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Background: Compared with a central venous catheter, a peripherally inserted central catheter (PICC) 
has the advantages of less trauma and a lower risk of bleeding and bloodstream infection. However, patients 
with tumors are commonly immunocompromised and therefore susceptible to infection during the course of 
PICC indwelling. This study aimed to investigate the relationship between serum amyloid protein A (SAA), 
procalcitonin (PCT), C-reactive protein (CRP), and PICC infection in patients with malignant tumor. 
Methods: Patients with malignant tumor treated with PICC in Gansu Provincial Cancer Hospital from 
March 2017 to January 2020 were retrospectively investigated. The incidence of infection and the differences 
in SAA, PCT, CRP, prothrombin time (PT), activated partial thromboplastin time (APTT), thrombin time 
(TT), fibrinogen (FIG), interleukin-18 (IL-18), and interleukin-16 (IL-6) between the infected group and 
noninfected group were observed. The correlations of SAA, PCT, and CRP levels in different infection sites 
and infection degrees were analyzed. 
Results: A total of 414 eligible patients were included with 93 in the infection group and 321 in the 
noninfection group. The overall incidence of infection was 22.4%. The levels of SAA, PCT and CRP in 
the infection group were significantly higher than those in the noninfection group (P<0.001). Compared 
with the non-infected group, the levels of PT, APTT, TT, IL-18 and IL-6 were significantly higher in the 
infected group (P<0.001). However, the level of FIG was significantly lower in the infected group (P<0.001). 
Compared with the local infection group, the levels of SAA, PCT, and CRP in the bloodstream infection 
group were significantly higher (P<0.001). Furthermore, the levels of SAA, PCT, and CRP were positively 
correlated with the degree of PICC catheter infection. 
Conclusions: In patients with malignant tumors, PICC catheter infection were associated with increased 
risk of bleeding and the levels of SAA, PCT, and CRP can be used as predictive diagnostic indexes for PICC 
catheter infection. Furthermore, these parameters were positively correlated with the degree of PICC 
catheter infection.
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Introduction

Malignant tumors have the characteristics of aggressive 
invasiveness, metastasis, dysfunction caused by organ 
invasion, and high morbidity and mortality in clinic. 
At present, chemotherapy remains the main approach 
in clinical treatment for malignant tumors. However, 
chemotherapeutic drugs are irritants and are highly toxic, 
and, once these drugs enter the bloodstream, they can 
easily cause local tissue damage. Peripherally inserted 
central catheter (PICC) provides a safe and effective way 
of intravenous administration for patients with malignant 
tumors. Moreover, PICC catheterization has the advantages 
of simple and convenient operation, good safety, and 
a high success rate. Moreover, it can lessen the pain 
caused by repeated puncture and reduce the occurrence 
of phlebitis (1,2). However, PICC catheterization is an 
invasive operation, and the long course of malignant tumor 
and the effects of chemotherapy and other factors may 
compromise the immunity of patients and increase the 
risk of infection (3). The averaged incidence of PICC-
related complications and infection in cancer patients was 
33.2% and 12.6%, respectively (4). In China, the incidence 
of PICC catheterization-related blood stream infection 
(BSI) was 1.3%, which seriously affects the treatment 
compliance of malignant tumor patients (5). In addition, 
it is not conducive to the rehabilitation of patients, and 
even lead to death (6,7). Serum concentrations of PCT and 
CRP increase greatly after the onset of bacterial infection 
in patients with cancer (8). As a consequence, early and 
effective laboratory detection of these biomarkers have 
important clinical value for early diagnosis and effective 
management of PICC catheter infection in patients with 
malignant tumors. The purpose of this study was thus to 
further explore the relationship between serum amyloid 
protein A (SAA), procalcitonin (PCT), C-reactive protein 
(CRP), and 4 items of coagulation and inflammatory factors 
with PICC catheter infection in patients with malignant 
tumor. We hypotheses that the PICC-related infections 
could be accurately diagnosed by detecting the serum levels 
of these biomarkers. We present the following article in 
accordance with the STROBE reporting checklist (available 
at http://dx.doi.org/10.21037/apm-21-796).

Methods

Study design

This is a retrospective observational study which was carried 

out in a tertiary hospital in Lanzhou China. This study was 
approved by the ethical committee of Gansu Provincial 
Cancer Hospital and was performed in accordance with the 
Helsinki Declaration (as revised in 2013). The informed 
consent was waived due to the retrospective nature and 
anonymous data.

Participants

Patients with malignant tumors who were treated with 
PICC from March 2017 to January 2020 in Gansu 
Provincia l  Cancer Hospita l  were retrospect ively 
investigated. Patients inclusion criteria were as follow: (I) 
patients with malignant tumors who received chemotherapy; 
(II) patients without serious immune system disease; (III) 
patients with complete clinical data; (IV) patients who 
received PICC catheterization; and (V) patients with sound 
mind and good compliance. Meanwhile, the exclusion 
criteria were the following: (I) patients with infectious 
diseases; (II) patients with mental disorders; or (III) patients 
with incomplete clinical data. 

Study outcomes

The incidence of infection was observed, and the levels 
of SAA, PCT, CRP, blood coagulation (PT, APTT, TT, 
and FIG), and inflammatory factors (IL-18, IL-6) were 
compared between the infected group and the noninfected 
group. Moreover, the levels of SAA, PCT, and CRP in 
different sites in the noninfected group and the noninfected 
group were analyzed.

Specimen testing method and apparatus

After patients had fasted for more than 8 hours, the 
elbow venous blood was collected in the morning and 
placed in sodium citrate anticoagulation tubes and 
ordinary dry coagulation-promoting tubes respectively. 
The specimens were centrifuged at 3,000 r/min for  
15 minutes to separate serum and plasma. The plasma 
and serum were stored in the refrigerator at −20 ℃ after 
separation. The level of SAA was detected by scatter 
turbidimetry with a Sysmex CA-600 special protein 
analyzer (Kobe, Japan). PCT and CRP were detected 
by a  Cobas 8000 automatic  biochemical  immune 
pipeline (Roche Diagnostics). Interleukin 18 (IL-18) and 
interleukin 16 (IL-6) were detected by double-antibody 
sandwich enzyme linked immunosorbent assay (ELISA) 
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with a MINI VIDAS automated immunoanalyzer 
(bioMérieux, Marcy-l’Étoile, France). Prothrombin time 
(PT), activated partial thromboplastin time (APTT), 
thrombin time (TT), and fibrinogen (FIG) were detected 
by the Sysmex 5100 automatic coagulation analysis system. 
The above kits were purchased from the same company, 
and matching reagents were produced by the same 
company as its analyzer. In addition, the operation steps 
were carried out strictly according to the manufacturer’s 
instructions.

Statistical analysis

All the statistical analyses were performed by using SPSS 22.0 
statistical software (IBM, Corp., Armonk, NY, USA). The 
continuous variables with normal distribution were expressed 
as mean ± standard deviation and were compared using the 
t-test. The levels of inflammatory indicators in each group 
were expressed by box plots. The differences among groups 
were further compared by Mann-Whitney test.

Results

Patients inclusion

A total of 414 eligible patients were included. The baseline 
characteristics were as follows: 261 males and 153 females, 
aged from 20 to 83 years (mean age 64.23 years), with an 
averaged indwelling time of 182.08 days. The patients 
included those with lung cancer (n=132), gastric cancer 
(n=90), liver cancer (n=71), esophageal cancer (n=64), 
breast cancer (n=35), and osteosarcoma (n=22). The 
patients were divided into an infection group (n=93) and 
a noninfection group (n=321) according to whether the 
malignant tumor patients were infected or not. There was 
no significant difference in baseline data between the 2 
groups (P>0.05).

Analysis of the incidence of PICC catheter infection in 
patients with malignant tumor

Among the 414 cases of patients with malignant tumor 
and PICC catheterization, 93 cases were observed to have 
infection, yielding an infection rate of 22.46%. Of these, 
there were 74 cases of local infection, with an incidence 
of 79.57%, and 19 cases of bloodstream infection, with an 
incidence of 20.43%, according to the site of infection.

Comparative analysis of SAA, PCT, and CRP levels 
between the infection group and the noninfection group

The levels of SAA, PCT, and CRP in the infection group 
were significantly higher than those in the non-infection 
group (P<0.001; Table 1).

Comparative analysis of blood coagulation function 
between the infection group and the noninfection group

Compared with the noninfection group, the levels of PT, 
APTT, and TT were significantly higher in the infection 
group. Whereas, the level of FIG in the infected group 
were significantly lower than that in the non-infected group 
(P<0.001; Table 2). 

Comparative analysis of the level of inflammatory factors 
between the infection group and the noninfection group

The levels of IL-18 and IL-6 in the infected group were 
significantly higher than those in the noninfected group 
(P<0.001; Table 3).

Comparison of SAA, PCT, and CRP levels at different 
infection sites

The levels of SAA, PCT, and CRP in the bloodstream 

Table 1 Comparison of SAA, PCT, CRP and levels between the infection group and noninfection group (x ± s)

Group SAA (mg/L) PCT (ng/mL) CRP (mg/L)

Infection group (n=93) 284.484±149.783 3.392±2.424 80.798±68.713

Noninfection group (n=321) 38.190±19.551 0.345±0.017 9.902±2.253

t 15.818 13.358 9.948

P <0.001 <0.001 <0.001

SAA, serum amyloid protein A; PCT, procalcitonin; CRP, C-reactive protein.
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infection group were significantly higher than those in the 
local infection group (P<0.001; Table 4). 

Analysis of the relationship between the levels of SAA, 
PCT, CRP, and the degree of PICC catheter infection in 
patients with malignant tumor

It was found that there were significant differences in SAA, 
PCT, and CRP levels across the noninfection group, local 
infection group, and bloodstream infection group (P<0.001; 
Figure 1).

Discussion

Our present study demonstrated that serum SAA, PCT, and 
CRP can be used as predictors for PICC-related infection 
in cancer patients treated with PICC. Furthermore, these 

parameters were positively correlated with the severity of 
PICC-related infection.

According to related studies (3,6), the use of PICC 
catheterization in patients with malignant tumor can 
effectively improve the therapeutic effect. However, it is an 
invasive operation and is affected by various factors in the 
clinical practice. In addition, patients with malignant tumor 
need to retain the PICC catheter for an extended period. 
Additionally, administration of chemotherapeutic drugs 
causes further irritation and reduces the immune function of 
patients with malignant tumor, leaving them more prone to 
PICC catheter infection. As a consequence, the prevention 
and improvement of PICC catheter infection in patients 
with malignant tumors has become one of the important 
topics in clinical research.

The acute phase proteins including SAA, PCT, and 
CRP are positively associated with the severity of the acute 

Table 3 Comparison of IL-18 and IL-6 levels between the infection group and noninfection group (x ± s)

Group IL-18 (mg/L) IL-6 (mg/L)

Infection group (n=93) 46.35±5.07 12.47±2.87

Noninfection group (n=321) 21.68±1.93 6.95±1.37

t 45.970 17.965

P <0.001 <0.001

IL-18, interleukin-18; IL-6, interleukin-16.

Table 4 Comparison of SAA, PCT, and CRP levels at different infection sites (x ± s)

Group (n) SAA (mg/L) PCT (ng/mL) CRP (mg/L)

Local infection (n=74) 218.180±41.430 2.246±0.559 57.460±54.448

Bloodstream infection (n=19) 542.718±138.718 7.879±1.511 171.693±33.901

t 10.083 15.923 11.392

P <0.001 <0.001 <0.001

SAA, serum amyloid protein A; PCT, procalcitonin; CRP, C-reactive protein.

Table 2 Comparison of PT, APTT, TT, and FIG levels between the infection group and noninfection group (x ± s)

Group APTT (s) PT (s) TT (s) FIG (g/L)

Infection group (n=93) 38.33±2.79 17.01±1.59 20.11±2.03 1.79±0.45

Noninfection group (n=321) 30.81±1.64 13.42±1.23 15.07±1.42 2.97±0.58

t 24.782 20.101 22.407 −20.777

P <0.001 <0.001 <0.001 <0.001

PT, prothrombin time; APTT, activated partial thromboplastin time; TT, thrombin time; FIG, fibrinogen.
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inflammatory response. Their levels in serum increase when 
acute infection occurs (4). The level of SAA, a sensitive 
acute phase reactive protein, can increase rapidly within 4– 
6 hours and can reach more than 1,000 times the normal 
level when chronic or acute inflammation occurs (9). It has 
the characteristics of early rise, wide range, high sensitivity, 
and a rapid decrease to normal level after pathogen 
elimination. It is a sensitive predictor for infection and 
inflammation recovery. PCT is a protein containing 116 
amino acids. PCT levels increase rapidly and have a long 
half-life in severe bacterial infection and sepsis. However, 
PCT does not increase in autoimmunity, allergy, and virus 
infection. As a consequence, the serum level of PCT can 
reflect the infection status in the early stage and was used 
to assess the severity of infection (10,11). CRP is an acute 
protein in the blood that rises rapidly during infection or 
trauma and can be used as a nonspecific marker of systemic 
inflammation. The level of CRP in normal serum is very 
low and stable, but will increase with time and peak at 22–28 
hours following infection or trauma (6). It can affect the 
immunomodulation and phagocytosis of invading cells. The 
conjugated complex can activate the complement system and 
finally be expressed through inflammatory response (1,7).

The inflammatory mediators and cytokines in the 
blood can cross-react with the coagulation system after the 

inflammatory reaction occurs (12). Especially in the early 
stage of sepsis, the levels of a large number of inflammatory 
mediators, such as IL-18 and IL-6, increase. This can lead 
to diffuse vascular endothelial injury and expose the collagen 
under the vascular endothelium. It can also promote the 
release of coagulation factor XII and platelet-activating 
factor, leading to the activation of endogenous coagulation 
pathway and subsequent coagulation dysfunction (13). Our 
results showed that the levels of PT, APTT, TT, IL-18, and 
IL-6 in the infection group were significantly higher than 
those in the noninfection group (P<0.001). However, the 
level of FIG in infection group was significantly lower than 
that in the noninfection group (P<0.001). It is suggested 
that PICC catheter infection in patients with malignant 
tumor can promote the release of a large number of 
inflammatory factors, cause coagulation system disorder, 
prolong coagulation time, and increase the risk of bleeding.

Among the 414 patients with malignant tumors treated 
with PICC catheterization, 93 were observed to have 
infection, with an infection rate of 22.46%. Among the 
patients with PICC infection, 74 were local infections, with 
an incidence of 79.57%, and 19 cases were bloodstream 
infections, with an incidence of 20.43%. The levels of SAA, 
PCT and CRP in the infection group were significantly 
higher than those in the noninfection group (P<0.001), 
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which was in line with the results of Niu et al. (14). 
Additionally, the levels of SAA, PCT, and CRP in the 
bloodstream infection group were significantly higher than 
those in the local infection group (P<0.001). This suggests 
that the levels of SAA, PCT, and CRP may provide an 
important information in the differential diagnosis of PICC 
catheter infection in patients with malignant tumors. We 
also compared the differences of these infection indicators 
among noninfection, local infection, and bloodstream 
infection groups. Our findings showed that there were 
significant differences in the levels of SAA, PCT, and CRP 
across the three groups (P<0.001). Thus, these indices may 
serve as important parameters for assessing the severity of 
infection.

Limitations 

There exist some limitations in our present study. First, the 
retrospective design may lead to data and information bias. 
Second, the possible causal relationship between PICC-
related infection and the derangement of aforementioned 
biomarkers was compromised by the retrospective nature 
of the present study. Last but not the least, this study was a 
single research and the findings could be not representative 
of PICC outcomes in other settings. Studies with 
multicenter, prospective design, and large sample size are 
warranted in this field.

In conclusion, the levels of SAA, PCT, and CRP can be 
used as predictors of PICC catheter infection in patients 
with malignant tumors. Meanwhile, the levels of SAA, PCT, 
and CRP may serve as important parameters for assessing 
the degree of PICC catheter infection in patients with 
malignant tumors.
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