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ORIGINAL ARTICLE
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Kaija-Leena Kolhog,h, Johanna Arolac and Martti F€arkkil€aa

aDepartment of Gastroenterology, Helsinki University Hospital and University of Helsinki, Helsinki, Finland; bMinerva Foundation Institute for
Medical Research, Helsinki, Finland; cDepartment of Pathology, HUS Diagnostic Centre, Helsinki University Hospital and University of
Helsinki, Helsinki, Finland; dBCB Medical Ltd., Data Analyst, Data and Analytics, Espoo, Finland; eBCB Medical Ltd., Real World Data Manager,
Life Science, Scientific Medical Content and Project Management, Espoo, Finland; fInstitute for Molecular Medicine FIMM, University of
Helsinki and Abdominal Centre, Endocrinology, Helsinki University Hospital, Helsinki, Finland; gChildren’s Hospital, Helsinki University and
Helsinki University Hospital, Helsinki, Finland; hTampere University, Tampere, Finland

ABSTRACT
Background: In the inflammatory bowel diseases, chronic inflammation predisposes to dysplasia and
colorectal carcinoma, leading to the need of surveillance colonoscopies. The most-used marker of
colonic inflammation is faecal calprotectin. Its correlation with endoscopic and histological findings is
well-documented. In this study, we evaluated the role of sequential faecal calprotectin measurements
in predicting colorectal dysplasia, to identify patients with increased risk of dysplasia or colonic malig-
nancy in ulcerative colitis.
Methods: We collected the faecal calprotectin measurements and colorectal histology reports of
patients with ulcerative colitis treated in Helsinki University Hospital (Helsinki, Finland) between 2007
and 2017, with a focus on IBD-associated neoplasia, inflammatory activity, and sporadic adenomas.
Using the time-weighted AUC of faecal calprotectin as a marker of inflammatory burden, we tested
the performance of faecal calprotectin to predict the risk for colorectal neoplasia.
Results: In total, 982 patients with ulcerative colitis were included. Of them, 845 had pancolitis and
127 concomitant primary sclerosing cholangitis. Forty-one patients (4%) had IBD-associated colorectal
dysplasia and seven (0.7%) developed adenocarcinoma. In patients with constantly elevated faecal cal-
protectin level (>500mg/g), colorectal neoplasia was more frequent compared to those with low
(<200mg/g) calprotectin (13% and 4%, p< 0.05). Histological inflammatory activity was also related to
more frequent dysplastic changes.
Conclusions: Colon dysplasia and adenocarcinoma are more common among ulcerative colitis
patients with constantly elevated faecal calprotectin than in patients in remission. The role of inflam-
matory activity in inducing neoplastic changes in colon is further supported by histology, as histo-
logical inflammatory activity correlates with dysplasia.

Abbreviations: 5-ASA: 5-aminosalisylic acid; AUC: area under the curve; CRC: colorectal carcinoma; FC:
faecal calprotectin; IBD: inflammatory bowel disease; IQR: interquartile range; OR: odds ratio; PSC: pri-
mary sclerosing cholangitis; ROC: receiver operator characteristics; twAUC: time-weighted area under
the curve; UC: ulcerative colitis.
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Introduction

In the inflammatory bowel diseases (IBD), long-lasting active
inflammation of the colonic mucosa predisposes to increased
cell proliferation promoting carcinogenesis. Inflammation
induces mutations in tumor suppressor genes and leads to
dysplastic lesions of the mucosa and to colitis-related colo-
rectal cancer (CRC) [1–6]. There is some evidence of the che-
mopreventive effect of 5-ASA against colitis-related CRC
[1,4,6,7], but the results are controversial [8,9]. The increased
CRC-risk is associated with the male sex, early onset of IBD,

duration and extent of the disease, severity of inflammation,
and concomitant primary sclerosing cholangitis (PSC) [1,2,5].
The cumulative risk of CRC in IBD varies from less than 1%
to 2% by 10 years, 8% by 20 years, and to 8–18% by 30 years
in different studies, the risk being higher in earlier studies
[1,2,7,5,10]. Regular surveillance colonoscopies are recom-
mended for all patients with colonic IBD, excluding those
with isolated proctitis [11]. Due to improved therapies as
well as dysplasia surveillance programs, the rate of CRC in
IBD patients has been declining over the past years. In some
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recent studies, the risk of CRC has not exceeded that of the
healthy persons [1,4,12–15].

In IBD, faecal calprotectin (FC) levels correlate closely
with endoscopic and histological inflammation [16,17]. In
our clinic, the FC test was introduced to the daily clinical
routine in 2007, replacing most colonoscopies in the evalu-
ation of inflammatory activity in colonic IBD. FC test is per-
formed on the regular basis at 3 to 12months interval, at
patient-reported flares, and before routine colonoscopies.
After the introduction of FC tests into clinical practice, most
colonoscopies in IBD patients are performed for dysplasia
screening. The incidence and prevalence of IBD is rising in
all countries, and as the patients get older, the prevalence
is also growing. The peak incidence of IBD is at young
adulthood [14,15,18–20]. Thus, the need for repeated colo-
noscopies for the dysplasia surveillance lasts for decades
and is strenuous for the patients as well as health-care pro-
viders. The extensive dysplasia surveillance program is allo-
cated based on the known risk factors for CRC in IBD, and
the findings of the latest colonoscopy [11]. With the
increasing number of patients, decreasing health-care
resources, and declining incidence of IBD-associated CRC,
however, we should be able to target both the screening
and the surveillance even more concisely.

We know from several previous studies that FC correlates
well with the inflammatory activity in colonic IBD, and it is
also elevated in colorectal carcinoma in both IBD and non-
IBD patients. It could therefore be hypothesized that FC
might have a role in predicting dysplasia in IBD. If true, FC
would be an ideal non-invasive marker of increased risk of
dysplasia or CRC, for better targeting resources for dysplasia
screening and surveillance colonoscopies. The role of FC in
evaluating disease activity in IBD is well-known, but there
are no studies on the use of FC in predicting dysplasia
or CRC.

In present study, we evaluated the role of inflammation
measured by sequential FC in predicting neoplastic changes
in colon, namely dysplasia and adenocarcinoma, in patients
with ulcerative colitis (UC). We also assessed whether FC
measurements enables us to modify surveillance colonos-
copy protocol of UC patients, allowing us to identify

patients with an increased risk of dysplasia or
colonic malignancy.

Materials and methods

Patients and data collection

The flow chart of patient inclusion is presented in Figure 1.
In this retrospective study, we collected all FC test results
from the laboratory database of the outpatient gastroenter-
ology clinic of Helsinki University Hospital (Helsinki, Finland)
from 1st January 2007 to 31st December 2017. The data
comprised 11,443 FC test results. From the clinical database,
we collected all patients (n¼ 2823) with an ICD-10 diagnosis
of K51 (UC), who were treated at our clinic during this
period. By combining these, we got 10,970 FC test results
from 2700 patients. After exclusion of duplicates (n¼ 1153),
patients with isolated proctitis only (n¼ 37), colon resection,
total colectomy, colon neoplasia (dysplasia or CRC) before
2007 (n¼ 30), and patients with CD or diagnosis other than
IBD (n¼ 498), we ended up with 4649 FC measurements
from 982 UC patients. This constituted the final patient-
cohort. Patients were divided into three groups: 1. patients
with no dysplasia, 2. patients with IBD-associated neoplasias
(dysplasia or adenocarcinoma), and 3. patients with sporadic
adenomas. The distinction between sporadic adenomas and
colitis-induced dysplasia was made endoscopically. Sporadic
adenomas are defined as focal lesions identified by endosco-
pist as a polyp, whereas UC induced dysplasia is so called
flat dysplasia, not noticed in endoscopy.

We collected demographic data from all participants,
including the age at the time of UC diagnosis, duration and
extent of UC, presence of associated PSC, and the use of 5-
ASA. Biopsy and colectomy data of UC-associated dysplasias
or carcinomas (diagnostic agreement of two experienced
pathologists required) and sporadic adenomas were collected
from the databases. Histological grade of colonic inflamma-
tion was collected using standard text mining methods on
colonoscopy pathology reports recorded in Finnish. First, all
sentences containing relevant keywords, such as
‘inflammation’, ‘active’, ‘inactive’ and ‘normal’, were collected.
Then, based on the word content of sentences, they were

Figure 1. Flow chart of the patient inclusion. FC: faecal calprotectin; UC: ulcerative colitis.
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labeled into mild (grade 1), moderate (grade 2), severe
(grade 3) or no (grade 0) inflammation. In cases where two
severity values were recorded in the same report, such as
‘mild-moderate’, higher grade value was selected. The criteria
for the inflammatory activity of IBD of the pathology depart-
ment of Helsinki University Hospital were as follows: 0 (no
inflammation): none of the following features, 1 (mild inflam-
mation): presence of cryptitis, but none of the following, 3
(moderate inflammation): presence of crypt abscesses, but
no ulceration, 4 (severe inflammation): presence of ulcera-
tions of the mucosa.

Faecal calprotectin samples were quantitated in the major
clinical laboratory in southern Finland, HUSLAB, with an
ELISA kit from Calpro AS (Calpro/Calprolab, Oslo, Norway).
The values quoted as normal and indicating remission were
<100 lg/g [21].

Clinical endpoints of the study are development of CRC,
colectomy, or the end of the follow-up at the end of 2017,
whichever occurred first.

Statistical methods

The demographics and clinical information of the patients in
each group were summarized with descriptive statistics
(mean, median, min, max, interquartile range (IQR)) for con-
tinuous variables. Categorical variables were summarized
with frequencies and percentages. Faecal calprotectin time-
weighted area under the curve (twAUC) was calculated for
each patient using trapezoidal rule.

The receiver operator characteristics (ROC) curve analysis
was performed to assess the prediction ability of detecting
dysplasia or carcinoma using twAUC for FC (twAUC-FC) and
twAUC for histological inflammation grade (twAUC-grade).
Sensitivities and specificities were calculated for different
thresholds of twAUC-FC. The maximum summation of sensi-
tivity and specificity was selected as the optimal cut-off value
for the classification.

The association between the presence of dysplasia or car-
cinoma and several risk factors was determined using odds
ratios (OR) with 95% confidence intervals (CI). Stepwise logis-
tic regression was performed with the following independent
variables: age, age at the time of IBD diagnosis, sex, duration
of IBD, extent of IBD, PSC, duration of PSC at the end of the
follow-up, use of 5-ASA, twAUC-FC, and twAUC-grade. The

model with the lowest Akaike Information Criteria (AIC) was
selected as the final model. In the multiple logistic regression
models, two-sided hypotheses were tested and p values
<0.05 were considered significant. R version 3.6.0 and SPSS
version 25 were used for all statistical analyses in the study.

Ethical consideration

No permission of local ethics committee or informed consent
was required in accordance with Finnish regulations for
register-based studies without contact with the study sub-
jects. The study protocol was approved by Helsinki University
Hospital Ethical Committee (HUS 115/2020).

Results

UC patient-cohort comprised 982 patients and 9803 patient-
years. Table 1 shows the demographic data. In total, 845
patients (86%) had pancolitis and 127 (12%) concomitant
PSC. Almost all patients (99%) were on 5-ASA medication.
The median disease duration at the end of the study was
8 years (range 0–48 years, 0 indicating the diagnosis and the
end of follow-up at the same year).

Colorectal dysplasia and adenocarcinoma (CRC)

Of all patients, 41 (4%) had IBD-associated dysplasia and 7
(0.7%) IBD-associated CRC. In the dysplasia group, 71% of
patients were men, 16 patients (39%) had repeated dysplasia,
and five patients (12%) had high-grade dysplasia. There was
no difference in the use of 5-ASA between patients with or
without dysplasia (96% and 99%, p¼ 0.178), neither in the
prevalence of dysplasia between the patients with left-sided
or total colitis (4% and 5%, p¼ 0.707). Of the patients with
IBD-associated neoplasia, 26% had concomitant PSC with a
median duration of 13 years (range 2–27). In the non-neopla-
sia group only 12% of the patients had PSC (p¼ 0.006), and
the duration of PSC was shorter than in the neoplasia group
(9 years, range 0–29, p¼ 0.03). Of the UC patients with PSC,
9% had dysplasia, as compared to 4% in the non-PSC
group (p¼ 0.009).

Four out of seven CRC patients had previous dysplasia
before the CRC diagnosis. Patients with IBD-associated neo-
plasias were older (median age 44 and 38 years, p¼ 0.002) at

Table 1. Demographic data of the included 982 patients with ulcerative colitis.

Non-neoplasia (n¼ 927) Dysplasia/CRC (n¼ 48) Adenoma (n¼ 73) p

Gender, M (%) 528 (56) 33 (67) 35 (48) 0.067
Age, mean (range) 38 (14–89) 44 (19–73) 57 (25–82) 0.220
IBD duration, mean (range) 10 (0–48) 15 (1–48) 12 (1–46) <0.001
UC extent, n (%)

Left-sided 137 (14) 5 (10) 15 (25) 0.707
Extended 802 (86) 44 (90) 42 (74)

PSC, n (%) 108 (12) 12 (26) 7 (12) 0.009
PSC duration median 9 (0–29) 13 (2–27) 16 (5–29)
5-ASA, n (%) 918 (99) 46 (96) 55 (97) 0.178
colectomy, n (%) 158 (17) 32 (65) <0.001
UC-duration at colectomy, mean (range) 7 (0–50) 13 (1–38) <0.001
FC, median (range) 180 (0–13 887) 248 (6–12 620) 159 (5–6170) 0.271
FC time-weighted average, mean 551 648 0.303

IBD: inflammatory bowel disease; UC: ulcerative colitis; PSC: primary sclerosing cholangitis; CRC: colorectal carcinoma; FC: faecal calprotectin.
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the end of follow-up, and the disease duration was longer
(median 15 and 10 years, p< 0.001) than in patients with-
out neoplasia.

Colectomy

In total, 189 (19%) patients underwent colectomy during the
study period, 158 (83%) of them due to active IBD and 32
(17%) because of neoplasia. Of those with dysplasia, 60%
underwent colectomy.

Adenomas

We analyzed colonic adenomas separately. Of all patients, 73
(6%) had one or more adenomas. Of these, 78% were tubular
adenomas, 10% tubulovillous, and 12% serrated. The median
age at diagnosis of the first adenoma was 51 (range
25–82) years.

Histological grade of inflammatory activity

In total, 4289 colonoscopies were performed. In 36% of colonos-
copies (n¼ 1546), the histological grade of inflammatory activity
was 0 indicating histological remission. Mild inflammatory activ-
ity (grade 1) was seen in 21% of colonoscopies (n¼ 880), mod-
erate inflammatory activity (grade 2) in 28% (n¼ 1186), and
severe inflammatory activity (grade 3) in 12% of colonoscopies
(n¼ 533). In 144 colonoscopies (3%) the colonic inflammation
was not graded. Of all patients, 36% (n¼ 357) had severe
inflammatory activity at least in one colonoscopy. Of patients
with severe histological inflammatory activity, 7% had dysplasia
at least once, compared to 3% of patients with histological
remission, or mild or moderate inflammatory activity (p< 0.05).
On the other hand, 63% of patients with dysplasia (26/41) had
severe histological inflammatory activity at least once.

We calculated time-weighted area under the curve (AUC)
for the histological inflammatory activity grade (twAUC-
grade), which reflects the long-time burden of inflammatory
activity. The prevalence of dysplasia in patients with moder-
ate to severe histological inflammatory activity (grade 2–3)
was equal to those with remission or mild inflammatory
activity (grade 0–1). The twAUC-grade for patients with dys-
plasia detected more than once was higher than those with
no dysplasia, or dysplasia detected only once (Figure 2).
However, the OR of twAUC-grade for neoplasia was 1.11
(95% CI 0.73–1.66) in all patients, and 1.09 (95% CI
0.39–2.78) in PSC-patients, meaning the long-time histo-
logical inflammatory activity burden did not predict dysplasia
in these patient-cohorts.

Faecal calprotectin

The results of FC values are presented in Table 2. Of all
patients, 79% had provided more than one stool sample for
FC, and the median number of FC measurements was 3
(range 1–31, IQR 2–6). The median time interval between 2
consecutive measurements was 12months (range
0–119months, 0 indicating that the patient had only one FC

sample). The median time between the first and last FC
measurements was 12months (range 1–119, IQR 2–31). In
patients with dysplasia/CRC, the median time between first
FC measurement and the diagnosis of IBD associated neopla-
sias was 13months (range 5–105, IQR 8.75–17).

The median FC of all patients was 184mg/g (range 5–13,887,
IQR 568). In patients without IBD-associated neoplasias, the
median FC was 181mg/g (range 5–13,887, IQR 567), and of
those with neoplasia 232mg/g (range 6–10,316, IQR 633)
(p¼ 0.271). No statistically significant differences in FC values
were found between patients with one or more dysplasia find-
ings or low-grade or high-grade dysplasia. Of all 4649 FC values,
1890 (41%) were below 100mg/g indicating remission. There
was no difference between the dysplasia and non-dysplasia
groups (40% and 41%, p¼ 0.785).

3
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Figure 2. Correlation of the long-term histological inflammatory burden
(twAUC-grade) and the number of detected dysplasias. ��p< 0.05; twAUC-
grade: time-weighted area under the curve for the histological inflamma-
tion grade.

Table 2. Faecal calprotectin values of the study patients (n¼ 982).

FC mg/g, median, (IQR, range) p

All patients 184 (568, 0–13,887)
Dysplasia
No 181 (567, 0–13,887) 0.268
Yes 232 (633, 6–10,316)

CRC
No 181 (566, 0–13,887) 0.161
Yes 485 (819, 7–2215)

PSC
No 181 (567, 0–13,887) 0.927
Yes 188 (603, 0–5648)

Colectomy
No 147 (486, 0–13,887) <0.001
Yes 441 (956, 13,345)

FC: faecal calprotectin; CRC: colorectal carcinoma; PSC: primary sclerosing chol-
angitis; IQR: interquartile range.
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The median FC in patients with CRC was 485 (range
7–2215), which did not differ significantly from that of non-
CRC patients (p¼ 0.161) (Table 1). Patients who ended up
having a colectomy had a significantly higher median FC
than patients with an intact colon (147 mg/g and 441 mg/
g, p< 0.001).

To evaluate the role of inflammatory activity more closely,
we divided patients in 3 groups according to the FC results:
1. those with FC <200 mg/g constantly in every measurement
(n¼ 285), 2. those with FC constantly between 200 and
500mg/g (mild/moderate inflammation, n¼ 38), and 3. those
with FC constantly >500 mg/g (severe inflammation, n¼ 89).
Patients whose FC varied between classes, were not included
in this analysis (n¼ 570). In the group of excluded patients
there were 10 patients with dysplasia but none with CRC.
The histological inflammatory burden was significantly higher
in patients with FC constantly >500 mg/g than those with FC
<500 mg/g (Figure 3). In patients with severe inflammation
(FC >500 mg/g), IBD-associated neoplasia was significantly
more common compared to patients with FC <200mg/g
(13% and 4%, p¼ 0.015). In the group of mild/moderate
inflammation, the difference in the number of IBD-associated
neoplasias (6%) compared to those with remission or severe
inflammation was not significant (Figure 4).

The median FC in patients with sporadic adenomas was
159mg/g (range 5–6170), with no significant difference com-
pared to the non-adenoma group (p¼ 0.561). There was also
no difference in FC values between the different types
of adenomas.

We also calculated time-weighted area under the curve
values of FC (twAUC-FC), reflecting the long-term inflamma-
tory burden of the mucosa, and compared them between
different patient-groups (Figure 4). The mean twAUC-FC in
the non-neoplasia group was 554mg/g and in the neoplasia

group 648 mg/g (p¼ 0.303). There was no significant differ-
ence in twAUC-FC between patients with once or more often
detected dysplasia. ORs of twAUC-FC for neoplasia did not
differ between all patients and PSC-patients (1.00 for each

Figure 3. Long-term grade of histological inflammation (twAUC-grade) accord-
ing to FC values. FC values are presented as mg/g; ����p< 0.05. twAUC-grade:
time-weighted area under the curve for the grade of histological inflammation.

Figure 4. Correlation of IBD associated neoplasia and the severity of colonic
inflammation measured with FC. �p¼ 0.015; FC: faecal calprotectin.

Table 3. Binary logistic regression to predict the composite of dysplasia or
colorectal carcinoma in the whole cohort.

Variable
Univariable analysis,
Odds ratio (95% CI)

Multivariable analysis,
Odds ratio (95% CI)

Age 1.01 (0.99–1.03)
Sex (male) 1.88 (1.02–3.67)� 2.09 (1.11–4.15)
Age at IBD diagnosis 0.98 (0.96–1.01)
IBD duration 1.06 (1.03–1.09)� 1.06 (1.03–1.09)
Pancolitis 1.47 (0.63–4.30)
PSC 2.60 (1.26–5.02)� 1.82 (0.86–3.61)
PSC duration 1.06 (0.97–1.16)
Use of 5-ASA 0.32 (0.11–1.43)
Time-weighted AUC of FC 1.00 (0.99–1.00)
Time-weighted AUC of

grade of inflammation
1.11 (0.73–1.66)

PSC: primary sclerosing cholangitis; IBD: inflammatory bowel disease; FC: fae-
cal calprotectin.�p< 0.05.

Table 4. Binary logistic regression to predict the composite of dysplasia or
colorectal carcinoma in PSC patients.

Variable
Univariable analysis,
Odds ratio (95% CI)

Multivariable analysis,
Odds ratio (95% CI)

Age 0.99 (0.94–1.03)
Sex (male) 6.94 (1.28–129.19)� 9.52 (1.66–181.60)
Age at IBD diagnosis 0.90 (0.81–0.97)� 0.89 (0.79–0.96)
IBD duration 1.05 (0.99–1.11)
Pancolitis 0.43 (0.06–8.83)
PSC duration 1.06 (0.97–1.16)
Use of 5-ASA 0.43 (0.06–8.83)
Time-weighted AUC for FC 1.00 (1.00–1.00)
Time-weighted AUC for grade

of inflammation
1.09 (0.39–2.78)

PSC: primary sclerosing cholangitis; IBD: inflammatory bowel disease; AUC:
area under the curve; FC: faecal calprotectin.�p< 0.05.
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group) (Tables 3 and 4). The optimal time-weighted FC cut-
off for neoplasia was 705 mg/g with a specificity of 75% and
a sensitivity of 34% (AUC 0.519) (Figures 5 and 6).

Discussion

In the present study, FC did not predict dysplasia in the
whole patient-cohort, and neither did the histological grade
of inflammatory activity. However, in patients with constantly
elevated FC (>500 mg/g) and active colonic inflammation,
IBD-associated neoplasia was significantly more common
than in patients with low FC (<200 mg/g).

In line with previous studies, the risk factors for IBD-asso-
ciated dysplasia in our study were long disease duration,
concomitant PSC, and male sex [1,2,7,5,22]. In our data, we
did not find any association of dysplasia with the extent of
the disease. This can be due to the small number of patients
with distal colitis (14%), being up to 50% in previous studies
[23,24]. The reason for this difference is unclear, but it can
be due to the patient enrolment from the tertiary referral
centre where the most complicated cases of IBD are treated.

In our study, approximately half of the patients were in
remission based on FC (FC <100 mg/g). This is in line with a
Danish study showing that approximately 50% of UC patients
are in remission during each year of follow-up [24]. In a large
European epidemiologic study, the colectomy rate was 6%
after 1 year and 10% after 5 years of follow-up [25]. The total
colectomy rate in our study was 19%, the main indication for
colectomy being refractory or fulminant colitis, confirming
our previous findings on the indications for colectomy in UC
[26]. This explains that FC values in the colectomy group
were higher than in the non-colectomy group.

In non-IBD patients with CRC, the median FC varies
between 50 and 200mg/g and is higher in CRC patients than
in non-CRC patients [27,28]. The FC levels of non-IBD
patients with a high risk of either colonic adenoma or colo-
rectal carcinoma were evaluated in a large study, and the
cutoff limit of 10 mg/g produced 74% sensitivity for carcin-
oma and 43% for adenoma [29]. In 2000, a new stool sample
preparation procedure for the measurement of FC was devel-
oped, yielding a fivefold increase in FC results compared to
the earlier procedure [30]. Still, this cutoff limit is too low for
clinical practice in IBD patients. In our clinical practice remis-
sion is defined as FC <100 ug/g, although it has been sug-
gested that in IBD patients FC values of up to 250 mg/g
could be considered as normal [31,32]. In our study, the
mean FC levels of the patients with colonic neoplasia or
sporadic adenoma did not differ from the patients without
neoplasia. However, conclusions should be drawn with cau-
tion, due to the limited number of patients with CRC.

We are aware of the strengths and limitations of this
study. To our knowledge, this study is among the first stud-
ies to evaluate the role of FC in predicting dysplasia in
patients with UC. We had a representative patient cohort
and a long follow-up of 9803 patient-years. The prevalence
of dysplasia and CRC in our cohort were like in a large
Finnish register-based study evaluating the prevalence and
risk factors of dysplasia and CRC in IBD patients between
1996 and 2008 [1]. Due to efficient therapy, most patients
were in remission, and were therefore at a lower risk of col-
itis-associated neoplasia compared to patients with active
disease. Even if FC was not useful in predicting dysplasia in
unselected IBD patients or in patients in remission, it did,
however, predict neoplasia in patients with active colonic
inflammation. Of note, patients with PSC-associated IBD usu-
ally have a quiescent disease course with a low grade of
inflammatory activity, but still a lifetime risk for CRC of 30%
[33]. The patients for this study were enrolled from a tertiary
referral center where the most severe cases of IBD are
treated. Majority of the colectomies were performed due to

Figure 5. Time-weighted AUC for FC and detected dysplasias in different
groups of patients; AUC: area under the curve; twAUC: time-weighted area
under the curve; FC: faecal calprotectin; PSC: primary sclerosing cholangitis.
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chronic active UC refractory to medical therapy, and the col-
ectomy rate was higher than in IBD patients in general. This
most likely decreased the number of dysplasia and especially
CRC. The number or the frequency of FC samples per patient
was not standardized, but only one fifth of the patients had
only one FC measurement.

As a conclusion, in the present study we demonstrated
that the level of FC in repeated measures could not predict
dysplasia in 10 years of follow-up in unselected patients with
UC. Also, the grade of histological inflammation did not cor-
relate with risk of colonic neoplasia in this study cohort.
However, in patients with constantly markedly elevated FC
level, dysplasia and CRC were significantly more common
than in patients with low or moderately elevated FC level.
This is an important finding. The finding that dysplasia or
CRC in patients with FC constantly <200 mg/g is significantly
less common compared to patients with prolonged active
inflammation, can help to target the surveillance colonoscop-
ies even more optimally, and reduce the need for tight sur-
veillance especially in patients with long-term remission and
low FC level.
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