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Abstract
AIM: To determine calprotectin release before and 
after colorectal cancer operation and compare it to tu-
mor and histopathological parameters.

METHODS: The study was performed on patients with 
diagnosed colorectal cancer admitted for operation. Cal-
protectin was measured in a single stool sample before 
and three months after the operation using an enzyme-
linked immunosorbent assay (ELISA). Calprotectin levels 
greater than or equal to 50 μg/g were considered posi-
tive. The compliance for collecting stool samples was 
assessed and the value of calprotectin was correlated 
to tumor and histopathological parameters of intra- and 
peri-tumoral inflammation. Surgical specimens were 
fixed in neutral buffered formalin and stained with he-
matoxylin and eosin. Staging was performed according 
to the Dukes classification system and the 7th edition 
tumor node metastasis classification system. Intra- and 
peri-tumoral inflammation was graded according to the 
Klintrup criteria. Immunohistochemical quantification 
was performed for MPO, CD45R0, TIA-1, CD3, CD4, 
CD8, CD57, and granzyme B. Statistical significance 
was measured using Wilcoxon signed rank test, Kruskal 
Wallis test and Spearman’s rank correlation coefficient 
as appropriate.

RESULTS: Between March 2009 and May 2011, 80 pa-
tients with colorectal cancer (46 men and 34 women, 
with mean age of 71 ± 11.7 years old) were enrolled 
in the study. Twenty-six patients had rectal carcinoma, 
29 had left-side tumors, 23 had right-side tumors, and 
2 had bilateral carcinoma. In total, 71.2% of the pa-
tients had increased levels of calprotectin before the 
operation (median 205 μg/g, range 50-2405 μg/g) and 
experienced a significant decrease three months after 

Online Submissions: http://www.wjgnet.com/esps/
bpgoffice@wjgnet.com
doi:10.3748/wjg.v20.i17.4994

World J Gastroenterol  2014 May 7; 20(17): 4994-4999
 ISSN 1007-9327 (print)  ISSN 2219-2840 (online)

© 2014 Baishideng Publishing Group Co., Limited. All rights reserved.

Clinical and histopathological correlations of fecal 
calprotectin release in colorectal carcinoma

Frank Serge Lehmann, Francesca Trapani, Ida Fueglistaler, Luigi Maria Terracciano, Markus von Flüe, 
Gieri Cathomas, Andreas Zettl, Pascal Benkert, Daniel Oertli, Christoph Beglinger



Lehmann FS et al . Fecal calprotectin in colorectal carcinoma

the operation (46 μg/g, range 10-384 μg/g, P  < 0001). 
The compliance for collecting stool samples was 89.5%. 
Patients with T3 and T4 tumors had significantly higher 
values than those with T1 and T2 cancers (P  = 0.022). 
For all other tumor parameters (N, M, G, L, V, Pn) and 
location, no significant difference in calprotectin concen-
tration was found. Furthermore, the calprotectin levels 
and histological grading of both peri- and intra-tumoral 
inflammation was not correlated. Additional testing with 
specific markers for lymphocytes and neutrophils also 
revealed no statistically significant correlation.

CONCLUSION: Fecal calprotectin decreases signifi-
cantly after colorectal cancer operation. Its value de-
pends exclusively on the individual T-stage, but not on 
other tumor or histopathological parameters.

© 2014 Baishideng Publishing Group Co., Limited. All rights 
reserved.
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Core tip: Colorectal cancer (CRC) patients have a signifi-
cant increase of fecal calprotectin release. The mecha-
nisms for this observation are unclear. In our study, we 
examined the calprotectin release before and after op-
eration of 46 CRC patients. This is the first study that 
assessed the correlation of calprotectin with both tu-
mor as well as histopathological parameters. Our study 
contains the following new information: (1) the release 
of calprotectin is exclusively correlated to the T-stage, 
but to no histopathological parameters; and (2) except 
the T-stage, all other tumor characteristics assessed by 
the seventh edition of the tumor node metastasis clas-
sification are not correlated.
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INTRODUCTION
Colorectal cancer (CRC) is the third most common ma-
lignancy in the world and accounts for more than 10% 
of  all cancer deaths[1,2]

.
 Recent studies have shown that 

stool parameters such as calprotectin and lactoferrin 
are increased in many CRC patients[3-8]. The increase in 
calprotectin in CRC patients is, however, highly variable 
with levels ranging from insignificant to 100% sensitiv-
ity[9]. In fact, a meta-analysis by von Roon et al[10] revealed 
the increase of  calprotectin in CRC patients was not 
recommended as screening tool for CRC. Calprotectin is 
a small calcium-binding protein consisting of  two heavy 

and one light polypeptide chains. It is found in abun-
dance in neutrophilic granulocytes, where it accounts for 
60% of  the cytosolic fraction, as well as in monocytes 
and macrophages[11,12].

CRC is associated with a local acute inflammatory reac-
tion of  variable intensity. The recruitment of  neutrophils 
to the tumor site is hypothesized to be due to the local 
release of  chemotactic factors[4,6,7]. Calprotectin enters the 
bowel lumen by migration rather than by bleeding or shed-
ding of  tumor cells. The neutrophilic infiltrate is variable 
and might be related to the tumor size, suggesting calpro-
tectin would be a less sensitive marker in smaller tumors[13].

To date, no correlation of  calprotectin and tumor pa-
rameters including tumor localization, size or stages has 
been found, as assessed by the Dukes classification or 
older TNM classifications[6,7]. In our study, we used the 
seventh edition of  the TNM classification introducing 
additional components (G, L, V and Pn)[14]. In addition, 
our study contains the first systematic assessment of  dif-
ferent histopathological markers to examine the correla-
tion of  calprotectin and parameters of  peri- as well as 
intratumoral inflammation. We measured fecal calprotec-
tin concentrations in patients with proven CRC before 
and after operation and correlated the results to tumor 
and histopathological parameters. We hypothesized that 
increased calprotectin levels were related to the T-stage, 
as well as to the grading of  peri- and intratumoral in-
flammation and specific neutrophil markers.

MATERIALS AND METHODS
Patients
Eighty patients with proven CRC, admitted for treatment 
to one of  the following hospitals: University Hospital 
of  Basel, St. Claraspital Basel and the Bruderholzspital, 
Switzerland, were included. The study was carried out 
according to the Principles of  the Declaration of  Hel-
sinki and the protocol was accepted by the local ethical 
committee. All patients gave written informed consent 
before participating in any protocol-specific procedures.

Measurement of fecal calprotectin
Calprotectin was measured in a single stool sample from 
each patient collected in the hospital 24 h prior to the opera-
tion and 3 mo after hospital discharge. Samples were stored 
at 4 ℃ before transfer to the laboratory (Viollier Laborato-
ries, Basel, Switzerland) within 48 h for analysis. Calprotectin 
is stable up to seven days at room temperature[3].

Fecal calprotectin levels were determined using an 
enzyme-linked immunosorbent assay (ELISA) (Viollier 
Laboratories, Basel, Switzerland). Aliquots of  approxi-
mately 100 mg feces were homogenized in 5 mL extrac-
tion buffer. Two mL of  the homogenate was centrifuged 
for 5 min at 3000 g and 100 μL of  the diluted super-
natant (1:50 with incubation buffer) were incubated at 
room temperature onto a microtiter plate coated with a 
monoclonal capture antibody highly specific to the cal-
protectin heterodimeric and polymeric complexes. After 

4995 May 7, 2014|Volume 20|Issue 17|WJG|www.wjgnet.com



incubation, washing, a second incubation with a specific 
detection antibody, and a further washing step, tetrameth-
ylbenzidine (blue color formation) followed by a stop 
solution (change to yellow color) were added. The ab-
sorption was determined at an optical density of  450 nm. 
The measuring range of  the test was 10-600 μg calpro-
tectin/g feces with an intra- and inter-assay coefficient of  
4.7% and 4.1%, respectively. Calprotectin levels greater 
than or equal to 50 μg/g were considered positive. All 
fecal samples were processed within 72 h after collection. 
The laboratory personnel carrying out the analysis was 
blinded to the clinical history of  the patients.

Pathology
Surgical specimens were fixed in 10% neutral buffered 
formalin and stained with hematoxylin and eosin. Stag-
ing was performed according to the Dukes classification 
and the 7th edition of  the TNM classification by the 
Union for International Cancer Control[14]. Blinded se-
nior pathologists examined all specimens.

Histopathological assessment
Peri- and intratumoral inflammation were graded from 
1-3 according to the Klintrup criteria as used by Rich-
ards et al[15]. Immunohistochemical quantification (score 
0-3) was performed for MPO, CD45R0, TIA-1, CD3, 
CD4, CD8, CD57 and granzyme B. Grading and immu-
nohistochemistry were performed in 49 patients. Sections 
(4 μm) of  paraffin embedded tissue were immunostained 
for the antibody (Table 1). Staining was carried out ac-
cording to the manufacturer’s protocol (Table 1). Nega-
tive controls for all proteins consisted of  omission of  the 
primary antibody. Three microscopic images (× 40) from 
each sample were obtained as representative of  tissue 
type, distinct from lymphoid aggregation and within the 
area of  most positive staining. The number of  positive 
cells was counted in tumor and stromal tissue to give a 
score of  inflammatory cellular infiltrate.

Immunostaining was performed as described previ-
ously[16,17]. Briefly, after dewaxing and rehydration in 
dH2O, sections for immunostaining were subjected to 
heat antigen retrieval in a microwave oven (1200 W, 60 
min) in 0.01 mol/L citrate buffer pH 7.0 for TIA-1. 
Endogenous peroxidase activity was blocked using 0.5% 
H2O2. After transfer to a humidified chamber, the sec-
tions were incubated with 10% normal goat serum (Dako 
Cytomation) for 20 min and incubated with primary an-

tibody overnight at 4 ℃ (CD45RO and TIA-1) Sections 
were then incubated with peroxidase-labeled polymer 
{K4005, EnVision + System-Horseradish Peroxidase 
(HRP) [3-amino-9-ethylcarbazole (AEC)]; DakoCytoma-
tion} for 30 min at room temperature.

For visualization of  the antigen, sections were im-
mersed in AEC + substrate-chromogen [K4005, EnVi-
sion + System-HRP (AEC); DakoCytomation] for 30 
min and lightly counterstained with Harris’s hematoxy-
lin), Ventana BenchMark XT system was used for immu-
nohistochemical analysis.

Statistical analysis
The proportion of  patients with pathological calprotectin 
concentrations was estimated together with the 95%CI. 
Pre- and post-operative calprotectin concentrations were 
compared by a Wilcoxon signed rank test. For various de-
scriptors, calprotectin concentrations between patients with 
different factor levels were compared using Kruskal-Wallis 
test. The correlation between calprotectin concentration 
and various histopathological variables was assessed graphi-
cally as well as based on Spearman’s rank correlation coef-
ficient. All analyses were performed with R (version 2.13.2). 
A two-sided P value < 0.05 was considered significant.

RESULTS
Patients
Eighty patients with proven CRC (46 men, 34 women, 
71 +/- 11.7 years old) were included in the final analysis. 
A second calprotectin level 3 mo after the operation was 
only determined if  the first concentration was > 50 μg/g. 
A second assay was not possible in nine patients, six 
denied a second test, one was not operated on and two 
could not be asked for ethical reasons. The compliance 
for collecting stool samples was 89.5%. Baseline charac-
teristics are shown in Table 2.

Calprotectin before and after operation
In 57 of  80 patients (71.2%, 95%CI: 60.1%-80.3%), 
calprotectin was significantly increased (> 50 μg/g). The 
median fecal calprotectin concentration was 205 μg/g 
(range 50-2405 μg/g) before and 46 μg/g (range 10-384 
μg/g) three months after the operation (P < 0.001, Fig-
ure 1).

Correlation of calprotectin and tumor parameters
Twenty-six patients had rectal carcinoma, 29 had tumors 
of  the left side, 23 had right-side tumors and two had a 
double carcinoma. No significant difference in calprotec-
tin concentration was found between the three locations. 
Patients with T3 and T4 tumors had significantly higher 
calprotectin values than those with T1 and T2 stages (P 
= 0.022). For all other tumor parameters (N, M, G, L, V, 
Pn), no significant difference in calprotectin concentra-
tion was found between the factor levels of  the indi-
vidual parameters. Further, no difference in calprotectin 
release was found between Dukes B (n = 39) and Dukes 
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Table 1  Antibodies used for immunohistochemistry

Antibody Clone Dilution Technique

CD 45R0 (DAKO) UHCL-1 1:1600 ABC
TIA-1 (IMMUNOTECH) 2G9A10F5 1:1000 ABC
CD3 (VENTANA) 2GV6 Pre-diluted Benchmark XT
CD4 (VENTANA) SP-35 Pre-diluted Benchmark XT
CD8 (VENTANA) SP-57 Pre-diluted Benchmark XT
CD57 (VENTANA) NK-1 Pre-diluted Benchmark XT
Granzyme B (VENTANA) Polyclonal Pre-diluted Benchmark XT
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Table 3  Spearman’s rank correlation coefficient between cal-
protectin and histopathological parameters

C (n = 29) stages (P = 0.132).

Correlation of calprotectin and histopathological 
parameters
Peri- and intratumoral inflammation was graded from 
1 - 3 according to the Klintrup criteria as used by Rich-
ards et al[15]. Calprotectin levels and histological grading 
of  both peri- and intratumoral inflammation were not 
correlated. Additional testing with specific markers for 
lymphocytes and neutrophils such as CD3, CD4, CD8, 
CD45, TIA-1, granzyme B and myeloperoxidase also re-

vealed no statistically significant correlation (Table 3).

DISCUSSION
We examined the calprotectin release before and after 
operation of  46 colorectal cancer patients. This is the 
first study that assessed the correlation of  calprotectin 
with tumor and histopathological parameters. We found 
the release of  calprotectin is exclusively correlated to the 
T-stage, but not to histopathological parameters. Fur-
ther, we found all tumor characteristics assessed by the 
7th edition of  the TNM classification, with the exception 
of  the T-stage, are not correlated with calprotectin.

Our results are in line with most previous studies 
showing significantly increased levels of  fecal calprotec-
tin in CRC patients[3-7]. While patients with active Crohn’
s disease (CD) or ulcerative colitis (UC) exhibit more 
consistent elevated calprotectin levels, those from CRC 
patients are highly variable. In CRC, the sensitivity of  
calprotectin varies between 100%[9] and not significant[10], 
indicating it is not a suitable tool for CRC screening.

The significant fall in fecal calprotectin after surgical 
tumor removal was first described by the study group of  
Kristinsson et al[5] and Johne et al[18], although their par-
ticipant numbers were smaller than in our study. Interest-
ingly, that there is no corresponding decrease of  elevated 
calprotectin after polypectomy[19].

We found T3 and T4 cancers significantly induce 
higher levels of  calprotectin. This could be explained by 
the hypothesis that they attract more neutrophils than 
T1 and T2 tumors[13]. A correlation of  fecal calprotectin 
and tumor size or T-stage has not been shown[7], with 
Kristinsson et al[5] providing the only indication that T1 
and T2 tumors may be associated with lower calprotec-
tin concentrations than T3 and T4 cancers. The lack of  
correlation between calprotectin and tumor localization, 
grading, as well as clinical stages in our patients is in line 
with findings from previous studies[5-7]. In our analysis, 
tumor characteristics have been assessed for the first time 
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Figure 1  Boxplot of pre- and post-operative calprotectin concentration 
(log-transformed) for 46 patients. Post-operative calprotectin concentration 
was only determined if the pre-operative value was > 50 μg/g.

Spearman’s rho P  value

CD45.R.intra   -0.19   0.18
CD45.peri    0.05   0.74
CD3.intra    0.03   0.85
CD3.peri -0.1   0.47
CD8.intra   -0.04   0.76
CD8.peri   -0.14   0.31
CD4.intra   -0.07   0.64
CD4.peri   -0.06   0.66
TIA1.itra    0.06   0.66
TIR1.peri    0.05   0.71
Granzyma.intra   -0.08   0.57
Granzyma.peri    0.09   0.52
CD57.intra    0.02   0.91
CD57.peri   -0.14   0.31
MPO.intra    0.12 0.4
MPO.peri    0.09   0.55
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Table 2  Baseline characteristics  n  (%)

Characteristics Statistics

Calprotectin (n = 80)
Demographic data

Males 46 (57.5)
Age (yr) 71.1 ± 11.7

Tumor location
Left 29 (36.2)

Right 23 (28.7)
Rectum 26 (32.5)

Two locations 2 (2.5)
Tumor classification

T1 5 (6.2)
T2 12 (15.0)
T3 49 (61.3)
T4 13 (16.2)
N0 44 (55.0)
N1 16 (20.0)
N2 18 (22.5)
M0 71 (88.8)
M1 8 (10.0)
G1 1 (1.2)
G2 57 (71.2)

G2-3 3 (3.8)
G3 13 (16.2)
V0 62 (77.5)
V1 14 (17.5)
Pn0 64 (80.0)
Pn1 12 (15.0)

Data are presented as number of patients (%) and as mean ± SD.



by the 7th edition of  the TNM classification[14]. Previous 
studies used either Dukes or older TNM classifications. 
Our data revealed no difference in calprotectin release 
between Dukes B (n = 39) and Dukes C (n = 29) stages 
(P = 0.132). It would be of  interest to correlate the cal-
protectin release with additional variables such as ESR, 
plasma CRP, blood platelets, LDH, as well as patient 
outcomes data (survival, time-to recurrence). However, 
these analyses were beyond the scope of  this study.

Our study contains the first systematic assessment of  
different histopathological markers to examine the cor-
relation of  calprotectin and parameters of  peri- as well as 
intratumoral inflammation. Various inflammatory cells, 
mainly along the invasive margin, infiltrate human CRC 
tissue. In colorectal tumors, calprotectin reactivity is found 
in granulocytes and macrophages, but not in neoplastic 
cells[4]. Increased amounts of  granulocytes have been de-
scribed in the stool of  patients with CRC, possibly due 
to shedding from the ulcerated tumor[20,21]. It has been 
postulated that circulating leukocytes may actively migrate 
through neoplastic tissues in response to intraluminal 
antigens[4]. Interestingly, the immunohistochemical expres-
sion of  calprotectin correlates with the degree of  neutro-
philic infiltration[22]. However, these studies are hampered 
by lack of  a specific tissue marker. Kim et al[23] did show 
significant expression of  the two calprotectin subunits 
S100A8 and S100A9 in tumor infiltrating lymphocytes.

In UC, calprotectin correlates significantly with clini-
cal, endoscopic and histological parameters of  disease 
activity[3,24,25]. The level of  calprotectin seems to correlate 
more closely with the grading of  histological than of  en-
doscopic findings[26]. The concentration of  calprotectin is 
directly proportional to the intensity of  the neutrophilic 
infiltrate in the gut mucosa[26]. Active UC is characterized 
by a 10-fold or more increased migration of  neutrophils 
from the circulation to the inflamed colon mucosa. Røs-
eth et al[24] demonstrated the microscopic inflammation 
was graded 0 (normal mucosa) to 3 (extensive crypt injury 
with crypt abscesses and ulcerations). The correlation of  
histological grading and calprotectin concentration was 
statistically significant (P < 0001). In our study, the Klin-
trup score was used for histological grading of  peri- and 
intratumoral inflammation. Several clinical studies have 
clearly shown that the grading of  local inflammation as as-
sessed by the Klintrup criteria is an independent predictor 
of  survival in colon and rectal cancers[15,27,28]. In contrast to 
the findings in patients with UC, grading of  tumor-asso-
ciated inflammation was not correlated with calprotectin 
concentrations. The lack of  correlation applies to the in-
dividual markers for lymphocytes and neutrophils as well. 
There are several explanations for this obvious discrep-
ancy: (1) peri- and intratumoral inflammation are local. 
This is also expressed by the lower calprotectin concentra-
tion in CRC in comparison to active IBD[10]; (2) the local 
inflammatory reaction in CRC is of  variable intensity; and 
(3) tumor-associated inflammation is not uniformly char-
acterized by a significant amount of  neutrophils[9]. This is 
in line with the observation that leukocyte scintigraphy is 
only sometimes positive in CRC patients[21].

In a current review of  Gisbert et al[29], it has been ques-
tioned whether the need to collect one or several fecal 
samples might be a disadvantage for clinical use of  cal-
protectin. This could not be confirmed in our study. The 
compliance rate in our study was 89.5% with only 6 out of  
57 patients with increased calprotectin denying a second 
stool test. This is in the same range as the compliance rate 
of  96% in 602 patients referred for colonoscopy described 
by Tibble et al[30]. For a longer follow-up period, the com-
pliance rate might be lower.

In summary, we have shown that most colorectal 
cancer patients have increased levels of  fecal calprotectin, 
which is followed by a significant fall after the operation. 
Patients with T3 and T4 tumors have significantly higher 
calprotectin values than those with T1 and T2 stages.

COMMENTS
Background
Previous studies have shown a significant, but highly variable increase of fecal 
calprotectin release in patients with colorectal cancer (CRC). The mechanisms 
for this observation are not fully elucidated. CRC is associated with a significant 
recruitment of neutrophils to the tumor site. Activated neutrophils, monocytes 
and macrophages are believed to be the cellular source of calprotectin release.
Research frontiers
The increase of calprotectin in CRC is highly variable. The analysis of fecal cal-
protectin may have the potential for clinical CRC surveillance. In most previous 
studies, no correlation of calprotectin and tumor parameters assessed by older 
classification systems could be found. To better characterize the role of calpro-
tectin in CRC, its correlation with tumor as well as histopathological parameters 
should be examined.
Innovations
The study contains the following relevant information: (1) calprotectin shows a 
significant decrease three months after the operation; (2) the release of calpro-
tectin is exclusively correlated to the T-stage, but not to histopathological pa-
rameters; and (3) except the T-stage, all other tumor characteristics assessed 
by the 7th edition of the TNM classification are not correlated.
Applications
The study results clearly indicate that fecal calprotectin cannot be used for 
colorectal cancer screening. In patients with initially elevated calprotectin, its 
role could be tested in the clinical follow up of CRC patients.
Terminology
Calprotectin is a small calcium-binding protein consisting of two heavy and one 
light polypeptide chains. It is found in abundance in neutrophilic granulocytes, 
in which it accounts for 60% of the cytosolic fraction, as well as in monocytes 
and macrophages. It is a simple, rapid, sensitive, inexpensive and non-invasive 
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