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Abstract

BACKGROUND

Transarterial chemoembolization (TACE) is the first-line treatment for patients
with unresectable liver cancer; however, TACE is associated with
postembolization pain.

AIM

To analyze the risk factors for acute abdominal pain after TACE and establish a
predictive model for postembolization pain.

METHODS

From January 2018 to September 2018, all patients with liver cancer who
underwent TACE at our hospital were included. General characteristics; clinical,
imaging, and procedural data; and postembolization pain were analyzed.
Postembolization pain was defined as acute moderate-to-severe abdominal pain
within 24 h after TACE. Logistic regression and a classification and regression tree
were used to develop a predictive model. Receiver operating characteristic curve
analysis was used to examine the efficacy of the predictive model.

RESULTS
We analyzed 522 patients who underwent a total of 582 TACE procedures.
Ninety-seven (16.70%) episodes of severe pain occurred. A predictive model built
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based on the dataset from classification and regression tree analysis identified
known invasion of blood vessels as the strongest predictor of subsequent
performance, followed by history of TACE, method of TACE, and history of
abdominal pain after TACE. The area under the receiver operating characteristic
curve was 0.736 [95% confidence interval (CI): 0.682-0.789], the sensitivity was
73.2%, the specificity was 65.6%, and the negative predictive value was 92.4%.
Logistic regression produced similar results by identifying age [odds ratio (OR) =
0.971; 95%CI: 0.951-0.992; P = 0.007), history of TACE (OR = 0.378; 95%CI: 0.189-
0.757; P = 0.007), history of abdominal pain after TACE (OR = 6.288; 95%ClI: 2.963-
13.342; P < 0.001), tumor size (OR = 1.978; 95%CI: 1.175-3.330; P = 0.01), multiple
tumors (OR = 2.164; 95%CI: 1.243-3.769; P = 0.006), invasion of blood vessels (OR
=1.756; 95%Cl: 1.045-2.950; P = 0.034), and TACE with drug-eluting beads (DEB-
TACE) (OR = 2.05; 95%Cl: 1.260-3.334; P = 0.004) as independent predictive
factors for postembolization pain.

CONCLUSION

Blood vessel invasion, TACE history, TACE with drug-eluting beads, and history
of abdominal pain after TACE are predictors of acute moderate-to-severe pain.
The predictive model may help medical staff to manage pain.

Key words: Liver cancer; Predictive model; Pain; Transarterial chemoembolization;
Postembolization syndrome

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Transarterial chemoembolization (TACE) is associated with postembolization
pain. We analyzed the risk factors for acute abdominal pain after TACE and established a
predictive model for it. The predictive model built based on the dataset from a
classification and regression tree identified known invasion of blood vessels as the
strongest predictor of subsequent performance, followed by history of TACE, method of
TACE, and history of abdominal pain after TACE. Our predictive model is simple to use
and provides a more rational reference to improve the quality of pain management after
TACE.

Citation: Bian LF, Zhao XH, Gao BL, Zhang S, Ge GM, Zhan DD, Ye TT, Zheng Y. Predictive
model for acute abdominal pain after transarterial chemoembolization for liver cancer. World J
Gastroenterol 2020; 26(30): 4442-4452

URL: https://www.wjgnet.com/1007-9327/full/v26/i30/4442 .htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i130.4442

INTRODUCTION

Primary liver cancer (PLC) is the seventh most common carcinoma worldwide and the
third most common cause of cancer-related mortality!l. More than half of new cases of
liver cancer occur in China. Transarterial chemo-embolization (TACE) is the most
widely used treatment for unresectable PLC. TACE plays an important role in the
treatment of tumors, improving quality of life and prolonging patient survival®.
According to statistics, more than 600000 people undergo TACE in China each year'.
TACE is a procedure that consists of local delivery of a high dose of
chemotherapeutic agents to the tumor, which can be associated with particulate
and/or oily embolization of feeding arteries, which results in exposure of the tumor to
a higher concentration of chemotherapeutic agent and subsequent tumor infarction
and necrosis due to vascular occlusion!*’. Postembolization syndrome, which is
characterized by abdominal pain, nausea, vomiting, and fever, is the most frequently
reported adverse event after TACE.. Approximately 60%-80% of patients complained
of different levels of pain after TACE. Among those patients, more than 25%
experienced moderate-to-severe pain‘l. While TACE is generally understood to
require hospital admission and at least a one-night in-patient stay", postembolization
pain is primarily associated with an extended hospital stay!'l. Painkillers, such as
opioids, are effective and safel"l. Clearly identifying factors associated with
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postembolization pain could help predict its occurrence and improve analgesic
treatment.

At present, few studies have examined the related risk factors or predictive models
for postembolization pain after TACE; thus, no conclusions about the risk factors for
postembolization pain have been reached. The present study aimed to evaluate the
risk factors for postembolization pain and to establish a predictive model for
postembolization pain in patients undergoing TACE.

MATERIALS AND METHODS

This single-center retrospective cohort study was approved as an expedited chart
review study and obtained ethical approval from the institutional review board at our
hospital.

Patients

Patients with PLC who underwent TACE at our hospital between January 2018 and
September 2018 were analyzed retrospectively. Some patients underwent the
procedure more than once during this period. A diagnosis of liver cancer was
confirmed either histologically or based on consistent findings obtained from at least
two imaging techniques, including ultrasonography, computed tomography, magnetic
resonance imaging, and selective hepatic arterial angiography!'?. The exclusion criteria
were: (1) PLC in patients aged < 18 years; (2) Emergency embolization for rupture of
liver cancer; (3) Severe complications such as bleeding after TACE; (4) Use of
additional analgesics to relieve increased pain during TACE; (5) Cognitive
impairment; (6) Use of psychiatric medications; and (7) Drug or alcohol abuse.

Chemoembolization procedure

All procedures were performed at a single tertiary center by board-certified
interventional radiologists. All patients were administered with 10 mL of 2% lidocaine
to achieve local anesthesia, and 5 mg of dezocine during surgery. An arterial catheter
was inserted into the femoral artery using the Seldinger technique and subsequently
placed in the hepatic artery. Tumor-feeding vessels were super-selected whenever
possible. Chemotherapy drugs used were pirarubicin hydrochloride (10 mg/bottle;
Shenzhen Main Luck Pharmaceuticals Inc., Shenzhen, China) at a dose of 30 mg mixed
with Lipiodol (Laboratoire Guerbet, Aulnay-sous-Bois, France) for TACE, or at 60 mg
for drug-eluting beads (DEB-TACE) treatment. Oxaliplatin (150 mg; Jiangsu Hengrui
Medicine Co., Ltd.) was used for arterial perfusion chemotherapy. Lipiodol and/or
polyvinyl alcohol particles (350-510 pm; Ailikang Medicine Co., Ltd, Hangzhou,
China) and Embosphere (Biosphere Medical, Rockland, MA, United States) were used
as embolization materials. All patients received supportive treatment after TACE,
including non-steroidal anti-inflammatory drugs or dezocine, liver protection, antacid
agents, and antiemetics. If moderate-to-severe abdominal pain was observed, the
patient received tramadol (100 mg) or other opioids by intravenous administration.

Identification of risk factors

The aim of our study was to analyze the risk factors that helped to predict moderate-
to-severe postembolization pain. The numerical rating scale pain scores at rest were
assessed in all patients within 24 h of embolization. The numerical rating scale pain
score was used as the standard subjective evaluation using a score of 0-10, where 0 =
painless; < 3 = mild pain; 4-6 = moderate pain; and 7-10 = severe pain. Additional
painkillers were administered when the pain score was > 4. The pain scores were
recorded 0, 2, 4, 6, 12, and 24 h after TACE. The highest score through the overall time
was defined as a pain score in each patient.

Independent variables included demographics and clinical, imaging, and
procedural data. Seventeen registered variables were included for each TACE
procedure, including: Age and gender of the patient; tumor location (distance to liver
capsule); tumor size and number; pathological properties of the tumor; invasion of
blood vessels; disease type; history and number of TACE procedures; history of
postembolization pain; drug delivery method (traditional TACE vs DEB-TACE);
dosage of lipiodol; and complementary embolization (blank microsphere and/or
polyvinyl alcohol particles; and postoperative prophylactic analgesics).
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Statistical analysis

Quantitative data are described as the mean * standard deviation or as medians (min,
max). Qualitative data are described by the number of cases (proportion, %). Patient
characteristics were compared using the y? test or Fisher’s exact test for categorical
data, and the Wilcoxon rank-sum test or {-test were used to analyze continuous data.
Two statistical methods were used to develop the predictive model: A primary
analysis using classification and regression tree (CART), and a conjoint predictive
model using logistic regression. In this research, cross-validation was used to select the
regression model in which the mean cross-validated error was within one standard
error of the minimum. The area under the receiver operating characteristic (ROC)
curve, specificity, sensitivity, and negative predictive value of the predictive model
were calculated by ROC curve analysis to evaluate its performance. Two-sided P
values of < 0.05 indicated statistical significance. Analyses were conducted using
statistical software (IBM SPSS Statistics 22.0).

RESULTS

Patient cohort

A total of 522 patients who underwent a total of 582 TACE procedures were enrolled
in the study. Patient demographics, baseline clinical and laboratory data, and
procedural details are listed in Table 1 and 2. As shown in Table 1, the age range of
patients was 23-87 years (average, 60.1 + 11.4 years). The median number of TACE
procedures in the 582 patients was two. As shown in Table 2, the data set comprised 81
females (13.9%) and 501 males (86.1%). Ninety-seven (16.7%) patients had acute
moderate-to-severe abdominal pain after TACE. A total of 57.2% (333/582) of patients
had a history of TACE and 12.5% (73/582) had a history of abdominal pain after
TACE. Blood vessel invasion occurred in 176 (30.2%) patients. Approximately 57.7%
(336/582) of patients used traditional TACE and 42.3% (246) used DEB-TACE.

Distribution of demographic and clinical factors associated with acute moderate and

severe abdominal pain after TACE

The results of the univariate analysis are shown in Table 3. Younger patients (P =
0.002) and those patients who had not undergone hepatectomy (P = 0.010) were more
likely to have acute moderate-to-severe abdominal pain after TACE compared with
older patients and those who had tumor recurrence after hepatectomy. History of
TACE (P < 0.001), history of abdominal pain after TACE (P < 0.001), tumor size (P <
0.001), tumor number (P = 0.010), invasion of blood vessels (P < 0.001), use of the DEB-
TACE method (P < 0.001), and the number of TACE procedures (P < 0.001) were
significantly associated with moderate-to-severe abdominal pain. The pathological
properties of the tumor was not associated with moderate-to-severe abdominal pain.

A predictive model built based on the dataset from the classification and regression
trees identified known blood vessel invasion as the strongest predictor of subsequent
performance, followed by history of TACE, method of TACE, and history of
abdominal pain after TACE (Figure 1). We used ROC curve analysis to examine the
efficacy of the predictive model. We set an optimal predictive probability threshold of
0.18, and demonstrated a sensitivity of 73.2% (71/97; 95% confidence interval [CI]:
64.4%-82.0%), specificity of 65.6% (318/485; 95%ClI: 61.3%-69.8%), negative predictive
value of 92.4% (318/344; 95%CI: 89.6%-95.2%), and area under the curve of 0.736
(95%CI: 0.682-0.789) (Figure 2). Logistic regression produced similar results by
identifying age (odds ratio [OR] = 0.971; 95%Cl: 0.951-0.992; P = 0.007), history of
TACE (OR = 0.378; 95%CI: 0.189-0.757; P = 0.007), history of abdominal pain after
TACE (OR = 6.288; 95%CI: 2.963-13.342; P < 0.001), tumor size (OR = 1.978; 95%ClI:
1.175-3.330; P = 0.01), multiple tumors (OR = 2.164; 95%CI: 1.243-3.769; P = 0.006),
blood vessel invasion (OR = 1.756; 95%CI: 1.045-2.950; P = 0.034), and the DEB-TACE
method (OR = 2.05; 95%CI: 1.260-3.334; P = 0.004) as independent predictive factors for
postembolization pain.

DISCUSSION

Although painkillers were used prophylactically during and after TACE in our study,
the incidence of moderate-to-severe abdominal pain in the first 24 h after TACE
procedures remained as high as 16.7%. This conclusively demonstrated that use of a
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Table 1 Demographic, clinical, laboratory, and procedural variables of patients (1)

Variable n mean * SD Median (IQR) Min Max
Age (yr) 582 60.1+11.4 60 (53, 67) 23 87
Number of TACE 582 25£22 2(1,3) 1 15
Dose of Lipiodol (mL) 582 47+6.8 3(0,6) 0 30

TACE: Transarterial hepatic chemoembolization; IQR: Interquartile range.

Jaishideng®

single non-steroidal anti-inflammatory drug or dezocine is often not sufficient for
effective pain control. Multimodal analgesia was associated with superior pain relief
and decreased opioid consumption when compared with use of a single pain
medication!”l. Guo et al'®! demonstrated that patients who used preemptive parecoxib
and a sufentanil-based multimodal analgesia regimen had better pain relief, evidenced
by a lower incidence of severe pain (11.9%)". Similar to a previous study!’, we
observed that effective pain management could reduce the length of hospital stay. The
prediction model can be used to predict the risk of postembolization pain after TACE,
thus providing medical staff with a reference for pain management.

The cause of postembolization pain is not fully understood; however, it is believed
to be caused by local tissue hypoxia, tumor necrosis, swelling of the capsule, ectopic
embolization, or consequent cytokine release and the inflammatory responsel'>'l.
Identification of preoperative predictors of postembolization pain is challenging. In
our pain predictive model using CART methods, blood vessel invasion was the
strongest predictor of postembolization pain, followed by history of TACE, the DEB-
TACE method, and history of abdominal pain after TACE. Besides these four risk
factors, age, tumor size (> 5 cm), and presence of multiple tumors were identified as
predictors of postembolization pain by logistic regression.

Invasion of blood vessels means portal vein tumor thrombosis

Primary liver cancer has a great propensity to invade the portal venous system, which
leads to portal vein tumor thrombosis. Portal vein tumor thrombosis is found in the
trunk or branches of the portal vein, and TACE is considered if the portal vein trunk is
not completely blocked or portal collateral circulation is already present in the hepatic
hilar region!”. No sources of data on blood vessel invasion as a risk factor for pain
were found when conducting a literature review; thus, our study is the first in this
respect, identifying blood vessel invasion as a predictor of pain. Tumor invasion of the
portal vein is more common in the late stages of cancer!"”), and is often accompanied by
tumors that are large in size and/or numerous, which may be attributable to tumor
necrosis and a more marked inflammatory response, which is caused by embolization
of a larger site!"™*l.

The conclusions that can be drawn from the two statistical approaches are generally
consistent. The tree graph output from CART is intuitive and easy to explain in terms
of the interaction between variables and the influence of different factors on outcome
variables. The four predictors of the model can be easily extracted as predictive risk
factors prior to TACE. It is beneficial to provide a comprehensive analgesic plan for
patients who are at a high risk of postembolization pain. The risk factors for
postembolization pain identified in this study are similar to those identified by Khalaf
et alt!l.

Although DEB-TACE is considered less toxic and better standardized compared
with traditional lipiodol-TACE, tolerance caused by DEB-TACE is controversial.
Traditional TACE is performed using lipiodol loaded with chemotherapy drugs to
embolize blood vessels and kill tumor cells. DEB-TACE depends on drug-loaded
microspheres to precisely control the release of drugs to maximize tumor necrosis and
minimize adverse effects”. A randomized study performed by Lammer et al*!
reported that tolerance was better with DEB-TACE compared with traditional
TACE™!. The Precision Italia Study Group compared two types of TACE in 177
patients. The results showed that the probability of abdominal pain with DEB-TACE is
lower than that of traditional TACE™. In contrast to this result, our analysis showed
that patients who underwent DEB-TACE experienced increased postembolization pain
and required more painkillers within 24 h of the procedure. This is in accordance with
the data from two other studies, which showed that severe pain occurred significantly
more frequently in patients who underwent DEB-TACE than in the traditional TACE
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Table 2 Demographic, clinical, laboratory, and procedural variables of patients (2)

Variable n %
Sex

Female 81 13.9
Male 501 86.1
Disease type

No surgery 371 63.7
Recurrence after surgery 211 36.3
TACE history 333 572
History of abdominal pain after TACE 73 12.5

Pathological properties

HCC 280 48.1
ICC 13 22
Unknown 265 45.5
Other 24 41
Tumor size

<5cm 334 574
>5cm 248 42.6

Number of tumors

<2 (non-multiple) 197 33.8
> 2 (multiple) 385 66.2
Invasion of blood vessels 176 30.2
Blank microsphere 138 23.7
PVA particles 63 10.8
Method of TACE

Traditional TACE 336 57.7
DEB-TACE 246 423

Prophylactic analgesics

Tenay 74 12.7
Kaffin 112 19.2
Dezocine 252 43.3
Pentam 29 5
None 58 10
Two painkillers 57 9.8
Pain after TACE

No pain/mild pain 485 83.3
Moderate pain/severe pain 97 16.7

TACE: Transarterial hepatic chemoembolization; DEB-TACE: Transarterial chemoembolization with drug-eluting beads; HCC: Hepatocellular carcinoma;
ICC: Intrahepatic cholangiocarcinoma; PVA: Polyvinyl alcohol.

group” 1. Some studies showed that the total dose of chemotherapeutic agents
administered for TACE is related to the pain scorel””*. In this study, the
chemotherapy drug used was pirarubicin hydrochloride administered at a dose of 30
mg for traditional TACE and 60 mg for DEB-TACE, similar to the report of Benzakoun
et al, and that may be one of the reasons why postembolization pain was worse for
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Table 3 Effects of variables on outcomes (univariate analysis)

Variable No pain/mild pain (n = 485) Moderate pain/severe pain (n = 97) P value
Age (yr), mean + SD 60.79 £11.39 56.87 £10.99 0.002
Sex (%) 0.870
Female 68 (14) 13 (13.4)

Male 417 (86) 84 (86.6)

Disease type (%) 0.010
No surgery 298 (61.4) 73 (75.3)

Recurrence after surgery 187 (38.6) 24 (24.7)

TACE history (%) 293 (60.4) 40 (41.2) <0.001
History of abdominal pain after TACE (%) 51 (10.5) 22 (22.7) <0.001
Pathological properties (%) 0.110
HCC 231 (47.6) 49 (50.5)

ICC 8 (1.6) 5(5.2)

Unknown 224 (46.2) 41 (42.3)

Other 22 (4.5) 2(21)

Tumor location (distance to liver capsule) (%) 0.085
>1cm 245 (81.40) 50 (90.91)

<lcm 56 (18.60) 5(9.09)

Tumor size (%) <0.001
<5cm 294 (60.6) 40 (41.2)

>5cm 191 (39.4) 57 (58.8)

Number of tumors (%) 0.010
<2 (non-multiple) 175 (36.1) 22 (22.7)

> 2 (multiple) 310 (63.9) 75 (77.3)

Invasion of blood vessels (%) 131 (27) 45 (46.4) <0.001
Blank microsphere (%) 112 (23.1) 26 (26.8) 0.430
Polyvinyl alcohol particles (%) 54 (11.1) 9(9.3) 0.590
Method of TACE (%) <0.001
Traditional TACE 296 (61) 40 (41.2)

DEB-TACE 189 (39) 57 (58.8)

Prophylactic analgesics (%) 0.780
Parecoxib Na 58 (12) 16 (16.5)

Flurbiprofen 97 (20) 15 (15.5)

Dezocine 209 (43.1) 43 (44.3)

Pentazocine 24 (4.9) 5(5.2)

None 48 (9.9) 10 (10.3)

Two painkillers 49 (10.1) 8(8.2)

Number of TACE, median (IQR) 2(1,3) 1(1,2) <0.001
Dosage of lipiodol, median (IQR) 3(0,6) 0(0,8) 0.179

TACE: Transarterial hepatic chemoembolization; HCC: Hepatocellular carcinoma; ICC: Intrahepatic cholangiocarcinoma; PVA: Polyvinyl alcohol; DEB:

Drug-eluting beads; IQR: Interquartile range.

DEB-TACE.
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Figure 1 A predictive model built using a classification and regression tree. TACE: Transarterial chemoembolization; DEB-TACE: Transarterial

chemoembolization with drug-eluting beads.
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Figure 2 Receiver operating characteristic curve illustrating the performance of the predictive model. The area under the curve was 0.736 (95%
confidence interval: 0.682-0.789). ROC: Receiver operating characteristic.

Our findings suggest that first-time TACE patients were more likely to experience
pain than those with previous experience of TACE and this is consistent with a recent
study!l. There are two possible reasons for this; first, the pain threshold is increased
according to the time that TACE treatment is carried out and second, the tolerance to
TACE is increased by repeated treatments. Patients with pain after TACE are more
likely to develop pain in the future, which may be related to the individual’s pain
threshold and the presence of liver disease.

The predictive model that used CART was examined by ROC curve analysis. The
area under the ROC curve was used to predict postembolization pain (0.736; 95%CI:
0.682-0.789). The model had a good sensitivity and specificity, and a high negative
predictive value of 92.4%.

Our study has several notable limitations common to retrospective, single-center
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studies. First, prior epidemiologic findings indicate that chronic liver disease,
performance status, and psychological factors may contribute to postembolization
pain after TACE. However, we did not control for or investigate these factors as part of
our analysis. Future investigations with larger sample sizes should aim to develop
more robust prediction models that include other potential contributing factors to
further elucidate the risk factors for this disorder. Second, our patient population was
obtained from a regional tertiary care center, which may not be representative of the
general population. Finally, our model was not validated using an external
population. Therefore, future studies with a larger sample size, a multicenter design,
and using an external cohort are needed to confirm our findings.

Despite these limitations, our predictive model is simple to use and provides a more
rational reference to improve the quality of pain management after TACE. It is
suggested that more comprehensive analgesic interventions should be provided for
patients who are at a high risk of pain, such as multimodal analgesic therapy.

ARTICLE HIGHLIGHTS

Research background

Transarterial chemoembolization (TACE) is the first-line treatment for patients with
unresectable liver cancer. However, approximately 60%-80% of patients complain of
different levels of postembolization pain after TACE.

Research motivation

Clearly identifying factors associated with postembolization pain could help predict its
occurrence. Prediction model could be used to predict the risk of abdominal pain after
TACE, thus providing medical staff with a reference for pain management.

Research objectives
To analyze the risk factors for acute abdominal pain after TACE and establish a
predictive model for postembolization pain.

Research methods

From January 2018 to September 2018, all patients with liver cancer who underwent
TACE at our hospital were included. General characteristics; clinical, imaging, and
procedural data; and postembolization pain were analyzed. Postembolization pain
was defined as acute moderate-to-severe abdominal pain within 24 h after TACE.
Logistic regression and a classification and regression tree were used to develop a
predictive model. Receiver operating characteristic curve analysis was used to
examine the efficacy of the predictive model.

Research results

We analyzed 522 patients who underwent a total of 582 TACE procedures. Ninety-
seven (16.70%) episodes of severe pain occurred. A predictive model built based on the
dataset from classification and regression tree analysis identified known invasion of
blood vessels as the strongest predictor of subsequent performance, followed by
history of TACE, method of TACE, and history of abdominal pain after TACE. The
area under the receiver operating characteristic curve was 0.736, the sensitivity was
73.2%, the specificity was 65.6%, and the negative predictive value was 92.4%.

Research conclusions

Blood vessel invasion, TACE history, TACE with drug-eluting beads, and history of
abdominal pain after TACE are predictors of acute moderate-to-severe pain. Our
predictive model is simple to use and provides a more rational reference to improve
the quality of pain management.

Research perspectives
Future studies with a larger sample size, a multicenter design, and using an external
cohort are needed to confirm our findings.
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