostic predictors or tests results into account.
Therefore, we designed the large-scale prospective CEDAR study (Cost-Effectiveness of
a Decision rule for Abdominal complaints in primary caRe),10 to develop and (internally)
validate a novel diagnostic model to safely rule out OBD in primary care patients with lower
GI complaints. The aim was to reduce the number of unnecessary referrals for endoscopy. We
specifically quantified to what extent adding fecal occult blood and calprotectin levels, both
separately and in combination, had incremental diagnostic accuracy for this aim. These fecal
markers were studied using point-of-care (POC) tests – as these are particularly convenient
in primary care where day-to-day use is often limited but rapid results are warranted – but
also using a calprotectin enzyme-linked immunosorbent assay (ELISA).
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Methods
Study design and participants
The CEDAR study was a prospective cross-sectional diagnostic study performed in 266 Dutch
general practices. The study design is described in detail.10 Briefly, we included primary care
patients consulting their general practitioner for persistent lower abdominal complaints
from July 2009 through January 2012. Patients suspected of OBD were eligible, as defined
by presence of lower abdominal complaints for at least two weeks in combination with one
or more of the following symptoms or signs: rectal bleeding, altered defecation pattern,
abdominal pain, fever, diarrhea, weight loss, a sudden onset in the elderly or findings at
physical examination suggestive of OBD (i.e. palpable abdominal or rectal mass). Patients
were ineligible when aged below 18, unable to give informed consent, previously diagnosed
with OBD or when Triple Faeces Testing (TFT) was positive.
To facilitate optimal inclusion, patient data was documented either at the GP’s office or at the
moment of referral to one of the three adhering endoscopy centers. The University Medical
Center Utrecht Medical Research and Ethics Committee approved the study protocol.

Definition and collection of candidate diagnostic predictors
In view of the expected number of OBD cases, we preselected the most promising diagnostic
predictors for OBD presence or absence, based on the literature: 13 from patient history, 2
from physical examination, 2 standard blood tests and 3 fecal markers.

History taking and physical examination
We collected patient history variables using recommended patient and GP questionnaires.11,12
For abdominal pain, rectal blood loss or mucus, weight loss, and fever we considered the sign
or symptom to be present if the patient or the GP reported so. Duration of abdominal pain,
abdominal bloating, and family history of colorectal cancer was derived from the patient
questionnaires. Change in bowel habit was solely based on the GP questionnaire. Presence
of constipation or diarrhea was also based on either patient or GP questionnaires, with
constipation defined as at least two of: <3 bowel movements/week, difficult or incomplete
defecation, hard or lumpy stools, sensation of anorectal obstruction, use of laxatives,13 and
diarrhea was based on frequency of loose or liquid stools or use of anti-diarrhea medication.
GPs recorded findings from physical examination (palpable abdominal mass and abnormal
digital rectal examination). All questionnaires were filled-in as close to the GP visit as possible
and before the endoscopy procedure.
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Additional biomarkers
A venous blood sample was drawn immediately after patient inclusion or – at the latest –
at the day of endoscopy, and analyzed for C-reactive protein (CRP) and Hemoglobin (Hb)
concentration.
All participants also collected a stool sample directly after study inclusion and before bowel
preparation for endoscopy. The refrigerated sample had to be delivered within two days
after collection. Clinical laboratory technicians performed the ELISA, and trained research
nurses the POC tests. Both were unaware of the patient’s clinical details and according to
the instructions of the manufacturers.
The calprotectin POC test (Quantum Blue® Calprotectin quantitative lateral flow assay,
Bühlmann Laboratories, Schonenbüch, Switzerland) is a quantitative immunoassay. Following
application of an extracted and diluted fecal sample to the test cartridge, a control and a
test line occur, ensuring valid readout by a reader (Quantum Blue® POC Reader, Bühlmann).
The dynamic range lies within 30-300 μg/g calprotectin. Using the supernatant (5 min 3000g
centrifugation) of the same undiluted stool extract, calprotectin concentrations were also
measured by ELISA (EK-CAL Calprotectin ELISA, Bühlmann), following -20 °C storage for
maximal 4 months until analysis.
The iFOB POC test (Clearview One Step Fecal Occult Blood Test Device, Inverness Medical
Innovations, Australia) is a rapid chromatographic immunoassay for qualitative detection of
human fecal occult blood. Following fecal sample application, a control line ensures valid
read out. The iFOB POC test is inherently dichotomous (presence yes/no of human blood in
stool sample). More details regarding the biomarker tests are described elsewhere.10

Outcome (reference standard)
The outcome of interest was the presence or absence of OBD, determined at endoscopy,
or diagnosed within three months follow-up after inconclusive endoscopy. OBD presence
included either the presence of colorectal cancer, advanced adenomas (>1 cm), inflammatory
bowel disease or diverticulitis. Adenomas up to 1 cm were considered non-OBD, as they are
rarely symptomatic14–16 and increase colorectal cancer risk only marginally,17,18 and may thus
be considered chance findings. Experienced gastroenterologists performed the colonoscopy
or sigmoidoscopy – depending on the indication – at one of the three adhering high-volume
endoscopy centers, routinely taking biopsies if required. Outcome assessment was blinded
to the results of the candidate diagnostic predictors.

Data analysis
All candidate predictors had missing observations except age and gender. The percentage
of missing data per predictor was between <1% (abdominal pain) and 27% (duration of
93

Chapter 6

abdominal pain), with 6% missing for both iFOBT and calprotectin POC and 9% missing for
calprotectin ELISA (Table 1). A total of 63.2% of patients had complete information for all
candidate predictors, and 94.9% of data points were observed. To avoid selection bias,19 we
used multiple imputation to impute the 5.1% missing data points (multivariable imputation
by chained equations; 10 datasets, 25 iterations, healthy convergence).20 The imputation
model included information on severity of bloating, painful palpation, symptom relief
following defecation, erythrocyte sedimentation rate, white blood cell count, and the GP’s
assessment of OBD risk. All reported results are based on the imputed data, where the
estimates of interest at the final computational step were combined across the imputed
datasets using Rubin’s rules.21
We truncated values of duration of abdominal pain (at 10 years; 4% truncated), CRP
(20mg/L; 3%), and calprotectin ELISA (500 μg/g; 4%), to reduce the influence of outliers.22
We ascertained the linearity for continuous predictors with OBD risk using restricted cubic
spline functions in a full multivariable model (containing all candidate predictors), and then
approximated any non-linearity with the necessary transformations (log transformations for
CRP and duration of abdominal pain, and quadratic transformation for Hb). We centered
duration of abdominal pain around 90 days for patients with abdominal pain to avoid
collinearity between presence and duration of abdominal pain.23
Following univariable assessment of the diagnostic accuracy of each candidate predictor
(using sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV)
for dichotomous and area under the receiver operating characteristic curve (AUC) for
continuous predictors), we developed a multivariable basic diagnostic model using logistic
regression. We first included all diagnostic predictors from history taking that remained in at
least half of the imputation datasets following a stepwise backward elimination approach in
each imputation dataset (based on the Akaike Information Criterion (AIC)). To this selected
set of patient history predictors, we then added the physical examination predictors and
used the same backward approach for those, keeping the patient history variables selected.
In the next step, the simple blood test results (CRP and Hb) were added, which yielded the
final basic model.
To assess the subsequent incremental diagnostic value of the fecal occult blood and
calprotectin tests, we added them both separately, and in combination, to this basic model,
yielding a final extended model. Further details of the modeling strategy are shown in
Appendix I. We also assessed whether the diagnostic value of the POC iFOBT differed in
patients with and without rectal blood loss by testing the multiplicative interaction between
the two variables.
The final diagnostic models were assessed for discriminatory performance (AUC),
agreement between predicted and observed OBD risk (calibration plots), explained variation
(Nagelkerke R2), diagnostic accuracy (at 2.5, 5, and 7.5% risk for OBD), and net benefit (for
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referred, non-referred, and overall).24,25 Basic and extended models were compared for
improvement in discrimination, explained variation, and reclassification (net reclassification
improvement (NRI) with 5 and 50% thresholds for low and high OBD risk, and (relative)
integrated discrimination improvement (IDI)).26
Finally, we internally validated each diagnostic model by 500-fold bootstrap resampling,
repeating all predictor selection steps in each bootstrap sample. This resulted in optimism
corrected AUCs, Nagelkerke R2s, and model coefficients that better reflect the performance
of the final models in new patients. We constructed easy to use nomograms from these
optimism corrected coefficients.
All statistical analyses were performed in R (version 3.0.1, R Foundation for Statistical
Computing, Vienna, Austria).

Results
Study population
A total of 810 patients were included (Figure 1). Their median age was 61 years (range 1992), and 55% was female. The majority suffered from abdominal pain (81%), and many
reported a change in bowel habit (65%), constipation (57%), or abdominal bloating (55%).
Rectal bleeding was present in 44%, and weight loss in 19%. Physical examination rarely
yielded abnormal results (Table 1).
Following endoscopy with three months follow-up for inconclusive procedures, 141
(prevalence 17%) patients were diagnosed with OBD: 37 had IBD, 37 CRC, 18 diverticulitis,
and 49 advanced adenomas.
In isolation (when used alone), none of the candidate diagnostic predictors could safely rule
out OBD, with the fecal biomarker tests showing the best combination of sensitivity and
specificity (at the manufacturer’s threshold), yielding NPVs between 89-92% (Table 1).

Basic model
Ten predictors from patient history, physical examination and simple blood testing were
retained in the basic diagnostic model: age, rectal bleeding, rectal mucus, weight loss,
change in bowel habit, abnormal digital rectal examination and CRP all increased OBD risk,
whereas abdominal pain, abdominal bloating, and constipation decreased its risk. The AUC
was 0.74 (0.70-0.79), before correction for optimism (Appendix II).

Added value of fecal markers
The fecal biomarker tests were all positively and significantly associated with OBD risk when
added to the basic model, both in isolation and when added in combination (Table 2; all
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Figure 1. Flowchart of Dutch primary care patients with lower abdominal complaints for
over two weeks and referred for secondary care endoscopy and their enrollment in the
CEDAR study from July 2009 through January 2012.
Patients contacted for participation
(n=1495)
Patients not reached (n=198)
Patients refused participation
(n=454)
Patients enrolled in the study
(n=843)
Patients withdrew informed
consent (n=7)
Patients fulfilled exclusion
criteria (n=4)

Included by GPs
(n=164)
Included at endoscopy
department
(n=668)

Endoscopy conclusive: non-OBD
(n=652)

Endoscopy missing
(n=40)

Additional testing: non-OBD
(n=17)

Non-OBD
(n=669)

a

Endoscopy conclusive: OBD
(n=140)

Additional testing: OBD
(n=1)

Reference standard missing
(n=22)

b

OBD
(n=141)

Abbreviations: GP: general practitioner; OBD: organic bowel disorders; CEDAR: Cost-Effectiveness of a Decision rule
for Abdominal complaints in primary caRe.
a
Non-OBD was established by other bowel tests for 6 patients (abdominal ultrasound in 5 and barium enema in
one patient) and by the gastroenterologist based on bowel investigations performed before recruitment in the
study for 4 patients.
b
OBD was established by the gastroenterologist for one patient on the basis of bowel investigations performed
before recruitment in the study.

P≤0.012). The diagnostic odds ratio for the POC iFOBT was not significantly lower in those
with rectal blood loss compared to those without (P-value for interaction: 0.69). CRP was
not significant in any of the fecal biomarker extended models and could be omitted without
much loss of diagnostic accuracy (P for CRP >0.26 for all extended models). Adding the
iFOBT POC to the basic model (extended iFOBT POC model) increased the AUC to 0.83 (0.7996
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Table 1. Distribution and accuracy of individual predictors for diagnosing OBD in primary
care as observed in 810 Dutch patients with lower gastrointestinal complaints referred for
endoscopy in the CEDAR study.1
Distribution

Accuracy for OBD

in CEDAR study
Diagnostic variable2
Patient history
Male gender
Age in years, median (min-max)
Absence of abdominal pain
Duration of abdominal pain in
weeks, median (min-max)
Rectal blood loss
Rectal mucus
Weight loss
Change in bowel habit
Absence of abdominal bloating
Absence of fever
Absence of constipation
Diarrhea
Absence of family history of
colorectal cancer
Physical examination
Absence of palpable abdominal
mass
Abnormal digital rectal
examination
Blood tests
Hemoglobin in g/dL, mean (SD)
Anemia (♀ <10 and ♂ <12 g/dL)
C-reactive protein in mg/L, median
(min-max)
Elevated C-reactive protein
(≥10 mg/L)
Fecal tests
Positive POC iFOBT
Calprotectin POC test in μg/g,
median (min-max)
Positive calprotectin POC test
(>50 μg/g7)
Calprotectin ELISA test in μg/g,
median (min-max)
Positive calprotectin ELISA test
(>50 μg/g7)

Frequency,
%3

Missing,
%

45
61 (19-92)
19
90 (0-10
years)
44
38
19
65
45
89
43
29
83

OBD (n=141; 17%)
Sensitivity,
%

PPV, %

No OBD (n=669; 83%)
Specificity,
%

NPV, %

AUC

(95% CI)

(95% CI)

(95% CI)

(95% CI)

0
0

48 (40-56)
---

19 (15-23)
---

56 (52-59)
---

0
27

33 (26-41)
---

30 (23-37)
---

83 (80-86)
---

1
1
1
12
4
1
3
2
8

66 (58-73)
51 (43-59)
24 (18-32)
68 (59-76)
61 (53-69)
89 (83-93)
52 (44-60)
29 (22-37)
87 (80-91)

26 (22-31)
23 (19-29)
22 (16-29)
18 (15-22)
24 (19-28)
17 (15-20)
21 (17-26)
18 (13-23)
18 (15-21)

61 (57-65)
65 (61-68)
82 (79-84)
35 (32-39)
58 (54-62)
11 (9-14)
59 (55-62)
71 (68-74)
17 (14-20)

95

15

96 (91-99)

18 (15-20)

5 (3-7)

86 (70-95)

---

7

18

11 (6-19)

30 (17-46)

94 (92-96)

83 (81-86)

---

14.2 (1.3)

4

---

---

---

---

6
2 (0-20)

4
5

10 (6-16)
---

32 (20-47)
---

95 (94-97)
---

9

5

12 (8-19)

23 (14-34)

91 (89-93)

25
48 (30-300)

6
6

67 (59-75)
---

47 (40-54)
---

84 (81-86)
---

49

6

70 (62-77)

25 (21-30)

56 (52-59)

62 (8-500)

9

---

---

---

57

9

72 (64-79)

22 (18-26)

46 (42-51)

(95% CI)

84 (80-87)
----0.60 (0.550.65)
85 (83-88)
----0.60 (0.540.65)
89 (86-92)
--86 (83-89)
--84 (81-86)
--84 (79-88)
--88 (84-90)
--83 (73-89)
--85 (82-88)
--83 (79-86)
--86 (79-91)
---

0.56 (0.500.61)
83 (81-86)
----0.59 (0.540.64)
83 (80-86)
---

92 (90-94)
----0.69 (0.630.74)
90 (87-92)
-----

0.66 (0.610.72)
89 (85-92)
---

Abbreviations: OBD: organic bowel disorders; AUC: area under the receiver operating characteristic curve; CI:
confidence interval; CEDAR: Cost-Effectiveness of a Decision rule for Abdominal complaints in primary caRe; ELISA:
enzyme-linked immunosorbent assay; iFOBT: immunochemical fecal occult blood test; OBD: organic bowel disease;
NPV: negative predictive value; POC: point-of-care; PPV: positive predictive value; SD: standard deviation.
1
All results in this table are following multiple imputation of missing values and are based on univariable
evaluation;
2
Variables are coded such that the reported category indicates a higher risk of OBD, to allow direct comparison of
accuracy measures across variables;
3
If not otherwise stated;
4
High values were truncated;
5,6
Negative (5) and U-shape (6) relation with presence of OBD;
7
Manufacturer’s threshold.
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Table 2. Improvement in discrimination, reclassification, and explained variation upon
extension of various diagnostic models for OBD with fecal tests, as observed in 810 Dutch
patients with lower gastrointestinal complaints referred for endoscopy in the CEDAR study.
Absolute change in AUC
Reference model
Fecal biomarker
test extension1

NRI3

IDI
Estimate
(95% CI)

Estimate (95% CI)

P-value2

Estimate (95% CI)

P-value

0.088

(0.06;0.11)

< 0.001

0.37 (0.23;0.51)

< 0.001

Calprotectin POC
test

0.026

(0.00;0.05)

Calprotectin
ELISA test

0.021

(-0.00;0.04)

POC iFOBT and
calprotectin POC
test

0.095

(0.07;0.12)

< 0.001

0.37 (0.23;0.51)

< 0.001

0.14
(0.10;0.17)

POC iFOBT and
calprotectin ELISA
test

0.094

(0.07;0.12)

< 0.001

0.38 (0.24;0.53)

< 0.001

0.069

(0.03;0.11)

< 0.001

0.21 (0.10;0.32)

0.073

(0.05;0.09)

< 0.001

0.25 (0.13;0.37)

Calprotectin POC
test

0.007

(-0.00;0.02)

Calprotectin
ELISA test

0.006

(-0.00;0.01)

P-value

Absolute
Relative
change
IDI, %
in R2 4

Basic diagnostic
model
POC iFOBT

0.043
0.077

0.17 (0.06;0.27)
0.13 (0.04;0.23)

0.12
(0.09;0.16)

< 0.001

86

15

28

5

27

4

< 0.001

96

16

0.14
(0.10;0.17)

< 0.001

96

16

< 0.001

0.10
(0.07;0.13)

< 0.001

53

12

< 0.001

0.10
(0.07;0.13)

< 0.001

54

12

5

1

6

1

0.003

0.04
(0.02;0.06)

0.001

0.006

0.04
(0.01;0.06)

0.002

Calprotectin POC
test extended
model
POC iFOBT
Calprotectin ELISA
test extended
model
POC iFOBT
POC iFOBT
extended model
0.19
0.19

0.00 (-0.07;0.07)
0.01 (-0.07;0.09)

0.95

0.01
(0.00;0.03)

0.041

0.78

0.01
(0.00;0.03)

0.045

Abbreviations: OBD: organic bowel disorders; AUC: area under the receiver operating characteristic curve; CEDAR:
Cost-Effectiveness of a Decision rule for Abdominal complaints in primary caRe; CI: confidence interval; ELISA:
enzyme-linked immunosorbent assay; IDI: integrative discrimination improvement; iFOBT: immunochemical fecal
occult blood test; NRI: net reclassification improvement; POC: point-of-care.
1
C-reactive protein was included in the basic model, but omitted from the fecal biomarker extended models as it
was redundant in these models;
2
P-value based on 2000-fold bootstrap resampling;
3
NRI is the NRI categorical with 5% threshold for low and 50% for high organic bowel disease risk;
4
Nagelkerke’s R2.

0.87) and adding only the calprotectin POC increased the AUC to 0.77 (0.73-0.82) (extended
calprotectin POC model). The addition of both significantly increased the AUC compared to
the basic diagnostic model from 0.74 (95%CI: 0.70-0.79) to 0.84 (0.80-0.88; P<0.001) (from
hereon called combined POC model). This added value was also reflected by the net benefit
(Appendix III and IV).
Adding the calprotectin POC test to a model including iFOBT did not show substantial added
value, but the iFOBT POC did when added to the calprotectin extended model. Substituting
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the calprotectin POC test with the ELISA yielded similar results: also an AUC of 0.77 (0.720.81) (Appendix II). Appendix V shows the calibration of all models.

Value of iFOBT in patients with rectal bleeding
The POC iFOBT result also had diagnostic value in the subgroup of patients presenting
with rectal blood loss: OR of 7.2 and 6.0 in patients with and without rectal blood loss (P
for interaction: 0.69). The improvement in discrimination by adding the POC iFOBT to the
calprotectin POC extended model was similar in patients with and without rectal blood loss
(increase in AUC of 0.081 and 0.083; based on refitted models in these subgroups).

Ruling out OBD and Nomogram
Using a probability threshold for endoscopy referral set at ≥5% OBD risk, the combined
POC model would prevent referral in 30% of all CEDAR participants (27-35%), with a NPV of
96% (93-98%). Of the 4% missed OBD patients, 1 had CRC (stage 1), 3 diverticulitis, and 5
advanced adenoma. Although both sensitivity and NPV would increase to 100% at a ≥2.5%
threshold, this would prevent referral in only 7% of patients (4-11%). A threshold of ≥7.5%
would lead to an inacceptable increase in non-referred OBD patients (Table 4).
The net-benefit for referred and non-referred patients for the different models are shown in
Appendix IV. The results for the iFOBT POC extended model were almost identical (Table 4).
Easy-to-use nomograms for the combined POC model (Appendix VI) and the POC iFOBT
extended model (Appendix VII) are provided.

Discussion
This study showed that fecal immunochemical occult blood testing and calprotectin
measurement have added value beyond patient history, physical examination and CRP
measurement in ruling out OBD in primary care patients presenting with persistent lower
abdominal complaints. Use of a simple diagnostic model with patient history, physical
examination and both POC iFOBT and calprotectin tests could safely rule out OBD (96%
NPV at a referral threshold of 5% probability of OBD), preventing unnecessary colonoscopy
referrals, in 30% of all OBD suspected patients. Interestingly, excluding the calprotectin test
from this model, yielded similar diagnostic accuracy missing only one additional advanced
adenoma patient (out of 49). Our new diagnostic strategy can substantially contribute to
curbing unnecessary colonoscopy referrals and associated harms and costs.
The main strength of our study is that it is based in primary care, thus meeting the need
for studies evaluating OBD biomarkers in this setting. Results from studies in secondary
care cannot be transferred directly to primary care.27 Second, this was a large study in
three regions in the Netherlands. The participation of 266 Dutch GP practices ensured a
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Table 3. Independent predictors of OBD, based on data from 810 Dutch primary care patients
with lower gastrointestinal complaints referred for endoscopy in the CEDAR study.
POC iFOBT and calprotectin POC
extended model
Regression
coefficient
(SE)

OR (95% CI) Wald P-value

Age, per 5 years

0.11 (0.05)

1.1 (1.0-1.2) 0.026

Abdominal pain

-0.18 (0.27)

Diagnostic variable

POC iFOBT extended model
Regression
coefficient
(SE)

OR (95% CI)

0.12 (0.05)

1.1 (1.0-1.2) 0.009

Wald
P-value

Patient history
0.8 (0.5-1.4)

0.50

-0.19 (0.27)

0.8 (0.5-1.4)

0.47

Rectal blood loss

0.70 (0.25)

2.0 (1.2-3.3) 0.005

0.78 (0.24)

2.2 (1.4-3.5) 0.001

Rectal mucus

0.36 (0.24)

1.4 (0.9-2.3)

0.14

0.42 (0.24)

1.5 (1.0-2.4) 0.076

Weight loss

0.25 (0.28)

1.3 (0.7-2.2)

0.37

0.32 (0.27)

1.4 (0.8-2.3)

0.24

Change in bowel habit

0.14 (0.26)

1.2 (0.7-1.9)

0.59

0.20 (0.26)

1.2 (0.7-2.0)

0.44

Abdominal bloating

-0.50 (0.25)

0.6 (0.4-1.0) 0.045

-0.50 (0.25)

0.6 (0.4-1.0) 0.042

Constipation

-0.27 (0.23)

0.8 (0.5-1.2)

0.26

-0.22 (0.23)

0.8 (0.5-1.3)

0.35

0.57 (0.57)

1.8 (0.6-5.4)

0.33

0.59 (0.55)

1.8 (0.6-5.3)

0.28

6.6 (4.2-10.3) <0.001

Physical examination
Abnormal digital rectal
examination
Fecal tests
Positive POC iFOBT

1.72 (0.24)

5.6 (3.5-8.8)

1.72 (0.24)

1.89 (0.23)

Calprotectin POC test, per
100 μg/g

0.30 (0.12)

1.4 (1.1-1.7)

0.30 (0.12)

---

Intercept

AUC (95% CI)
Nagelkerke’s R2, % (95% CI)

-4.03 (0.71)

---

---

-4.10 (0.71)

0.82 (0.78-0.86)

0.81 (0.77-0.85)

31 (23-39)

29 (21-38)

All estimates are adjusted for overoptimism by bootstrap resampling; associated 95%CIs and P-values were
calculated assuming the same SE applies as estimated directly from the data.
CRP was removed from both models as it did not contribute significantly and is an invasive test.
Abbreviations: OBD: organic bowel disorders; CEDAR: Cost-Effectiveness of a Decision rule for Abdominal
complaints in primary caRe; iFOBT: immunochemical fecal occult blood test; POC: point-of-care; SE: standard error;
OR: odds ratio; AUC: area under the receiver operating characteristic curve.

representative study population, enabling conclusions relevant for primary care practice
in general. Third, both index and reference tests were blinded, assuring independent
assessment. Fourth, considerable effort was made to perform the index tests as close as
possible to the GP consultation, thereby approximating the scenario as it would be in clinical
practice. Fifth, ascertainment of the final diagnosis was performed rigorously in all patients,
based on endoscopy with 3 months follow up. Thus, we most likely identified all patients
with organic bowel disease in our population. Lastly, the CEDAR strategy is one of the
first models developed for the combined endpoint OBD, which aligns better with primary
care practice where more organic disorders need to be ruled out than only CRC. The NICE
guidance report on the value of fecal calprotectin for the differentiation between IBD and
IBS advises that people suspected of having CRC should not be tested with fecal calprotectin
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131
124

141
132
124

141
137
126

141
137
127

140
131
124

141
137
127

0
10
17

0
9
17

0
4
15

0
4
14

1
10
17

0
4
14

--1
1

--1
1

-------

----1

--1
1

-------

----2

----3

----1

----1

----3

----1

--4
6

--3
6

--2
5

--1
4

--3
6

--2
3

--5
8

--5
7

--2
9

--3
8

1
6
7

--2
10

100 (97-100)
93 (88-97)
88 (81-92)

100 (97-100)
94 (88-97)
89 (82-93)

100 (97-100)
97 (92-99)
90 (83-94)

100 (97-100)
97 (93-99)
89 (83-93)

99 (96-100)
93 (87-97)
88 (82-93)

100 (97-100)
97 (92-99)
89 (83-94)

19 (16-22)
23 (20-27)
29 (25-34)

19 (16-22)
23 (20-27)
29 (25-34)

18 (15-21)
20 (17-23)
23 (20-27)

18 (15-21)
20 (18-24)
23 (19-26)

19 (16-22)
23 (20-27)
28 (24-33)

9 (5-13)
36 (31-41)
54 (50-59)

9 (5-13)
36 (31-40)
55 (49-60)

3 (1-5)
19 (16-23)
37 (33-41)

3 (1-5)
20 (17-25)
36 (32-40)

9 (5-12)
35 (30-41)
53 (48-58)

2 (1-5)
16 (13-20)
32 (28-36)

(95% CI)

18 (15-21)
20 (17-23)
22 (18-25)

Specificity, %

(95% CI)

Accuracy for OBD
PPV, %

NPV, %

100 (94-100)
96 (93-98)
95 (93-97)

100 (93-100)
96 (93-98)
96 (93-97)

100 (81-100)
96 (91-99)
94 (91-97)

100 (80-100)
97 (93-99)
94 (90-96)

98 (90-100)
96 (93-98)
96 (93-97)

98 (76-100)
96 (91-99)
93 (89-96)

(95% CI)

Numbers may not total due to averaging over 10 multiple imputation datasets. Missed diagnoses at least missed in 5 imputation datasets. Abbreviations: OBD: organic bowel
disorders; CEDAR: Cost-Effectiveness of a Decision rule for Abdominal complaints in primary caRe; CI: confidence interval; ELISA: enzyme-linked immunosorbent assay; iFOBT:
immunochemical fecal occult blood test; POC: point-of-care.

93 (89-96)
69 (65-73)
53 (49-57)

93 (89-96)
70 (65-73)
53 (48-57)

≥ 2.5%
≥ 5%
≥ 7.5%
POC iFOBT and calprotectin ELISA extended model

≥ 2.5%
≥ 5%
≥ 7.5%

98 (96-99)
84 (80-87)
68 (64-71)

98 (96-99)
83 (79-86)
68 (65-72)

93 (90-95)
70 (65-74)
54 (50-59)

98 (96-99)
86 (83-89)
72 (68-75)

Missed OBD, n
Referred, %
OBD
(95% CI) detected, n Total CRC IBD Div. Aden. Sensitivity, %
(95% CI)

≥ 2.5%
≥ 5%
≥ 7.5%
POC iFOBT and calprotectin POC extended model

Calprotectin ELISA extended model

≥ 2.5%
≥ 5%
≥ 7.5%

Calprotectin POC extended model

≥ 2.5%
≥ 5%
≥ 7.5%

POC iFOBT extended model

≥ 2.5%
≥ 5%
≥ 7.5%

Basic diagnostic model

OBD risk threshold for referral

Diagnostic model

Table 4. Diagnostic accuracy when basing referral on varying OBD probability thresholds for the different diagnostic models, as observed in
810 Dutch patients with lower gastrointestinal complaints referred for endoscopy in the CEDAR study.
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as it has the potential to falsely reassure GPs. Our diagnostic model has the advantage that
it can be used in all patients with persistent lower GI complaints.
Some limitations should be considered. About 15% of eligible patients could not be included,
as endoscopy had been scheduled within a week after referral. In these patients, immediate
referral for endoscopy was needed, and any biomarker test results probably would not
have been able to change that necessity. As such, these patients were not of interest
for this study. Had these patients been included, the diagnostic accuracy estimates—in
particular, sensitivity—would likely have improved as a result of the inclusion of more
severe cases associated with higher calprotectin and hemoglobin concentrations. Also, the
overall participation rate of eligible patients was moderate (48%). However, the age and
sex distributions were similar for the eligible and the participating patients, and baseline
characteristics of the study population were as expected for a primary care population. The
number of missing values in the blood and fecal biomarker tests was low (<6%). The number
of missing values in the patient history and physical examination variables was higher (up to
27% for duration of abdominal pain), but 94.9% of data points were observed and we used
state of the art multiple imputation to increase the reliability of the results. Lastly, our study
results can only be directly applied to the primary care patients with lower GI complaints
who are referred for colonoscopy. We did not investigate the diagnostic accuracy of the
diagnostic model earlier in the diagnostic process, such as at the time of GP consultation
before referral. Still, we consider the referred population the indicated population. In these
patients, the GP considers the suspicion of OBD to be so much increased that it has to be
ruled out by referring for colonoscopy. Patients with a very high or low suspicion will not be
tested, but immediately referred or reassured without endoscopy.
Adding the calprotectin tests to the basic model or the iFOBT POC extended model did
not yield as much incremental diagnostic value as expected. The performance of the basic
model combined with the iFOBT POC was only marginally lower than that of the extended
combined POC model. The assumption was that the iFOBT POC would detect CRC and
the calprotectin tests IBD, but the iFOBT seems to be accurate in detecting IBD as well.
At a ≥5% OBD probability threshold for endoscopy referral, the iFOBT POC extended
model did not miss any of the IBD patients. Calprotectin did not show substantial added
diagnostic value beyond routine diagnostic information when we specifically evaluated
IBD and not composite OBD as the diagnostic outcome, indicating limited independent
diagnostic information (not shown). A possible explanation for the lower performance of
the calprotectin tests in detecting OBD in our study is that the basic model with CRP, that
shares diagnostic information with calprotectin, already has a high diagnostic accuracy for
IBD (Table 3).
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The results for both the calprotectin and iFOBT tests are not as good as in our earlier
publication, where we evaluated the diagnostic value of the tests in isolation on the first
half of the CEDAR dataset, although less pronounced for the iFOBT POC test
AUCs of the calprotectin POC and ELISA were 0.73 (0.66-0.81) and 0.75 (0.67-0.82),
respectively compared to 0.69 (0.63-0.74) and 0.66 (0.61-0.72) respectively on the complete
CEDAR dataset. For the iFOBT POC test, the PPV and NPV in our previous publication were
0.45 (0.35-0.54) and 0.94 (0.91-0.96), respectively and now 0.47 (0.40-0.54) and 0.92 (0.900.94). The increase in the prevalence of advanced adenomas in the second half of the study
(7.8% versus 4.1% in the first patients) might be another possible explanation for the lower
performance of both calprotectin and iFOBT. The diagnostic value of both tests for detecting
small adenomas, which bleed irregularly, is known to be low. During the full study period the
procedure for reporting and categorizing adenomas at colonoscopy remained unchanged.
Uncertainty in the measurement of the adenomas during colonoscopy may have played a
role, as the size was extracted from the colonoscopy report in 40% of cases, which is less
reliable than the histology reports. In addition, both fecal biomarkers could be less accurate
in primary care than in secondary care, due to differences in case mix. Advanced disease is
more prevalent in secondary care. A recently performed study on the value of calprotectin
in isolation in 962 primary care patients confirmed the lower accuracy in primary care.9
Based upon the correct application of the tests and the similar results for both calprotectin
POC and ELISA, it is plausible that the calprotectin results are consistent and not just an
incidental finding in the current study.
The iFOBT POC test did have additional diagnostic value in patients presenting with rectal
bleeding. In our data the iFOBT POC test was positive in 34% patients with rectal blood loss,
and in 17% in those without. FOB testing in patients with overt rectal bleeding is generally
not recommended, as it mainly confirms information already known. FOB testing was even
demonstrated to delay the diagnosis of CRC in symptomatic patients.28 We presume that the
added value of iFOBT in diagnosing OBD may be explained by the fact that iFOBT detects
both microscopic and macroscopic blood loss, where the symptom ‘rectal bleeding’ only
refers to visible rectal blood loss. This assumption also needs to be investigated in future
studies.
This study addresses the problem of declining healthcare budgets. By lowering the number
of unnecessary referrals for colonoscopy healthcare costs will be substantially reduced, as
will waiting lists for colonoscopy. In the Netherlands, the start of the national colorectal
cancer screening program (biannual iFOBT screening followed by colonoscopy in persons
aged between 55 and 75 years) in 2014 is expected to further strain the capacity of the
colonoscopy centers. As a consequence of the screening program, the prevalence of OBD
over time may change, as well as the case mix of patients presenting in both primary and
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secondary care. Both may possibly lead to different diagnostic performance of our developed
models.
A drawback of the diagnostic strategy is that by reducing 30% of colonoscopy referrals
the diagnosis will be delayed in one CRC patient. Future studies should also investigate
the impact of the strategy in terms of quality of life and prognosis. The negative impact of
delaying OBD diagnosis can be further minimized when the GP advises patients who are not
referred for colonoscopy to return within a short time frame when complaints persist.
Two studies previously evaluated variables from history, physical examination and laboratory
tests (including a FOB test) in primary care patients. Fijten et al. developed two models for
CRC alone and for CRC and polyps combined in 269 patients with rectal bleeding.29 The
prevalence of both endpoints was 3.3% and 5.6%, respectively. Both models consisted of the
variables age, change in bowel habit and blood mixed with stool or on stool. The laboratory
tests and the FOB test (Haemoccult) were not entered in the logistic regression because of
missing data. The models differ from ours because the study population differed, patients
were younger (mean age 42 years) and only 24% were referred. Application of the model
for CRC could avoid 87% of the unnecessary referrals. The two models of Muris et al. were
developed in a cohort study of 933 primary care patients with upper and lower abdominal
complaints,2 of whom 14.5% had organic GI disease and 2.6% CRC. Eight variables were
independently associated with organic GI disease: male sex, age, epigastric pain, a-specific
pain, pain affecting sleep, blood in stool, no pain relief after defecation and abnormal
leukocyte count. Five variables predicted the presence of only CRC: male sex, greater age,
no specific character to pain, weight loss and ESR> 20 mm/hour. Although the design was
comparable to our study, the study population was different. Only 14% of their patients had
alarm symptoms, such as rectal bleeding or weight loss, whereas in our study population
the majority had alarm symptoms. This probably also explains the fact that the FOB test was
not included in their final model.
To conclude, a simple model including predictors from history taking, physical examination,
plus two POC fecal marker tests (iFOBT and calprotectin) could prevent 30% of all unnecessary
referrals for colonoscopy, at a cost of delaying 6% of organic bowel disease cases. Whether
both fecal biomarker POC tests are needed, or whether only the POC iFOBT test is sufficient
as indicated in this study, should be further validated.
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83%

Selected
Selected

10
7
10
0
8
0
0

· Weight loss

· Change in bowel habit

· Abdominal bloating

· Fever

· Constipation

· Diarrhea

· Family history of colorectal cancer

Not selected
Selected

0.183
0.024

58%

28%

81%

· C-reactive protein1

LR P-value

17%
Selected

36%

25%

Removed

Removed

Removed

· Hemoglobin1

Addition of blood tests to selected patient history and physical examination variables and
forward likelihood ratio test-based selection at P<0.05

Step 1c: Blood tests

0
8

· Digital rectal examination

retaining the variable

· Palpable abdominal mass

Addition of physical examination variables to selected patient history variables and subsequent
backward AIC-based selection as in Step 1a, fixing patient history selected variables

No. out of 10 MI datasets

60%

Selected

10

· Rectal mucus

Step 1b: Physical examination

57%

Selected

10

· Rectal blood loss

57%

96%

Selected

0

· Duration of abdominal pain1

Selected

100%

Selected
Removed

10

· Abdominal pain

19%

85%
23%

Selected

Removed

100%

Removed

0

21%

Frequency of selection

10

Consequence for variable

· Age1

retaining the variable

No. out of 10 MI datasets

Selection criterion and result

Bootstrap-resampling (500)

· Gender

Backward AIC-based selection of patient history variables per multiple imputation dataset,
retaining variables if selected in at least half of the multiple imputation datasets

Step 1a: Patient history

1. Development of the basic model

Selection strategy and diagnostic variables considered at each step

Data-analysis

Appendix I: Model development strategy and specification, and frequency of selection of individual predictors at each development step
over 500 bootstrap-resamples.

Chapter 6

APPENDIX

Selected
Selected
Selected

<0.001
<0.001; 0.0122
<0.001; 0.0082

· Calprotectin ELISA test1

· POC iFOBT and calprotectin ELISA test1

NA
Removed

NA
all > 0.264

99%

7%

21%

72%3

69%3

99%

100%

Abbreviations: AIC: Akaike information criterion; ELISA: enzyme-linked immunosorbent assay; iFOBT: immunochemical fecal occult blood test; LR: likelihood ratio; MI: multiple
imputation; NA: not applicable; POC: point-of-care.
1
Coding of continuous predictors: 1) age: linear; 2) duration of abdominal pain: logarithmic, truncated at 10 years and centered around 90 days for those with abdominal pain;
3) hemoglobin: linear and quadratic; 4) C-reactive protein: logarithmic+1, truncated at 20 mg/L; 5) calprotectin POC: linear; 6) calprotectin ELISA: linear, truncated at 500 μg/g;
2
First P-value for addition of iFOBT to calprotectin extended model, second P-value for addition of calprotectin to iFOBT extended model;
3
These combined biomarker models were not selected as often predominantly because the addition of the calprotectin test to an iFOBT extended model did not improve the
model significantly; compared to the basic model, these combined fecal biomarker models showed highly significant better fits.

· C-reactive protein1

· Hemoglobin1

If blood test(s) are present in the fecal biomarker extended models, backward likelihood ratio
test-based selection at P≥0.05 for removal

3. Specification of the final models: evaluate redundancy of blood tests
LR P-value

Selected

<0.001

· POC iFOBT and calprotectin POC test1

Selected

<0.001

· Calprotectin POC test1

LR P-value

· POC iFOBT

Addition of individual fecal biomarker tests as well as calprotectin and iFOBT combinations to
the basic model, (5 models). Forward likelihood ratio test-based selection at P<0.05 versus the
basic model for single marker extensions and versus each single marker extended model for the
combination extensions (both then need to show P<0.05)

2. Development of the fecal biomarker extended models
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Appendix II. Receiver operating characteristic curves for (A) the basic model and the POC
iFOBT and the calprotectin POC test extended models and for (B) the basic model and the
POC iFOBT and the calprotectin ELISA test extended models.

Abbreviations: POC: point-of-care; iFOBT: immunochemical fecal occult blood test. Areas under the curve: basic
model 0.74 (95%CI: 0.70-0.79); calprotectin POC test extended 0.77 (95%CI: 0.73-0.82); POC iFOBT extended 0.83
(95%CI: 0.79-0.87); Both fecal POC tests extended 0.84 (95%CI: 0.80-0.88); calprotectin ELISA test extended 0.77
(95%CI: 0.72-0.81); fecal iFOBT POC and calprotectin ELISA extended 0.84 (95%CI: 0.80-0.88) – without adjusting
for overoptimism. Dashed line is reference line. Grey inlay magnifies curves for ≥95% sensitivity for OBD (relevant
for safely excluding OBD in primary care).
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Appendix III. Decision curve analysis (DCA) showing net benefit for referred patients (A),
non-referred patients (B) and overall net benefit (C) when all patients are referred, none are
referred and when the basic model and the two extended models are applied.

Abbreviations: iFOBT: immunochemical fecal occult blood test; POC: point-of-care. The net benefit per 1000
patients at the referral threshold of ≥ 5% is 1 for the referred and 20 for the non-referred based on the iFOBT POC
extended model, and respectively 3 and 48 for the iFOBT and calprotectin extended model.
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-

247 (30)

≥50%

Total (%)

97

150

<5%

5-50%

⇒
⇐

16

478 (59)

10

453

4.6 (1.9-9.5)

-

3.6 (1.7-6.9)

5-50%

≥50%

Total

2.0 (0.3-7.5)

16.3 (13.2-20.0)

59.4 (25.0-88.3)

15.4 (12.3-19.2)

15.6 (2.6-42.4)

7

-

5-50%

≥50%

2
⇒
⇐
6

70

2
⇒
⇐

Basic model

143

-

≥50%

95

5-50%

<5%

810

85 (11)

63.4 (52.3-73.3)

73.7 (49.8-89.6)

60.4 (47.3-72.3)

-

14

40

-

⇒
⇐
4

383

13
⇒
⇐

5

26

-

68.8 (50.0-83.2)

17.5 (14.7-20.6)

3.9 (1.4-9.4)

Total

29 (4)

669 (83)

112 (14)

Total (%)

19

POC iFOBT and calprotectin POC test extended model
<5%
5-50%
≥50%

Number of patients without OBD according to predicted risk categories

Basic model

<5%

⇐

67

POC iFOBT and calprotectin POC test extended model
<5%
5-50%
≥50%

Number of patients with OBD according to predicted risk categories

B. Reclassification according to OBD status

Basic model

<5%

⇒

POC iFOBT and calprotectin POC test extended model
<5%
5-50%
≥50%

Actual risk of OBD (95% CI) according to predicted risk categories

Basic model

POC iFOBT and calprotectin POC test extended model
<5%
5-50%
≥50%

Overall reclassification according to predicted risk categories

A. Overall reclassification and actual OBD risk across risk categories

568 (70)

82 (10)

0.29 (0.16 to 0.41) P<0.001

0.21 (0.15 to 0.28) P<0.001
NRI continuous 0.60 (0.52 to 0.68) P<0.001

NRI clinical

NRI categorical 0.16 (0.11 to 0.22) P<0.001

Without OBD (95% CI) P

NRI continuous 0.37 (0.20 to 0.54) P<0.001

NRI clinical

NRI categorical 0.21 (0.9 to 0.33) P=0.001

With OBD (95% CI) P

Net reclassification improvement (NRI) indices

160 (20)

Movement across risk categories, N (%)
Down
No change
Up

Appendix IV. Reclassification of OBD risk when comparing a model with routine diagnostic variables (basic model) with the
POC iFOBT and the calprotectin POC test extended model.
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245 (30)
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Total (%)
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⇒
⇐
470 (58)
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449
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-

4.0 (1.9-7.4)

Total

7

-

5-50%

≥50%

⇒
⇐
6

67

2
⇒
⇐

<5%

POC iFOBT extended model
5-50%

Number of patients without OBD according to predicted risk categories

Basic model

2

<5%

POC iFOBT extended model
5-50%

Number of patients with OBD according to predicted risk categories

15.9 (12.6-19.7)

14.9 (11.6-18.8)
57.6 (22.5-88.1)

5.2 (2.1-10.6)

17.4 (2.6-48.3)

≥50%

<5%

⇐

POC iFOBT extended model
5-50%

5-50%

2.3 (0.6-7.5)

B. Reclassification according to OBD status

Basic model

<5%

<5%

⇒

POC iFOBT extended model
5-50%

Actual risk of OBD (95% CI) according to predicted risk categories

Basic model

<5%

Overall reclassification according to predicted risk categories

≥50%

14

43

-

≥50%

59.8 (49.1-69.8)

75.1 (50.3-91.2)

56.0 (43.4-68.0)

68.8 (50.0-83.2)

17.5 (14.7-20.6)

3.9 (1.4-9.4)

Total

810

95 (12)

≥50%

29 (4)

669 (83)

112 (14)

Total (%)

19

76

-

≥50%
568 (70)

88 (11)

0.30 (0.16 to 0.44) P<0.001

Without OBD (95% CI) P

NRI continuous 0.34 (0.17 to 0.51) P<0.001

NRI clinical

NRI categorical 0.22 (0.10 to 0.35) P=0.001

With OBD (95% CI) P

Net reclassification improvement (NRI) indices

154 (19)

Movement across risk categories, N (%)
Down
No change
Up

Abbreviations: OBD: organic bowel disorders; iFOBT: immunochemical fecal occult blood test; POC: point-of-care.

A. Overall reclassification and actual OBD risk across risk categories

0.50 (0.35 to 0.64) P<0.001

NRI continuous 0.97 (0.78 to 1.16) P<0.001

NRI clinical

NRI categorical 0.37 (0.23 to 0.51) P<0.001

Overall (95% CI) P
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-

≥50%

98

137

<5%

5-50%

⇒
⇐

10
4

382
⇒
⇐

5

34

0.19 (0.12 to 0.25) P<0.001

0.49 (0.33 to 0.64) P<0.001

NRI continuous 1.02 (0.83 to 1.20) P<0.001

NRI clinical

NRI categorical 0.37 (0.23 to 0.51) P<0.001

Overall (95% CI) P

NRI continuous 0.67 (0.60 to 0.75) P<0.001

NRI clinical

NRI categorical 0.15 (0.09 to 0.21) P<0.001

Abbreviations: OBD: organic bowel disorders; iFOBT: immunochemical fecal occult blood test; POC: point-of-care.

Basic model
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Appendix V: Calibration of OBD risk predictions from the basic diagnostic model (A), and
the POC iFOBT (B), the calprotectin POC test (C), the POC iFOBT and calprotectin POC test
(D), the calprotectin ELISA test (E), and the POC iFOBT and calprotectin ELISA test extended
models (F).

Abbreviations: OBD: organic bowel disorders; POC: point-of-care; iFOBT: immunochemical fecal occult blood test;
ELISA: enzyme-linked immunosorbent assay.
Dashed line shows perfect calibration (i.e. perfect agreement between predicted and observed OBD risk); solid line
shows LOWESS smoothed calibration curve; Histograms depict predicted probability distribution of patients with
OBD (top) or without OBD (bottom); curve is as estimated directly from the data (i.e. not adjusted for overoptimism).
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Appendix VI. Nomogram to estimate the risk of OBD in primary care patients with lower
gastrointestinal complaints based on routine diagnostic variables in combination with the
POC iFOBT and the calprotectin POC test.

Abbreviations: OBD: organic bowel disorders; POC: point-of-care; iFOBT: immunochemical fecal occult blood test.
The underlying model was developed in 810 Dutch primary care patients referred for endoscopy in the CostEffectiveness of a Decision rule for Abdominal complaints in primary caRe (CEDAR) study, and predictions are
adjusted for overoptimism by bootstrap resampling.
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Appendix VII: Nomogram to estimate the risk of OBD in primary care patients with lower
gastrointestinal complaints based on routine diagnostic variables in combination with the
POC iFOBT.

Abbreviations: OBD: organic bowel disorders; POC: point-of-care; iFOBT: immunochemical fecal occult blood test.
The underlying model was developed in 810 Dutch primary care patients referred for endoscopy in the CostEffectiveness of a Decision rule for Abdominal complaints in primary caRe (CEDAR) study, and predictions are
adjusted for overoptimism by bootstrap resampling.
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Constipation

---

Calprotectin ELISA test,
per 100 μg/g

Intercept

---

---
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0.22 (0.11)

0.63 (0.44)
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Calprotectin POC extended model
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---

---

---

0.64 (0.45)
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1.9 (0.8-4.6)
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Calprotectin ELISA extended model
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---
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---

0.61 (0.55)

-0.24 (0.23)
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0.24 (0.28)
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Appendix VIII: Risk of organic bowel disease in relation to routine diagnostic variables as based on models with the calprotectin tests and
with and without POC iFOBT, developed in 810 Dutch primary care patients with lower gastrointestinal complaints referred for endoscopy in
the CEDAR study.
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13 (7-21)

0.71 (0.67-0.76)
19 (12-26)

0.74 (0.70-0.79)
18 (12-26)

0.74 (0.69-0.78)
31 (23-39)

0.82 (0.78-0.86)

All estimates are adjusted for overoptimism by bootstrap resampling; associated 95%CIs and P-values were calculated assuming the same SE applies as estimated directly from
the data.
CRP was removed from the final fecal biomarker extended models as it did not contribute significantly and is an invasive test.
Abbreviations: CEDAR: Cost-Effectiveness of a Decision rule for Abdominal complaints in primary caRe; CI: confidence interval; SE: standard error; OR: odds ratio; AUC: area under
the receiver operating characteristic curve; ELISA: enzyme-linked immunosorbent assay; iFOBT: immunochemical fecal occult blood test; POC: point-of-care.
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Abstract
Background
Recently, we developed and validated a new diagnostic model for correctly ruling out organic
bowel disorders (OBD) without the need for colonoscopy, in primary care patients with
persistent complaints of the lower digestive tract: the CEDAR model. Before implementation
of any diagnostic model, the potential benefits and burden, in terms of health effects
and costs, should be evaluated. This cost minimization analysis provides estimates of the
benefits and health burdens of implementation of the CEDAR model in the diagnostic workup of primary care patients suspected of OBD.

Methods
We assessed the balance between the expected financial benefits (i.e. reduced costs by
correctly not referring for colonoscopy) and health burden (due to incorrectly averted
colonoscopies) resulting from implementation of the CEDAR diagnostic model. The three
diagnostic strategies that were compared all included at least a diagnostic work-up (i.e.
basic model) consisting of patient history and physical examination. For strategy 1, both the
immunochemical fecal occult blood test (iFOBT) point-of-care (POC) and a calprotectin POC
test were added to this basic model. Strategy 2 included the basic model, extended with
only the iFOBT POC test. Strategy 3 consisted of the basic model extended with only the
calprotectin POC test. For each strategy, financial benefits and health burden were analyzed
at three probability thresholds to decide upon referral for colonoscopy: ≥2.5%, ≥5% and
≥7.5% risk of OBD presence. Uncertainty analyses were performed by Monte Carlo analysis.
The analyses were extrapolated to the Dutch population.

Results
A reduction of 5.9%, 0.5% and 5.4% in the number of unnecessary colonoscopies covers
the additional POC testing costs for strategy 1, 2 and 3, respectively. At the national level,
all strategies achieve a reduction in costs at each referral-decision threshold, except for
strategy 3 at the threshold of ≥2.5% OBD risk, which led to annual increase in nationwide
costs of 670.000 Euros. The largest cost-savings were achieved by strategy 1 and 2. At the
2.5% cut-off, both strategies provided a modest cost reduction (0.2 and 1.3 million Euros,
respectively) with 0 (0%) and 84 (2%) OBD patients incorrectly not referred for colonoscopy
at the Dutch population level (i.e. at a threshold-value of ≥5%, a cost reduction of €4.7,
€5.8 and €2.3 million Euros would be achieved at a cost of incorrectly preventing referral
for colonoscopy in 720 (4%), 720 (4%) and 306 (3%) OBD patients at the national level,
for strategy 1 through 3, respectively. Cost reduction for all strategies even increased at
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≥7.5% OBD risk, but this threshold yielded an unacceptable high number of incorrectly
averted colonoscopies for all three strategies, both above 1000 OBD patients annually in
the Netherlands.

Conclusion
Implementation of the diagnostic strategies as developed in the CEDAR study is likely to
reduce the colonoscopy related costs at a burden of incorrectly averted referrals for
colonoscopy. The number of incorrectly averted colonoscopies increases as cost savings
increase. Implementation of the strategy with both the calprotectin and iFOBT POC tests
(strategy 1) at the lowest threshold value for referral is likely to be the safest strategy but
modestly cost-saving. Strategy 2, also at the lowest threshold, is likely to be slightly less safe,
but leads to a higher cost reduction. Strategy 1 and 2 at the ≥5% OBD probability threshold,
might be a valuable alternative in current practice given the substantial costs savings and
relative safety. The most appropriate threshold and the resulting cost savings needs to be
determined for the health care setting in which it will be used.
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Introduction
In general practice, persisting complaints of the lower digestive tract are frequently
presented. On estimate, 7% of the patients, presenting with complaints such as abdominal
pain, irregular bowel habits or rectal bleeding, is diagnosed with organic bowel disease
(OBD), such as inflammatory bowel disease (IBD), diverticulitis or colorectal cancer (CRC).1–
3
Given the serious consequences, these patients should be referred for colonoscopy.
However, in most patients with complaints of the lower digestive tract, an organic cause
cannot be found. These patients, suffering from functional bowel disorders (FBDs) such as
the irritable bowel syndrome (IBS), may experience severe limitations in quality of life, but
do not develop life-threatening complications.
In Dutch primary care annually 300,000 patients consult with lower GI symptoms persisting
more than 2 weeks, of whom 20% are referred for endoscopy.4 Presently, only one third
of these patients is diagnosed with OBD.1,5–8 As a result, many patients are referred for
endoscopy unnecessarily. Reduction of these superfluous referrals for colonoscopy could
prevent complications, physical discomfort and mental distress related to colonoscopy for
patients, and reduce medical costs for society.
Therefore, the diagnostic process in primary care needs to be improved. Since patient
history, physical examination and blood tests alone are insufficient to make an optimal
discrimination between OBD and FBD,1,9,10 fecal biomarker point-of-care (POC) tests are
suggested as a relevant addition to the diagnostic process in primary care.
In the CEDAR study, described by Kok et al. (Chapter 6), various diagnostic models were
developed and validated that can adequately discriminate OBD from FBD in primary care
patients with complaints of the lower digestive tract, thereby reducing a substantial number
of unnecessary referrals for colonoscopy (i.e. for patients without OBD). The optimal
strategy resulting from the CEDAR study combines patient history, physical examination
and the biomarkers calprotectin and fecal occult blood test (iFOBT), both as POC tests. This
diagnostic strategy could reduce the number of unnecessary colonoscopies with 30%, when
used at a referral probability-threshold set at a 5% OBD risk. This would lead to incorrectly
averting referral for colonoscopy in 4% patients with OBD (missed OBD cases). These results
depend on the referral-threshold level chosen, and the exact choice of diagnostic strategy
can be adjusted to fit the setting in which it is used. In this cost minimization analysis we
report the balance between potential financial benefits and health burden of the previously
developed and validate CEDAR diagnostic strategies, at different cut off levels.
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METHODS
Evaluated strategies
We used the results of the CEDAR study, in which diagnostic models were developed based
on items from patient history, physical examination and the fecal biomarker POC tests
calprotectin, which detects colonic inflammation, and iFOBT, detecting blood at a microscopic
level. These models can be used to rule out OBD in primary care patients with persistent
lower abdominal complaints (Chapter 6). All strategies include a basic model, with ten items
from symptoms, signs and standard blood tests: age, rectal bleeding, rectal mucus, weight
loss, change in bowel habit, abdominal pain, abdominal bloating, constipation, abnormal
digital rectal examination and C-reactive protein (CPR). Strategy 1 combines the basic model
with both calprotectin and iFOBT POC test. Strategy 2 combines the basic diagnostic model
with only the iFOBT POC test, and strategy 3 with the calprotectin POC test only. As CRP
was not significant in the fecal biomarker extended models, it was not included in the final
models.
We compared the balance between potential financial benefits and the burden of these
strategies at three thresholds for referral: ≥2.5%, ≥5% and ≥7.5% predicted probability of
OBD, as previously described (Chapter 6).

Benefits and burden
The financial benefits of the implementation of the strategies were expressed as medical
costs saved resulting from prevented referrals for colonoscopy. The burden was expressed
as the number of incorrectly averted colonoscopies, i.e. the number of OBD patients with a
negative outcome on the diagnostic strategy.
Colonoscopy prices were based on cost-indications of the Dutch Health Authority (NZA)
and costs for the biomarker tests were obtained from the manufacturers. The NZA is a
governmental body that regulates reimbursements and prices of healthcare provisions in
the Netherlands.11 Total costs of prevented referrals for colonoscopy in the Netherlands
were based upon the costs of colonoscopy including all additional diagnostic interventions
(Table 1). Costs for the colonoscopy-associated interventions (eg. histology, ultrasound,
computed tomography (CT) scanning) were obtained from the hospitals participating in the
CEDAR study. Costs of prevented colonoscopies were extrapolated to a national level, using
the prevalence of primary and secondary diagnostic interventions related to colonoscopy, as
observed in the CEDAR study (Table 1). Costs were measured in Euros (€).
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Table 1. Costs of diagnostic procedures and uncertainty in the Netherlands.
Colonoscopy without polypectomy
Colonoscopy with polypectomy
Histology following polypectomy
Ultrasound after colonoscopy
CT after colonoscopy
Annual National costs colonoscopy
Single calprotectin POC test
Single iFOBT POC test

Costsa
€303
€393
€62.78
€93.49
€272.60

Eventb (n/N)
674/810
136/810
295/810
21/810
21/810

Proportionc (%)
83.2
16.8
36.4
0.3
2.3

National costsa
€15,127,556
€3,959,111
€230,337
€14,543
€381,640
€20,570,000

€17.85
€1.60

Annual number of colonoscopies: 60,000. Abbreviations: CT: Computed tomography (CT); POC: point-of-care;
iFOBT: immunochemical fecal occult blood test.
a
Costs shown in Euros (€).
b
Number of patients with diagnostic procedure, as observed in the CEDAR data.
b
Proportion of diagnostic procedure performed, as observed in the CEDAR data.

Uncertainty analysis
For each parameter in the cost benefit analysis a distribution was defined to represent the
uncertainty in the parameter estimate. For the cost estimates (second column in Table 1) a
Gamma distribution was defined, with variance equal to the mean value. For proportions
(third column in Table 1) a Beta distribution or Dirichlet distribution was defined, based on
the observed number of patients that did and did not receive the diagnostic intervention
in the CEDAR study. Based on estimates of all parameters we calculated the total costs for
the usual care strategy, the CEDAR strategy, and the difference between them. Monte Carlo
simulation was applied to assess the uncertainty in the final costs and benefits given the
combined uncertainty in all cost, proportion and diagnostic parameters. For each threshold,
the uncertainty for the reduction in colonoscopies and the associated cost reduction related
to implementation of the CEDAR strategy is visualized.

RESULTS
Table 2 shows the estimated costs and benefits for the three different diagnostic strategies
on a national level, at the three different thresholds for referral. A reduction of 5.9%, 0.5%
and 5.4% in the number of colonoscopies covers the costs for additional in strategy 1, 2 and
3, respectively. At the most sensitive threshold (≥2.5% OBD risk), the estimated annual cost
savings for strategy 1 and 2, would be approximately €200,000 and €1.3 million, respectively,
through an estimated reduction in colonoscopies of about 4,000 (corresponding with a 7%
reduction for both strategies). Strategy 3 results in a cost increase of €670,000, at an annual
reduction of 1,200 colonoscopies, as implementation costs are higher for the calprotectin
test than for the iFOBT test. At a threshold of ≥2.5% OBD risk, 84 OBD patients (2%) are
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Table 2. Costs and benefits of nationwide implementation of three CEDAR strategies.

Strategy for implementation
of CEDAR studya

Total costb

Reduction
needed
to break
even
(%)c

Reduction in
costs
(€)

€20,880,000

5.9

+€1,167,000

Averted
colonoscopies
(N, %)d

Correctly
averted
colonoscopies
(N, %)e

Incorrectly
averted
colonoscopies
(N, %)f

Strategy 1:
Combined POC modelg
Without prevented
colonoscopies
2.5%

€19,500,000

-€213,000

4,200 (7)

4,200 (100)

0 (0)

5%

€14,966,000

-€4,747,000

18,000 (30)

17,280 (96)

720 (4)

7.5%

€11,615,000

-€8,098,000

28,200 (47)

27,072 (96)

1,128 (4)

Strategy 2:
Extended iFOBT POC modelh
Without prevented
colonoscopies

€19,809,000

0.5

+€96,000

2.5%

€18,429,000

-€1,284,000

4,200 (7)

4,116 (98)

84 (2)

5%

€13,895,000

-€5,818,000

18,000 (30)

17,280 (96)

720 (4)

7.5%

€10,741,000

-€8,972,000

27,600 (46)

26,496 (96)

1,104 (4)

Strategy 3:
Extended calprotectin POC modeli
Without prevented
colonoscopies

€20,784,000

5.4

+€1,071,000

2.5%

€20,390,000

+€677,000

1,200 (2)

1,200 (100)

0 (0)

5%

€17,433,000

-€2,280,000

10,200 (17)

9,894 (97)

306 (3)

7.5%

€14,476,000

-€5,237,000

19,200 (32)

18,048 (94)

1,152 (6)

Costs are rounded to 1,000 Euros. Abbreviations: POC: point-of-care test; iFOBT: immunochemical fecal occult
blood test.
a
Costs of care as usual: 19,713,186 Euros.
b
Total costs of colonoscopy and CEDAR intervention.
c
Reduction of current number of colonoscopies needed to cover the additional testing costs for the evaluated
strategy.
d
Percentage of current number of colonoscopies (60,000 annually).
e
Percentages represent the negative predictive values of the diagnostic strategy at the different referral thresholds.
f
Number of false-negative test results per diagnostic strategy at the different referral thresholds (100% minus
negative predictive value).
g
Model consisting of variables from patient history and physical examination (age, rectal bleeding, rectal mucus,
weight loss, change in bowel habit, abdominal pain, abdominal bloating, constipation and abnormal digital rectal
examination) and the iFOBT and calprotectin POC tests.
h
Model consisting of variables from patient history and physical examination and the iFOBT POC test.
I
Model consisting of variables from patient history and physical examination and the calprotectin POC test.

incorrectly not referred for colonoscopy for strategy 2, while strategy 1 and 3 do not have
false negative outcomes.
When using a higher threshold level of ≥5% OBD probability, the annual estimated
cost savings for strategy 1, 2 and 3, would be approximately €4.7, €5.8 and €2.3 million
Euros, respectively, resulting from an estimated reduction of 18,000, 18,000 and 10,000

127

Chapter 7

colonoscopies (corresponding with a 30%, 30% and 17% reduction), respectively. This
included incorrectly averted colonoscopies in 720 (4%), (720) 4% and 306 (3%) of OBD
patients, respectively.
For the threshold of ≥7.5% OBD probability, the annual estimated cost savings for strategy
1, 2 and 3, would be approximately €8.1, €9.0 and €5.2 million Euros, respectively, resulting
from an estimated reduction of 28,200, 27,600 and 19,200 colonoscopies (corresponding
with a 47%, 46% and 32% reduction), respectively. However, 1,128 (4%), 1,104 (4%) and
1,152 (6%) of OBD patients would incorrectly not be referred for colonoscopy, for strategy
1, 2 and 3, respectively.

Uncertainty analysis
Figure 1, 2 and 3 picture the uncertainty in potential reduction in costs of colonoscopies
through implementation of the diagnostic strategy 1, 2 and 3 at the three different thresholds,
and the subsequent risk of incorrectly averted referrals for colonoscopy. From these figures
it is apparent that the uncertainty in the estimated costs, proportions and diagnostic
Figure 1. Uncertainty analysis for strategy 1 (combined POC model), anticipated reduction in
costs of colonoscopy after implementation in daily primary care (Y axis), against incorrectly
averted referral for colonoscopy (X axis), for each of the three threshold levels for OBD risk.

Combined POC model: basic model consisting of items from history taking, physical examination and both the
iFOBT and calprotectin POC test.

a

128

Chapter 7

Figure 2. Uncertainty analysis for strategy 2 (extended iFOBT POC model), anticipated
reduction in costs of colonoscopy at implementation in daily primary care (Y axis), versus
incorrectly averted referral for colonoscopy (X axis), for each of the three threshold levels
for OBD risk.

a
Extended iFOBT POC model: basic model consisting of items from history taking, physical examination and the
iFOBT POC test.

parameters results in substantial uncertainty in the probability of incorrect averted referral,
whereas the cost savings obtained by reducing referral rates are more certain.
Considering the uncertainty, the safety of strategy 1 at the lowest threshold value is probably
acceptable, but cost-savings are small and uncertain. At thresholds of ≥5% and ≥7.5%
OBD risk, the proportion of incorrectly averted colonoscopies is comparable in extent and
uncertainty, with a range of 2% to 8% incorrectly averted colonoscopies at a fairly certain
cost reduction of approximately 25% and 42%, respectively. This results in a higher absolute
number of incorrectly averted colonoscopies at the ≥7.5% threshold (Table 2). Figure 2 and
3 demonstrate comparable results for strategy 2 and 3 at the three thresholds of OBD risk.

DISCUSSION
This study provided a cost-benefit analysis of the three diagnostic strategies developed and
validated in the CEDAR study, that aim to reduce unnecessary referrals for colonoscopy in
primary care patients suffering from persistent complaints of the lower digestive tract. Our
results showed that a reduction of 5.9%, 0.5% and 5.4% in the number of colonoscopies
covers the additional costs for strategy 1, (basic model with both iFOBT and calprotectin
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Figure 3. Uncertainty analysis for strategy 3 (extended calprotectin POC model), anticipated
reduction in costs of colonoscopy at implementation in daily primary care (Y axis), versus
incorrectly averted referral for colonoscopy (X axis), for each of the three threshold levels
for OBD risk.

a
Extended calprotectin POC model: basic model consisting of items from history taking, physical examination and
the calprotectin POC test.

POC tests, combined POC model), strategy 2 (basic model extended with an iFOBT POC
test) and strategy 3 (basic model extended with a calprotectin POC test), respectively. At
the most sensitive threshold (≥2.5% OBD risk), implementation of strategy 1, with both the
calprotectin and iFOBT POC tests, and strategy 3, with only the calprotectin POC test, is
safe as no OBD patients are incorrectly not referred, but strategy 1 was only modestly costsaving and strategy 3 did increase costs. Strategy 2, with only the iFOBT POC test, results
in incorrectly averted referrals of 84 OBD patients (2%), at a much higher cost reduction
than strategy 1. Higher thresholds bring greater risk of incorrectly averted referrals for
colonoscopy, but also lead to more substantial cost savings. At a threshold of ≥5% strategy
1 and 2 result in a cost-reduction of approximately 5 million Euros annually, but with both
strategies 720 OBD patients would incorrectly not be referred for colonoscopy annually.
Cost reduction even increases for all strategies at ≥7.5% OBD risk, but this threshold would
result in much higher numbers of incorrectly averted colonoscopies for all three strategies,
missing above 1000 OBD patients annually.
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Lowering the number of unnecessary referrals for colonoscopy can substantially contribute
to reduction of the increasing costs for health care and prevention of unnecessary burden
for patients. The need for reducing unnecessary colonoscopies is augmented by the national
colorectal cancer-screening program that has started in 2014 in the Netherlands. Once fully
implemented this will require an additional number of 70.000 screening colonoscopies
annually, putting endoscopy units under pressure.
Some limitations of this study should be taken into account. First, only the short-term
consequences of implementing the CEDAR strategies are included in our analysis. The longterm effects of incorrectly averted colonoscopies on quality of life, health status and costs,
by progression of the disease and associated complications, should be evaluated in future
studies. Second, there is some uncertainty in the estimates in the analysis based upon CEDAR
outcomes. This should particularly be taken into account for rare events, such as incorrectly
prevented colonoscopies at the ≥2.5% threshold and the additional investigations in followup. We estimated the impact of uncertainty on the estimated cost savings and the estimated
risk of incorrectly averting colonoscopies by performing uncertainty analysis.
We consider the burden of the diagnostic strategies at the ≥2.5% OBD threshold as
acceptable. Strategy 1 and 2 at the ≥5% threshold maybe a valuable alternative in current
practice given the substantial costs savings. However, the safety margins, i.e. the number of
delayed diagnosis resulting from initially averted colonoscopy referral, has to be acceptable
in the setting in which the strategy is used. One way to minimise the negative impact of
incorrectly averted referrals, is to let the GP advise patients who are initially not referred
for colonoscopy to return within a short time frame (i.e. 2-4 weeks) if complaints persist.
Secondary colonoscopy in these patients would lead to delayed, and not missed, diagnosis.
Furthermore, by preventing referrals for colonoscopy, colonoscopy-associated complications
will be reduced. Given a risk for fatal and non-fatal colonoscopy-associated complications
of 0.1% and 0.01% respectively, in case of 18,000 averted referrals annually, colonoscopyassociated complications will be prevented in 18 patients, and colonoscopy related death in
2 patients.12 In addition, preventing colonoscopy referrals reduces physical discomfort and
mental distress related to colonoscopy.
The effect of the recently initiated national colorectal cancer-screening program is not taken
into account in this analysis. It can be expected that after full implementation of the screening
program he prevalence of OBD over time will change, as well as the case-mix of patients
presenting in both primary and secondary care. As a result the diagnostic performance of
the developed models, and their potential benefits and burden may change.
A recent health technology assessment on the value of fecal calprotectin for discriminating
IBD from IBS found similar results for primary care, although only a few of the included
studies were performed in primary care.13 Three strategies were assessed: GP current
practice (clinical assessment with no fecal calprotectin testing), GP current practice plus
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a calprotectin POC test (CalDetect, using a cut-off of 15 μg/g) and GP current practice plus
calprotectin ELISA testing, using a cut-off of 50 μg/g. Costs were reduced by £3,297, £3,214
and £3,215 per patient for the three strategies, respectively. The report concludes that the
use of calprotectin testing is likely to result in a greater benefit at reduced costs, by a drop
in referrals for colonoscopy. The number of IBD patients missed by calprotectin testing was
lower than found in our study, ranging from 0.3% to 0.7%. This might be explained by the
use of the outcome IBD instead of OBD.
In conclusion, implementation of the diagnostic strategies as developed in the CEDAR study
is likely to reduce the colonoscopy related costs at a burden of incorrectly averted referrals
for colonoscopy. The number of incorrectly averted colonoscopies increases as cost savings
increase. Implementation of the strategy with both the calprotectin and iFOBT POC tests
(strategy 1) at the lowest threshold value for referral is likely to be the safest strategy but
modestly cost-saving. Strategy 2, also at the lowest threshold, is likely to be slightly less safe,
but leads to a higher cost reduction. Strategy 1 and 2 at the ≥5% OBD probability threshold,
might be a valuable alternative in current practice given the substantial costs savings and
relative safety. The most appropriate threshold and the resulting cost savings needs to be
determined for the health care setting in which the diagnostic strategy will be used.
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GENERAL DISCUSSION
Objectives of the studies presented in this thesis
The objectives of this thesis were to assess the diagnostic accuracy of a combination
of symptoms and signs in the differentiation between organic and functional bowel
disorders in primary care patients suspected of organic bowel disorders (OBD), to assess
the additional value of laboratory tests to these symptoms and signs, and to develop an
integrated diagnostic strategy to more efficiently exclude or confirm OBD in these suspected
patients. In addition, the associated costs and benefits of the new diagnostic strategy were
evaluated. OBD represents a group of bowel diseases, such as inflammatory bowel disease,
diverticulitis and colorectal cancer.

Main conclusions from this thesis
• When studied in isolation, the calprotectin and lactoferrin point-of-care tests are as good
as the ELISA tests in excluding inflammatory bowel disease (Chapter 2).
• The calprotectin point-of-care test, the calprotectin ELISA and the immunochemical fecal
occult blood point-of-care test, each has reasonable diagnostic accuracy for ruling out
OBD, particularly when combining the calprotectin and immunochemical fecal occult
blood tests. The tests are less accurate in confirming OBD (Chapter 3).
• OBD can be ruled out safely in the small group that both fulfilled the Rome III criteria
for irritable bowel syndrome and lacked alarm symptoms, but application of the Rome
III criteria is not likely to substantially reduce unnecessary referrals for colonoscopy
(Chapter 4).
• Many existing diagnostic models incorporating symptoms, signs and laboratory tests
have demonstrated potential in ruling out colorectal cancer, but their ability to rule out
OBD in the broader sense, which better reflects the diagnostic challenge in primary care
patients with persistent lower abdominal complaints, is insufficient (Chapter 5).
• An integrated diagnostic model or strategy consisting of variables from history taking,
physical examination and the immunochemical fecal occult blood and calprotectin
point-of-care tests has the best diagnostic accuracy for ruling out OBD. Excluding the
calprotectin point-of-care test from this model/strategy only marginally decreases the
diagnostic accuracy and may thus be left out (Chapter 6).
• Cost minimization analysis suggests that implementation of the diagnostic strategy from
Chapter 6 with both the calprotectin and immunochemical fecal occult blood pointof-care tests at a ≥2.5% OBD probability threshold for referral is likely to be the safest
strategy but modestly cost-saving. The strategy extended with only the immunochemical
fecal occult blood point-of-care test, also at the same threshold, is likely to be slightly less
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safe, but acceptable and leads to a higher cost reduction. Both strategies at the ≥5% OBD
probability referral threshold might be a valuable alternative in current practice given the
substantial costs savings and relative safety (Chapter 7).

What’s new from this thesis
This thesis showed that strict adherence to the Rome III criteria for the irritable bowel
syndrome (IBS) is not likely to improve the diagnostic discrimination between OBD and
functional bowel disorders in primary care. Only a minority of primary care patients with
lower GI complaints referred for colonoscopy fulfill the Rome III criteria for IBS while lacking
alarm symptoms. More active use of the Rome III criteria in primary care patients will
therefore not lead to a substantial reduction of referrals for colonoscopy. Moreover, strict
application may even result in unnecessary colonoscopies in those patients with benign
bowel disease who do not fulfill the Rome III criteria, resulting in extra burden for patients
and endoscopy capacity. We also demonstrated that point-of-care tests are as good as ELISA
tests in ruling out OBD. This is particularly relevant for primary care practice, where rapidly
available point-of-care test results can result in more efficient clinical decision-making and
improved referral for endoscopy.
This thesis further showed that a diagnostic model or strategy combining symptoms, signs
and the immunochemical fecal occult blood test (iFOBT) and calprotectin point-of-care tests
discriminates well between patients with OBD and functional bowel disorders. Use of this
diagnostic model could prevent 30% of unnecessary colonoscopy referrals. Further reduction
of unnecessary colonoscopy referrals is important because of the national colorectal cancer
screening program that has started in 2014 in the Netherlands. Once fully implemented this
will require an additional number of 70.000 screening colonoscopies annually.
Counter intuitively, we also found that when only the iFOBT point-of-care test was added
to a basic model of symptoms and signs, the diagnostic accuracy for ruling out OBD was
higher than when only the calprotectin point-of-care (or ELISA) test was added. In addition,
leaving out the point-of-care calprotectin test from the model with symptoms, signs and
iFOBT point-of-care test, hardly decreases the diagnostic accuracy of the model, suggesting
that addition of the iFOBT point-of-care test only was sufficient. This finding of leaving out
the calprotectin test from the initial diagnostic work-up in primary care patients with lower
abdominal complaints, needs to be confirmed in subsequent studies. We assumed that
the iFOBT point-of-care test contributes to the detection of colorectal cancer, whereas the
calprotectin test, being an indicator of colonic inflammation, contributes to the detection
of inflammatory bowel disease. However, we found that the iFOBT also contributed to the
detection of IBD and therefore provided to a large extent the same diagnostic information
as the calprotectin test.
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Finally, we were surprised by the fact that the iFOBT point-of-care test did have additional
diagnostic value in patients presenting with rectal bleeding. Fecal occult blood (FOB) testing
in patients with overt rectal bleeding is generally not recommended, as it mainly confirms
information already known. FOB testing was even demonstrated to delay the diagnosis of
CRC in symptomatic patients.1 We presume that the added value of iFOBT in diagnosing
OBD may be explained by the fact that iFOBT detects both microscopic and macroscopic
blood loss, where the symptom ‘rectal bleeding’ only refers to visible rectal blood loss. This
assumption also needs to be investigated in future studies.

Comparison with previous publications
Tibble et al. developed a diagnostic model to distinguish organic from non-organic bowel
disorders in patients presenting to a gastroenterology outpatient department. The studied
patients all had symptoms suggestive of organic small or large intestinal disease or irritable
bowel syndrome complaints that had not responded to therapy.2 Their diagnostic model
consisted of a fecal calprotectin ELISA test, an abnormal intestinal permeability ratio and
positive Rome I criteria. Symptoms and standard blood tests, such as C-reactive protein
and erythrocyte sedimentation rate (ESR), had low diagnostic performance, and were not
included in their final model. In this thesis we confirmed that such standard laboratory
measurements do not have additional diagnostic value in the presence of fecal biomarker
tests, such as iFOBT and calprotectin.
Muris et al. evaluated the diagnostic value of symptoms, signs, standard laboratory test and
a FOB test for ruling out upper and lower organic bowel disorders in primary care patients
with chronic abdominal symptoms.3 Eight variables were independently associated with
organic disease: male sex, age, epigastric pain, a-specific pain, pain affecting sleep, blood in
stool, no pain relief after defecation and abnormal leukocyte count. Five variables predicted
the presence of only colorectal cancer: male sex, greater age, no specific character to pain,
weight loss and ESR> 20 mm/hour. Although the design was comparable to our study, the
study population was different. Only 14% of their patients had alarm symptoms, such as
rectal bleeding or weight loss, whereas in our study population the majority had alarm
symptoms. This probably also explains the fact that the FOB test was not included in their
final model whereas it is in our final model (Chapter 6).

Methodological issues
Some may argue that our study population, consisting of primary care patients with
persistent lower abdominal complaints suggestive of OBD that were considered for referral
for colonoscopy by their GP, is not the indicated population to develop a diagnostic model
for guiding in the decision to refer to colonoscopy or not. We explicitly considered these
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primary care patients, in which the GP may decide upon further referral based on increased
OBD risk, as the group in which the diagnostic model will be helpful in deciding who actually
need to be referred and in whom such referral can be safely withheld. We stress that for
patients with a low suspicion or risk of OBD, our diagnostic model is not directly indicated.
Another issue that should be discussed is the impact of missing data. The number of missing
values for most of the evaluated tests or predictors was low. The number of missings in the
variables from the patient history was sometimes high, which may lead to uncertainty. We
used state of the art multiple imputation to increase the reliability of the results, as simply
ignoring subjects with (selectively) missing data is know to lead to biased results.
Third, as discussed, the calprotectin test only marginally contributed to our selected diagnostic
model or strategy. Although calprotectin detects colonic inflammation the results did not
change significantly when the model was evaluated for IBD only (Chapter 6). This maybe
explained by the fact that the basic model, which contains CRP, already has a high diagnostic
accuracy for IBD presence. Performing additional calprotectin testing hardly adds to that.
This finding is also different from previous findings in secondary care populations where the
calprotectin test showed added value.2 It is known that the diagnostic performance of a test
depends on the population it is used in, and results cannot be transferred directly from one
setting to another.4 Differences in case mix between settings and thus in the prevalence of
OBD (such as colorectal cancer and especially IBD), contributes largely to the difference in
diagnostic accuracy of the calprotectin test. However, Pavlidis et al. also reported earlier that
the performance of calprotectin might be lower in primary care than previously reported in
secondary care.5
Fourth, in this thesis, for the calprotectin tests, the cut-off level of 50 μg/g as recommended
by the manufacturer, was used. It has previously been suggested that for specific subgroups,
adaptation of the cut-off level is needed, e.g. for patients with higher age, a certain diet,
or who use certain medications.5–8 For the diagnostic model described in this thesis the
calprotectin tests were evaluated continuously, i.e. regardless of any cut-off level. Hence,
the cut-off levels could not have influenced our results.
Finally, following clinical guidelines in gastroenterology, we considered in our study advanced
adenomas as OBD. We decided for this because advanced adenomas have substantial risk
of developing into CRC.9–11 The fecal iFOBT and calprotectin tests will probably not detect
all adenomas, as many adenomas do not bleed at all or irregularly, and may show different
levels of inflammation. As a result inclusion and classification of adenomas may affect
the performance of developed diagnostic models for OBD. It can be speculated that the
diagnostic accuracy does improve if none of the adenomas were considered to be OBD.
We did evaluate the performance of the diagnostic model for IBD or CRC only, without
adenomas, to check if results would improve, but the model and its diagnostic accuracy
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in terms of preventing unnecessary referrals for colonoscopy, did not change significantly
(Chapter 6).

Implication for future research
The diagnostic model(s) developed in this thesis were internally validated by bootstrapping,
i.e. by resampling subgroups from the same population as from which they are developed. By
doing so, we corrected for sampling errors and overestimation of the diagnostic performance
of the model.12 However, before the model can be recommended for use by GPs, so-called
external validation should be performed to check if the model performs well when tested
in other patients suspected of OBD, thereby supporting general applicability of a diagnostic
model.13–17 This is necessary because models tend to perform worse in new patients, due to
various methodological and clinical reasons, e.g. a relatively small development population,
or differences in disease spectrum or geographical region.4,14,16
Moreover, national colorectal screening program have recently be started in various
countries. It can be expected that the prevalence of OBD over time may change, as well as
the case mix of patients presenting in primary and secondary care. Both issues may possibly
lead to different diagnostic performance of our developed models. When performing an
external validation study, and lower diagnostic accuracy is found, the here developed models
can often easily be updated to the new present situations.13,18,19 This may vary from simple
adjustment of the regression coefficients and model intercept, but sometimes variables
need to be deleted or added from the model. Accordingly, the so adjusted model is based
on both the current development population and the new validation set patients, which will
only further improve its generalizability and stability across subsequent populations.
Ideally, after such external validations, a diagnostic impact or implementation study is
needed to determine whether using the diagnostic model in daily practice actually improves
physician’s diagnostic decision-making and cost-effectiveness of the diagnostic work-up.13,15,17
The diagnostic strategy will then be introduced in primary care practices, for instance in
a stepped wedge cluster randomized trial. Otherwise, a before-after trial, where referral
practice will be observed in a large number of practices, before and after implementation
of the new diagnostic strategy. Short-term outcomes can be the number of prevented
colonoscopy referrals, and the number of delayed OBD diagnoses (especially CRC). Longterm consequences can also be measured, such as impact on quality of life and outcome for
the patients with a delayed diagnosis. Whether GPs will actually use the model can also be
investigated from such impact studies, by evaluating physician experiences and preferences.
We constructed nomograms with recommended cut-off points for referral to secondary
care based on a formal cost-effectiveness analyses, to make the results interpretable for
users. Such nomograms may seem complex at first sight and might indeed be misread when
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many predictors are involved.12 Hence, integration of our developed model into a computer
program (for instance implemented in the electronic patient record) would surely improve
the clinical applicability.

Implications for clinical practice
We demonstrated that the diagnostic process for patients with lower GI symptoms in
primary care can be improved by adding simple point-of-care (iFOBT and calprotectin) tests
to basic diagnostic information including history taking and physical examination variables
only (chapter 6). Before implementation in clinical practice, the question ‘should both fecal
biomarker POC tests be added to the basic model or only the iFOBT?’ has to be answered
by future studies. Our results suggest that the basic model with only the iFOBT point-ofcare test might be the best choice, as adding the calprotectin point-of-care only marginally
improves the diagnostic accuracy. Choosing the diagnostic model with only the iFOBT pointof-care will lead to a larger reduction in costs, as then only one fecal biomarker test has to
be conducted instead of two. The difference in cost reduction is substantial, as shown in
Chapter 7.
A diagnostic model with only the iFOBT will delay the diagnosis in 6% of patients with OBD,
but we considered this number as clinically acceptable. On a yearly basis, this means that
89 persons with CRC stage 1 are receiving a delayed diagnosis. In return, 18.000 referrals
for colonoscopies can be prevented (30%), with fatal and non-fatal colonoscopy-associated
complications prevented for two and eighteen patients, respectively (annual risk for fatal
and non-fatal colonoscopy-associated complications is 0,1% and 0,01%).20 Furthermore,
preventing colonoscopy referrals, reduces physical discomfort and mental distress related
to colonoscopy. The negative impact of delaying OBD diagnosis could be further minimized
by advising patients, who are not referred for colonoscopy, to return within a short time
frame when complaints persist.
In theory, implementation of the CEDAR diagnostic model can reduce the number of
unnecessary referrals for colonoscopy in primary care patients with persistent lower
abdominal complaints suspected of OBD with 30%. However, it is not realistic that this figure
will actually be reached. In general 60-70% of the clinical decisions in primary care are in
accordance with evidence based guidelines. In individualized patient care, GPs often decide
otherwise. Presently part of the patients is referred for colonoscopy even though strictly
not indicated, e.g. for reassurance of the patient. These referrals will probably not all be
prevented by implementing our CEDAR strategy. The associated cost reduction will probably
be lower than we have shown.
The results from this thesis will be used for post-graduate education. Once the accuracy
and safety of the diagnostic model is confirmed in other patient populations, they can be

141

Chapter 8

included in professional guidelines for primary care. For optimal implementation in daily
practice, the costs of the POC tests will have to be reimbursed by the health insurance
companies.
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Summary
Lower gastro-intestinal tract complaints are frequently presented in primary care. About
7% of these patients has organic bowel disease (OBD), such as inflammatory bowel disease
(or colorectal cancer. Most have functional disease, such as the irritable bowel syndrome
(IBS). Adequate discrimination is important, as both unnecessary endoscopies as well as
delayed detection of OBD is burdening and costly. Presently up to 20% of patients with
persisting lower gastrointestinal complaints is referred for endoscopy, but only in one-third
OBD is found. The diagnostic process in primary care needs improvement. Symptoms and
blood tests alone cannot identify OBD accurately, but new point-of-care fecal biomarker
tests for inflammation are promising. The CEDAR study aims to identify the most costeffective diagnostic strategy to estimate the absence or presence of OBD in patients with
lower intestinal complaints, combining history, physical examination, blood tests and fecal
biomarker tests.
In Chapter two, the diagnostic performance of two new fecal point-of-care (POC) and
enzyme-linked immunosorbent assay (ELISA) tests for the detection of calprotectin and
lactoferrin was evaluated as well as their potential to differentiate IBS from inflammatory
bowel disease. The calprotectin and lactoferrin POCs and ELISA tests were performed on
the fecal samples of 114 patients referred for endoscopy, 80% of whom had IBS and 20%
inflammatory bowel disease, and validated against the endoscopic diagnosis. The sensitivity
and negative predictive value of the calprotectin POC test were both 100%, whereas they
were 78% and 95%, respectively, for the lactoferrin POC test. The specificity and positive
predictive value were slightly higher for the lactoferrin POC test. Both POC tests had similar
diagnostic accuracy as the corresponding ELISA tests. To conclude, the calprotectin and
lactoferrin POC tests are as good as the ELISA tests in detecting colonic inflammation. Given
their easy use, POC tests can support the non-invasive exclusion of inflammatory bowel
disease, notably in primary care.
In Chapter three, the accuracy of two fecal calprotectin and immunochemical occult blood
(iFOBT) POC tests, and a calprotectin ELISA test was evaluated on the first 386 participants
in the CEDAR study. The CEDAR study (Cost-Effectiveness of a Diagnostic rule for lower
Abdominal complaints in primary caRe) is a cross-sectional study in 810 patients with
persistent lower abdominal complaints suggestive for organic bowel disease who were
referred by their general practitioner for secondary care endoscopy. The study is described
here in detail. Biomarker tests were performed on pre-endoscopy fecal samples of 386
patients with lower abdominal complaints suggestive for OBD. Endoscopic and histological
diagnosis served as the reference standard. OBD was diagnosed in 99 patients (prevalence
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25.9%): 19 adenocarcinomas, 53 adenomas and 27 patients with inflammatory bowel
disease. Sensitivity for OBD was 0.64 (95% confidence interval (CI): 0.54-0.72) for the
calprotectin POC test, 0.56 (95%CI: 0.46-0.66) for the iFOBT POC test and 0.74 (95%CI: 0.650.82) for the calprotectin ELISA test; specificities were 0.53 (95%CI: 0.48-0.59), 0.83 (95%CI:
0.78-0.87) and 0.47 (95%CI: 0.41-0.53), respectively. Negative predictive values were 0.81
(95%CI: 0.74-0.86), 0.85 (95%CI: 0.80-0.88) and 0.84 (95%CI: 0.78-0.89); positive predictive
values varied from 0.32 (95%CI: 0.26-0.39) and 0.33 (95%CI: 0.27-0.39) (for the calprotectin
tests) to 0.53 (95%CI: 0.44-0.63) (iFOBT POC test). Combining both POC tests resulted in
improved sensitivity (95%CI: 0.79 (0.69-0.86)) and negative predictive value (0.87 (95%CI:
0.81-0.91)), but lowered specificity (0.49 (95%CI: 0.44-0.55)) and positive predictive value
(0.35 (95%CI: 0.29-0.42)). When adenomas of ≤1 cm were considered as non-OBD, the
negative predictive value of all tests in isolation improved to >0.90, for the combined POC
tests, the negative predictive value increased to 0.97 (95%CI: 0.93-0.99)). In conclusion,
diagnostic accuracy of the tests, used in isolation or combined, was insufficient when all
adenomas were considered OBD. When only advanced adenomas >1 cm were labelled
as OBD, all tests could rule out OBD to a reasonable extent, especially both POC tests in
combination. The tests were less useful for the inclusion of OBD.
Chapter four addresses the question to what extent the Rome III criteria for IBS can
contribute to safely reducing unnecessary referrals for colonoscopy in primary care patients
with lower gastrointestinal complaints. Data from the CEDAR study were used. Fulfilment
of the Rome III criteria was ascertained by a questionnaire. General practitioners recorded
presence or absence of alarm symptoms. Outcome was determined by endoscopy and
histology. Adenomas ≤1 cm were labelled as non-OBD. Of the 810 participants 222 fulfilled
the Rome III criteria (27%, 95%CI: 24-31%). The majority of these patients presented with
alarm symptoms. Only 39 participants (5%, 95%CI: 4-7%) fulfilled Rome III criteria and lacked
alarm symptoms. Overall, OBD was diagnosed in 141 participants (17%). Participants who
fulfilled the Rome III criteria had a significantly lower risk of OBD compared to participants
who did not (12%, 95%CI: 8-17%, versus 20%, 95%CI: 17-23, P<0.01). The lowest risk
was observed in patients without alarm symptoms that fulfilled the Rome III criteria: 3%
(95CI: 0-14%). In conclusion, a minority of referred primary care patients with persistent
lower abdominal complaints both fulfilled the Rome III criteria for IBS and lacked alarm
symptoms. Although OBD could be ruled out safely in this small group, application of the
Rome III criteria is not likely to lead to a substantial reduction of unnecessary referrals for
colonoscopy in these patients.
In Chapter five, diagnostic models for colorectal cancer and OBD were identified in the
literature and subsequently tested in an independent dataset for their ability to safely
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reduce the number of unnecessary referrals for colonoscopy. The models were identified
through systematic review and externally validated on data from the CEDAR study. Ten
diagnostic models for colorectal cancer and OBD were found. Diagnostic estimates (area
under the receiver operating characteristics curve (AUC), sensitivity, specificity, positive
and negative predictive values, and the proportion of patients that would not have been
referred for colonoscopy) were calculated for both colorectal cancer and OBD separately.
The model scores or the predicted probabilities were compared with the observed presence
or absence of the two outcomes to assess diagnostic performance. Most models were able
to safely rule out colorectal cancer. Application of the NICE 2 model resulted in the highest
proportion of safely prevented referrals (47%, 95%CI: 0.43-0.51). Model performance was
less optimal for OBD, a small number of cases was missed by all models. In conclusion, most
diagnostic models were able to correctly rule out colorectal cancer. These models may act as
a decision support tool for primary care patients with lower gastrointestinal complaints who
are considered for colonoscopy. As expected with models developed for colorectal cancer,
model performance was less optimal for OBD, expressing the need for the development of
accurate integrated diagnostic models for organic bowel disease.
In Chapter six a new diagnostic strategy is described using routine clinical information
plus POC fecal calprotectin and iFOBT tests for ruling out OBD in primary care patients
with persistent lower abdominal complaints suggestive of OBD. For this analysis, the data
of the 810 participants of the CEDAR study were included, of which 141 (17%) had OBD.
We developed and (internally) validated various diagnostic prediction models, e.g. using
simple test results only plus models extended with various blood and fecal markers, to rule
out OBD. A basic model including age, rectal bleeding, rectal mucus, weight loss, change
in bowel habit, abdominal pain, abdominal bloating, constipation, abnormal digital rectal
examination and C-reactive protein discriminated between presence or absence of OBD
with an AUC of 0.71 (95% CI: 0.67-0.76; optimism corrected and internally validated). The
AUC significantly increased to 0.74 and 0.81 when the model was extended with calprotectin
and iFOBT markers respectively. The AUC was 0.82 (95%CI: 0.78-0.86) if both markers were
added in combination. The latter – final – diagnostic prediction model resulted in a 0.37
net reclassification improvement (95%CI: 0.23-0.51) compared to the basic model. Using
the final model at a referral threshold of 5% OBD risk, would prevent endoscopy referral
in 30% (95%CI: 27-35%) of the patients with a 96% (95%CI: 93-98%) negative predictive
value. This delayed diagnosis in 4% of the patients, and included one patient with colorectal
cancer (stage 1), three with diverticulitis, and five patients with advanced adenoma. In
conclusion, calprotectin and especially iFOBT POC tests showed substantial incremental
diagnostic accuracy for OBD. A diagnostic strategy using a few symptoms, signs and both

148

Chapter 9

these markers may safely rule out OBD without endoscopy in one third of the primary care
patients suspected of OBD.
Chapter seven describes a cost minimization analysis providing estimates of the benefits
and health burdens of implementation of the CEDAR model in the diagnostic work-up of
primary care patients suspected of OBD. Before implementation of any diagnostic model,
the potential benefits and burden, in terms of health effects and costs, should be evaluated.
The balance between the expected financial benefits (i.e. reduced costs by correctly not
referring for colonoscopy) and health burden (due to incorrectly averted colonoscopies)
resulting from implementation of the CEDAR diagnostic model was assessed. The three
diagnostic strategies that were compared all included at least a diagnostic work-up (i.e.
basic model) consisting of patient history and physical examination. For strategy 1, both the
iFOBT POC and a calprotectin POC test were added to this basic model. Strategy 2 included
the basic model, extended with only the iFOBT POC test. Strategy 3 consisted of the basic
model extended with only the calprotectin POC test. For each strategy, financial benefits
and health burden were analyzed at three probability thresholds to decide upon referral
for colonoscopy: ≥2.5%, ≥5% and ≥7.5% risk of OBD presence. Uncertainty analyses were
performed by Monte Carlo analysis. The analyses were extrapolated to the Dutch population.
A reduction of 5.9%, 0.5% and 5.4% in the number of colonoscopies covers the additional POC
testing costs for strategy 1, 2 and 3, respectively. At the national level, all strategies achieve a
reduction in costs at each referral-decision threshold, except for strategy 3 at the threshold
of ≥2.5% OBD risk, which led to annual increase in nationwide costs of 670.000 Euros. The
largest cost-savings were achieved by strategy 1 and 2. At the 2.5% cut-off, both strategies
provided a modest cost reduction (0.2 and 1.3 million Euros, respectively) with 0 (0%) and
84 (2%) OBD patients incorrectly not referred for colonoscopy at the Dutch population level
(i.e. at a threshold-value of ≥5%, a cost reduction of €4.7, €5.8 and €2.3 million Euros would
be achieved at a cost of incorrectly preventing referral for colonoscopy in 720 (4%), 720 (4%)
and 306 (3%) OBD patients at the national level, for strategy 1 through 3, respectively. Cost
reduction for all strategies even increased at ≥7.5% OBD risk, but this threshold yielded an
unacceptable high number of incorrectly averted colonoscopies for all three strategies, both
above 1000 OBD patients annually in the Netherlands. To conclude, implementation of the
diagnostic strategies as developed in the CEDAR study is likely to reduce the colonoscopy
related costs at a burden of incorrectly averted referrals for colonoscopy. The number of
incorrectly averted colonoscopies increases as cost savings increase. Implementation of the
strategy with both the calprotectin and iFOBT POC tests (strategy 1) at the lowest threshold
value for referral is likely to be the safest strategy but modestly cost-saving. Strategy 2, also
at the lowest threshold, is likely to be slightly less save, but leads to a higher cost reduction.
Strategy 1 and 2 at the ≥5% OBD probability threshold might be valuable alternatives in
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current practice given the substantial costs savings and relative safety. The most appropriate
threshold and the resulting cost savings needs to be determined for the health care setting
in which it will be used.
In Chapter eight we discussed implications for future research and clinical practice, in the
view of our main findings. First, new findings from this thesis are described. We demonstrated
that stricter adherence to the Rome III criteria in primary care will not lead to a substantial
reduction of referrals for endoscopy, but a diagnostic model combining symptoms, signs and
the iFOBT and calprotectin POC tests might prevent 30% of current referrals for endoscopy.
Future studies should evaluate if both POC tests should be incorporated, or if a model with
only the iFOBT POC test has acceptable diagnostic accuracy as well. In contrast to earlier
reports we found that the iFOBT POC test has diagnostic value in patients presenting with
rectal bleeding. This might be explained by the fact that iFOBT also detects microscopic
bleeding. Before our diagnostic model for OBD can be safely used by general practitioners
to exclude OBD, it deserves further external validation to check if the model performs well
in new patients. After external validation, a diagnostic impact or implementation study is
needed to determine whether using the diagnostic model in daily practice actually improves
physician’s diagnostic decision-making and cost-effectiveness of the diagnostic work-up.
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Samenvatting
Klachten van de onderste tractus digestivus worden frequent aan de huisarts gepresenteerd.
Naar schatting heeft 7% van deze patiënten een organische darmziekte (ODZ), zoals
inflammatoire darmziekten, diverticulitis of darmkanker. Bij de meeste patiënten is er sprake
van een functionele darm ziekte, zoals het prikkelbaar darmsyndroom (PDS). Adequaat
onderscheid tussen ODZ en PDS is belangrijk omdat zowel onnodig uitgevoerd endoscopisch
onderzoek als ten onrechte niet uitgevoerde diagnostiek tot onnodige ziektelast en
kosten leiden. Op dit moment wordt naar schatting 20% van de patiënten met langdurige
darmklachten door de huisarts verwezen voor endoscopie, maar slechts bij een derde van
deze patiënten blijkt sprake van ODZ. Het diagnostisch proces in de eerste lijn, en met name
de selectie voor endoscopie, dient daarom verbeterd te worden. Klachten en bevindingen
bij lichamelijk onderzoek en bloedonderzoek alleen zijn onvoldoende onderscheidend.
Recent ontwikkelde biomarkers van ontstekingsproducten in de feces zouden een
belangrijke bijdrage aan het diagnostisch proces in de huisartspraktijk kunnen leveren, zeker
bij uitvoering middels een sneltest. De CEDAR studie beoogt de meest kosteneffectieve
diagnostische strategie te bepalen om bij patiënten met aanhoudende klachten van de
onderste tractus digestivus in de eerste lijn, aan de hand van klachten, symptomen,
biochemische bepalingen, een fecale calprotectine test en een immunochemische fecaal
occult bloed test (iFOBT), diegenen met ODZ aan te tonen of uit te sluiten.
In Hoofdstuk twee werd de diagnostische waarde van twee nieuwe sneltesten en
twee enzyme-linked immunosorbent assays (ELISA) testen voor de fecale biomarkers
calprotectine en lactoferrine onderzocht voor het onderscheid tussen PDS en inflammatoire
darmziekten. De calprotectine en lactoferrine snel- en ELISA testen werden uitgevoerd
op de ontlastingsmonsters van 114 patiënten die verwezen waren voor endoscopie.
De uitkomsten van de ontlastingstesten werden vergeleken met de uitkomst van de
endoscopie, waarbij 80% van de patiënten PDS en 20% een inflammatoire darmziekte
bleek te hebben. De sensitiviteit en de negatief voorspellende waarde van de calprotectine
sneltest bedroeg beide 100%, en die voor de lactoferrine sneltest respectievelijk 78% en
95%. De specificiteit en de positief voorspellende waarde waren hoger voor de lactoferrine
sneltest, respectievelijk 99% en 95%, dan voor de calprotectine sneltest (95% en 82%). De
diagnostische waarde van de beide sneltesten bleek vergelijkbaar met die van de ELISA
testen. De calprotectin en lactoferrine sneltesten blijken net zo adequaat in het opsporen
van inflammatie van de darm als de ELISA testen. Gezien het gebruiksgemak zouden deze
sneltesten de niet-endoscopische exclusie van inflammatoire darmziekten in de eerstelijn
kunnen ondersteunen.
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Hoofdstuk drie beschrijft de diagnostische waarde van een iFOBT sneltest en een
calprotectine snel- en ELISA test, onderzocht onder de deelnemers van de CEDAR studie.
De CEDAR studie (Cost-Effectiveness of a Diagnostic rule for lower Abdominal complaints
in primary caRe) is een cross-sectionele studie onder 810 eerstelijns patiënten met
aanhoudende klachten van de onderste tractus digestivus, die werden verwezen door
hun huisarts voor een endoscopie in de tweede lijn in verband met verdenking op ODZ.
In dit hoofdstuk wordt de CEDAR-studie in detail beschreven. De biomarkertests werden
uitgevoerd op ontlastingsmonsters van de eerste 386 patiënten in de CEDAR studie. De
endoscopische en eventuele histologische diagnose vormde de referentie-standaard. ODZ
werd gediagnosticeerd bij 99 patiënten (prevalentie 25.9%): 19 adenocarcinomen, 53
adenomen en 27 patiënten met een inflammatoire darmziekte. De sensitiviteit voor ODZ
was 0.64 (95% betrouwbaarheidsinterval (BI): 0.54-0.72) voor de calprotectine sneltest,
0.56 (95%BI: 0.46-0.66) voor de iFOBT sneltest en 0.74 (0.65-0.82) voor de calprotectine
ELISA test; de bijbehorende specificiteit bedroeg respectievelijk 0.53 (0.48-0.59), 0.83 (0.780.87) en 0.47 (0.41-0.53). Negatief voorspellende waarden waren voor respectievelijk de
calprotectine sneltest, de iFOBT sneltest en de calprotectine ELISA 0.81 (0.74-0.86), 0.85
(0.80-0.88) en 0.84 (0.78-0.89); positief voorspellende waarde varieerde van 0.32 (0.260.39) en 0.33 (0.27-0.39) (voor de calprotectine testen) tot 0.53 (0.44-0.63) (iFOBT sneltest).
De combinatie van beide sneltesten verbeterde de sensitiviteit (0.79 (0.69-0.86)) en de
negatief voorspellende waarde (0.87 (0.81-0.91)), maar verlaagde de specificiteit (0.49
(0.44-0.55)) en de positief voorspellende waarde (0.35 (0.29-0.42)). Wanneer adenomen
van ≤1 cm niet als ODZ werden beschouwd, verbeterde de negatieve voorspellende waarde
van alle testen afzonderlijk naar >0.90 en van de gecombineerde sneltesten naar 0.97 (0.930.99). De diagnostische waarde van de testen, in isolatie of in combinatie, is onvoldoende
wanneer alle adenomen werden beschouwd als ODZ. Wanneer geavanceerde adenomen
>1 cm worden geclassificeerd als ODZ kunnen alle tests, in het bijzonder de gecombineerde
sneltesten, ODZ in redelijke mate uitsluiten. De testen zijn minder geschikt voor de inclusie
van ODZ.
Hoofdstuk vier onderzoekt de vraag in welke mate de Rome III-criteria voor PDS kunnen
bijdragen aan het verminderen van onnodige verwijzingen voor colonoscopie bij patiënten
in de eerste lijn met klachten van de onderste tractus digestivus. Hiervoor werd de data
van de CEDAR studie gebruikt. Door middel van een vragenlijst werd bepaald of patiënten
voldeden aan de Rome III criteria voor PDS. Huisartsen registreerden aan- of afwezigheid van
alarmsymptomen (gewichtsverlies, rectaal bloedverlies en veranderd ontlastingspatroon).
De referentiestandaard bestond uit de endoscopische en eventuele histologische diagnose.
Adenomen van ≤1 cm werden als niet-ODZ beschouwd. Van de 810 deelnemers voldeden
222 aan de Rome III criteria (27%, 95%BI: 24-31%). De meerderheid van deze patiënten

152

Chapter 9

presenteerde zich met alarmsymptomen. Slechts 39 deelnemers (5%, 4-7%) voldeden aan
de Rome III criteria en hadden geen alarmsymptomen. ODZ werd gediagnosticeerd bij 141
deelnemers (17%). Deelnemers die aan de Rome III criteria voldeden hadden een significant
lager risico op ODZ in vergelijking met deelnemers die dat niet deden (12% (8-17%),
versus 20% (17-23%), P<0.01). Het laagste risico werd waargenomen bij patiënten zonder
alarmsymptomen die aan de Rome III criteria voldeden: 3% (0-14%). We concludeerden
dat slechts een minderheid van de verwezen eerstelijns patiënten met onderste tractus
digestivus klachten zowel aan de Rome III-criteria voor PDS voldoet en tevens geen
alarmsymptomen heeft. Hoewel ODZ veilig kan worden uitgesloten in deze groep, is het
niet waarschijnlijk door de geringe omvang van deze patiëntenpopulatie dat toepassing van
de Rome III-criteria voor PDS zal leiden tot een aanzienlijke vermindering van het aantal
onnodige verwijzingen voor colonoscopie.
In Hoofdstuk vijf werd de waarde van in de literatuur bekende diagnostische modellen
voor het opsporen van darmkanker en ODZ getest in de CEDAR studie (externe validatie),
om te bepalen in welke mate ze kunnen bijdragen aan het verminderen van onnodige
verwijzingen voor colonoscopie. De modellen werden geïdentificeerd door middel van
systematisch literatuuronderzoek. In totaal werden tien diagnostische modellen gevonden
voor darmkanker en ODZ die gevalideerd konden worden in de CEDAR studie. Diagnostische
waarden (oppervlakte onder de receiver operating characteristics curve (AUC), sensitiviteit,
specificiteit, positief en negatief voorspellende waarden, en de proportie patiënten die op
veilige wijze niet verwezen zou hoeven worden voor colonoscopie) werden berekend voor
beide uitkomsten (darmkanker en ODZ) afzonderlijk. De model scores of de voorspelde kansen
werden vergeleken met de waargenomen aan- of afwezigheid van de twee uitkomsten. De
meeste modellen waren in staat om darmkanker veilig uit te sluiten. Toepassing van het
NICE2 model resulteerde in het hoogste percentage veilig voorkomen verwijzingen voor
colonoscopie (47%, 95%BI: 0.43-0.51). De modellen waren minder goed in het uitsluiten
van ODZ, door alle modellen werd een klein aantal ODZ gevallen gemist. We concludeerden
dat de meeste diagnostische modellen darmkanker veilig kunnen uitsluiten. Deze modellen
zouden ondersteunend kunnen zijn bij de beslissing welke patiënten met klachten van de
onderste tractus digestivus in de eerstelijn wel of juist niet verwezen moeten worden voor
colonoscopie. De modellen presteerden minder goed voor de uitkomst ODZ. Gezien het
feit dat de meeste modellen waren ontwikkeld voor de uitkomst darmkanker was dit te
verwachten. In de toekomst moeten geïntegreerde modellen voor ODZ worden ontwikkeld.
Hoofdstuk zes beschrijft een nieuwe diagnostische strategie voor het uitsluiten van ODZ bij
patiënten met aanhoudende onderste tractus digestivus klachten suggestief voor ODZ in de
eerste lijn, gebaseerd op informatie uit anamnese, lichamelijk onderzoek, bloedonderzoek
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en een calprotectine en iFOBT sneltest in de ontlasting. Voor het opstellen hiervan werd
de dataset van 810 deelnemers van de CEDAR studie gebruikt. De prevalentie van ODZ
bedroeg 17% (141 deelnemers). Verschillende diagnostische predictiemodellen voor het
uitsluiten van ODZ werden ontwikkeld en intern gevalideerd. Het basismodel bestond
uit variabelen uit anamnese, lichamelijk onderzoek en bloedonderzoek: leeftijd, rectaal
bloedverlies, slijm per rectum, gewichtsverlies, een veranderd ontlastingspatroon, buikpijn,
opgeblazen gevoel, obstipatie, afwijkingen bij rectaal toucher en C-reactief proteïne. Dit
basismodel had een AUC van 0.71 (95%BI: 0.67-0.76; gecorrigeerd voor optimisme en na
interne validatie). Na toevoeging van hetzij de calprotectine of iFOBT markers verbeterde
de AUC significant tot 0.74, respectievelijk 0.81. De AUC bedroeg 0.82 (0.78-0.86) als deze
beide markers in combinatie werden toegevoegd. Dit laatste predictiemodel resulteerde
in een net reclassification improvement (NRI) van 0.37 (0.23-0.51) in vergelijking met het
basismodel. Toepassing van dit model bij een verwijzingsdrempel van 5% voorspelde kans
op ODZ, zou 30% (27-35%) van de onnodige verwijzingen voor colonoscopie voorkomen,
met een negatief voorspellende waarde van 96% (93-98%). De diagnose ODZ zou worden
vertraagd voor 6% van de ODZ patiënten, waarvan één patiënt met darmkanker (stadium I),
drie met diverticulitis, en vijf patiënten met een geavanceerd adenoom. We concludeerden
dat de calprotectine en vooral de iFOBT sneltest aanzienlijke toegevoegde waarde hebben
voor de diagnose van ODZ. Een diagnostische strategie gebaseerd op een aantal symptomen,
bevindingen bij lichamelijk onderzoek en de beide biomarkers kan bijdragen aan het veilig
uitsluiten van ODZ zonder endoscopie voor één derde van de patiënten in de eerstelijn die
initieel verdacht worden van ODZ.
Hoofdstuk zeven beschrijft een kosten-minimalisatie analyse waarin bij eerstelijns patiënten
met aanhoudende onderste tractus digestivus klachten de kosten en opbrengsten van
verschillende diagnostische strategieën voor ODZ uit de CEDAR studie werden vergeleken.
Drie verschillende diagnostische strategieën werden vergeleken, allen bestaande uit
een basismodel (met variabelen uit anamnese en lichamelijk onderzoek), met daaraan
toegevoegd één of meerdere sneltesten in de ontlasting (beschreven in Hoofdstuk zes).
Voor strategie 1 werd zowel de iFOBT als de calprotectine sneltest toegevoegd, voor
strategie 2 alleen de iFOBT sneltest en voor strategie 3 alleen de calprotectine sneltest. Voor
elke strategie werden financiële voordelen (lagere kosten door correct niet doorverwijzen
voor colonoscopie) en ziektelast (door verkeerd afgewende colonoscopieën) geanalyseerd,
uitgesplitst voor drie drempelwaarden voor verwijzing voor colonoscopie: ≥2.5%, ≥5% en
≥7.5% voorspelde kans op ODZ aanwezigheid. Onzekerheidsanalyse werd uitgevoerd door
middel van Monte Carlo analyse. De analyses werden geëxtrapoleerd op landelijk niveau voor
de Nederlandse situatie. Om de kosten van extra bepalingen, nodig voor de verschillende
strategieën, te dekken, was voor respectievelijk strategie 1, 2 en 3 een vermindering van
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5.9%, 0.5% en 5.4% van het aantal colonoscopieën nodig. Implementatie van bijna elke
strategie leidde tot een kostenreductie, behalve voor strategie 3 op de drempel van ≥2.5%
voorspelde ODZ kans (toename van de jaarlijkse kosten van 670.000 euro). Strategie 1 en 2
gaven de grootste kostenbesparingen. Bij de drempelwaarde van ≥2.5% werd voor strategie
1 en 2 een kostenreductie bereikt van 0,2 en 1,3 miljoen euro met 0 (0%) en 84 (2%) ODZ
patiënten ten onrechte niet verwezen voor colonoscopie, en bij de drempelwaarde van
≥5% een kostenreductie van €4,7, €5,8 en € 2,3 miljoen euro, met 720 (4%), 720 (4%) en
306 (3%) ten onrechte niet-verwezen ODZ patiënten, voor respectievelijk strategie 1, en
2 en 3. Bij een voorspelde kans op ODZ groter dan 7,5% nam de kostenbesparing verder
toe, maar deze drempelwaarde leverde een onaanvaardbaar hoog aantal onterecht
afgewende colonoscopieën: voor alle drie de strategieën boven de 1000 ODZ patiënten per
jaar in Nederland. We concludeerden dat implementatie van de diagnostische strategieën
ontwikkeld in de CEDAR studiewaarschijnlijk leidt tot een vermindering van de aan
colonoscopie-gerelateerde kosten, met als nadeel het onterecht niet-doorverwijzen van een
gedeelte van de ODZ patiënten. Een grotere kostenbesparing gaat samen met een groter
aantal onterecht afgewende colonoscopieën. De meest veiligste strategie is de strategie met
zowel de calprotectine en iFOBT sneltest (strategie 1) bij de laagste drempelwaarde voor
verwijzing, maar deze is slechts in beperkte mate kostenbesparend. Strategie 2 met alleen
de iFOBT sneltest bij dezelfde drempelwaarde is nauwelijks minder veilig en leidt tot een
hogere kostenreductie. Strategie 1 en 2 zouden tevens waardevol kunnen zijn bij de ≥5%
drempelwaarde voor verwijzing, gezien de aanzienlijke kostenbesparing en een mogelijk
acceptabele veiligheid. De meest geschikte verwijsdrempel en de daarbij resulterende
kostenbesparing zal moeten worden bepaald voor de setting waarin de strategie zal worden
gebruikt.
In Hoofdstuk acht bespreken we implicaties voor toekomstig onderzoek en de klinische
praktijk, in het licht van de belangrijkste bevindingen van het CEDAR onderzoek. Een
striktere naleving van de Rome III criteria voor PDS in de eerstelijnszorg zal niet leiden tot
een aanzienlijke vermindering van de verwijzingen voor endoscopie, maar een diagnostisch
model dat symptomen, bevindingen en de iFOBT en calprotectine sneltesten combineert zou
30% van de huidige verwijzingen voor endoscopie kunnen voorkomen. Toekomstige studies
zullen moeten uitwijzen of beide sneltesten moeten worden opgenomen in dit model,
of dat een model met alleen de iFOBT sneltest voldoende diagnostische nauwkeurigheid
heeft. In tegenstelling tot eerdere inzichten vonden we dat de iFOBT sneltest toegevoegde
diagnostische waarde heeft bij patiënten met rectaal bloedverlies. Dit zou kunnen worden
verklaard door het feit dat iFOBT naast macroscopisch bloedverlies, ook microscopisch
bloedverlies detecteert. Voordat ons diagnostische model voor ODZ veilig kan worden
gebruikt door huisartsen om ODZ uit te sluiten, is externe validatie nodig om te controleren
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of het model goed presteert in nieuwe patiënten. Na externe validatie, is een diagnostische
impact studie nodig om te bepalen of het gebruik van het diagnostische model in de
dagelijkse praktijk de besluitvorming van artsen en de kosteneffectiviteit van de diagnostiek
daadwerkelijk verbetert.
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