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Introduction
Colorectal cancer (CRC) is one of the most commonly diagnosed cancers 

and one of the leading causes of cancer-related deaths, particularly in the 
economically developed world [1]. In 2020, approximately 1.9 million new 
colon and rectal cancer cases were diagnosed. In addition, it has been reported 

Abstract
Purpose: A colonic stent as a bridge to elective surgery can improve short-
term clinical outcomes. However, the placement of a stent may induce 
adverse effects on the immune system through the upregulation of proteins 
associated with migration, angiogenesis, and inflammation, which may 
affect the long-term oncological outcome. This study aimed to investigate 
systemic alterations in the systemic inflammatory response and circulating 
cell-free DNA in relation to stent placement.

Methods: This prospective observational study included 20 patients 
with acute malignant colonic obstruction. Blood samples were collected 
at baseline and 1, 4, and 24 hours after stent placement. Protein 
quantification was performed using a standardized proteomics panel, and 
baseline samples were compared with samples collected 24 hours after 
stent placement. Quantitative analysis of circulating cell-free DNA was 
evaluated at baseline and 1, 4, and 24 hours after stent placement.

Results: We identified 11 significantly changed protein concentrations 
(ARG1, GZMA, PGF, GZMH, KLRD1, CCL23, IL5, CCL19, PTN, 
MUC-16, CD8A) and a tendency towards higher concentration in three 
proteins (CAIX, CXCL1, IL6) in the 24h samples compared to baseline. 
Among the proteins mentioned, eight have been associated with tumor-
promoting functions, such as proliferation, migration, and angiogenesis. 
Additionally, two proteins (CD8A and CCL19) are associated with anti-
tumor effects. Quantitative analysis of circulating cell-free DNA did not 
reveal any significant differences between baseline, 1, 4, and 24 hours after 
stent placement.

Conclusions: Stent placement may induce a systemic inflammatory 
response potentially associated with tumor-promoting functions. However, 
we did not find an increase in systemic cell-free DNA. This study supports 
the importance of further investigating to determine systemic effects 
in relation to stent placement and potentially identify future targets for 
medical treatment in addition to the procedure.
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that 8-29% with primary CRC present with an acute malignant 
obstruction [2]. Acute malignant colonic obstruction is a life-
threatening condition that requires immediate attention to 
improve the patient’s clinical condition [3-6]. Self-expanding 
metallic stent (SEMS) is used as an alternative to emergency 
surgery for acute malignant obstruction. SEMS can restore 
the luminal patency and thereby provides the opportunity 
to improve the clinical condition before an elective surgical 
resection (bridge to surgery). For short-term outcomes, 
studies have shown improved clinical outcomes such as 
lower morbidity rates, lower permanent stoma rates, and 
higher rates of primary anastomosis after SEMS as a bridge 
to surgery compared with those after emergency surgery  
[7, 8]. 

The European Society of Gastrointestinal Endoscopy 
(ESGE) guidelines published in 2020 strongly recommend 
SEMS as a palliative treatment to improve short-term clinical 
outcomes. However, the oncological outcomes after SEMS 
remain unclear, and ESGE advises SEMS as a bridge to 
surgery to be discussed in the individual cases [9]. A recent 
meta-analysis revealed higher overall and systemic recurrence 
rates after SEMS as a bridge to surgery compared with 
emergency surgery [7]. Mechanical compression may cause 
tissue damage, promote a more invasive cancer phenotype 
[10], and induce angiogenesis [11]. A recent study evaluating 
the systemic biomarkers in patients with SEMS placement 
found elevated levels of circulating cell-free DNA (cfDNA) 
and circulating tumor DNA (ctDNA) on day seven after 
SEMS placement [12], and high levels have been correlated 
with impaired prognosis in CRC [13, 14]. 

It is well known that cancer surgery induces a systemic 
stress response, and the inflammatory response associated 
with surgical trauma may increase the risk of recurrence in 
CRC [15-17]. SEMS placement may cause tissue damage. 
The additional persistent mechanical pressure from the SEMS 
may also induce an inflammatory response, which may affect 
the long-term oncological outcome of patients. We aimed 
to study indicators of the systemic inflammatory response 
through analyses of circulating cfDNA and a proteomic panel 
in blood prospectively before and after SEMS placement in 
patients with obstructing CRC. 

Materials and Methods
This was a prospective observational study investigating 

the early systemic effects of SEMS. Patients were included 
between January 2018 and November 2019, from the 
Departments of Surgery, Zealand University Hospital, and 
Slagelse Hospital, Denmark. We planned to include 20 
patients with CRC admitted to the surgical department due 
to malignant obstruction and treated with SEMS placement 
as either a palliative procedure or as a bridge to intended 
curative surgery. Patients with a previous SEMS insertion 

treated with a stent-in-stent were not eligible for inclusion. 
The study was explorative as no previous evidence on the 
systemic response after SEMS has been reported and no 
power calculation was made. The study was approved by the 
Ethics Committee in Region Zealand, Denmark (SJ-512) and 
the Danish Data Protection Agency (REG-059-2017). All 
patients signed informed consent forms before participating 
in the study. 

Stenting Technique
SEMS insertions were performed by a combined 

endoscopic and fluoroscopic approach according to a standard 
technique as previously described [18, 19]. All procedures 
were performed by specialized endoscopists and were carried 
out under general anesthesia or sedation. A guidewire was 
introduced through the stenosis, and a stent was deployed 
over the guide wire. Finally, the correct position of the stent 
was confirmed by fluoroscopy. The colonic stents used were 
Wallflex (Boston Scientific, MA, USA), Evolution (Cook 
Medical, IN, USA), and Hanarostent (M.I. Tech., Seoul, 
Korea). 

Blood samples
Baseline blood samples were collected on the day of 

SEMS placement, and follow-up samples were collected at 
1, 4, and 24 hours after SEMS placement. All samples were 
collected and handled according to a standardized protocol. 
Samples were collected in 2 x 10 ml EDTA vacutainers. After 
collecting the samples, they were centrifuged at 3000g for 10 
mins within one and a half hours after collection. Plasma was 
then transferred to a 15 ml tube (BD Falcon) and centrifuged 
for 10 min. Plasma was then divided into 2 x 5ml and 2 x 2ml 
vials and stored at -800C until analysis. 

Inflammatory Response 
Early systemic response to SEMS placement was 

characterized through the evaluation of protein biomarkers 
using a validated proteomics panel. The Immune-Oncology 
panel is a multiplex immunoassay targeting 92 protein 
biomarkers associated with promoting and inhibiting tumor 
immunity, chemotaxis, vascular and tissue remodeling, 
apoptosis, metabolism, and autophagy [20].

Proximity Extension Assay

Relative protein abundance was quantified using Proximity 
Extension Assay (PEA) from Olink Proteomics AB, Sweden 
[21]. The analysis was performed at BioXpedia A/S, Aarhus, 
Denmark. In brief, 1 µL of a sample was incubated with 92 
antibody pairs labeled with DNA oligonucleotides. The pair 
of oligonucleotide-labeled antibodies bind to each of the 92 
target proteins, after which dual binding in the proximity of 
matching antibody-probes results in hybridization of oligos, 
and subsequently, a PCR target sequence was formed. 
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Finally, the target sequence was detected and quantified 
using standard real-time PCR. The 40 plasma samples were 
distributed randomly on the Fluidigm chip.

The PEA readout is Normalized Protein Expression 
(NPX), which is an arbitrary unit on a log2 scale, where a 
high NPX corresponds to a high protein abundance. External 
and internal controls are included in the PEA assay to 
monitor assay performance and adjust for intra- and inter-run 
variation. Four internal controls are added to each sample to 
monitor the quality of assay performance in each step, i.e. 
antibody binding, extension, and detection. Negative controls 
and inter-plate positive controls are run in triplicate on each 
plate [21]. Assay specific limit of detection was calculated as 
3 times the standard deviation over the background signal. 
Normalization between plates was performed using intensity 
normalization. 

Quantification of circulating cell-free DNA (cfDNA)

Extraction of plasma cfDNA was performed using a 
Perkin Elmer Chemagic 360 Robot, Waltham, Massachusetts, 
USA, with a CMG-1304 kit according to the manufacturer’s 
recommendations. All samples were analyzed using digital 
droplet PCR (ddPCR) QX-200 system from Bio-Rad, 
Hercules, California, USA. Levels of spike-in control were 
measured together with levels of immunoglobulin gene 
rearrangement as a control for potential contaminating 
lymphocyte DNA [22]. Further, a fragmentation ratio 
analysis was performed by measuring levels of 65 base pairs 
(bp) and 250 bp fragments of the EMC7 housekeeping gene. 
The EMC7 65 bp assay was also used to quantify the total 
levels of cfDNA. 

Statistical analysis
A Shapiro-Wilk test was used to test the cfDNA 

concentration at the different time points for normality. A 
Friedman’s test was used to see if cfDNA concentration 
differed significantly between time points. Patients with 
missing data at any time point were excluded from the analysis. 
Friedman’s test is an alternative to the repeated measures 
ANOVA, when the assumption of normality  or equality of 
variance is not met. Differentially expressed proteins were 
identified by a paired t-test (patient eliminated as a factor, 
p<0.10), and significance were corrected for multiple testing 
by estimation of false discovery rate [23]. The data were 
visualized in Qlucore Omics Explorer v.3.7 (Qlucore AB, 
Lund, Sweden) by principal component analysis, heat maps, 
and unsupervised hierarchical clustering. All analyses were 
performed using R v4.1.

Results
Between January 2018 and December 2019, a total 

of 20 patients with obstructing CRC were enrolled in the 

study at Zealand University Hospital and Slagelse Hospital, 
Denmark. Among the included patients, nine underwent 
SEMS placement as a definitive palliative treatment, and 
eleven patients underwent SEMS placement as a bridge to 
elective surgery. The patient characteristics are presented in 
Table 1.

ASA, American Society of Anesthesiologists. SEMS, 
Self-expanding metallic stent

Inflammatory response
Protein quantification analysis targeting 92 predefined 

proteins was performed on plasma samples. Baseline samples 
were compared with samples collected 24 hours after SEMS 
placement. The fourteen proteins that differed the most 
between hours 0 and 24 are listed in Table 2. There was a 
significant difference in eleven protein concentrations (ARG1, 
GZMA, PGF, GZMH, KLRD1, CCL23, IL5, CCL19, PTN, 

Characteristics N = 20 (%)

Sex, male 10 (50)

Age, median (range) 73 (57–88)

Tumor location
Ascending colon 4 (20)
Transverse colon 2 (10)
Descending colon 3 (15
Sigmoid colon 10 (50)
Rectum 1 (5)

Tumor stage 
1   0 (0)

2   4 (20) 

3   14 (70)
4   2 (10)
ASA score
1 1 (5)

2 15 (75)

3 4 (20)

Performance status

0 12 (60)

1 6 (30)

2 2 (10)

Palliative SEMS 9 (45)

Bridge to Surgery 11 (55)

Missing data

1 hour follow-up 3 (15)

4 hour follow-up 5 (25)

ASA, American Society of Anesthesiologists. SEMS, Self-expanding 
metallic stent

Table 1: Characteristics of patients undergoing colorectal stent for 
malignant obstruction
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MUC-16) and a tendency towards higher levels of three 
proteins (CAIX, CXCL1, IL6) (Figure 1a and 1b).

Tumorigenic inflammation

Significantly increased concentrations were found for 
granzyme A (GZMA) (log2-fc: 0.27, p-value = 0.012) and 
granzyme H (GZMH) (log2-fc: 0.31, p-value = 0.015). 
Granzymes, a family of serine proteases, are expressed 
exclusively by cytotoxic T lymphocytes and natural killer 
(NK) cells. In colorectal cancer, GZMA has been shown 
to induce tumor promoting inflammation [24], whereas, 
increased gene expression of GZMH has been associated 
with right-sided CRC, however, the biological function is 
unknown [25]. 

Killer cell lectin receptor D1 (KLRD1/CD94) (log2-fc: 
0.31, p-value = 0.030) was significantly increased and have 
recently been suggested as an immune checkpoint in CRC 
and a potential target for immunotherapy [26]. Additionally, 
higher concentrations for interleukine 5 (IL5) (log2-fc: 
0.33, p-value = 0.044) and mucin 16 (MUC-16) (log2-
fc: 0.49, p-value = 0.048) were found. Interleukine 5 is an 
inflammatory marker and MUC-16, also known as CA-125, 
which is a biomarker used in ovarian cancer [27].

Angiogenesis

Significantly increased concentrations were found for 
placental growth factor (PGF) (log2-fc: 0.27, p-value = 
0.003), a member of the vascular endothelial growth factor 
(VEGF) family [28], and pleiotrophin (PTN) (log2-fc: 0.37, 
p-value = 0.041), a cytokine that induces angiogenesis by
promoting VEGF expression [29]. Additionally, significantly
elevated concentration of chemokine ligand 23 (CCL23)
(log2-fc: 0.32, p-value = 0.017) was seen, an inflammatory
cytokine which have been associated with angiogenic
properties in CRC [30].

Migration

Increased concentration of chemokine ligand 1 (CXCL1) 
(log2-fc: 0.41, p-value = 0.087), however, not statistically 
significant. Chemokine ligand 1 is involved with the 
migration of tumor cells and premetastatic niche formation 
in CRC [31].

Proliferation 

A tendency towards higher protein levels found for 
carbonic anhydrase 9 (CAIX) (log2-fc: 0.31, p-value = 0.093) 
and interleukin 6 (IL6) (log2-fc: 0.47, p-value = 0.067). Both 
are known to promote proliferation and cell survival in CRC 
[32-36].

Anti-tumor function 

Decreased protein concentration of Arginase 1 (ARG1) 
was found (log2-fold change (fc), -0.48, p-value = 0.029), 

an enzyme which have been associated with poor prognosis 
in CRC. Additionally, higher concentration of chemokine 
ligand 19 (CCL19) (log2-fc: 0.34, p-value = 0.034) which 
have suggested to suppress angiogenesis in colorectal cancer 
[37], and CD8A (log2-fc: 0.28, p-value = 0.004) which is 
a mediator of adaptive immunity, and important for killing 
cancerous or virally infected cells [38, 39]. 

Cell-free DNA (cfDNA) 
Quantitative analyses of circulating cell-free DNA 

(cfDNA) were performed at four different time points. Blood 
samples were collected at baseline and again 1, 4, and 24 
hours after SEMS placement (Figure 2). Due to missing data, 
a total of twelve patients were included in the analysis. The 
circulating cfDNA concentration of the participants did not 
significantly change during the first 24 hours after stenting,

, p= 0.3592.

Discussion 
This prospective study included 20 patients undergoing 

acute SEMS insertion for malignant colonic obstruction. This 
is the first study to investigate the systemic inflammatory 
response after SEMS placement. Protein quantification 
analysis was performed on plasma samples and found 11 
proteins with significantly changed concentrations 24 hours 
after SEMS placement. In addition, quantitative analyses 
of circulating cfDNA were performed, and no significant 
differences were found between the time points 0, 1, 4, and 
24 hours after SEMS placement. 

It is well known that inflammation is closely associated 
with cancer development and progression in CRC [40-
43]. In theory, SEMS placement induces inflammation 
due to tissue damage, ischemia, and necrosis which may 
be followed by acute and chronic inflammation. We 
investigated the systemic inflammatory response through a 

Figure 1(a): Principal component analysis (PCA) plot illustrating 
the lack of separation of samples before (gray) and after (orange) 
SEMS placement.  The PCA plot is based on the 77 most variable 
proteins across samples (SD>0.2).
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protein biomarker proteomics panel. Proteins represent the 
essential functionality in understanding disease pathology 
and associated biological processes, and several proteins in 
the biomarker panel are associated with essential hallmarks 
of cancer, including inflammation, proliferation, migration, 
and angiogenesis [40, 44]. Among the 14 proteins that 
differed the most between before and after SEMS placement, 
increased concentrations were found for thirteen proteins, of 
which eight (GZMA, PGF, CAIX, KLRD1, PTN, CXCL1, 
IL-6, MUC-16) have been associated with tumor-promoting 

functions in CRC (24,27,28,34,36,45-47). The impact of 
interleukine 5 (IL-5) on CRC is unclear, however, IL-5 is an 
inflammatory cytokine, that has been associated with tumor 
progression in breast cancer [48]. 

We found the highest increase for MUC-16, which is 
known as a biomarker in ovarian cancer [27]. MUC-16 allows 
the binding of cancer cells to mesothelin and has been reported 
as a protein crucial in the peritoneal dissemination of ovarian 
cancer through adhesion [49, 50]. Interestingly, MUC-16 

Figure 2(b): Heat map and two-way unsupervised hierarchical clustering based on the 14 proteins that differ the most between baseline and 24 
hours after SEMS placement. This is a paired analysis (where the patient is eliminated as a factor, and subject #12 has been excluded from the 
analysis) with the following “loose” filtering criteria: SD>0.2, p<0.10, q=0.23, and >1.2-fold difference between the two groups. If standard 
criteria were to be applied, i.e. p<0.05 and >2-fold change, then no proteins would have passed this more stringent filter.

Protein Difference P-value Immune 
Response 

Proliferation/Cell 
survival Angiogenesis CRC Tumerigenic Anti-tumor 

ARG1 -0.48 0.029 x x

GZMA 0.27 0.012 x x x

PGF 0.27 0.003 x x x

CD8A 0.28 0.004 x x

CAIX 0.3 0.092 x x x

GZMH 0.31 0.015 x

KLRD1 0.31 0.03 x x x

CCL23 0.32 0.017 x x

IL5 0.33 0.044

CCL19 0.34 0.039 x x

PTN 0.37 0.041 x x

CXCL1 0.41 0.087 x x x

IL6 0.47 0.067 x x x x

MUC-16 0.49 0.004 x x

Table 2: Overview of proteins levels that differentiated the most after SEMS placement for malignant obstruction
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has also been shown to have a negative impact on prognosis 
in CRC (27). Increased concentrations were found for three 
proteins (PGF, PTN, CCL23) that have been associated with 
angiogenic function (28-30), and PGF and PTN are both 
associated with VEGF expression [29]. Furthermore, PGF is 
activated in inflammation and associated with angiogenesis 
through WNT2 signaling in CRC [51] 

In addition, granzyme A (GZMA) (log2-fc: 0.27, p-value 
= 0.012) was found to be increased after SEMS. Granzyme 
A is a pro inflammatory protease that promotes CRC 
development. Among several functions, GZMA stimulates 
IL-6 production in macrophages (24). An interesting find was 
a tendency toward a higher concentration of IL-6 after SEMS, 
which is known to be associated with acute and chronic 
inflammation and it is well documented that IL6 is associated 
with proliferation in CRC [34, 47, 52-54], and increases the 
risk of recurrence [34].

We found increased levels of CD8A, associated with anti-
tumor effects [38] and CCL19, which have been shown to 
suppress angiogenesis in CRC [37]. When a systemic stress 
response is initiated, we usually expect to see a fall in CD8a 

concentration within hours. The increased concentration of 
CD8a was a surprising find. Maybe it is due to a low number 
of patients, or a neoantigen surge due to cell turnover. 
Additionally, the analysis found decreased levels of ARG1 
after stent placement, a protein that is associated with a poor 
prognosis in CRC [55]. 

Our analysis primarily found increased levels of proteins 
associated with tumor progression, such as proliferation and 
angiogenesis [19-29, 33], which indicates that stent insertion 
may be initiating an adverse pro-metastatic systemic response. 
However, a limitation to the study is the small number of 
included patients, making the study explorative, and should 
be interpreted with caution. Furthermore, measurements were 
made immediately after the procedure and in a short period. 
Interesting changes in several protein levels may be missed. 
The Olink panel includes biomarkers related to a wide range 
of mechanisms, including the adaptive immune response 
and it is well known that an adaptive immune response can 
be detected after 4-7 days. The analysis found indication 
of an unfavorable response, however, no further follow-up 
was made, and whether these results translate into impaired 
prognosis is only speculative.

Figure 3: Boxplots of the log10 transformed concentration of cell free DNA at 0, 1, 4 and 24 hours after stenting. The boxplots show the 1st 
quartile, median and 3rd quartile, the upper- and lower whiskers extend a maximum of 1.5 times the interquartile range from respectively the 3rd 
quartile to the largest value or the 1st quartile to the lowest value. Measurements outside this range are considered outlying measurements and 
are plotted individually as points. cfDNA: Cell free DNA
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Previous evidence has shown elevated levels of 
circulating cfDNA after SEMS placement [12], which has 
been associated with poor prognosis in CRC [13, 14]. A study 
found significantly elevated levels on day 7; however, no 
difference was found on days 1 and 3 [12]. This correlates with 
our findings as no significant difference was found between 
baseline and 1, 4, and 24 hours after SEMS placement. These 
results could indicate that the cell damage may be caused by 
a persistent mechanical pressure rather than the acute effects 
of the SEMS procedure itself. However, our findings were 
limited by a relatively small number of patients and should 
be interpreted with caution. 

In conclusion, the protein profile after stent placement 
does not unanimously reflect a pro-metastatic phenotype 
within the first 24 hours. However, several of the biomarkers 
investigated may be candidate outcome measures in future 
studies investigating stent-placement-related pharmacological 
blockade of inflammation, and this study supports the 
importance of further investigation in the systemic response 
following SEMS placement for obstructing CRC. 
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