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Abstract

Powerful and reliable colorectal cancer (CRC) prognostic biomarkers that can be related to
the risk of the disease progression and severity is still a great challenge. This study aimed to
evaluate serum calprotectin (CP) potential association with CRC development and poor
outcomes. Results revealed that elevated serum CP was significantly (£<0.05) related to CRC
(45.74 (27.4-58.8) ng/mL) development compared to healthy controls (6.1 (4.3-8.8) ng/mL)
and patients with benign polyps (32.5 (29.2-38.8) ng/mL). Compared to CEA (AUC=0.713),
it had a superior ability (AUC=0.808) to differentiate CRC cases. Serum CP elevated levels
(ng/mL) was significantly associated with tumor aggressiveness features like late stages (47.5
(28.7-70.5) vs. 43.4 (24.8-51.9); P=0.0032), lymph node invasion (45.1 (22.6-87.1) vs. 46.2
(27.7-56.9); P=0.0344), distant metastasis (43.6 (19.6-109.9) vs. 46.2 (27.7-56.9); P=0.0423),
high grades (54.6 (38.2-87.4) vs. 39.0 (22.0-48.9); P=0.0001), and large size (46.7 (31.3-
51.6) ws. 26.7 (17.7-42.4); P=0.0113). CP was also significantly correlated with CEA (r
=0.399; P =0.002) in CRC patients. In conclusion, serum CP protein appears to be a reliable
CRC biomarker that could act in clinical practice as a non-specific marker for monitoring
CRC progression and preventing poor outcomes.
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outcomes
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1. Introduction

Worldwide, colorectal cancer (CRC) is the 3"
most frequent malignancy and the 2™ most
common cause of tumor-related death [1].
Throughout the world, >1.9 million CRC
patients occurred, and about 0.9 million cases
died due to CRC in 2020 [1]. CRC is a
heterogenous group of tumors that exhibit
diverse clinicopathological outcomes and
characteristics [2].

Despite advancement in CRC management
via surgery, chemotherapy, radiotherapy and
immunotherapy, = CRC  prognosis  varies
extremely between cases with five-year survival
rates ranging from 90-10% depending on the
disease stage at diagnosis [2, 3]. Compared to
advanced CRC, early-stage of the disease have
higher overall survival rates [4]. The main
priority objectives for improving quality of life
and survival rates are early diagnosis provision,
regular follow-up and appropriate timely therapy
[4]. Moreover, evaluating and searching for
alternative optimal approaches or great sensitive
biomarkers to determine CRC proliferation with
potential prognostic ability seems very important
[5].

Calprotectin (CP) is a neutrophil granulocytes
common (40-50% of the total protein) cytosolic,
calcium binding protein, and it is produced
through neutrophil turnover and activation [6].
So, it is an important biomarker of neutrophil-
induced inflammation [6, 7]. Faecal calprotectin
(FC) is a biomarker that is being used to
differentiate colon functional from organic
diseases [8]. Former reports have found that
CRC cases have elevated FC levels, and that FC
backs to normal concentrations post resection
surgery [9]. During colorectal carcinogenesis as
an early step in neoplastic transformation, Luley
et al. findings support the role of elevated tissue
and serum CP expression [10]. Furthermore in
CRC, CP expression is closely associated with
inflammatory  response and  highlighted
biological possible link between neoplastic
transformation and inflammation [10].

The primary aim of this study is to evaluate
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serum CP potential role as a reliable biomarker
for differentiating CRC from benign colorectal
polyps and healthy controls. Also, we aimed to
assess the association between serum CP and
poor disease progression and outcomes
including advanced stages, lymph node invasion,
large tumor size, high histological grades,
distant metastasis and elevated levels of
established tumor markers carcinoembryonic
antigen (CEA).

2. Material and methods

2.1. Study group

All cases included in this study (n=100) were
Egyptian  patients  undergoing  diagnostic
colonoscopy at Mansoura Oncology center,
Mansoura University, Egypt either for screening
purposes or due to gastrointestinal symptoms.
They were classified into 70 CRC cases and 30
cases with benign colon polyps. In addition, a
total of 30 healthy individuals were included as
controls. Diagnosis of CRC and benign disorders
was mainly based on colonoscopy and in some
cases on computed tomography. CRC
classification and staging were performed
according to the international Tumor-Node-
Metastasis (TNM) system [11]. None of healthy
controls or benign cases had a history of any
malignancies. This work was approved by the
ethics and scientific committees of Port Said
University and was in accordance with the
ethical guidelines of the “Helsinki Declaration”.
2.2. Sample collection and laboratory tests

From all participants, after blood (10 mL)
withdrawing, serum samples were obtained via
centrifugation (4500 rpm, 15 minutes). Fresh
sera was tested for liver enzymes activities
[alanine (ALT) and aspartate aminotransferase
(AST)] and serum bilirubin, albumin, urea and
creatinine levels using automatic biochemistry
analyzer  (Hitachi, Japan) and related
commercial kits. Using automated analyzer
(Sysmex, Japan), another blood part (treated
with EDTA-K3) was used for complete blood
count. By commercial ELISA assay kits and
according to the industrial prescript, serum CEA
(MyBioSource, San Diego, USA) and CP (cat
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number: E4010Hu, Bioassay Technology
Laboratory, Korea) were measured.
2.3. Statistical analysis

Variables were expressed as meantSD,
median (interquartile range) or absolute
numbers, appropriately. All analyses were
performed using GraphPad version 9.0 and
SPSS version 21. Kruskal-Wallis, student t-test
and ANOVA tests were used appropriately to
assess differences between groups. P<0.05 is
significant. Serum CP diagnostic utility was
evaluated wusing area under the receiver
operating  characteristic  (ROC)  curve.
Correlation between CP and other tumor feature
and CEA levels was evaluated by Pearson and
Spearman correlation coefficients, appropriately.
Table 1. Characteristics of cases and controls
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3. Results
3.1. Patients’ characteristics

CRC cases were gender- (P =0.304) and age-
matched (P =0.313) with patients with benign
polyps and healthy controls. Patient's
characteristics including hematological and
clinical data are summarized in Table 1. There
was no significant (P>0.05) difference between
CRC cases and controls in hematological, liver
and kidney related variables and this may be
owing to the exclusion of any chronic disorders.
Elevated CEA levels (P=0.036) were
significantly related to CRC cases (Table 1). All
CRC patients were classified based on the TNM
staging system, tumor differentiation degree and
tumor size (Table 1).

Variables Colorectal cancer Benign Healthy P
value
Number 100 30 30 —
Gender (males/females) 70/30 20/10 19/11 0.304
Mean age £SD, years 51.01+12.7 49.5+105 479451 0.313
Hemoglobin (g/dL) 11.8+1.7 11.7212.1 11.8?12.8 0.260
RBCs (x10%/L) 4.3+0.61 4414056 4.52+0.61 0.610
WBCs (x10%/L) 7.612.4 7.1+19 6.59+1.7 0.213
Platelet count (x10%L) 273.2452.2 2651655 281+59.6 0.172
ALT (U/L) 26.6+10.1 255+4.1 252485 0.433
AST(U/L) 30.1+10.2 32,2485 29.13+7.4 0.099
Bilirubin (mg/dL) 0.82+0.31 0.71+0.16 0.67+£0.20 0.605
Albumin (g/dL) 3.74+0.81 3.91+045 4.1+0.35 0.125
Creatinine (mg/dL) 1.07+0.38 0.88+0.25 0.76+0.14 0.402
Urea (mg/dL) 30.5+9.3 29.846.0 25.6+49 0.622
CEA (U/L) 6.8 (2.1-15.5) 3(2-6.5) 2(1-3.37) 0.036
Tumor stage (Early/Late) 45/55 S— _— _
Lymph node (Negative/Positive) 62/38 S R N
Distant metastasis (Negative/Positive) 77123 S S _
Histological grade (Low/High) 48/52 — — S—
Tumor size (Small/Large) 40/60 — — S—

Normally and non-normally distributed data were expressed as meant SD and median (interquartile
range), respectively. Early stage: T1-T2; Late stage: T3-T4; Low grade: (G1-G2); High grade: G3;
Small tumor: < 5 c¢cm; Large tumor: >5 cm; RBC: red blood cell; WBC: white blood cell; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; CEA: carcinoembryonic antigen. Significant
differences were determined using ANOVA and Kruskal-Wallis test, appropriately. P<0.05 was

significant
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3.2. Elevated serum calprotectin was associated
with colorectal cancer

Elevated CP was related to CRC development
(Figure 1), as high CP levels (45.74 (27.4-58.8)
ng/mL) were significantly (P<0.05) related to
CRC cases compared to healthy controls (6.1
(4.3-8.8) ng/mL) and patients with benign
polyps (32.5 (29.2-38.8) ng/mL). Compared to
CEA (AUC=0.713; 95%Cl (0.612-0.815);
Figure 2A), serum CP had superior ability
(AUC=0.808; 95%CI (0.737-0.879); Figure 2B)
to differentiate CRC cases from all non-cancer
individuals.

3.3. Serum calprotectin was associated with
tumor severity

In CRC cases, serum CP levels (ng/mL) was
significantly  (P<0.05) affected tumor
aggressiveness including late stages (47.5 (28.7-
70.5) vs. 43.4 (24.8-51.9); P=0.0032), lymph
node invasion (45.1 (22.6-87.1) vs. 46.2 (27.7-
56.9); P=0.0344), distant metastasis (43.6 (19.6-
109.9) vs. 46.2 (27.7-56.9); P=0.0423), high
grades (54.6 (38.2-87.4) vs. 39.0 (22.0-48.9);
P=0.0001), and large size (46.7 (31.3-51.6) vs.
26.7 (17.7-42.4); P=0.0113) (Figure 3). Besides
its significant correlation (P<0.05) with these
tumor features (Table 2), CP was also
significantly correlated with CEA (r =0.399; P
=0.002; Figure 4) in CRC patients.

, P <0,0001 .
i‘znu. | P=0,0261 '
£ ' =
5150'
£
* 1001 P <0,0001
E <
£ o
o

[ __I— .

Healthy  Benign Colorectal cancer

Figure 1. Serum calprotectin and colorectal
cancer development. P<0.05 was significant.
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4. Discussion

It was reported that most CRCs originates
from proliferative, precancerous, benign growth
called polyps [12]. During polyp development
slow phases, varied mutations begin to
accumulate and transform some polyps into
CRC [13]. Early CRC stages are curable by
surgery, however, after tumor invasion to distant
organs or lymph nodes, CRC prognosis becomes
poor [13]. As CRC prognosis is stage dependent
and disease early-stages have higher overall
survival compared to advanced stages [4],
therefore, understanding factors that influence
CRC onset and progression plays a crucial role
in preventing and treating CRC [14].

Recent studies reported that increased pre-
diagnostic faecal CP levels were common in
CRC patients in close proximity to diagnosis [8].
Despite its high sensitivity, the low specificity
prevents faecal CP from being used in CRC
diagnosis or screening [15]. Moreover, a
potential problem with protein detection in stool
samples is patients' unwillingness about stool
handling, and this could be a marked hindrance
in clinical practice and test acceptability in
everyday and in patient compliance [16]. Some
studies underlines that serum CP strongly
matched faecal CP and they were good
predictors of inflammatory bowel disease (IBD)
[17]. Thus, this study aimed to evaluate serum
CP, as an easy sample, potential association with
CRC development (compared to benign polyps
and healthy controls) and also its association
with the disease severity and poor outcomes.

Our findings revealed that elevated serum CP
was significantly (P<0.05) related to CRC
(45.74  (27.4-58.8) ng/mL) development
compared to healthy controls (6.1 (4.3-8.8)
ng/mL) and patients with benign polyps (32.5
(29.2-38.8) ng/mL). It had a good superior
ability (AUC=0.808) to differentiate CRC cases
compared to CEA (AUC=0.713). From another
hand, elevated serum CP levels (ng/mL) was
significantly (P<0.05) associated with tumor
aggressiveness features like late stages, lymph
node invasion, distant metastasis, high grades,
and large size. CP was also significantly
correlated with CEA (r =0.399; P =0.002) in
CRC patients.
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CP is a cytoplasmic protein found in the
monocytes and neutrophils. Beside the main
association of serum CP increased concentration
and inflammatory conditions, elevated serum CP
was reported to be related with some tumor
cases including lymphoma [18], thyroid
carcinoma [19], ovarian cancer [20], breast
cancer [21]. Regarding IBD, several studies
reported that elevated serum CP was correlated
with active IBD [22]. For example, during the
active phase of Crohn's disease and ulcerative
colitis, Mori et al. found that levels of serum CP
were higher in cases compared to controls [23].
Another study also found that serum CP was

higher in IBD cases compared to healthy
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controls and serum CP was superior to C-
reactive protein in revealing ulcerative colitis
severity [24].

In patients with no colorectal pathology, a
recent meta-analysis including nineteen studies
hypothesized that CP would be lowest with a
sequential rise through neoplasia stages [15].
Compared to patients with no colorectal
pathology, many of these studies found higher
median CP levels specifically in adenomas and
CP levels were lower in adenomas compared to
CRC [15]. The same meta-analysis reported that
CRC cases are 5-fold more likely (P<0.001)
than controls to have an increased CP (OR 5.19,
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Figure 2: ROC analysis of (A) serum CEA and (B) serum calprotectin to differentiate CRC cases from
all non-cancer individuals. P<0.05 was significant. All non-cancer: patients with benign polyps and

healthy controls combined.
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Figure 3: Serum calprotectin and CRC progression according to (A) tumor stages, (B) histological
grades, (C) lymph node invasion, (D) distant metastasis and (E) tumor size. Significant difference was
determined using Kruskal-Wallis test. P<0.05 was significant.

95% CI 3.12-8.62) [15]. Recently, Calero et al.
found that serum CP significantly differentiate
CRC patients from IBD and benign polyps [25].
They devised a predictive model, including
serum CP with other blood biomarkers, with
great accuracy [25].

There are fewer studies reporting CP’s
association to CRC histopathology or stage. For
example, Lehman et al. found that CP was
correlated with T-stage as patients with
advanced stages (T3/4) having significantly
greater CP levels than early stages (T1/2) [26].
Also, another studies found that CRC cases with

Dukes A stage had lower CP levels compared to
Dukes B-D stages [9, 27].
5. Conclusions

Although, the reason for CRC patients have
increased serum CP levels is not known, our
obtained findings demonstrated that serum CP
has a potential association with CRC
development and, interestingly, its elevated
levels were related to CRC severity and
aggressiveness behavior. Thus, it could be
helpful in preventing poor disease progression.

Table 2. Correlation between calprotectin and tumor features

Factor correlated with calprotectin Correlation coefficient P value
Tumor stage 0.273 0.006
Tumor grade 0.406 0.0001
Lymph node invasion 0.210 0.043
Distant metastasis 0.201 0.042
Tumor size 0.363 0.011
CEA 0.399 0.002

Pearson correlation was used for variables with interval scale, while Spearman correlation was used for

variables with ordinal scales.
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Figure 4. Correlation between serum calprotectin and CEA levels in colorectal cancer patients.
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