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Abstract
The global incidence of pyogenic liver abscess (PLA) is increasing, but related reports of malignant tumor-related PLA are infrequent.
Potential malignant tumors of PLA have been reported, but there is no relevant predictive model for this subsection of patients.
To explore the risk factors of malignant tumor-related PLA.
A retrospective analysis about a total of 881 patients who had been diagnosed with PLA from January 2005 to May 2018 was

performed. The incidence of malignant tumor-related PLA in the study was 9.99% (88/881) out of all PLA cases. And that of potential
malignant tumors with PLA was 4.65% (41/881). There were 62 patients with malignant tumor-related PLA in the observation group,
while 146 cases without malignant tumor-related PLA were considered as control group. The data from 52 cases of malignant tumor
and nonmalignant tumor-related PLA was verified.
The malignant tumor type was mainly hepatobiliary malignant tumor, which occupies 72.3% (45/62) in all malignant tumor related

PLA cases used to the model. Compared with nonmalignant tumor group, the rate of ineffective and mortality was higher in the
malignant tumor group [19.4%(12/62) vs 7.5%(11/148), P= .01]. Multivariate analysis suggested that hepatobiliary interventional
therapy or surgery, hepatitis B virus infection, multiple abscesses, portal embolism, and bile duct dilatation were independent risk
factors for potential malignant tumors within the patients who combined with PLA.
PLA could be considered as an early warning sign of potential malignant tumors. Malignant tumor-related PLA had a poor

prognosis. Patients with PLA who have more than one independent risk factor or logit(P)>�1.694 may be considered as the high
risk group for potential hepatobiliary or colorectal malignant tumors.

Abbreviations: AUC = area under curve, CI = confidence interval., CRCs = colorectal cancer, GGT = gamma glutamyl
transferase, HBV Infection = hepatitis B viral infection, HCC = Hepatocellular carcinoma, HCV Infection = hepatitis C viral infection,
ICC = intrahepatic cholangiocarcinoma, Intervention or surgery∗ = Intervention or surgery affecting hepatobiliary function, K.
pneumoniae = Klebsiella pneumoniae, MODS = multiple organ dysfunction syndrome, PLA = pyogenic liver abscess, R/L/B+
Caudate lobe∗ = Right/Left/Both+ Caudate lobe, SOFA = sequential organ failure assessment, TACE = transarterial
chemoembolization, TOCE = transcatheter oily chemoembolization.
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1. Introduction

PLA refers to a bacterial infection of the liver parenchyma that is
followed by infiltration of inflammatory cells and formation of
abscesses, which is often associated with hepatobiliary diseases,
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abdominal infections, and even malignant tumors.[1,2] Addition-
ally, the global incidence of PLA continues to rise.[2]

Recently, reports of PLA associated with malignant tumor are
increasing. Since PLA can be resulted from interventional
treatments of liver cancer such as transarterial chemoemboliza-
tion (TACE),[3–5] and thermal ablation (radiofrequency ablation,
microwave ablation).[6,7] Additionally, studies have shown that
PLA can be served as a warning sign of liver cancer,[8–10]

cholangiocarcinoma,[10–12] gastrointestinal carcinoma,[11,13–17]

lung cancer,[11] or early adenosquamous carcinoma.[18] Early
diagnosis and treatment are the key for PLA with potential
malignant tumors. A difficult challenge for clinicians is to identify
high-risk populations with potential malignant tumors in patients
with PLA.
Most of the PLA associated with malignant tumors are case

reports so far, while few original study was published. Yet, there
is few predictive model for assessing PLA occurrence risk of the
patients who recieved transcatheter oily chemoembolization
(TACE) therapy.[3] In our previous research, we found that both
PLA combined with potential malignant tumors and malignant
tumors that had common clinical features and imaging findings.
However, the data collected in most studies were not
comprehensive enough, and the commonalities between PLA
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Table 1

Incidence of cases of malignant tumor-associated liver abscess and potential malignancy with the initial manifestation of liver abscess.

Year
Total Cases of Pyogenic

Liver Abscesses
Pyogenic Liver Abscess

associated with Malignant tumor %
Pyogenic Liver Abscess Presenting as

the Initial Manifestation of Potentially Malignant tumor %

2005 29 3 10.34 1 3.45
2006 40 1 2.50 1 2.50
2007 32 2 6.25 2 6.25
2008 64 1 1.56 0 0.00
2009 52 6 11.54 3 5.77
2010 58 4 6.90 2 3.45
2011 65 3 4.62 0 0.00
2012 62 6 9.68 6 9.68
2013 71 5 7.04 2 2.82
2014 94 16 17.02 7 7.45
2015 71 9 12.68 4 5.63
2016 103 13 12.62 3 2.91
2017 95 15 15.79 8 8.42
2018

∗
45 4 8.89 2 4.44

total 881 88 9.99 41 4.65

Statistics for 2018 are only counted until May 2018.

Li et al. Medicine (2020) 99:9 Medicine
and carcinoma have not been well defined. Therefore, we
analyzed the clinical features and imaging features of these
patients and developed a predictive model for potential
malignant tumors.
2. Materials and methods

2.1. Research population

A total of 881 patients with PLA included 88 (9.99%) cases of
malignant tumor-related PLA were hospitalized in the First
Affiliated Hospital of Guangxi Medical University from January
1, 2005 to May 31, 2018. And that of the patients with potential
malignant tumors with an initial presentation of PLA was 4.65%
(41/881) (Table 1). For retrospective research and modeling, first,
the medical records of 62 patients (observation group) with
malignant tumor-related PLA from 2012 to 2018 were collected,
and then the medical records of 146 patients (control group) with
non-malignant tumor-related PLA were collected according to the
ratio of 1:2 and the timematching principle (year). Clinical data of
patients with malignant tumor-related PLA (n=26) and non-
malignant tumor-related PLA (n=26) was collected as validated
data to test the efficacy of the predictive model. Inclusion criteria:
1.
 Meet the diagnostic criteria for PLA.

2.
 Meet the diagnostic criteria for hepatocellular carcinoma.

3.
 Other types of malignant tumors were diagnosed by biopsy.

Exclusion criteria:
1.
 Amoebic liver abscess, liver tuberculosis.

2.
 Cases with incomplete data.

3.
 Malignant tumor diagnosed after PLA had been cured.

A diagnosis of hepatocellular carcinoma depends on a needle
biopsy or surgical specimens or was based on the discovery of
typical radiological features in at least 2 image examinations,
including ultrasound, contrast-enhanced dynamic computer
tomography, magnetic resonance imaging and elevated levels
of serum alpha-fetoprotein. The Sequential Organ Failure
Assessment (SOFA) was performed to assess the severity of a
patient’s condition use the SOFA scale of International Sepsis,
version 3.0. The origins of the PLA were defined as follows:
2

cryptogenic: the doctor cannot find the origin of the infection by
assessing the patient’s clinical data; biliary: clinical manifesta-
tions of biliary calculi and/or cholecystitis or cholangitis, or liver
fluke infection, excluding the effects of recent abdominal surgery
or interventional therapy; adjacent: abscess in the adjacent
abdomen; portal: abdominal infection recorded after appendicitis
or diverticulitis; arterial: with a history of recorded bacteremia,
no other history of intra-abdominal infections; and traumatic:
abscess secondary to a previous abdominal surgery or interven-
tional intervention. Additional terms are defined as follows:
intervention or surgery affecting the hepatobiliary system: the
intervention or surgery that was performed before the occurrence
of PLA, including radiofrequency ablation, TACE, endoscopic
retrograde cholangiopancreatography, various types of hepato-
biliary surgery, or a gastrointestinal physiologic reconstruction
surgery affecting the biliary tract. Ineffectiveness: after active
treatment, the patient’s symptoms and signs did not improve, and
the size of the abscess did not change. Death refers to the
ineffective treatment of patients who died from infection or
related complications during hospitalization.
2.2. Investigation of risk factors for PLA

The retrospective analyses of the medical records included age,
gender, symptoms, signs, diabetes, liver flukes, metastatic
abscess, hepatitis B viral infection (HBV Infection), hepatitis C
viral infection (HCV Infection), intervention or surgery affecting
the hepatobiliary system, other types of complications and
complications, abscess origin, and microbiological data. The
computed tomography, ultrasound or magnetic resonance
imaging data provided information on the maximum abscess
size, multiple abscesses (the number of abscess ≥ 2), abscess
location, portal embolism, gas formation, and biliary abnormali-
ties, which include biliary dilatation (internal and extrahepatic),
gallbladder neoplasms, and thickening of the biliary wall.
2.3. Statistical analysis

Data analysis was performed using SPSS 21.0 (IBM, Chicago, IL).
Continuous variables were analyzed by a t test or aMann-Whitney
U test for univariate analysis based on whether the data followed a



Table 3

Laboratory investigation of malignant tumor-related and nonma-
lignant tumor-related PLA.

Malignant
tumor (n=62)

Nonmalignant
tumor (n=148)

Variables N % N % P value

Origin
Biliary tract 29 46.8% 87 59.6% <.001
Cryptogenic 12 19.4% 50 34.2% >.99
Contiguous 1 1.6% 1 0.7% >.99
Traumatic 15 24.2% 2 1.4% <.001
Portal 2 3.2% 3 2.1% >.99
Arterial 3 4.8% 3 2.1% >.99

SOFA (mean ± SD) 3.323 0.48 2.048 0.25 .003
Laboratory data
First Hemoglobin (g/l,
means ± SD)

102.2 2.3 112.1 1.8 .001

GGT (U/l, means ± SD) 328.6 41.7 221.3 16.5 .04
Total bilirubin (mmol/l,
mean ± SD)

82.9 14.5 36.3 5.0 <.001

∗
= adjusting for significance; GGT=Gamma glutamyl transferase; PLA=pyogenic liver abscess;

SOFA= sequential organ failure assessment.
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normaldistribution.The categorical variableswere analyzedbyChi-
square test or Fisher’s exact probability method for univariate
analysis. The multivariate analysis was performed using a binary
logistic regression. Due to the substantial time requirement and
difficulty ofmicrobial culture, themultivariate analysis of these data
will not be performed. A predictive model of PLA with potential
malignant tumors was established based on statistically significant
factors in multivariate analysis. Model scores were scored by the
SPSS software’s scoring guide. Themodel was validated by external
validation data and receiver operating characteristic curves (ROC
curves). P< .05 was considered statistically significant.

2.4. Ethical statement

This studywas only an observational study. The patient’s tissuewas
not used and the patient’s privacy information was not exposed.
Therefore, the ethical approval was waived or not necessary.

3. Results

3.1. Clinical features

Chills (35.5% vs 59.6%, P= .001), diabetes (24.2% vs 40.4%,
P= .03), and chronic cardiovascular and cerebrovascular disease
(3.2% vs 14.4%, P= .02) were significantly lower in the
malignant tumor group. While Chronic liver disease (41.9%
vs 21.9%, P= .003), hepatitis B viral infection (32.3% vs 11.6%,
P< .001), cirrhosis (24.2% vs 6.8%, P< .001), an intervention or
surgery affecting hepatobiliary (51.6% vs 11.6%, P< .001),
sepsis 3.0 (61.3% vs 41.8%, P= .01), and gastrointestinal
bleeding (6.5% vs 0.7%, P= .03) were significantly higher in the
malignant tumor group. Sinus or fistula (4.8%) occurred only in
the malignant tumor group, so their prevalence differed
significantly from that of the nonmalignant group (Table 2).
Table 2

Clinical features of malignant tumor-related and nonmalignant tumo

Malignant tumor (n=62)

Variables N %

Age (years; means ± SD) 53.7 (1–88) 2.0
Sex
Male 42 67.7%
Female 20 32.3%

Signs and symptoms
Fever 57 91.9%
Abdominal pain 38 61.3%
Chills 22 35.5%
Jaundice 17 27.4%

Comorbidity
Diabetes mellitus 15 24.2%
Cardio-cerebrovascular disease 2 3.2%

Chronic liver disease 26 41.9%
Fatty liver 2 3.2%

HBV Infection 20 32.3%
HCV Infection 1 1.6%
Cirrhosis 15 24.2%
Liver fluke infection 7 11.3%
Intervention or surgery∗ 32 51.6%
Sepsis 3.0 38 61.3%
MODS 2 3.2%
Sinus tract or leakage 3 4.8%
Gastrointestinal bleeding 4 6.5%

HBV Infection=hepatitis B viral infection; HCV Infection=hepatitis C viral infection; Intervention or sur
syndrome; PLA=pyogenic liver abscess.
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The SOFA score (3.323±0.48 vs 2.048 ± 0.25, P= .003) was
significantly higher in the malignant tumor group, indicating that
the more severe disease in the malignant tumor group. The
incidence of biliary PLA (including biliary and traumatic abscess)
was significantly higher in the nonmalignant tumor group, while
that of traumatic PLA (including cryptogenic and traumatic
abscess) was significantly higher in the malignant tumor group.
The first hemoglobin measurement (102.2±2.3g/L vs 112.1±1.8
g/L, P= .001) in the hospital was significantly lower in the
malignant tumor group (Table 3).
r-related PLA.

Nonmalignant tumor (n=148)

N % P value

51.8 (1–88) 1.3 .43
.26

110 75.3%
36 24.7%

135 92.5% .90
84 57.5% .62
87 59.6% .001
31 21.2% .33

59 40.4% .03
21 14.4% .02
32 21.9% .003
11 7.5% .35
17 11.6% < .001
0 0 .30
10 6.8% <.001
29 19.9% .14
17 11.6% <.001
61 41.8% .01
3 2.1% .64
0 0 .03
1 0.7% .03

gery∗= Intervention or surgery affecting hepatobiliary function; MODS=multiple organ dysfunction

http://www.md-journal.com


Table 4

Microbiological diagnostic procedures and microbiological diagnoses of patients with malignant tumor and nonmalignant tumor with
PLA.

Total Malignant tumor Nonmalignant tumor

Variables N % N % N % P value

Microbial diagnostic procedure
Blood culture positive 31/102 30.4% 15/40 37.5% 16/62 25.8% .21
Abscess culture positive 48/109 44.0% 19/36 52.8% 29/73 39.7% .20
Total positive rate 70/155 45.2% 27/52 51.9% 43/103 41.7% .23
Polymicrobial infections 14/155 9.0% 8/52 15.4% 6/103 5.8% .05
Microorganisms
Escherichia coli 26/155 16.8% 14/52 26.9% 12/103 11.7% .02
Klebsiella pneumoniae 37 23.9% 9 17.3% 28 27.2% .17
Pseudomonas aeruginosa 4 2.6% 2 3.8% 2 1.9% .60
Acinetobacter baumannii 3 1.9% 1 1.9% 2 1.9% >.99
Enterobacter cloaca 1 0.6% 1 1.9% 0 0 N/A
Human septic 1 0.6% 1 1.9% 0 0 N/A
Aeromonas guinea 1 0.6% 1 1.9% 0 0 N/A
Staphylococcus 6 3.9% 3 5.8% 3 2.9% .38
Enterococcus faecium 9 5.8% 7 13.5% 2 1.9% .007
Enterococcus faecalis 2 1.29% 1 1.9% 1 1.0% >.99
Candida glabrata 1 0.6% 1 0.6% 0 0 N/A
Candida albicans 3 1.9% 1 1.9% 2 1.9% >.99

PLA=pyogenic liver abscess.
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The species of microbes in the malignant tumor group was
mainly Escherichia coli (26.9% vs 11.7%, P= .02), followed by
Klebsiella pneumonia (17.3%) and Enterococcus faecium
(13.5%) (Table 4). Primary liver cancer was the most common
tumor type in both groups (63.6% vs 68.9%), followed by
gastrointestinal malignant tumors (20.5% vs 21.2%). It seemed
that the metastatic rate (31.0% vs 9.1%, P= .05) was higher in
the potential malignant group, but the difference was not
statistically significant (Table 7). This difference may be related to
a misdiagnosis by the clinicians, leading to delays in treatment
and to metastases.
In the potential malignant tumor group, 1 case had been

diagnosed with rectal cancer, 1 case with nasopharyngeal
Table 5

Imaging findings of patients with hepatic abscess in the malignant
and nonmalignant tumor groups.

Malignant
tumor (n=62)

Nonmalignant
tumor (n=148)

Variables N % N % P value

Side diameter (cm,
means ± SD)

6.3 0.4 7.2 0.2 .04

Abscess position
Right lobe 32 51.6% 92 63.0% .13
Left lobe 11 17.7% 34 23.3% .37
Both lobes 15 24.2% 16 11.0% .01
Caudate lobe 1 1.6% 2 1.4% >.99
R/L/B+ Caudate lobe

∗
3 4.8% 2 1.4% .16

Multiple abscesses 39 62.9% 53 36.3% <.001
Gas formation 18 29.0% 27 18.5% .09
Portal embolism 7 11.3% 4 2.7% .01
Biliary tract abnormality 43 69.4% 77 52.7% .03
Gallbladder vegetation 3 4.8% 18 12.3% .13
Biliary wall thickening 11 17.7% 19 13.0% .38
Gallstone or cholecystitis 16 25.8% 56 38.4% .08
Bile duct dilatation 38 61.3% 51 34.9% <.001

R/L/B+ Caudate lobe
∗
: Right/Left/Both+ Caudate lobe.
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carcinoma (T3N2M0), and 1 case with pelvic embryonal tumor.
All three patients were diagnosed with cholangiocarcinoma at
this time. One of them had multiple intrahepatic and intra-
abdominal metastasis lesions, and one patient only had intra-
hepatic metastasis. This finding suggested that the patients with
PLA who had a history of malignant tumors may have suffer a
potential malignant tumor that was different from previous
malignant tumor types.
The diameter of the abscess (6.3±0.4cm vs 7.2±0.2cm,

P= .04), both lobes (24.2% vs 11.0%, P= .01), multiple
abscesses (62.9% vs 36.3%, P< .001), portal embolism
(11.3% vs 2.7%, P= .01), biliary tract abnormalities (69.4%
vs 52.7%, P= .03), and bile duct dilatation (61.3% vs 34.9%,
P< .001)in malignant tumor group showed statistically signifi-
cant differences in the imaging analyses, comparing to nonma-
lignant tumor group. (Table 5).
3.2. Prognosis

In the maligant and nonmaligant tumor group, the most
prevalent treatment was antibiotics combined with percutaneous
puncture drainage (58.1% vs 48.6%), followed by treatment
with antibiotics alone (24.2% vs 39.7%), respectively. In
addition to these therapeutic methods, treatment of themalignant
tumor group also included the combined use of antibiotics and
surgical resection 16.1%. The total hospitalization days, and
ineffectiveness and mortality (19.4% vs 7.5%, P= .01) are
significantly higher in the malignant tumor group comparing to
the nonmalignant tumor group (Table 6). This finding suggested
that patients suffering malignant tumor-associated PLA showed
worse prognosis and higher medical cost.

3.3. The independent risk factors of malignant tumors
occurrence in the cases with PLA

Amultivariate analysis was then performed. Chills (OR 0.375, CI
95% 0.162–0.868, P= .02), high hemoglobin (OR 0.965, CI
95% 0.945–0.984, P< .001), abscess diameter (OR 0.803, CI



Table 6

Treatment and outcome of patients in the malignant tumor and nonmalignant tumor groups.

Malignant tumor (n=62) Nonmalignant tumor (n=148)

Variables N % N % P value

Treatment
Antibiotic alone 15 24.2 58 39.7 .03
Percutaneous aspiration 0 0 4 2.7 N/A
Antibiotic + percutaneous aspiration 36 58.1 71 48.6 .21
Antibiotic + surgical drainage 1 1.6 6 4.1 .36
Antibiotics + surgical resection 10 16.1 7 4.8 .006
Outcome
Ineffectiveness and mortality 12 19.4 11 7.5 .01
Admission days (d) 30.3 3.2 16.9 1.1 <.001
Cost (<) 102290.3 38018.0 33195.9 6784.3 <.001
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95% 0.695–0.928, P= .003), and cholelithiasis or cholecystitis
(OR 0.120, CI 95% 0.040–0.356, P< .001) suggested a lower
risk of the occurrence of a potential malignant tumor.
Intervention or surgery affecting hepatobiliary function (OR
10.342, CI 95% 3.684- 29.031, P< .001), hepatitis B viral
infection (OR 4.237, CI 95% 1.558–11.519, P= .005), multiple
abscesses (OR 3.655, CI 95% 1.584–8.435, P= .002), portal
embolism (OR 16.099, CI 95% 2.938–88.207, P= .001), and
bile duct dilatation (OR 2.966, CI 95% 1.200–7.332, P= .02)
were independent risk factors for patients with PLA suffering
potential malignant tumors.
The predictive model that was constructed by binary logistic

regression using SPSS software predicts the validated data
(malignant tumor group and nonmalignant tumor group in 26
cases) and constructs the receiver operating characteristic curve
of the predictive model. The area under the curve (AUC) 0f was
calculated to be 0.932 [(95% confidence interval, 0.865–0.999),
P< .001, Fig. 1]. In addition, the corresponding optimal risk was
0.155 (sensitivity=0.962, specificity=0.808). By the equation
logit (p)=3.260+(�.982) �Chills+2.336 � Intervention or
surgery affecting hepatobiliary + (�.036) � First Hemoglobin +
1.444 �HBV infection +(�.219) �Side diameter (cm) + 1.296 �
Multiple abscesses (≥ 2)+2.779� Portal embolism + (�2.123)�
Gallstone or cholecystitis +1.087� Bile duct dilatation and using
Table 7

Tumor types of potential malignant tumor and nonpotential
malignant tumor groups.

Potential
malignant

tumor (n=33)

Nonpotential
malignant

tumor (n=29)

Variables N % N % P value

Hepatocellular carcinoma 7 24.1% 10 30.3% .59
Cholangiocarcinoma 13 44.8% 11 33.3% .35
Esophageal and cardiac cancer 0 0 1 3.0% N/A
Gastric stromal tumor 1 3.4% 0 0 N/A
Gastric cancer 1 3.4% 3 9.1% .62
Duodenal adenocarcinoma 1 3.4% 2 6.1% >.99
Colorectal adenocarcinoma 3 10.3% 1 3.0% .33
Lung adenosquamous carcinoma 1 3.4% 0 0 N/A
Hepatic squamous cell carcinoma 1 3.4%0 0 0 N/A
Liver cancer sarcoma 1 3.4% 0 0 N/A
Leukemia 0 0 4 12.1% N/A
Transfer 9 31.0% 3 9.1% .05

5

the value p ¼ 1
1þe�logitP ¼ 0:155 the equation was derived to obtain

logit (P)= -ln5.442=�1.694. It was concluded that a logit (P)>�
1.694, suggested that patients with PLA had a higher possibility
of potential malignant tumors.

4. Discussion

An infection secondary to biliary tract obstruction is now the
most easily identifiable cause of PLA. However, studies from
Western countries have shown that due to developments in the
treatment of hepatobiliary and pancreatic tumors, cases that were
reported of PLA have changed from relatively benign obstruc-
tions to malignant obstructions.[1,19]

Malignant tumor-related PLAwere uncommon. Recent studies
have mainly focused on potential malignant tumors with PLA as
an initial clinical manifestation. There have still been few studies
on patients with PLA with a history of previous malignant
tumors, and these studies were mainly from Asian countries.[3,11]

Hepatobiliary malignant tumors,[8–11,20–22] colorectal
tumors,[11,16,21] and other gastrointestinal tumors were the top
three malignant tumor types that had PLA as an initial
manifestation, as reported by previous studies.[21] Malignant
tumor-related PLA have been reported to be mainly caused by
TACE and RFA treatment of hepatocellular carcinoma.[3–7,23]

Previous studies have shown that potential malignant tumor-
related PLA had common clinical features with nonpotential
malignant tumor-related PLA. Our study showed that the overall
incidence of malignant tumor-related PLA was 9.88%, and that
Table 8

Multivariate analysis of patients with malignant tumor-associated
liver abscesses.

Variables Odds ratio CI 95% P value

Chills 0.375 0.162–0.868 .02
Intervention or surgery

∗
10.342 3.684- 29.031 <.001

First Hemoglobin 0.965 0.945–0.984 <.001
HBV infection 4.237 1.558–11.519 .005
Side diameter (cm) 0.803 0.695–0.928 .003
Multiple abscesses 3.655 1.584–8.435 .002
Portal embolism 16.099 2.938–88.207 .001
Gallstone or cholecystitis 0.120 0.040–0.356 <.001
Bile duct dilatation 2.966 1.200–7.332 .02

CI=confidence interval; HBV Infection=hepatitis B viral infection; Intervention or surgery
∗
=

Intervention or surgery affecting hepatobiliary function.
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Figure 1. Receptor characteristic curve of predictive model of malignant
tumor-related PLA. The predictive model constructed by binary logistic
regression using SPSS software predicts the validated data (malignant and
non-malignant in 26 cases, respectively) and constructs the receiver operating
characteristic curve of the predictive model. The area under the curve (AUC)
was calculated to be 0.932 ([95% confidence interval, 0.865–0.999], P= .000,
Fig.1).
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of potential malignancies rate of PLA was 4.65%, which was
higher than the overall incidence that was reported in previous
reports (2.15%–3.5%).[8,10] The type of potential malignant
tumor was mainly hepatobiliary malignant tumor (72.3%), of
which hepatobiliary cell carcinoma accounted for the highest
proportion (44.8%), followed by gastrointestinal malignant
tumor (20.5%). It is worth noting that in the group of potential
malignant tumors, there were 3 patients with previous malignant
tumors, including colorectal cancer surgery, nasopharyngeal
carcinoma (T3N2M0), and pelvic embryonic tumor. The
pathological type of malignant tumor diagnosed in these 3
patients were hepatobiliary cell carcinoma. One suffered multiple
intrahepatic and intraabdominal metastases and another one
suffered only intrahepatic metastasis. This finding suggested that
even in patients with PLA with a history of malignancies, there
may be a possibility of potential malignant tumors that were
different from previous malignant tumors types, which warns of
the existence of potential malignant tumors.
PLA are part of a chronic inflammatory process that destroys

the liver parenchyma, and they may be involved in the
development of liver malignant tumors. However, studies have
shown that it took a long time for inflammation to develop into a
liver malignant tumors.[24] Our study suggested that there may be
potential malignant tumors in patients with PLA. PLA is an early
warning sign for malignant tumors in people who are at a high
risk of malignant tumors, but it is not a trigger for malignant
tumors. This hypothesis is consistent with previous studies.[9–
12,16,17,21,25]

The pathogenesis of PLA in patients with potential malignant
tumors has not yet been fully illuminated. The mechanism of
primary hepatocellular carcinoma with PLA is mainly caused by
spontaneous malignant tumors necrosis, since a dropping tumor
6

thrombosis and biliary obstruction results in a malignant tumors
thrombuswith a bacterial infection.[26] This is consistent with our
findings. In malignant tumor group, the proportion of patients
with chills was significantly lower than that of the nonmalignant
tumor group (59.6% vs 35.5%, P= .001), and the proportion of
bile duct dilatation was significantly higher than that of the
nonmalignant tumor group (61.3% vs 34.9%, P< .001). Chills
(OR 0.375) suggested that the patients with the PLA had a lower
risk of suffering from potential malignant tumors, which may be
related to malignant tumors. The fever in patients with PLA was
mainly due to the absorption of heat by the malignant tumors,
which was caused by spontaneous necrosis of the malignant
tumors and was consistent with previous studies.[26]

To the best of our knowledge, some malignant tumors,
especially large malignant tumors, develop spontaneous necrosis
when the blood supply was insufficient. Malignant tumor
necrosis and biliary obstruction also exist in the cases of liver
cancer that are treated with TACE and thermal ablation. The
pathogenesis of PLA in patients with liver cancer who are
undergoing interventional therapy is similar to that of potential
liver cancer. In the case of potential colorectal cancer (CRCs),
bacteria enters into the portal system due to a deficiency in the
malignant tumor mucosa or to potential vascular exposure;
subsequently, blood diffuses into the liver, and this is considered
to be the key process.[11,27]

Other types of potential gastrointestinal malignant tumors also
have mucosal deficiencies. In our study, some gastrointestinal
malignant tumors had sinus formation on the liver surface, and
the bacteria that spread through the sinus or mucosal defects in
the malignant tumor mucosa enter the portal system. Then, the
blood moves the bacterial infection to the liver. To the best of our
knowledge, asymptomatic colorectal cancer combined with PLA
rarely occur tumor metastasis, but all cases of pancreatic
maligant tumor and stomach stromal tumor combined with
PLA that were enrolled suffer liver metastasize.
Studies had shown that hospitalized patients suffering from

hepatocellular carcinoma with PLA had a hospital mortality rate
of 40.9%.[28] In the study by Yeh et al, patients suffering from
hepatocellular carcinoma with PLA had a poor prognosis and an
average survival of 3.5 months.[26] Lin et al showed that patients
who were diagnosed with HCC that initially manifested as PLA
had a worse prognosis than patients with HCC without PLA.[8]

They believed that if the doctors were not alerted to the PLC, the
treatment of the PLA may lead to delays in diagnoses, and
drainagemay cause the malignant tumors to spread. In this study,
compared with the nonmalignant tumor group, the SOFA score,
the proportion of serious complications (gastrointestinal bleed-
ing, sepsis 3.0, gastrointestinal bleeding), total time of hospital
stay, and cost were significantly higher in the malignant tumor
group. The rate of ineffectiveness and mortality (19.4% vs 7.5%,
P= .02) was significantly higher in the malignant tumor group
than in the nonmalignant tumor group, and sinus or leakage only
occurred in the malignant tumor group. These results suggested
that patients suffering malignant tumor-associated PLA showed
worse prognosis and higher medical cost. The potential
malignant tumor group had a higher metastatic rate than the
nonpotential malignant tumor group (31.0% vs 9.1%, P= .05).
In one case, the malignant tumor cells metastasized to the drain
from the sinus, which indicates that the initial manifestation of
PLA can lead to the diagnosis and delayed treatment of malignant
tumors. If the clinicians ignore the possibility of malignant
tumors, drainage will lead to the spread of malignant tumors.
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Chronic cholangitis and hepatolithiasis were closely related to
intrahepatic cholangiocarcinoma.[29] The proportion of patients
with cholelithiasis or cholecystitis in the nonmalignant tumor
group was higher than that in the malignant tumor group, which
was inconsistent with previous studies.[9] The multivariate
analysis suggested that patients with PLA had a lower risk of
potential malignant tumors. Most patients in the malignant
tumor group had a previous history of gallstone removal surgery,
and the determination of cholelithiasis or cholecystitis in this
study was done with imaging tools. In the case of a diagnosis of
cholelithiasis or cholecystitis, the sensitivity of the imaging
examination was limited, which meant that some patients with
chronic recessive biliary tract infections and tiny biliary stones
were not identified through the imaging methods, so the
predictive capabilities of the imaging examination on cholelithi-
asis or cholecystitis and the determination of whether PLA
function as a protective factor for potential malignant tumors
required further research. The higher first hemoglobin (OR
0.965) and the larger abscess diameter (OR 0.803) suggested that
PLA carried a lower risk of potential malignant tumors. The
malignant tumor-related PLA group was characterized by a more
serious condition and multiple abscesses that resulted in a higher
consumption of hemoglobin. In addition, we found that an
intervention or surgery affecting hepatobiliary function, hepatitis
B viral infection, multiple abscesses (number of abscesses ≥ 2),
portal embolism, and bile duct dilatation were independent risk
factors for PLA in patients with potential malignant tumors.
There were always multiple liver abscesses in the malignant
tumor cases, which was consistent with previous studies.[3]

Hepatocellular carcinoma (HCC) and cholangiocarcinoma
were the two most common PLCs, accounting for 90% and 8%
of all primary liver cancers in this study, respectively.[30] The
main risk factors for HCC were cirrhosis, chronic hepatitis B,
chronic hepatitis C, alcohol consumption, obesity and diabe-
tes.[31] The main risk factors for ICC were similar to those for
HCC[32] and included intrahepatic bile duct stones.[29] Biliary
dilatation was a manifestation of poor bile drainage in
hepatobiliary malignant tumors and was a risk factor for
malignant tumor-related PLA, and this finding was consistent
with previous studies.[3] In this study, hepatitis C viral infection
was not an independent risk factor, but this may be due to a lack
of cases. Additional cases should be researched further.
Few studies have previously reported the characteristic

imaging findings of PLA. This study collected comprehensive
clinical data to study PLA with potential malignant tumors and
PLA based on previously identified malignant tumors. A
diagnostic prediction model was developed further. The area
under the curve (AUC) for the diagnostic prediction model was
0.932. The diagnostic model had an excellent diagnostic
performance and extensive application for patients with the risk
factors. This model is suitable for determining the risk of a
potential malignant tumors in patients with new-onset PLA.
The present study had several limitations. First, this was a

retrospective analysis with a small sample size for the malignant
tumor group. Second, patients with colorectal adenomas were
not included in the study. Patients with high-risk cryptogenic PLA
did not undergo colonoscopy, which may lead to a misdiagnosis
of most patients with colorectal malignant tumors. Third, the
number of cases of hepatitis C viral infection is too low, and the
diagnostic efficacy of elevating the number of HCV patients in the
model was poor. Fourth, this predictive model for malignant
tumor-related PLA has not been validated in independent
7

populations outside our hospital, and it needs to be further
studied in independent populations in other regions.
In conclusion, first, A PLA is an early warning sign of potential

malignant tumors. Second, Malignant tumor-related PLA carries
a poor prognosis. Third, Patients in PLA with a previous
malignant tumor exist a potential hepatobiliary malignant
tumors. Patients with PLA who have more than one independent
risk factor or logit (P)> -1.694 may be considered as a high risk
group for potential hepatobiliary or colorectal malignant tumors.
Liver biopsy is recommended in patients with PLA, and
colonoscopy is recommended in patients with high-risk PLA,
especially in areas of primary liver cancer and colorectal cancer.
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