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Increased serum pentraxin-3 level predicts poor
prognosis in patients with colorectal cancer after
curative surgery, a cohort study
Bin Liu, MDa, Yangying Zhao, BAb, Lianrong Guo, MDa,∗

Abstract
Pentraxin-3 (PTX3) is a glycoprotein involved in inflammation and immune regulation of cancer. The aim of this study was to evaluate
the serum PTX3 level in patients with colorectal cancer (CRC) and analyze its prognostic significance.
A total of 263 consecutive patients underwent radical resection for primary CRC and 126 healthy controls were enrolled in this

study. SerumPTX3 level wasmeasured within the day before surgery though enzyme-linked immunosorbent assays, comparing with
the level of healthy control. Baseline demographic and clinical characteristics were recorded. The association between serum PTX3
level and survival outcome was analyzed by the Kaplan–Meier with Log-Rank test and Cox regression methods.
Mean serum PTX3 level in CRC patients was higher than that of healthy control (13.8±3.2ng/mL versus 3.3±1.2ng/mL, P< .001).

Finally, 55 (20.9%) patients out of all 263 patients studied had died during following-up period. All patients were divided into 2 groups
using the optimal cutoff value (12.6ng/mL) of PTX3 level using a sensitivity of 68.0% and a specificity of 71.7% as optimal conditions
from receiver operating curve analysis. Patients with a PTX3≥12.6ng/mL had poorer 5 years overall survival rate (76.6% versus
67.8%, P= .025) patients with a PTX3<12.6ng/mL in univariate analysis and serum PTX3 level also been confirmed as an
independent predictor for survival for CRC in multivariate analysis (Hazard ratio, 1.468; 95% [confidence interval] CI, 1.081–1.976;
P< .001).
Serum PTX3 level can serve as an independent prognostic biomarker for CRC patients after curative resection.

Abbreviations: CRC = colorectal cancer, OS = overall survival, PTX3 = pentraxin-3.
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1. Introduction

Colorectal cancer (CRC) is the third most common gastrointes-
tinal cancer and the fifth leading cause of cancer-related mortality
in China.[1,2] Despite improvements of surgical techniques and
adjuvant therapies and implementation of comprehensive
standard treatments, the overall prognosis of CRC patients still
poor.[3–5] High morbidity of metastasis and relapse were
considered as main contributors to unsatisfactory long-term
prognosis for CRC patients underwent standard treatments.[6,7]

It has been revealed both inflammation and immunity dysregu-
lation was closely associated with proliferation and migration of
tumor cells.[8–10] However, there was no sufficient data focusing
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on the significance of biomarker involved both inflammation and
immunity in CRC patients.
Pentraxin-3 (PTX3), as a glycoprotein secretingby immunocytes

in response to stimulating, plays an important role in inflamma-
tion, apoptosis and vascular remodeling, meanwhile, acting as
essential components of innate immunity.[11–13] Moreover, PTX3
sustains cellular proliferation, angiogenesis, insensitivity to
apoptosis, thus prompting cancer cell invasion and proliferation
though protein kinase B (AKT) and nuclear factor-k-gene binding
(NF-kB) signalingpathways, aswell as facilitate tumor escape from
immunosurveillance.[14,15] Furthermore, emerging evidences
showed that serum PTX3 level served as a novel diagnostic and
prognostic biomarker of various types of malignancies, such as
prostate, lung and pancreatic cancer.[16–18] These findings
furtherly revealed the potential vital role of PTX3 in the
development of cancers. In this study, we try to evaluate the
expression level of PTX3 in peripheral blood of patients with
operable CRC and analyzed its prognostic significance.

2. Materials and methods

2.1. Study population

This retrospective study was performed in accordance with the
relevant guidelines and regulations and approved by the
institutional review boards of the Second Hospital of Shandong
University. Written informed consent was obtained from all
study participants. The data of 263 primary CRC patients
undergone curative resection at the Department of Gastroenter-
ology in the Second Hospital of Shandong University between
July 1, 2012, and July 1, 2017, was collected. Inclusion criteria
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Table 1

Correlation between serum PTX3 level and clinicpathologic
characteristics of CRC patients.

Serum PTX3

Characteristic High (n=77) Low (n=186) P

Age (years) .425
≥60 36 77
<60 41 109

Gender .263
Male 54 117
Female 23 69

Tumor site .111
Colon 31 56
Rectum 46 130

Tumor size, cm .529
≥5 23 63
<5 54 123

pT (TNM) <.01
T1+T2 59 82
T3+T4 18 104

pN (TNM) .404
N0 26 73
N1 51 113

Clinical Stage (TNM) <.001
I+ II 23 130
III 54 56

Pathological differentiation .369
Well/Moderate 46 122
Poor 31 64
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included histologically confirmed tumor, node, and metastases
(TNM) stage I, II and III CRC, more than 18 years of age and life
expectancy more than 24 weeks. Patients with preoperative acute
and severe comorbidity and adjuvant treatments, such as acute
systemic infection, other malignancies, autoimmune diseases or
inflammation and preoperative adjuvant chemotherapy, were
excluded. All patients underwent R0 resection and postoperative
radiotherapy and/or chemotherapy. A control group consisted of
126 age- and sex-matched healthy volunteers were enrolled at the
corresponding duration of this study.
Clinical and histopathological characteristics of all patients

were collected from the clinical records by 1 surgeon and check
by another surgeon, including gender, age, tumor site, tumor size,
tumor invasion depth, lymph node involvement, TNM stage,
pathological differentiation and operation records. Clinical
staging was evaluated by postoperative tumor tissue histopatho-
logical examination and clinical assessment according to the
American Joint Committee on Cancer (AJCC) TNM classifica-
tion. All Patients were regularly followed up by clinical visiting or
telephone every 3 months for the first 2 years, every 6 months for
the next 3 years, and once annually thereafter. Enhanced
abdominal computed tomography (CT) or magnetic resonance
imaging (MRI) scans were performed generally every 12 months.
Clinical follow-up period lasted from the date of surgery to either
the time of death or January 2018. Outcome was assessed as 5-
years overall survival (OS) rate. OS was accurately defined as the
duration from date of surgery to death.
CRC= colorectal cancer, PTX3=Pentraxin 3, TNM= tumor, node, and metastases.
2.2. Measurement of PTX3 serum levels

Sterile peripheral blood (5mL) samples were obtained from each
patient on the day before surgery, as well as from the healthy
controls at the corresponding duration of study. Then blood
samples were immediately centrifuged at 3000rpm for 10 minutes
to obtain serum, then transferred to tubes and immediately stored
at�80 °C for further process. Serum levels of PTX3were evaluated
by commercially available sandwich enzyme-linked immunosor-
bent assay (ELISA)kit according to themanufacturer’s instructions
(R&D systems, Minneapolis, MN).

2.3. Statistical Analysis

Statistical analysis was conducted using the SPSS 20.0 (IBM) in
this study. P< .05 (2- sided) was considered statistically
significant. Continuous variable was represented by mean±
standard deviation (SD), and categorical variable was repre-
sented by frequency. The x2 test or Fisher exact test was used to
compare different of categorical variable between 2 groups while
continuous variable values were analyzed by independent
student’s t test. Receiver operating characteristic curve (ROC)
analysis was performed to calculate optimal cutoff values for
plasma PTX3 levels predicting survival. The 5 years OS rate and
survival curve was studied in Kaplan–Meier survival analysis by
using the log-rank test. The Cox regression model was used to
assess the hazard ratio and multivariate analysis.

3. Results

3.1. Patient characteristics

Table 1 briefly summarizes the clinicopathologic characteristics
of 263 CRC patients. No significant statistical difference was
found in age and gender of patients, tumor size and location,
histological differentiation type, tumor invasion depth and lymph
2

node involvement between patients with a high PTX3 level
(≥12.6ng/mL) and those with a low PTX3 (<12.6ng/mL).
However, we found that there was significant relationship
between preoperative serum PTX3 level and clinical stage,
patients with a high PTX3 level may have an advanced cancer. In
details, in group of 77 patients with a higher PTX3 level, 23
patients had TNM I or II tumor and 54 with TNM III lesion
(P<.001, Table 1).
3.2. Serum PTX3 level in CRC patients

The mean serum PTX3 level of 263 primary CRC patients was
13.8±3.2ng/mL, which was significantly higher than that of
healthy control (n=126; 3.3±1.2ng/mL; P< .001, Fig. 1). In
receiver operating characteristic curve analysis, the optimal
cutoff levels for the PTX3 predicting OS of CRC patients was
12.6ng/mL using a sensitivity of 68.0% and a specificity of
71.7% as optimal conditions, respectively. The area under the
curve was 0.732 with a 95% confidence interval between 0.658
and 0.806, P< .001. (Fig. 2).

3.3. Prognostic significance of serum PTX3 level for CRC
patients

The median follow-up time was 33.5 months (6.1–85.1months).
During follow-up period of this study, there were 55 (20.9%)
tumor-special death patients and 208 survival patients, respec-
tively. All 263 CRC patients were divided into high PTX3 group
(≥12.6ng/mL) and low PTX3 group (≥12.6ng/mL) according to
the optimal cutoff value obtained from ROC curve analysis. In
univariate survival analysis, we found that patients in low PTX3
group had a statistically better postoperative prognosis than
those with high PTX3 in term of 5-years OS rate (76.6% versus



Figure 1. Serum pentraxin-3 level in colorectal patients and healthy controls.
Colorectal cancer patients had significant higher mean serum PTX3 level than
that of healthy control (13.8±3.2ng/mL versus 3.3±1.2ng/mL, P< .001).
PTX3=pentraxin 3.

Figure 2. Receiver-operator characteristic curve for pentraxin-3. The areas
under the curve were 0.732 with a 95% confidence interval (95% CI) for the
area between 0.658 and 0.806. CI=confidence interval.
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67.8%, P= .025), (Table 2, Fig. 3). In addition, histological
differentiation type (P= .012), tumor invasion depth (P= .021)
and lymph node involvement (P= .001) were also significantly
associated with postoperative OS of CRC patients (Table 2).
A multivariate analysis enrolled sex and gender of patients,

tumor size and location, histological differentiation type, clinical
stage (TNM stage), serum PTX3 level into the COX regression
model to identify independent predictive factors for OS of
operable CRC patients.We found that serum PTX3 level (Hazard
Table 2

The prognostic characteristics of CRC patients.

Univariate

n 5-year OS rate

Age (years)
≥60 113 68.3%
<60 150 73.1%

Gender
Male 171 72.3%
Female 92 70.7%

Tumor site
Colon 87 71.9%
Rectum 176 69.5%

Tumor size (cm)
≥5 86 68.5%
<5 177 72.8%

pT (TNM)
T1+T2 30 75.2%
T3+T4 233 68.5%

pN (TNM)
N0 99 74.3%
N1 164 67.9%

Clinical Stage
I+ II 153 75.6%
III 110 64.2%

Pathological differentiation
Well/Moderate 168 74.6%
Poor 95 64.7%

Serum PTX3 (ng/mL)
≥12.6 186 67.8%
< 12.6 77 76.6%

CI= confidence interval, CRC= colorectal cancer, HR=hazard ratio, OS= overall survival, PTX3=Pentr

3

ratio, 1.468; 95% CI, 1.081–1.976; P< .001) and clinical Stage
(Hazard ratio, 1.312; 95% CI, 1.028–2.131; P< .001) and
pathological differentiation (Hazard ratio, 1.257; 95% CI,
1.031–2.127; P= .01) were the independent prognostic factors
for CRC patients (Table 2).
Multivariate

P HR 95% CI P

.881

.912

.837

.182

.021

.001

.036 1.312 1.028–2.131 <.001

.012 1.257 1.031–2.127 .010

.025 1.468 1.081–1.976 <.001

axin 3.
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Figure 3. Prognostic significance of preoperative serum pentraxin-3 level for colorectal cancer. Panel showed patients with a high serum PTX3 level had a
significantly lower 5 years overall survival rate than those with low serum PTX3 (76.6% versus 67.8%, P= .025). PTX3=pentraxin 3.
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4. Discussion

In present study, we have investigated serum PTX3 level in CRC
patients and found that significantly higher serum PTX3 levels in
CRC patients compared with that in healthy controls. Further-
more, we also analyzed a potential role of serum PTX3 obtained
before surgical resection as a candidate biomarker to predict
postoperative prognosis of CRC and showed serum PTX3 level
was significantly associated with survival of CRC patients in both
univariate and multivariate survival analysis. According to these
findings, we concluded that serum PTX3 level can be evaluated
for an optimal risk stratification of individual CRC patients, and
which also can serve as a potential biomarker to predict
postoperative survival of CRC patients.
PTX3, as a member of the long pentraxin superfamily, is

produced by innate immunity cells, which plays an important role
in tumor-related inflammation.[19,20] Moreover, PTX3 is over-
expressed in various malignancies and promotes the severity of
tumors, such as lung cancer, glioma and breast cancer.[21–23] In
this study, we found that elevated serum PTX3 level in CRC
comparing to healthy controls is significantly associated to TNM
stage, which is consistent with prior similar studies.[24] However,
underlying mechanisms of serum PTX3 elevation in patients with
cancer are not fully understood. PTX3 is an inflammatory factor,
which has similar function with C-reactive protein.[25] In tumor
microenvironment, tumor endothelial cells and macrophages
overexpress PTX3 in response to inflammatory signals, in turn,
PTX3 promotes development of tumor by stimulating angiogen-
esis and inhibiting apoptosis.[26]

Furthermore, we furtherly confirmed the prognostic signifi-
cance of serum PTX3 in multivariate COX analysis enrolled
classical prognostic predictor including TNM stage and
histological differentiation. In addition, patients with a high
4

serum PTX3 had poorer 5-years survival rate than those with a
low PTX3. Therefore, the risk of patients a high serum PTX3
should be aware, and receive more proactive treatments.
Otherwise, PTX3 may be considered as a novel therapy target.
Ying et al used lentivirus-mediated small hairpin RNA (shRNA)
to knock down PTX3 expression in cervical cancer cell lines,
which inhibited cell viability, diminished colony forming ability,
and induced cell cycle arrest.[27] Choi et al found that PTX3
silencing using siRNA-specific siRNA prevented breast cancer
cell migration.[28] However, there was no sufficient information
concerning the potential role and mechanism of PTX3 in CRC in
vivo and vitro setting.
In present, we calculated the cut-off value for the PTX3 though

ROC analysis, which is different from that of previous studies.
Thus, although PTX3 serves as a useful prognostic biomarker for
CRC, the optimum cut-off value for the PTX3 may differ in
various studies enrolled patients with different stage, or different
endpoint and statistics mothed.[29]

There were several limitations in our study. One problem was
the retrospective, relative small scale and single center design of
study. A large-scale multi-center prospective study would allow
further confirmation of the prognostic significance of PTX3 for
CRC patients. Furthermore, the optimum cut-off value for the
preoperative PTX3 predicting survival of CRC remains un-
known, although 12.6 was set as the cut-off value by ROC
analysis. A meta-analysis including various PTX3 validation
studies may be required to confirmmore definite cutoff values for
the PTX in CRC patients.
In conclusion, our study confirmed that CRC patients have

higher serum PTX3 level, which is correlated to TNM stage.
More important, we found that preoperative serum PTX3
level can serve as an independent prognostic predictor for
operable CRC.
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