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INTRODUCTION
Drug- eluting bead chemoembolization (DEB- TACE) is 
considered to have utility as an optional therapeutic strategy for 
the treatment of liver tumors, especially for hypovascular liver 
metastasis.1,2 There are some advantages of DEB- TACE relative 
to conventional TACE. The symmetrical and uniform shape and 
size of the embolic beads results in more efficient embolization 
of the tumor supply. In addition, slow and continuous release of 
anti tumor drugs is promoted, increasing drug concentration 
and improving the control over tumor recurrence.1,3

Despite being minimally invasive, TACE can cause severe 
complications, including hepatic failure, liver abscess and 
biloma formation.4,5 Liver abscess formation is a rela-
tively rare complication with an incidence rate between 
0.1 and 4.5% in large- scale studies of patients with hepatic 
malignancies who received TACE.6–9 However, it is a 
severe complication with a reported mortality rate of up 
to 50%.9 Previous studies on liver abscess formation are 
largely limited to patient cohorts with primary hepato-
cellular carcinoma and there are few reports concerning 
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Objective: To investigate the incidence and risk factors 
for liver abscess formation after treatment with drug- 
eluting bead chemoembolization (DEB- TACE) in patients 
with metastatic hepatic tumors (MHT).
Methods: The current study is a retrospective analysis of 
the clinical data of 137 patients with metastatic hepatic 
tumors who received DEB- TACE treatment in our insti-
tute (Union Hospital, Tongji Medical College, Huazhong 
University of Science and Technology) between June 
2015 and September 2020. Patients were evaluated 
for the presence or absence of post- DEB- TACE liver 
abscess. Univariate and multivariate analyses were used 
to identify risk factors for liver abscess formation.
Results: The incidence of liver abscess formation after 
the DEB- TACE procedure was 8.76% per patient and 
5.53% per procedure. Univariate analysis showed that 
larger maximum tumor diameter (p = 0.004), Grade 1 
artery occlusion (p < 0.001) and systemic chemotherapy 

within 3 months before the DEB- TACE procedure (p < 
0.001) were all associated with liver abscess formation. 
However, only systemic chemotherapy within 3 months 
before the DEB- TACE procedure (OR 5.49; 95% CI 0.34–
13.54; p < 0.001) was identified by multivariate analysis 
to be an independent risk factor.
Conclusions: Tumor size, Grade 1 artery occlusion and 
recent systemic chemotherapy may all be associated 
with increased risk of liver abscess formation following 
DEB- TACE treatment in patients with metastatic hepatic 
tumors.
Advances in knowledge: Identification of risk factors for 
liver abscess formation following DEB- TACE in patients 
with MHT. These findings suggest the need for caution 
and consideration of the aforementioned risk factors on 
the part of interventional radiologists when designing 
DEB- TACE strategies and performing post- procedure 
patient management.
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metastatic hepatic tumors (MHT). Moreover, most reports refer 
to conventional chemoembolization which differs significantly 
from DEB- TACE. Reports indicate that DEB- TACE is associated 
with a high tumor necrosis rate and may stimulate pathophysi-
ological inflammatory signals more strongly than conventional 
TACE.10,11 Any impact of these differences on liver abscess 
formation remains unclear.

To the best of our knowledge, little information regarding liver 
abscess formation following DEB- TACE in patients with MHT is 
available and no investigation of risk factors has been performed. 
Therefore, the purpose of the current study was to investigate 
frequency and risk factors for liver abscess formation in MHT 
patients who had undergone the DEB- TACE procedure.

METHODS AND MATERIALS
This study was approved by the institutional review board at 
the corresponding author’s institution. The requirement for 
informed consent was waived as the study involved a retrospec-
tive review of medical records and images.

Patient cohort
Medical records for patients diagnosed with MHT who under-
went a DEB- TACE procedure in our institute between June 2015 
and September 2020 were reviewed. Diagnosis of liver metas-
tasis was made based on the following criteria: (1) extra hepatic 
primary malignancy shown by histological examination; (2) 
elevated plasma concentrations of tumor biomarkers; (3) consis-
tent findings of liver mass shown by imaging. Data, including 
gender, age, medical history (including diabetes mellitus, chronic 
liver disease, bilioenteric anastomosis, use of prophylactic anti-
biotics and systemic chemotherapy prior to DEB- TACE proce-
dure), Eastern Cooperative Oncology Group (ECOG) score, 
liver function (Child- Pugh classification), laboratory test for 
white blood cells, primary tumors, tumor numbers, maximum 
tumor diameter, portal vein thrombosis, selectivity of emboliza-
tion and degree of artery occlusion were collated.

The degree of embolization selectivity was categorized 
according to the classification of Woo et al9: lobar, segmental 
or sub  segmental. The degree of artery occlusion was graded 
according to the method of Miyayama et al with slight modifi-
cations12: 0: obvious blood flow slowing without achievement of 
arterial stasis; 1: achievement of arterial stasis.

DEB-TACE procedure
Informed consent was received from all patients before each 
DEB- TACE procedure. The procedure was performed as follows: 
(1) a 2.7F microcatheter was placed in the tumor feeding arteries 
as precisely as possible; (2) drug- eluting beads, CalliSpheres® 
(Jiangsu Hengrui Medicine Co., Ltd., China), 100–300 microm-
eters in diameter in non- ionic contrast medium (each vial was 
loaded with 60 mg of a doxorubicin solution or 80 mg of an 
irinotecan solution), were injected until slowing or stasis of 
blood flow in the tumor feeding arteries could be observed. No 
other embolic agents were administered. Patients were assessed 
at intervals for efficacy and treatment- related complications. In 
the absence of a complete response, based on modified Response 

Evaluation Criteria in Solid Tumours, further DEB- TACE 
sessions were performed dependent on the patient’s tolerance of 
the procedure.

Diagnosis of liver abscess
Patients' medical records were reviewed from Day 1 to at least 
1 month after the procedure to identify the occurrence of liver 
abscess. Liver abscess was defined as follows: (1) CT images 
showing hypoattenuating lesion or MRI showing long T1 and 
long T2 lesion with gas- fluid level or a typical enhancement 
pattern (peripheral rim enhancement); (2) clinical presenta-
tion or laboratory tests meeting any of the following conditions: 
blood or pus culture revealing bacteria; a purulent pus from 
percutaneous drainage; body temperature higher than 38.5°C for 
at least 5 days with leukocyte count above 12 × 109  l−1 without 
any other cause.

Statistical analysis
Continuous data are presented as median (range). The Kolm-
ogorov–Smirnov test was used to assess normal distribution of 
data. Normally distributed continuous variables were compared 
between groups using the independent samples t- test and those 
with abnormal distribution were compared using the Mann–
Whitney U test. Categorical variables are presented as numbers 
(percentages). Differences in categorical data were compared 
using the Pearson X2 test or Fisher’s exact test.

Variables with significant differences in univariate analysis were 
analyzed by multivariate analysis using the Firth maximum like-
lihood estimation to identify independent risk factors. Statistical 
analyses were performed using Rstudio 1.4 (JJ Allaire, Boston, 
MA). A p- value of less than 0.05 was considered statistically 
significant.

RESULTS
Patient characteristics
A total of 137 patients (73 males and 64 females; median age: 58 
years; range: 28–81 years) who had undergone 217 DEB- TACE 
procedures were enrolled. Of these, 131 (95.6%) had failed to 
respond to systemic chemotherapy (49 failed to respond to 
one line, and 82 failed to respond to two lines). The remaining 
six patients (4.4%) had refused systemic chemotherapy and 
accepted DEB- TACE as their first- line treatment after suffi-
cient consultation. Clinical and imaging characteristics for all 
patients are summarized in Table  1. The most common type 
of primary tumor was colorectal cancer (CRC; n = 63; 46.0%), 
followed by gastric cancer (GC; n = 24; 17.5%), lung cancer (LC; 
n = 19; 13.9%), breast cancer (BC; n = 16; 11.7%), nasopharyn-
geal carcinoma (NPC; n = 10; 7.3%), neuroendocrine neoplasm 
(NEN; n = 4; 2.9%) and pancreatic carcinoma (PC; n = 1; 0.7%). 
Five (3.6%) patients had comorbidities of bilioenteric anasto-
mosis and 10 (7.3%) had chronic liver disease. Diabetes mellitus 
was reported in 8 (5.8%) patients. 40 (29.2%) patients had one 
or two tumors and the remainder had multiple tumors (three 
or more). The median maximum tumor diameter was 5.2 cm 
(range: 3–11 cm).
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Table 1. Patients’ baseline characteristics divided according to liver abscess

Characteristics Total (n = 137) LA (n = 12) Non- LA (n = 125)
Age (year), median (range) 58 (28–81) 55 (39–73) 59 (28–81)

Male gender, n (%) 73 (53.3%) 7 (58.3%) 66 (52.8%)

Comorbilities

  Diabetes mellitus, n (%) 8 (5.8%) 2 (16.7%) 6 (4.8%)

  Chronic liver disease, n (%) 10 (7.3%) 3 (25%) 7 (5.6%)

  Biliaryenteric anastomosis, n (%) 5 (3.6%) 1 (8.3%) 4 (3.2%)

ECOG score

  0 123 (89.8%) 10 (83.3%) 113 (90.4%)

  1 14 (10.2%) 2 (16.7%) 12 (9.6%)

Child- Pugh classification

  Child- Pugh A, n (%) 128 (93.4%) 10 (83.3%) 118 (94.4%)

  Child- Pugh B, n (%) 9 (6.6%) 2 (16.7%) 7 (5.6%)

WBC (×109/L ), median (range) 6.4 (2.9–10.7) 6.1 (4.9–9.2) 6.5 (2.9–10.7)

Primary tumor

  Colorectal cancer, n (%) 63 (46.0%) 5 (41.7%) 58 (46.4%)

  Gastric cancer, n (%) 24 (17.5%) 3 (25.0%) 21 (16.8%)

  Lung cancer, n (%) 19 (13.9%) 2 (16.7%) 17 (13.6%)

  Breast cancer, n (%) 16 (11.7%) 0 16 (12.8%)

  Nasopharyngeal carcinoma, n (%) 10 (7.3%) 1 (8.3%) 9 (7.2%)

  Neuroendocrine neoplasm, n (%) 4 (2.9%) 0 4 (3.2%)

  Pancreas carcinoma, n (%) 1 (0.7%) 1 (8.3%) 0

Tumor number

  1, n (%) 11 (8.0%) 1 (8.3%) 10 (8.0%)

  2, n (%) 29 (21.2%) 4 (33.3%) 25 (20.0%)

  3 or more, n (%) 97 (70.8%) 7 (58.3%) 90 (72.0%)

MTD (cm), median (range) 5.2 (3–11) 6.7 (4–9) 4.9 (3–11)

Portal vein thrombosis

  No, n (%) 129 (94.2%) 10 (83.3%) 119 (95.2%)

  Branch, n (%) 7 (5.1%) 2 (16.7%) 5 (4.0%)

  Main, n (%) 1 (0.7%) 0 1 (0.8%)

Antibiotic prophylaxis

  No, n (%) 129 (94.2%) 11 (91.7%) 118 (94.4%)

  Yes, n (%) 8 (5.8%) 1 (8.3%) 7 (5.6%)

SC before DEB- TACE

  No, n (%) 6 (4.4%) 1 (8.3%) 5 (4.0%)

  Within 3 months, n (%) 9 (6.6%) 6 (50.0%) 3 (2.4%)

  More than 3 months, n (%) 122 (89.1%) 5 (41.7%) 117 (93.6%)

Selectivity of embolization

  Lobar, n (%) 4 (2.9%) 1 (8.3%) 3 (2.4%)

  Segmental, n (%) 22 (16.1%) 3 (25.0%) 19 (15.2%)

  Sub segmental, n (%) 111 (81%) 8 (66.7%) 103 (82.4%)

(Continued)
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Liver abscess formation
Liver abscesses developed in 12 of the 137 patients (217 proce-
dures) in the cohort, giving an incidence rate of 8.76% per 
patient and 5.53% per procedure. Clinical characteristics of these 
patients are summarized in Table 2. The most common symptom 
of patients with liver abscess was hepatalgia (100%), followed by 
fever (95%), chill (82%), fatigue (73%) and nausea (64%). A mean 
period of 4.7 days (range: 2–12 days) elapsed between the DEB- 
TACE procedure and the confirmed diagnosis of liver abscess. 
Blood bacterial culture returned positive results for five patients 
(41.67%). The pathogenic microorganisms responsible were 
Escherichia coli (n = 3), Klebsiella pneumonia (n = 1) and Citro-
bacter freundii (n = 1). Pus bacterial culture returned positive 
results for 11 patients (91.67%). The pathogenic microorganisms 
responsible were Escherichia coli (n = 6), Klebsiella pneumonia 
(n = 2), Citrobacter freundii (n = 2) and Enterobacter cloacaeand 
(n = 1). Positive bacterial culture results for both blood and pus 
were observed in ive patients. The pathogenic microorganisms 
were Escherichia coli (n = 3), Klebsiella pneumonia (n = 1) and 
Citrobacter freundii (n = 1).

Univariate analysis of all variables was performed. The 
occurrence of larger maximum tumor diameter, systemic 
chemotherapy within 3 months before DEB- TACE proce-
dure and Grade 1 artery occlusion were statistically different 
between patients with liver abscess formation and those 
without (Table  3). Multivariate analysis using the Firth 
maximum likelihood estimation showed that only systemic 
chemotherapy within 3 months before DEB- TACE proce-
dure (OR 5.49; 95% CI 0.34–13.54; p < 0.001) constituted an 
independent risk factor for liver abscess formation.

Patient outcomes
All patients in whom abscess was confirmed were treated with 
parenteral antibiotics either empirically or according to available 
bacterial culture results. Percutaneous catheter drainage (PTCD) 
was performed in eight patients and percutaneous aspiration in 
three. Two patients died as a result of the rapid progression of 
the abscess to disseminated intravascular coagulation (DIC), 1–2 
days after diagnosis of abscess. One patient died from respiratory 
failure due to combined pulmonary infection 15 days after diag-
nosis (Figure 1). The mortality rate was 25% and the duration of 
hospitalization was 8 days (range: 3–15 days).

DISCUSSION
There have been several reports of higher rates of liver abscess 
formation following chemoembolization/embolization (TACE/
TAE) procedures in patients with MHT compared with those 

with hepatocellular carcinoma (HCC). Song et al reported an 
overall incidence of 0.2% in 2439 patients while the incidence 
was 2.6% in patients with metastatic tumors.6 Furthermore, 
Lv et al demonstrated a significantly higher incidence of liver 
abscess in patients with MHT than in those with HCC (1.54% vs 
0.32%).13 The current study reports data which indicate a higher 
incidence of liver abscess formation (8.76% per patient and 
5.53% per procedure) than those previously reported. Differ-
ences in the embolic agents used for the TACE procedures may 
account for this disparity.

The current study enrolled a cohort of patients for whom 
the embolic agent used in the DEB- TACE procedure was a 
permanent, heterogeneous drug- eluting bead. Such agents 
have been associated with a higher necrosis rate and with 
greater pathophysiological inflammatory responses by 
comparison with conventional iodized- oil TACE proce-
dures. There have also been suggestions of increased risk of 
liver and biliary injuries following use of drug- eluting beads 
which may be risk factors for liver abscess formation.10,14,15 
Blood supply to the biliary duct depends on arterial blood 
flow in contrast with the double blood supply to the liver 
parenchyma. HCC usually develops on a background of 
cirrhosis and portal hypertension, which may promote the 
development of a more complex arterial network to supply 
the biliary ductal system.16 However, most MHTs lack this 
protective effect. These anatomical and pathological charac-
teristics make the biliary duct in MHTs more susceptible to 
the ischemic injury caused by artery occlusion. This obser-
vation may partially explain why biliary injury following 
TACE occurred more frequently for patients with MHTs than 
for those with HCC. Inconsistencies in the performance of 
DEB- TACE techniques for MTHs, particularly concerning 
the degree and selectivity of embolization, characterize 
the literature concerning this treatment.1,17 Many authors 
recommend a lobar treatment and avoiding arterial stasis for 
colorectal cancer liver metastases (CRCLM).18,19 A recent 
study demonstrated the association between the branch 
level of embolization and the severity of post- DEB- TACE 
syndrome in CRCLM patients.17 Only a small proportion 
of the patients included in the current study received lobar 
embolization (2.9%) or Grade 1 artery occlusion (9.5%). 
Univariate analysis showed that Grade 1 artery occlusion 
was associated with liver abscess formation, although this 
was not confirmed by multivariate analysis. Further large 
scale and well- designed studies are required to investigate 
any association between the degree and selectivity of embo-
lization and the rate of abscess formation.

Characteristics Total (n = 137) LA (n = 12) Non- LA (n = 125)
Degree of artery occlusion

  Grade 0, n (%) 124 (90.5%) 2 (16.7%) 122 (97.6%)

  Grade 1, n (%) 13 (9.5%) 10 (83.3%) 3 (2.4%)

LA, liver abscess; WBC, white blood cells; MTD, maximum tumor diameter; SC, systemic chemotherapy; DEB- TACE, drug- eluting 
bead chemoembolization.

Table 1. (Continued)
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Given the small sample size of the present patient cohort, a 
multivariable analysis using the Firth maximum likelihood esti-
mation was performed to identify independent risk factors for 
liver abscess formation. The results showed that only systemic 
chemotherapy within 3 months before the DEB- TACE proce-
dure constituted an independent risk factor. Systemic chemo-
therapy is widely used to treat malignancies, especially in 
patients with CRC.20,21 Potential side- effects, such as intestinal 
mucositis along the entire gastrointestinal tract, leave mucosal 
tissue open to infection and ulceration.22,23 Moreover, systemic 
chemotherapy (e.g. 5- FU chemotherapy) promotes an imbalance 
in gut microbes.24,25 MHTs have a better blood supply from the 
portal vein than primary liver cancers and blood continues to 
be supplied after the TACE procedure.26,27 We consider that the 
imbalance in gut microbes plus intestinal mucositis caused by 
systemic chemotherapy might increase the opportunity of infec-
tion brought by blood flow in the portal vein. This inference was 
supported by results of blood and pus culture which showed 
that the most common pathogens were Enterobacteriaceae. 
However, further studies are required to elucidate the underlying 
mechanisms.

Bilioenteric anastomosis has also been recognized as a risk 
factor for liver abscess formation due to the lack of the duodenal 
extensor muscle in preventing bacterial flow from the intestine 
into the bile duct.28–31 Woo et al reported a high incidence of 
liver abscess after TACE among patients with bilioenteric anas-
tomoses (26.2% per procedure and 48.0% per patient) and the 
use of prophylactic antibiotics did not significantly decrease the 
incidence.9 The current study included 5 patients with a history 
of bilioenteric anastomosis. These patients had normal preop-
erative blood cell tests and no evidence of infection. None was 
treated with prophylactic antibiotics in the peri- operative period. 
Of these patients, one (1/5; 20%) developed a liver abscess 3 days 
after TACE and died of DIC 2 days later. The others remained 
stable except for post- embolization syndrome. Further extensive 
studies are required to establish the relationship between bilio-
enteric anastomosis and post- TACE liver abscess formation plus 
any role of prophylactic antibiotics.

The limitations inherent to any retrospective study apply to the 
current findings. Firstly, this study was conducted in a single 
tertiary hospital over a long period and data collection and 
selection bias may have occurred. Secondly, there was no stan-
dardization of patient treatment which may generate bias in data 
analysis. In addition, our results showed that systemic chemo-
therapy within 3 months before the DEB- TACE procedure was 
an independent risk factor. However, the current study lacked 
the scope for investigation of which chemotherapy agent(s) may 
be responsible for this finding.

In conclusion, liver abscess formation was not a rare compli-
cation following the DEB- TACE procedure in patients with 
MHTs. Larger tumor size, systemic chemotherapy within 3 
months before DEB- TACE procedure and Grade 1 artery 
occlusion were all associated with liver abscess formation. 
These findings suggest that caution should be exercised 
by interventional radiologists when designing DEB- TACE Ta
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Table 3. Relation between predisposing variables and liver abscess formation in all patients (n = 137)

Variables

Liver abscess with 
predisposing factor

P (Univariate) P (Multivariate) OR 95% CI for ORNo Yes
Older patienta 7/53 5/72 0.366

Male gender, n (%) 5/59 7/66 0.714

Comorbidities

Diabetes mellitus, n (%) 10/119 2/6 0.147

Chronic liver disease, n (%) 9/118 3/7 0.059

Biliaryenteric anastomosis, n (%) 11/121 1/4 0.372

ECOG score (1), n (%) 10/113 2/12 0.353

Child- Pugh Class B, n (%) 10/118 2/7 0.179

Leukopenia, n (%) 12/115 0/10 0.600

Three or more tumors, n (%) 5/35 7/90 0.462

Larger MTDb, n (%) 1/65 11/60 0.004

PVTT, n (%) 10/119 2/6 0.186

Antibiotic prophylaxis, n (%) 11/118 1/7 0.529

SC within 3 m before DEB- TACE, n (%) 6/122 6/3 <0.001 <0.001 5.49 0.34–13.54

Sub segmental embolization, n (%) 4/22 8/103 0.241

Grade 1 artery occlusion, n (%) 2/122 10/3 <0.001
aOlder patient was defined as age above the median.
bLarger MTD was defined as maximum tumor diameter above the median.

Figure 1. A 55- year- old female patient with multiple MHTs originating from lung cancer who underwent the DEB- TACE proce-
dure. 5 days after the operation, the patient complained of fever, chill and hepatalgia. A blood test showed elevated white blood 
cells (18.7 × 109  l−1). Abdominal CT showed a ruptured liver abscess and percutaneous liver abscess drainage was performed 
immediately. Bacterial culture from blood and pus was positive for Klebsiella pneumonia. Despite intravenous administration of 
appropriate antibiotics, the patient died of respiratory failure due to severe pulmonary infection. (a) (T1WI) and (b) (T2WI) Pre- 
operative MRI showed multiple lesions in the liver. (c) DSA imaging of the liver metastasis. (d) DSA imaging after embolization 
with the achievement of blood flow stasis. (e) CT imaging showed liver abscess with low- intensity and gas- fluid level inside the 
lesion, accompanied by rupture into the capsule of the liver. (f) CT imaging showed pulmonary infection. DSA, digital subtraction 
angiography; MHT, metastatic hepatic tumor.
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strategies. Attentive follow- up is required to detect and 
manage this severe complication in patients with the afore-
mentioned risk factors.
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