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Tian-Chen g Wan g Purpose: To identify risk factors for pain after transarterial chemoembolization with drug-
Zi-Shu Zhang eluting beads (DEB-TACE) for hepatocellular carcinoma (HCC).
Yu-Dong Xiao Patients and Methods: In this retrospective study, a total of 118 consecutive patients who

underwent DEB-TACE between June 2016 and May 2019 with post-TACE pain were included.

D tl t of Radiology, The S d . .. . . . .
cpartment o Taclology, [he Secon The patients were divided into three groups based on the severity of post-TACE pain according to

Xiangya Hospital of Central South
University, Changsha, Hunan, People’s the distribution of pain Visual Analogue Scale/Score (VAS). Potential risk factors for post-TACE
Republic of China pain were primarily analyzed using the chi-square test, one-way analysis of variance, or Kruskal—
Wallis test (if appropriate). For multivariate analysis, an ordinal logistic regression model was
utilized. Variables with P<0.10 in the univariate analysis were included in a multivariate model to
identify independent risk factors for post-TACE pain. A multivariate analysis was also performed
by means of a decision tree using the Classification and Regression Tree (CART) algorithm.
Results: The univariate analysis showed that elderly patients or patients with portal venous
tumor thrombus (PVTT) were more likely to have severe post-TACE pain than young
patients or those without PVTT (P=0.028 and <0.001, respectively). However, in the ordinal
logistic regression, nonsuperselective chemoembolization and presence of PVTT were inde-
pendent risk factors of severe post-TACE pain (P=0.046 and <0.001, respectively). In
addition, the CART showed that nonsuperselective chemoembolization and PVTT could
increase the probability of severe post-TACE pain.

Conclusion: Nonsuperselective chemoembolization and PVTT are independent risk factors
for pain after DEB-TACE. Therefore, these factors should be taken into full consideration for
the relief of pain.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common malignancy and represents
the third leading cause of cancer death worldwide.'™ For patients with HCC, surgical
resection, ablative therapy, and liver transplantation are the potentially curative
treatments.* ® Transarterial chemoembolization (TACE) is the standard and effective
therapy for intermediate or advanced-stage HCC.” Although TACE is related to
a significant increase in overall survival compared with the best supportive care,*” it
is related to a high rate of side effects, which is also referred to as postembolization
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hospital stay.'""'? The post-TACE pain is well documented in
patients treated with conventional TACE (cTACE),"> "
however, it is not well studied in patients treated with drug-
eluting beads TACE (DEB-TACE). Lipiodol and DEB are
completely different materials for embolization because
lipiodol can pass through the hepatic sinusoid into the portal
vein while DEB cannot. Additionally, it has been suggested
that DEB-TACE can offer a better safety profile with a lower
incidence of postembolization syndrome and drug-related
systemic toxicity than ¢cTACE.'®'® Thus, we believe that
the risk factors for pain after cTACE and DEB-TACE are
quite different.

Therefore, the purpose of the present study was to
investigate the risk factors for pain in HCC patients after
DEB-TACE.

Materials and Methods

Patients

This retrospective study was approved by the institutional
review board of the Second Xiangya Hospital of Central
South University in accordance with Declaration of
Helsinki. The requirement for written informed consent
was waived by the institutional review board due to the
retrospective nature of the study.

A total of 289 consecutive patients with unresectable
hepatic malignancy who underwent DEB-TACE and had
post-TACE pain were included in this retrospective study
between March 2016 and May 2019. The inclusion criteria
of DEB-TACE were as follows: (1) Eastern Cooperative
Oncology Group (ECOG) performance status 0—1; (2) inter-
national normalized ratio <1.5 and platelet count >50,000/
mm?; (3) compensated liver function (Child-Pugh class A or
B); (4) no refractory ascites or renal failure. The exclusion
criteria were as follows: (1) diagnosed hepatic malignancy
other than HCC (n=84); (2) portal venous tumor thrombus
(PVTT) in the main portal vein or bilateral portal branches
(n=49); (3) uncontrolled or significant cardiovascular disease
(n=15); (4) administrating non-steroidal anti-inflammatory
drugs or steroids periodically (n=12); (5) uncontrollable dia-
betes mellitus with HbAlc >8.0 g/dL (n=11). Finally, a total
of 118 patients with unresectable HCC were included (105
males and 13 females, with a mean age of 55.2+10.3 years).
The diagram of the study population is shown in Figure 1.

Interventions
The procedure was performed by three interventional radi-
ologists with 17 years, 21 years and 13 years of experience

Patients with hepatic
malignancy treated with
DEB-TACE from 03/2016-
05/2019 (n=289)

Excluded patients (n=84)
Diagnosed hepatic
malignancy other than HCC

Patients (n=205)

Excluded patients (n=49)
Tumor thrombus in the main
or bilateral portal vein

Patients (n=156)

Excluded patients (n=15)
Uncontrolled or significant
cardiovascular disease

Patients (n=141)

Excluded patients (n=12)
Administrating non-steroidal
anti-inflammatory drugs or
steroids periodically

Patients (n=129)

Excluded patients (n=11)
Uncontrollable diabetes with
HbAlc =8.0 g/dL

Final (n=118)

Figure | Diagram of the study population.

in liver interventions, respectively. Celiac trunk arteriogra-
phy and superior mesenteric arteriography, as well as
indirect portography, were performed to visualize the var-
iations in hepatic arterial anatomy and evaluate the
patency of the portal vein. A 2.2 French coaxial micro-
catheter (Carnelian, Tokai Medical Products, Aichi, Japan)
was used to select the branch of the hepatic artery that
supplied the target tumor, and cone-beam computed tomo-
graphy was used to reconfirm the location of HCC lesions
if necessary. Before embolization, midazolam and fentanyl
were routinely used tailored individually to body habitus
and drug tolerance for moderate sedation and 10mg dex-
amethasone was used for prophylactic reducing TACE-
induced nausea/vomiting. Patients were intra-arterially
injected with 1-2 g DEB (CalliSpheres Beads, Jiangsu
Hengrui Medicine Co. Ltd). Size of the DEB varied from
100 pm to 700 um, and the amount of epirubicin used
ranged from 40 mg to 120 mg. A substantial reduction in
the arterial flow to the tumor was the technical endpoint,
whereas complete occlusion was avoided. Repeated
hepatic arteriography was performed to assess devascular-
ization after embolization. Chemoembolization was per-
formed as superselectively as possible. The definition of
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superselective TACE was chemoembolization at the sub-
segmental hepatic artery. 19

Data Collection

In our institution, the degree of pain and the analgesics
used after TACE were recorded in the electronic medical
records. Because pain usually occurs and reaches a peak
within 12-24 hrs after embolization, the post-TACE pain
is recorded within 24h after the procedure.?° Patients with
post-TACE pain were divided into three groups based on
the distribution of pain Visual Analogue Scale/Score
(VAS): mild pain (544 mm, Group A, n=63), moderate
pain (45-74 mm, Group B, n=26), and severe pain
(75-100 mm, Group C, n=29).%'

The demographic, laboratory, and radiological data of
patients before TACE were collected to assess the poten-
tial risk factors for post-TACE pain. The demographic data
included age, sex, Child-Pugh class, ECOG status, under-
lying liver disease, dose of epirubicin administered, size of
DEB used, and history of hepatectomy. The laboratory
data included serum alpha-fetoprotein, albumin, and total
bilirubin levels. The radiological data included the pre-
sence or absence of PVTT, hepatic arterio-portal shunt
(HAPS), size of the largest tumor, whether the lesion
was adjacent to the liver capsule,”> extent of tumor
involved (right lobe, left lobe, or bilobar), number of
lesions, superselective or nonsuperselective chemoemboli-
zation during the procedure. The radiological data were
independently reviewed by two radiologists with either
21- or 18-year experience of abdominal imaging. They
were blinded to the demographic and laboratory data,
and not involved in the treatment. The final results of
radiological data were made by the discussion of two
radiologists.

Statistical Analysis

The data were shown as the mean with standard deviation
(SD), median with interquartile range (IQR), or frequency.
In order to evaluate the inter-reader agreement of radiolo-
gical data between two radiologists, either intraclass cor-
relation coefficient (ICC) (for numerical data) or Kappa
test (for categorical data) was performed. Agreement was
classified as poor (ICC or Kappa value, 0-0.40), fair to
good (ICC or Kappa value, 0.40-0.75), and excellent (ICC
or Kappa value, >0.75). In the univariate analyses,
Pearson’s chi-squared test or Fisher’s exact test was used
to compare categorical variables, while the one-way ana-
lysis of variance was used to compare numerical variables.

In the multivariate analysis, an ordinal logistic regression
model was used. Variables with a P-value less than 0.10 in
the univariate analysis were included in the multivariate
model. A multivariate analysis was also performed to
assess the risk factors that affected the probability of
severe post-TACE pain by means of a decision tree using
the Classification and Regression Tree (CART) algorithm.
All statistical analyses were performed by a statistics pack-
age (SPSS version 20, International Business Machines
Corporation), and P<0.05 was considered statistically
significant.

Results
Demographic and Laboratorial

Characteristics

All 118 patients had mild to severe post-TACE pain.
According to the distribution of pain VAS, there were 63
patients with mild pain in group A, 26 patients with
moderate pain in group B, and 29 patients with severe
pain in group C. The diagnosis of HCC was based on
pathology (biopsy, n=16) or on the American Association
for the Study of Liver Practice Guidelines (n=102). Of the
118 patients, 105 patients had a history of cirrhosis, and 13
patients were noncirrhotic. The etiologies of liver cirrhosis
were hepatitis B infection (n=104, 88.1%) and hepatitis
C infection (n=1, 0.8%). There were 97 patients (82.2%)
in Child-Pugh class A and 21 patients (17.8%) in Child-
Pugh class B. The median serum total bilirubin was 17.6
pmol/L (IQR 11.5-24.4 umol/L), and the median albumin
was 33.3 g/L (IQR 30.4-36.0 g/L). The detailed demo-
graphic and laboratory data of all patients are listed in
Table 1.

Radiological Characteristics

The inter-reader agreements of radiological data between
two radiologists were all excellent with Kappa values of
0.976 (presence or absence of unilateral PVTT), 0.947
(presence or absence of HAPS), 0.813 (whether the lesion
adjacent to the liver capsule), 0.961 (extent of tumor
involved), and ICC value of 0.838 (size of the largest
tumor)

All DEB-TACE procedures achieved technical success
according to the Society of Interventional Radiology (SIR)
guidelines.?® The median largest tumor diameter was 6.25 cm
(IQR 4-10 cm). Six out of 118 (6/118, 5.1%) patients had
tumors involved in the left lobe of the liver, 97 (97/118,
82.2%) had tumors involved the right lobe of the liver, and
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Table 1 The Demographic and Laboratorial Characteristics of
All Patients

Characteristics

Age (years) 55.24+10.27

Gender (male/female) 105/13 (89.0%/11.0%)

Child-Pugh class (A/B) 97/21 (82.2%/17.8%)

ECOG status (0/1) 97/21 (82.2%/17.8%)

Underlying liver disease (HBV/HCV/None) | 104/1/13 (88.1%/0.8%/

11.1%)

Dose of epirubicin administrated (mg) 60 (IQR 60-80)

Size of DEB (100-300 um/300-500
um/500-700 um)

38/74/6 (32.2%/62.7%!
5.1%)

History of hepatectomy (presence/ 10/108 (8.5%/91.5%)

absence)

Albumin (g/L) 33.3 (IQR 30.4-36.0)

Alpha-fetoprotein (>400 ug/L/<400 ug/L) | 59/59 (50.0%/50.0%)

Total serum bilirubin (umol/L) 17.6 (IQR 11.5-24.4)

Abbreviations: ECOG, eastern cooperative oncology group; HBV, hepatitis
B virus; HCV, hepatitis C virus; IQR, interquartile range; DEB, drug-eluting beads.

15 (15/118, 12.7%) had tumors with bilobar involvement.
Thirty-eight patients (38/118, 32.2%) had PVTT, and 80
patients (80/118, 67.8%) did not have PVTT. Twenty-eight
patients (28/118, 23.7%) were treated with superselective
TACE, 90 patients (90/118, 76.3%) were treated with non-
superselective TACE. Sixty-four patients were presence of
HAPS, and 54 patients were absence of HAPS. The detailed
radiological characteristics are summarized in Table 2.

Potential Risk Factors for Post-TACE Pain
The results of the univariate analysis for post-TACE pain
are illustrated in Table 3. Post-TACE pain was associated
with PVTT (P<0.001) and age (P=0.028). There was no
statistical relationship between post-TACE pain and sex,
Child-Pugh class, ECOG status, underlying liver disease,
history of hepatectomy, size of the largest tumor, whether
the lesion was adjacent to the liver capsule, serum alpha-
fetoprotein level, albumin level, total serum bilirubin level,
extent of tumor involved, number of lesions, dose of
epirubicin administered, size of DEB used, HAPS, and
superselective or nonsuperselective chemoembolization.
Because the results of the univariate analysis showed that
the differences in age, PVTT, and superselective or nonsu-
perselective chemoembolization among the three groups had

Table 2 The Radiological Characteristics of All Patients

Characteristics

Size of the largest tumor (cm) 6.25 (IQR 4-10)
Tumor involvement scope (left/right/ 6/97/15 (5.1%/82.2%/
bilobar) 12.7%)

Number of lesions (1/2-3/>3) 10/35/73 (8.4%/29.7%/

61.9%)

PVTT (presence/absence) 38/80 (32.2%/67.8%)

Lesion adjacent to liver capsule (presence/ | 48/70 (40.7%/59.3%)

absence)

Superselective chemoembolization 28/90 (23.7%176.3%)

(presence/absence)

HAPS (presence/absence) 64/54 (54.2%/45.8%)

Abbreviations: IQR, interquartile range; PVTT, portal venous tumor thrombus;
HAPS, hepatic arterio-portal shunt.

P values less than 0.10, these three factors were included in
the multivariate analysis. In multivariate analysis, PVTT
(P<0.001; odds ratio=4.61, 95% CI, 2.094—10.196) and non-
superselective  chemoembolization  (P=0.046;  odds
ratio=2.838, 95% CI, 1.018-7.909) were the independent
risk factors associated with post-TACE pain.

The factors associated with post-TACE pain in the multi-
variate analysis were put into the CART algorithm to assess
the probability of post-TACE pain (Figure 2). Because
patients in group B or group C often needed analgesic therapy,
we combined group B and group C into a single group for the
CART analysis. As shown in Figure 2, patients with PVTT
presented a 76.3% probability of having moderate to severe
post-TACE pain. However, patients without PVTT presented
with a low probability of moderate to severe post-TACE pain
(32.5%). In patients with PVTT, nonsuperselective chemoem-
bolization increased the probability of moderate to severe
post-TACE pain from 60.0% to 78.8%. Meanwhile, in patients
without PVTT, nonsuperselective chemoembolization only
increased the probability of moderate to severe post-TACE
pain from 13.6% to 39.7%. The model was presented with
good adjustment with an estimated risk of 0.30, indicating that
the CART decision tree was able to correctly classify 70% of
the data variability.

Discussion

Pain is a common complication after TACE and is considered
to be related to the distention of the liver capsule, tumor
necrosis, acute liver parenchymal ischemia, and inadvertent
embolization of the cystic artery.”* Although post-TACE
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Table 3 Assessment of Potential Risk Factors of Post-TACE Pain

Characteristics Group A (n=63) Group B (n=26) Group C (n=29) P value
Univariate | Multivariate
Age (years) 57.14£10.13 55.35£9.35 51.03+10.45 0.028 0.19
Gender (male/female) 55/8 (87.3%/12.7%) 24/2 (92.3%17.7%) 26/3 (89.7%/10.3%) 0.783 -
Child-Pugh class (A/B) 52/11 (82.5%/17.5%) 19/7 (73.1%126.9%) 26/3 (89.7%/10.3%) 0.274 -
ECOG status 0/1 52/11 (82.5%/17.5%) 20/6 (77.0%/23.0%) 25/4 (86.2%/13.8%) 0.664 -
Underlying liver disease HBV/HCV/none 52/1/10 (82.5%/1.6%/ 25/0/1 (96.1%/0/3.9%) 27/0/2 (93.1%/0/6.9%) 0.175 -
15.9%)
PVTT (presence/absence) 9/54 (14.3%/85.7%) 12/14 (46.2%/53.8%) 17/12 (58.6%/41.4%) <0.001 <0.001
History of hepatectomy (presence/absence) | 4/59 (6.3%/93.7%) 2/24 (7.7%192.3%) 4/25 (13.8%/86.2%) 0.486 -
Largest tumor size (cm) 6.0 (IQR 3.8-9.7) 7.5 (IQR 4.8-11.4) 6.3 (IQR 4.3-10.5) 0.324 -
Tumor near liver capsule (presence/ 24/39 (38.1%/61.9%) 13/13 (50.0%/50.0%) 11/18 (37.9%/62.1%) 0.548 -
absence)
Alpha-fetoprotein >400 ug/L/<400 ug/L 29/34 (46.0%/54.0%) 17/9 (65.4%/34.6%) 13/16 (44.8%/55.2%) 0.205 -
Albumin (g/L) 33.5 (IQR 30.1-37.0) 324 (IQR 29.7-35.4) 34.1 (IQR 31.5-36.0) 0.536 -
Total bilirubin (umol/L) 16.5 (IQR 11.0-23.2) 19.6 (IQR 12.5-27.4) 18.5 (IQR 14.0-23.0) 0.376 -
Tumor involved scope (left/right/bilobar) 1/52/10 (1.6%/82.5%/ 3/20/3 (11.5%/77.0%/ 2/25/2 (6.9%/86.2%/6.9%) | 0.26 -
15.9%) 11.5%)
Number of lesions 1/2-3/>3 6/23/34 (9.5%/36.5%/ 2/6/18 (7.7%123.1%/169.2%) | 2/6/21 (6.9%/20.7%/ 0.443 -
54.0%) 72.4%)
Dose of epirubicin (mg) 60 (IQR 60-80) 60 (IQR 60-80) 80 (IQR 60-80) 0.712 -
Size of DEB (um) 21/40/2 (33.3%/63.5%/ 10/14/2 (38.5%/53.8%/ 7120/2 (24.1%/69.0%/ 0.658 -
100-300/300-500/500-700 3.2%) 7.7%) 6.9%)
Superselective TACE (presence/absence) 22/41 (34.9%/65.1%) 3/23 (11.5%/88.5%) 3/26 (10.3%/89.7%) 0.052 0.046
HAPS (presence/absence) 36/27 (57.1%/42.9%) 14/12 (53.8%/46.2%) 14/15 (48.3%/51.7%) 0.909 -

Abbreviations: TACE, transarterial chemoembolization; ECOG, eastern cooperative oncology group; HBV, hepatitis B virus; HCV, hepatitis C virus; PVTT, portal venous
tumor thrombus; IQR, interquartile range; DEB, drug-eluting beads; HAPS, hepatic arterio-portal shunt; HCC, hepatocellular carcinoma; cTACE, conventional TACE; DEB-
TACE, drug-eluting beads TACE; VAS, Visual Analogue Scale/Score; SD, standard deviation; ICC, intraclass correlation coefficient; CART, Classification and Regression Tree,

SIR, Society of Interventional Radiology.

pain is often mild and self-limited, it can significantly pro-
long the length of hospitalization and interfere with patient
compliance. One of the multiple risk factors for post-TACE
pain, as shown in the present study, is nonsuperselective
chemoembolization. It has been reported that selective che-
reduce post-TACE
and the present study showed a similar finding.

moembolization can
13,25

significantly
pain,
A probable explanation of this phenomenon may be owing
to the embolization-related hepatic ischemia. Compared to
superselective chemoembolization, nonsuperselective proce-
dure may result in more proximal embolization of the hepatic
artery, which leads to ischemia of the liver parenchyma and
causes severe pain. The other risk factor for post-TACE pain

is the presence of PVTT. To the best of our knowledge, this is
the first study to identify the presence of PVTT as a risk
factor for post-TACE pain. It is a known factor that the liver
has a dual blood supply from the portal vein (75% of blood
flow) and hepatic artery (25% of blood flow).?® However, the
blood flow in the liver may be changed in patients with
PVTT. Usually, the hepatic artery will be dilated due to the
presence of PVTT, and the blood flow will be increased to
compensate for the lack of blood flow in the portal vein.?’
Therefore, embolization of the hepatic artery in patients with
PVTT may lead to more severe hepatic ischemia and cause
more severe pain than in patients without PVTT. Third, in the
univariate analysis, elderly patients were less likely to have
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Probability of post-TACE pain in subgroups

Group A: 53.4%
Group B+C: 46.6%

Portal venous tumor thrombus?

No

v

Group A: 67.5%
Group B+C: 32.5%

Superselective?

No Yes

A 4 A 4

Yes

\4

Group A: 23.7%
Group B+C: 76.3%

Superselective?

A4

No Yes

A 4 A 4

Group A: 60.3% Group A: 86.4%
Group B+C: 39.7% Group B+C: 13.6%

Group A: 21.2% Group A: 40.0%
Group B+C: 78.8% Group B+C: 60.0%

Figure 2 Probability of severe pain after transarterial chemoembolization (TACE) in subgroups. Patients with portal venous tumor thrombus (PVTT) presented a 76.3%
probability of having grade 2 and 3 post-TACE pain. However, patients without PVTT presented with a low probability of grade 2 and 3 post-TACE pain (32.5%). In patients
with PVTT, nonsuperselective chemoembolization increased the probability of grade 2 and 3 post-TACE pain from 60.0% to 78.8%, while in patients without PVTT,
nonsuperselective chemoembolization only increased the probability of grade 2 and 3 post-TACE pain from 13.6% to 39.7%.

severe pain after TACE than younger patients, but this effect
was not significant in the multivariate analysis. Although
a previous study reported that elderly patients may have
less pain after TACE than young patients,'> whether age
can influence post-TACE pain is rather controversial.'***
Thus, further prospective studies should be conducted to
confirm this finding. Furthermore, the multivariate analysis
in the present study using the CART algorithm showed
similar risk factors and supported the findings from the
ordinal logistic regression analysis. The CART algorithm
showed that the presence of PVTT and nonsuperselective
chemoembolization can increase the probability of moderate
to severe post-TACE pain, which indicates that prophylactic
analgesia should be taken into consideration in such patients.

Interestingly, underlying liver disease and whether the
lesion adjacent to the liver capsule were not statistically cor-
related with post-TACE pain. Underlying liver disease was
not a risk factor for post-TACE pain in the present study,
which is not compatible with the results that Joseph’s study
showed.'® This discrepancy may be owing to the different
study populations of the two studies. In the present study, the
composition of patients was almost homogenous because the
majority (104/118, 88.1%) had hepatitis B infections, while
the population by Joseph et al was rather heterogeneous and
included excessive alcohol consumption (14%), hepatitis
B infection (17%), hepatitis C infection (27%), nonalcoholic
fatty liver disease (10%), mixed causes (22%), other causes
(4%), and no liver disease (6%). We hypothesized that the

embolization of lesions adjacent to the liver capsule may result
in severe pain because the embolization may cause swelling of
the liver and stretching of the capsule that contains the nerve
fibers. However, we did not find any significant difference in
post-TACE pain between patients with and without lesions
located adjacent to the liver capsule. This factor was not
related to post-TACE pain in Nilesh’s study as well.'®

There are several limitations in the present study. First,
this is a retrospective study with a relatively small number
of patients included and thus may be subject to selection
and statistical bias. A prospective study with a relatively
large study population should be performed to confirm this
finding in the future. Second, pain is a subjective discom-
fort influenced by various factors. We used the distribution
of pain VAS to divide patients into three groups instead of
exact pain score. Third, we did not assess the relationship
between the long-term outcomes of HCC patients and
post-TACE pain. Although a previous study reported that
postembolization syndrome is an early predictor of poor
overall survival for patients with advanced and unresect-
able HCC,?’ the relationship between post-TACE pain and
overall survival has not been well studied. We believe this
correlation needs to be further studied and characterized.

Conclusion

Nonsuperselective chemoembolization and PVTT are inde-
pendent risk factors for pain after DEB-TACE. Further
prospective investigations of the role of these factors in
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post-TACE pain should, therefore, be performed to improve

the quality of pain management after DEB-TACE.
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