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Purpose: This study aimed to evaluate the value of serum procalcitonin (PCT) levels in the
diagnosis of abscess and sepsis following transarterial chemoembolization (TACE) therapy
among patients with hepatocellular carcinoma (HCC).

Patients and Methods: In this study, a retrospective review of patient charts was per-
formed in 2221 patients who suffered from hepatocellular carcinoma and had undergone
8656 TACE procedures from January 2012 to January 2018. According to the diagnosis of
infection and abscess after TACE, these participants were divided into infection group (group
A, n=48) and abscess group (group B, n=35). Group B included subgroup B1 (suffered from
liver abscess but no sepsis, n=16) and subgroup B2 (suffered from liver abscess and sepsis,
n=19). The main observational indexes included sociodemographic characteristics and
laboratory and clinical parameters.

Results: The results showed that the mean PCT and C-reactive protein (CRP) levels were
higher in group B, but receiver-operating characteristic (ROC) analysis showed low sensi-
tivity and specificity. Only the mean PCT level was higher in subgroup B2 than in subgroup
B1 (P<0.001); the ROC analysis had high sensitivity and specificity. However, all other data
such as NEUT (neutrophil count) and NEUTP (neutrophil percentage) showed no significant
differences.

Conclusion: Serum PCT level was a promising inexpensive marker for the diagnosis of
liver abscess and sepsis following TACE therapy among patients with primary liver cancer.
A cutoff level of 5.1 ng/mL for PCT had high sensitivity and specificity in predicting liver
abscess with sepsis.

Keywords: hepatocellular carcinoma, abscess, C-reactive protein, procalcitonin, sepsis,
transarterial chemoembolization

Introduction
Transarterial chemoembolization (TACE) is one of the most effective treatments for
managing primary malignant liver tumors. Many studies have shown that TACE
prolongs survival.'? Although this treatment modality is a minimally invasive
procedure, it can sometimes lead to serious complications. The formation of
abscesses after TACE is one of the most serious complications of TACE.?
Previous studies have shown that the incidence of abscess formation after TACE
varies between 0.1% and 4.5%.* Early identification of abscess and sepsis is very
important following TACE in patients with primary liver cancer. Sepsis is defined
as life-threatening organ dysfunction caused by a dysregulated host response to
infection.’

Biomarkers play a vital role in the early diagnosis of sepsis, predicting sepsis-
related complications, including developing multiple-organ dysfunctions, guiding
antimicrobial therapy, and assessing the response to therapy and recovery from
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sepsis.” Computed Tomography (CT) is very important for
the diagnosis of liver abscess, but sometimes it is difficult
to detect sepsis. Therefore, this study was conducted to
evaluate the value of serum procalcitonin (PCT) levels in
the diagnosis of abscess and sepsis following TACE ther-
apy among patients with HCC.

Materials and Methods
Ethics Statement

Patients with primary liver tumors were obtained from the
Second Affiliated Hospital of Zhejiang University School
of Medicine with written informed consent of each indivi-
dual and approval by the Research Ethics Board of the
Second Affiliated Hospital of Zhejiang University. Data
were collected anonymously and the clinical study was
carried out in accordance with the Declaration of Helsinki.

Participants

This study was a retrospective trial. From January 2012 to
January 2018, patients with HCC who underwent TACE at
the Department of Interventional Radiology in Second
Affiliated Hospital of School of Medicine were recruited
in this study. The medical records of these patients were
reviewed and analyzed. Among the 2221 patients, 83
patients with suspected infection symptoms and tempera-
ture higher than 38.5°C after TACE were included in the
study.

According to the diagnosis of infection and abscess
after TACE, these participants were divided into infection
group (group A, n=48) and abscess group (group B, n=35).
Group B included subgroup Bl (suffered from liver
abscess but no sepsis, n=16) and subgroup B2 (suffered
from liver abscess and sepsis, n=19). The main observa-
tional indexes included sociodemographic characteristics
and laboratory and clinical parameters. This study was
conducted in accordance with the Declaration of Helsinki
and approved by the ethics committee of the hospital.

Diagnosis of Abscess and Sepsis
After TACE, the patients were closely observed for TACE
related complications. Patients suspected infection symp-
toms after TACE were included in the study, with tem-
perature higher than 38.5°C.

Liver abscess was diagnosed in CT images showing
a peripheral rim contrast enhancement, with or without an
air—fluid level abscess, and with hypoattenuation in the
treated segment. Moreover, any one of the following

conditions was included: Blood or aspirate culture
revealed bacteria; aspirate from percutaneous drainage
had a purulent appearance; and temperature higher than
38.5°C lasted for more than 5 days with the leukocyte
count >12 x 10” per L without other causes.

Sepsis was diagnosed using the standard of the Third
International Consensus Definitions for Sepsis and Septic
Shock (Sepsis 3) as a reference.’

Infection was diagnosed in patients suspected infection
symptoms with temperature higher than 38.5°C, but there
was no evidence of an abscess and sepsis.

Inclusion and Exclusion Criteria

The inclusion criteria were as follows: (1) patients diag-
nosed with hepatocellular carcinoma (diagnosed in accor-
dance with the recommendations of the American
Association for the Study of Liver Diseases) and TACE
has been done; (2) suspected infection symptoms after
TACE; (3) patients with age more than 18 years; and (4)
patients whose data were complete.

The exclusion criteria were as follows: (1) patients who
inconsistent with the criteria of HCC or refused to undergo
TACE; (2) without suspected infection symptoms after
TACE; (3) patients with age under 18 years; (4) patients
whose data were incomplete.

Treatment of Abscess and Sepsis
CT-guided percutaneous catheter drainage therapy was
carried out in patients who had abscesses; 10 mL of the
aspirate was obtained for bacterial culture and antibiogram
tests.

When the diagnosis of liver abscess was confirmed,
broad-spectrum antibiotics were empirically administered
until the results of the antibiogram were collected.

Statistical Analysis

The continuous variables with a normal distribution were
expressed as mean + standard deviation, the continuous vari-
ables with a non-normal distribution were expressed as med-
ian (interquartile range), and the categorical variables were
expressed as frequency [percentage (%)]. Differences
between the two groups were assessed using the 2 test or
Fisher exact test for categorical variables, the Student ¢ test for
continuous variables with a normal distribution, and the non-
parametric rank-sum test for non-normally distributed contin-
uous and ordinal variables. Receiver-Operating Characteristic
(ROC) curves were drawn, and diagnostic efficacies were

determined by comparing the Areas under the Curves
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(AUC). Subsequently, optimal cutoff values were selected
according to the Youden index. The sensitivity and specificity
for differential diagnosis were assessed. A two-tailed P value
less than 0.05 was considered statistically significant. SPSS
version 25 (SPSS Inc., IL, USA) and the R version 3.6.2 (R
Foundation for Statistical Computing, Vienna, Austria) were

applied to perform all statistical analyses.

Results

General Characteristics

A total of 83 patients with HCC and suspected infection
symptoms were included in the study. According to the
diagnosis, these participants were divided into infection
group (group A, n=48) and abscess group (group B, n=35).
Group B included subgroup B1 (suffered from liver
abscess but no sepsis, n=16) and subgroup B2 (suffered
from liver abscess and sepsis, n=19). The results showed

Table | Characteristics of the Two Groups of Patients (P<0.05)

that age, sex, size, extrahepatic metastases, vascular inva-
sion, number of TACE and tumor staging had no signifi-
cant differences, which are shown in Table 1.

Levels of PCT, CRP, NEUT, and NEUTP

PCT (serum procalcitonin) and CRP (C-reactive protein)
levels were higher in group B, but the mean NEUT (neu-
trophil count) and NEUTP (neutrophil percentage) levels
showed no significant differences between groups A and
B. White Blood Cell (WBC) count and the levels of PCT,
CRP, NEUT, and NEUTP showed low sensitivity and
specificity to identify groups A and B (Figure 1).

Only the mean PCT level was higher in subgroup B2
than in subgroup B1 (P<0.001), and the ROC analysis had
high sensitivity and specificity. However, all other data,
such as WBC count and the levels of CRP, NEUT, and
NEUTP, showed no significant differences and low sensi-
tivity and specificity (Figure 2). A cutoff level of 5.1 ng/

Characteristic Group A P Group B P
Group A Group B Subgroup Bl Subgroup B2
No. of patients 48 35 16 19
Age (year) 60.5 £ 12.5 60.3 = 14.6 0.953 634+ 113 578+ 167 0.264
Sex 0.101 0.782
Men 46 30 14 16
Women 2 5 2 3
Size 94+ 42 10.1 £ 5.1 0.495 11257 92+ 44 0.258
Extrahepatic metastases 0.995 0.047
No 37 27 15 12
Yes I 8 | 7
Vascular invasion 0.567 0.493
No 30 24 12 12
Yes 18 I 4 7
No. of TACE I (1-2) 1 (1-2) 0.862 1 (1-3) 1 (1-2) 0.883
BCLC 0.119 0.502
A | - - -
B 16
C 31 28 14 14
PCT 1.43 (0.76-3.77) 4.41 (1.12-8.21) 0.029 1.16 (0.49-2.61) 7.42 (5.44-15.04) <0.001
CRP 75.2 (48.0-177.1) 149.0 (84.0-191.0) 0.038 145.5 (74.6-163.8) 149 (85.1-214.0) 0.286
WBC 7.0 (5.5-9.9) 9.0 (4.6-13.8) 0.218 10.1 (3.5-13.7) 9.0 (6.0-16.5) 0.502
NEUT 6.7 (4.7-9.1) 8.7 (5.7-11.6) 0.108 7.3 (4.0-10.9) 10.5 (6.4-15.1) 0.193
NEUTP 87.4 (82.5-91.7) 90.4 (85.0-92.2) 0.22 88.5 (81.4-91.9) 91.5 (86.8-92.2) 0.16l
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Figure | Diagnostic efficacies of abscess formation were determined by comparing the areas under the curves (AUC).
Notes: PCT: AUC = 0.641, Cutoff value = 2.66; CRP: AUC = 0.634, Cutoff value = 83.5; WBC: AUC = 0.579, Cutoff value = 10.8; NEUT: AUC = 0.604, Cutoff value = 9.5;

MEUT: AUC = 0.579, Cutoff value = 91.0.

mL for PCT revealed high sensitivity and specificity in
predicting liver abscess with sepsis.

Clinical Prognosis

In group A, only antibiotics were used, all patients were
discharged, and no recurrence or abscess was found during
follow-up. In group B, antibiotic was the first treatment,
and all the patients underwent abscess drainage. In sub-
group B2, two patients died of sepsis and septic shock,
although antibiotics were used and drainage operations
were performed.

Discussion

The present study demonstrated that serum PCT level had
a potential diagnostic value for liver abscess and sepsis
following TACE. WBC count and the levels of PCT, CRP,

NEUT, and NEUTP were examined as markers to differ-
entiate abscess from suspicious cases after TACE to clarify
the effect of PCT on liver abscess. The mean PCT level
was higher in subgroup B2 than in subgroup Bl
(P<0.001), and the ROC analysis had high sensitivity and
specificity. Collectively, the serum PCT level was
a promising inexpensive marker for the diagnosis of liver
abscess and sepsis following TACE therapy among
patients with HCC.

The formation of liver abscesses after TACE is a rare,
but serious, complication.®® Physicians should be aware
of the predisposing risk factors for TACE because of the
possibility of death. The formation of abscesses after
TACE is one of the most serious complications of
TACE.? The indication for antibiotic treatment and drai-

nage has therefore been a challenge for many years.9
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Figure 2 Diagnostic efficacies of sepsis were determined by comparing the areas under the curves (AUC).
Notes: PCT: AUC = 0.914, Cutoff value = 5.1; CRP: AUC = 0.609, Cutoff value = 200.3; WBC: AUC = 0.433, Cutoff value = 11.9; NEUT: AUC = 0.632, Cutoff value = 6.1;

MEUT: AUC = 0.640, Cutoff value = 91.0.

In the present study, WBC count, the levels of NEUT
and NEUTP showed no significant differences and low
sensitivity and specificity (Figure 2). After TACE, che-
motherapy drugs may cause bone marrow suppression.
Also, infection can cause an increase in inflammatory
cells, and, therefore, the WBC count is not reliable to
predict infection. The CRP level rises even if no infection
develops after TACE. Hence, the CRP level is not very
helpful for the diagnosis of abscess and sepsis.

Specific biomarkers for abscess are lacking. A previous
study showed that CRP and calprotectin had moderate
specificity and sensitivity for the diagnosis of abscess.'’
No reports on specific biomarkers and liver abscess and
sepsis after TACE are currently available. However, PCT
has been evaluated in cases of intra-abdominal sepsis or
injury where it showed a strong diagnostic value if abscess

formation or perforation occurred."’ CRP has been used to
indicate the presence of inflammatory disease because its
levels rise during acute infection.'> PCT is superior to
CRP in terms of accuracy at diagnosis and prognosis of
sepsis. It is also a more sensitive and specific biomarker in
the diagnosis of sepsis compared with other biomarkers,
including the levels of tumor necrosis factor-alpha, lactate,
Interleukin (IL)-2, IL-6, IL-8, and IL-10."*'* Most
patients with postoperative infection were treated with
antibiotics, and patients with liver abscess were treated
with antibiotics and drainage. The results indicated that
PCT might be more useful to differentiate abscess with
sepsis from abscess only compared with the gold standard
of abdominal CT scans.

The present study found that the amount of antibiotics
could be reduced according to the PCT level, regardless of

Cancer Management and Research 2020:12
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the formation of liver abscess indicated by CT. The surviv-
ing sepsis campaign added CRP and PCT to the definition
of sepsis in 2003. Then, in the early part of the last decade,
the surviving sepsis campaign approved the early goal-
directed therapy.'>'¢ The treatment and clinical course of
liver abscesses after TACE have some similarities with
intra-abdominal sepsis or injury. Even if PCT is not super-
ior to other biomarkers in abdominal infections, it may
have its place in the case of liver abscesses after TACE,
especially for patients with bacteremia. A total of 33
studies explored CRP as a marker for abdominal infection
or complications after surgery.'” '* Persistent CRP levels
of more than 100 mg/L 5 days after the surgery indicate
abscess formation or other septic complications.?%>!
However, other studies reported a limited role of CRP in
diagnosing sepsis or predicting outcomes in other clinical
scenarios.”” >* This study showed a difference in CRP
levels between groups with and without an abscess, but
no statistically significant difference was found in the
differential diagnosis of sepsis in patients with abscess.

A glycoprotein precursor of calcitonin, PCT, is pro-
duced by C cells of the thymus and also by leucocytes,
liver, kidney, adipose, and muscle tissue.”” In healthy
individuals, the serum levels are usually below 0.1 mg/
dL, but can rise within 2 h to 4 h of the inflammatory surge
and fall rapidly after halting the primary insult.?*2®
Persistently high levels correlated well with increased
mortality and severity scores.”’ In the present study,
a cutoff level of 5.1 ng/mL for PCT revealed high sensi-
tivity and specificity in predicting liver abscess with sep-
sis; it was more reliable than the WBC count and the
levels of NEUT and NEUTP. According to our experience,
we suggest routine examination of PCT 1 day after TACE.
For the patients with temperature higher than 38.5°C, it is
suggested to reexamine every 1-2 days, which can screen
out the patients with liver abscess as soon as possible, and
can prompt the curative effect of treatment.

Limitations

This study had several limitations. First, this trial was not
a randomized controlled trial. Second, this study was
a single-center trial and the sample size was limited.
Third, further studies should be performed to investigate
the use of antibiotics under the guidance of PCT.

Conclusion
Serum PCT was a promising inexpensive marker for the
diagnosis of liver abscess and sepsis following TACE

therapy among patients with primary liver cancer.
A cutoff level of 5.1 ng/mL for PCT revealed high sensi-
tivity and specificity in predicting liver abscess with
sepsis.
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