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Abstract

Background: Postembolization syndrome (PES) represents the most fre-
quent complication after transarterial chemoembolization (TACE) in patients
with HCC. Given the vague definition as a symptom complex comprising
abdominal pain, fever, and nausea, PES is diagnosed in heterogeneous
patient cohorts with symptoms ranging from mild pain to severe deterioration
of their general condition. This study aimed to evaluate predictive factors and
the prognostic impact of PES with regard to different severity grades.
Methods: A total of 954 patients treated with TACE for HCC at the University
Medical Centres Mainz and Freiburg were included in this study. PES disease
severity was graded as mild, moderate, or severe according to a predefined
combination of symptoms. Logistic regression models were used to identify
independent predictors of PES. The prognostic impact of PES was evaluated by
competing risk analyses considering liver transplantation as a competing risk.
Results: PES occurred in 616 patients (64.5%), but only 56 patients (5.9%)
had severe PES, defined as moderate to severe abdominal pain requiring
opioids in combination with fever and nausea. The largest tumor diameter was
the strongest independent predictor of PES (OR = 1.21, 95% Cl =
1.13-1.28), and severe PES (OR = 1.23, 95% Cl = 1.14-1.33, p < 0.0001).
Presence of liver cirrhosis was protective against PES (OR = 0.48, 95%

Abbreviations: ALBI, Albumin-Bilirubin Score; BCLC, Barcelona Clinic Liver Cancer; cTACE, conventional transarterial chemoembolization; CR, complete response;
DCR, disease control rate; DEB-TACE, drug-eluting bead transarterial chemoembolization; mRECIST, Modified Response Evaluation Criteria in Solid Tumors; PD,
progressive disease; PES, postembolization syndrome; PR, partial response; SD, stable disease; SHR, subdistribution HR; TACE, transarterial chemoembolization.
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after TACE.

INTRODUCTION

HCC is the third leading cause of cancer-related death,
with increasing incidence worldwide.l'2 Transarterial
chemoembolization (TACE) is the most widely applied
locoregional treatment approach for patients not eligible
for curative treatments.34l TACE can improve survival
and bridge or downstage patients to curative treatment
options.’! As a minimally invasive intervention, TACE
can be performed with 2 alternative techniques. Con-
ventional TACE (cTACE) includes selective injection of
1 or more emulsified chemotherapeutic agents into the
tumor-feeding arteries and subsequent embolization.
Drug-eluting bead (DEB-) TACE is characterized by the
use of microspheres loaded with chemotherapeutic
agents, which are selectively injected in tumor arteries,
potentially followed by further embolization.®! The
technique, angiography equipment, and technology
have evolved over the last few years, with TACE
regularly being performed in a superselective fashion,
reducing the risk of severe complications, such as i.p.
hemorrhage, cholecystitis, and deterioration of liver
function.[6-8l

Postembolization syndrome (PES) is a common
adverse event, even after superselective TACE.64
Given the vague definition as a syndrome characterized
by abdominal pain, fever, and nausea/vomiting, reported
incidences of PES range from 6.2%!'% to >80%.111]
Despite its frequent occurrence, the prognostic relevance
and predictive factors remain controversial.l''"="4 In this
study, we aimed to evaluate predictive factors for the
occurrence of PES, as well as its prognostic relevance
with regard to different severity grades.

METHODS
Patient cohort

A total of 960 patients who underwent first TACE
for HCC treatment between September 2005 and
May 2020 at the University Medical Centers Mainz
(n = 602) and Freiburg (n = 358) were screened for
this retrospective observational study. Patients with

Cl = 0.27-0.84, p = 0.01). Furthermore, PES was independently associated
with an impaired disease control rate (OR = 0.33, 95% CI| = 0.16-0.69, p =
0.003) and severe PES with poor overall survival (subdistribution HR = 1.53,
95% Cl = 0.99-2.36, p = 0.04).

Conclusions: Tumor size and absence of liver cirrhosis are predictors of
severe PES and associated with impaired prognosis in HCC patients

previous TACE treatment were not considered in these
analyses. Six patients with CHILD C liver cirrhosis
(BCLC stage D) were excluded since indication for
locoregional therapy was based on highly individual
tumor board decisions leading to a final overall patient
cohort of 954 patients. Cirrhosis was diagnosed by
pathognomonic findings in ultrasound examinations or
cross-sectional images and typical laboratory character-
istics and/or liver biopsy. HCC was staged using the
Barcelona Clinic Liver Cancer (BCLC) classification.
Diagnosis of HCC was made according to the current
guidelines mainly by imaging (CT or dynamic contrast-
enhanced MRI) when lesions showed the typical arterial
phase hyperenhancement and portal venous and/or
delayed washout or by biopsy.[19!

All transarterial interventions were performed by
experienced board-certified interventional radiologists.
During the procedure, all patients received an antie-
metic drug (ondansetron, granisetron, or tropisetron).
Based on the individual decision of the interventionalist,
56.4% of the patients received DEB-TACE and 43.6%
cTACE. After the procedure, patients were monitored
on medical wards of the University Medical Centers
Mainz and Freiburg for a minimal follow-up time of
48 hours, and postprocedural symptoms and complica-
tions were surveyed by medical professionals. Temper-
ature was measured at least twice per day. Symptoms
after this postinterventional time period were not
considered in the analysis. This study includes retro-
spective analyses of patients’ clinical data. All patients
provided written informed consent for the medical data
to be recorded prior to inclusion to this study. The study
was approved by the local ethics committee of the
University Mainz (EK/2020-15304) and the University
Medical Center Freiburg (EK355/20) and was con-
ducted in accordance with the Declaration of Helsinki
and Istanbul.

Definition of PES and severity grades
PES was defined as a syndrome that occurred

1-3 days after TACE with patients showing at least
one of the following symptoms: fever > 38.5 °C, nausea
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and/or vomiting, and abdominal pain requiring admin-
istration of analgetics.®'3'4 To categorize PES into
different severity grades, we introduced a scoring
system based on variable points for the presence of
each syndrome-defining symptom. Using this scoring
system, all patients were subgrouped into individuals
without PES (0 points, n = 344 patients), mild PES
(1 point, n = 166), moderate PES (2-3 points, n =
394), and severe PES (4 points, n = 56) (Table 1).

Evaluation of tumor response and survival

All patients were followed up for a median 51 months.
One to 3 months after TACE, the tumor response was
assessed by CT or MRI and classified as a complete
response, partial response, stable disease, or progres-
sive disease (PD) using modified Response Evaluation
Criteria in Solid Tumors.['®! Disease control rate (DCR)
was defined as the ratio of patients presenting a
complete response, partial response, or stable disease
at first radiological investigation. In 55 patients (5.8%),
an assessment of tumor response by radiological
imaging was not available.

Statistical analysis

Continuous variables are expressed as medians with
the interquartile range. Categorical variables are given
as relative and absolute frequencies. The Shapiro-
Wilk test was used to test for a normal distribution of
continuous variables. As there was no normal distri-
bution of the patients, nonparametric tests were used
to compare continuous variables between 2 groups.
We applied X2 for analysis of categorial variables.
Survival analyses were performed using Kaplan-Meier
curves and log-rank tests to determine survival differ-
ences. Logistic regression models were used to
evaluate predictive factors of PES and severe PES.
Parameters with a p-value < 0.05 (p-in) and p-out
value of 0.1 were entered into the multivariable,
bidirectional stepwise regression model starting with
an empty model. Predictive factors for DCR were
analyzed using logistic regression models. In the
multivariable model, parameters with a p-value < 0.1
in the univariable models entered the multivariable
model. Overall survival was analyzed by calculating
the cumulative incidence function considering liver
transplantation as a competing event. Prognostic
factors were analyzed using multivariable Fine and
Gray competing risk regression models. p-values <
0.05 were considered significant. Statistical analyses
were performed in GraphPad Prism (version 9, Graph-
Pad Software, San Diego, CA), R version 4.1.2, and
STATA (Version 18.0, Stata Corp Lp., TX).

TABLE 1 Classification of PES severity
Points
Symptom 1 2
Nausea Nausea with or without —
vomiting
Fever Fever >38.5°C —
Abdominal Mild pain requiring Moderate to
pain eventual administration severe pain
of analgesics requiring
opioids

No PES = 0 points; mild PES = 1 point; moderate PES = 2-3
points; severe PES = 4 points

Abbreviation: PES, postembolization syndrome.

RESULTS
Patient characteristics

A total of 954 patients with HCC treatment by TACE
were included in this study. Baseline characteristics of
all patients and stratified according to the development
of PES and its severity are shown in Table 2 and
Supplemental Table S1, http://links.lww.com/HC9/
A506. The majority of included patients received DEB-
TACE (n = 538, 56.4%), 416 (43.6%) patients were
treated by cTACE. In 782 patients (81.9%) TACE was
the first treatment for HCC. However, 13.9% (n = 133)
of patients previously underwent liver resection, 3.2%
(n = 31) were previously treated with radiofrequency
ablation, and 2.6% (n = 25) were previously treated
with systemic therapy. Three patients (0.3%) had
previous liver transplantation. The etiology of the
underlying liver disease comprised all common risk
factors, including alcohol-associated steatohepatitis
(n = 404, 42.3%), viral hepatitis (n = 276, 28.8%),
and NASH (n = 73, 7.7%); 311 patients (32.6%) were
treated at early stage (BCLC A), whereas 514 patients
(53.9%) were allocated to the BCLC B group. One
hundred patients (10.5%) had advanced HCC (BCLC
C). The majority of patients (n = 736, 77.1%) presented
with multifocal disease.

PES was diagnosed in 616 (64.6%) patients.
The majority had mild (n = 168, 17.6%) or moderate
(n = 392, 41.1%) symptoms, with only 56 patients
(5.9%) suffering from severe PES. Radiological
assessment of the tumor response by modified
Response Evaluation Criteria in Solid Tumors!'9! after
TACE indicated a DCR of 81.3%. Thus, partial
response or complete response was observed in 478
patients (50.1%), stable disease in 298 patients
(31.2%), and PD in 123 patients (12.9%). Median
overall survival was 16.0 months (95% Cl =
13.9-18.0]. The 1-year and 3-year survival were
49.4% and 13.3%, respectively. Further outcome
variables are shown in Table 3.
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TABLE 2 Baseline characteristics of patients
p (PES vs. no
All (n = 954), n (%) PES (n = 616), n (%) No PES (n = 338), n (%) PES), n (%)
Age, y 67.00 (60.00-74.00) 68.00 (60.00—75.00) 66.00 (58.00—74.00) 0.01®
Sex
Male 834 (87.4) 526 (85.3) 308 (91.7) 0.01°
g Female 120 (12.6) 90 (14.6) 30 (8.9) —
§ Etiology of liver cirrhosis/HCC
§ Alcohol-associated 404 (42.3) 249 (40.4) 155 (45.9) 0.08°
g steatohepatitis
% Chronic HCV infection 187 (19.6) 114 (18.5) 3 (21.6) —
i) :? Chronic HBV infection 88 (9.2) 60 (9.7) 8 (8.3) —
EH NASH 73 (7.7) 47 (7.6) 6 (7.7) —
% é Otherfunknown 202 (21.1) 146 (23.7) 6 (16.6) —
88 Viral status
;3% % HBV: viral suppression® 60 (68.2) 41 (68.3) 19 (5.6) 0.46°
;é HBV: no viral suppression 10 (11.4) 8 (13.3) 2 (5.9) —
%; HCV: SVR® 45 (24.0) 23 (3.7) 22 (6.5) 0.046°
% % HCV: no SVR 104 (55.6) 71 (11.5) 33 (9.8) —
g g BCLC stage
§<f % 0 29 (3.0) 7 (2.8) 2 (3.6) 0.0003°
g g A 311 (32.6) 172 (27.9) 139 (41.1) —
§ ;” B 514 (53.9) 358 (58.1) 6 (46.2) —
52 c 100 (10.5) 9 (11.2) 1(9.2) —
é % Tumor characteristics
ﬁ i Solitary HCC 218 (22.9) 145 (23.6) 73 (21.6) 0.49°
:i) ;En Multifocal HCC 736 (77.1) 471 (76.5) 265 (78.4) —
%@ No. nodules 2.00 (1.00—4.00) 2.00 (1.00—4.00) 2.00 (1.00—4.00) 0.16°
E % Max. tumor diameter 4.00 (3.00-06.00) 4.00 (3.00-6.00) 3.00 (2.55-5.00) <0.00012
wg (cm)¢
é Macrovascular invasion 78 (8.2) 52 (8.4) 26 (7.7) 0.23°
% Extrahepatic metastases 35 (3.7) 22 (3.6) 13 (3.8) —
> Tumorous PVT 83 (8.7) 54 (8.8) 20 (5.9) —
Nontumorous PVT 95 (10.0) 55 (8.9) 40 (11.8) —
Stage of liver cirrhosis
Unknown 42 (4.4) 21 (3.4) 1(6.2) 0.0006°
No cirrhosis 64 (6.7) 51 (8.3) 3 (3.8) —
CHILD A 540 (56.6) 364 (59.1) 176 (52.1) —
CHILD B 308 (32.3) 180 (29.2) 128 (37.9) —
CHILD C 0 0 0 —
Albumin/bilirubin Score -2.147 (-2.59 to -1.585)  -2.182 (-2.65 to -1.685)  —-2.049 (-2.541 to —1.470) 0.009%
(ALBI)
ALBI1 198 (20.8) 138 (22.4) 59 (17.5) 0.022
ALBI2 309 (32.4) 301 (48.9) 156 (46.2) —
ALBI3 342 (35.8) 81 (13.1) 64 (18.9) —
Performance status
Unknown 21 (2.2) 2 (0.3) 1(0.3) 0.53°
ECOG 0 191 (20.0) 132 (21.4) 59 (17.5) —
ECOG 1 569 (59.6) 360 (58.4) 209 (61.8) —
ECOG 2 173 (18.1) 122 (19.8) 69 (20.4) —



PREDICTION OF POSTEMBOLIZATION SYNDROME AFTER TACE

TABLE 2. (continued)

Previous therapy

None 782 (81.9) 503 (81.7) 272 (80.5) 0.44°

Liver transplantation 3(0.3) 2(0.3) 1(0.3) —

Radiofrequency ablation 31(3.2) 17 (2.8) 14 (4.1) —

Surgical resection 133 (13.9) 79 (12.8) 54 (16.0) —

TACE 1(0.1) 1(0.2) 0 —

Stereotactic body 2(0.2) 2 (0.3) 0 (0.0) —

radiotherapy

Systemic therapy 25 (2.6) 19 (3.1) 6 (1.8) —
Drug delivery method

Conventional TACE 416 (43.6) 231 (37.5) 185 (54.7) 0.0001°

DEB-TACE 538 (56.4) 385 (62.5) 153 (45.3) —
Chemotherapeutic agent

Mitomycin C 421 (44.1) 243 (39.4) 178 (52.7) 0.0001°

Epi-/doxorubicin 611 (64.0) 443 (71.9) 168 (49.7) —

All (n = 954), n (%)

PES (n = 616), n (%)

No PES (n = 338), n (%)

p (PES vs. no
PES), n (%)
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Note: Values are given as n (%) or median (IQR).
@Mann-Whitney U test.
bChi-squared test.

Viral suppression defined as HBV titer <20 IU/mL, SVR defined as nondetectable HCV DNA.

dRefers to the diameter of the largest tumor nodule.

Abbreviations: ALBI, Albumin/bilirubin Score; BCLC, Barcelona Clinic Liver Cancer; DEB-TACE, drug-eluting bead transarterial chemoembolization; ECOG, Eastern
Cooperative Oncology Group;PES, postembolization syndrome; SVR, sustained viral response.

Tumor size, degree of cirrhosis, and DEB-
TACE are predictors of PES occurrence

Next, we evaluated clinical risk factors for the develop-
ment of PES. As shown in Figure 1A, we observed a
strong correlation between tumor size and PES

XOMADUOINXFOHISABZIY 0N +eyNIOITWNOTZTARY HABSHINAYE A wiwooday/woo mm| sjeusnol//:dny wouij papeojumod

development (4.0 vs. 3.0 cm; p < 0.0001, Figure 1A).
Moreover, despite similar

tumor

characteristics

in patients treated with DEB-TACE or

TABLE 3 Clinical outcome variables

n = 954 patients, n (%)

Development of PES 616 (64.6)
PES grade
Mild 168 (17.6)
Moderate 392 (41.1)
Severe 56 (5.9)
mRECIST at 30-90 d
Partial or complete response 478 (50.1)
Stable disease 298 (31.2)
Progressive disease 123 (12.9)
Unknown 55 (5.8)

Liver transplantation

111 (11.6)

cTACE

Median overall survival (mo) 16.0 (95% ClI, 13.9-18.0)

Abbreviation: mMRECIST, Modified Response Evaluation Criteria in Solid; PES,
postembolization syndrome.

(Supplemental Table S2, hitp://links.lww.com/HC9/
A506), patients who were treated with DEB-TACE more
frequently developed PES compared to patients treated
with cTACE (71.6% vs. 55.5%; p < 0.0001, Figure 1B).
Importantly, DEB-TACE did not affect the frequency of
severe PES in these patients (Supplemental Table S3,
http://links.lww.com/HC9/A506).  Several laboratory
parameters were associated with PES post-TACE;
preinterventional levels of INR (1.163 vs. 1.203, p =
0.003) and bilirubin (1.314 vs. 1.521, p = 0.0002) were
significantly lower in patients experiencing PES following
TACE (Figure 1C, D). In contrast, albumin (35.02 vs.
33.92 g/dL, p = 0.049) and platelet levels (159.2 vs.
1441 x103/pL, p = 0.007) were significantly higher in
patients with PES (Figure 1E, F). Interestingly, in patients
with chronic HCV infection, antiviral therapy was
associated with a significantly decreased risk of PES
(51.1% vs. 68.2%, p = 0.046, Table 1). In patients with
HBV-infection, no statistical difference was found
between viral suppression compared to no antiviral
therapy (Table 1). Of note, PES occurred significantly
more frequently in patients without cirrhosis than patients
with cirrhosis (79.7% vs. 64.1%, p = 0.01, Figure 1G). In
addition, patients with Child-Pugh stage A cirrhosis
developed PES more frequently compared to patients
with CHILD B cirrhosis, corroborating not only presence
but also severity of cirrhosis as a protective factor for PES
after TACE (67.4% vs. 58.4%; p = 0.009, Figure 1H).
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FIGURE 1

Predictive factors for occurrence of PES in patients with HCC after TACE. (A) Maximum diameter of tumor nodules in patients with

PES compared to patients without PES after TACE (p < 0.0001, U test). (B) Frequency of PES in patients with HCC receiving conventional or
DEB-TACE (p < 0.0001, X2 test). (C) INR (international normalized ratio) in patients with PES compared to patients without PES after TACE (p =
0.003, U test). (D) Bilirubin level (mg/dL) in patients with PES compared to patients without PES after TACE (p = 0.0002, U test). (E) Albumin level
(g/dL) in patients with PES compared to patients without PES (p = 0.049, U test). (F) Platelets (< 103/pL) in patients with PES compared to
patients without PES (p = 0.007, U test). (G) Frequency of PES in patients with or without cirrhosis (p = 0.01, X2 test). (H) Frequency of PES in
patients with CHILD A or CHILD B cirrhosis (p = 0.009, XZ test). Box plots show individual data points, median, interquartile range, minimum, and
maximum. Abbreviations: DEB-TACE, drug-eluting bead transarterial chemoembolization; PES, postembolization syndrome.

However, liver cirrhosis did not impact PES severity
(Supplemental Table S4, http://links.lww.com/HC9/
A506). Finally, multivariable logistic regression validated
the presence of cirrhosis (OR = 0.48, 95% Cl =
0.27-0.84, p = 0.01), tumor diameter (OR = 1.21, 95%
Cl = 113128, p < 0.001), and DEB-TACE

(OR = 1.99, 95% CI = 1.53-2.64, p < 0.001) as
independent predictive factors of PES development
(Table 4). Large tumor diameter was the only parameter
independent risk factor for occurrence of severe PES
(OR = 130, 95% ClI = 1.19-142, p < 0.001,
Supplemental Table S5, http://links.lww.com/HC9/A506).
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TABLE 4 Prediction of PES in the overall cohort

Univariable model

Multivariable model

Parameter OR (95% CI)

Age 1.02 (1.00-1.04)
0.87 (0.76-0.96)

0.48 (0.27-0.84)
0.87 (0.57-1.83)

0.88 (0.63-1.21)
1.21 (1.13-1.28)

1.04 (0.65-1.67)
0.72 (0.48-1.09)

1.99 (1.53-2.64)

Child score
Cirrhosis

Viral suppression?®
Multifocal vs. solitary
Max. diameter (cm)

Tumorous PVT
Nontumorous PVT

DEB-TACE

P OR (95% CI) P

0.004 0.41 (0.19-0.88) 0.022
0.009 0.89 (0.79-0.99) 0.048
0.011 0.89 (0.79-0.99) 0.048
0.504 — —
0.492 — —
<0.001 1.20 (1.12-1.30) <0.001
0.873 — —
0.119 — —
<0.001 1.71 (1.24-2.35) <0.001

2Viral suppression was defined as HBV titer <20 IU/mL or nondetectable HCV DNA.

Abbreviation: DEB-TACE, drug-eluting bead transarterial chemoembolization.

Occurrence of severe PES is associated
with reduced treatment response and poor
prognosis

We next aimed to evaluate the role of PES development
for clinical outcome after TACE. Patients with PES after
TACE had significantly more frequent PD in radiological
assessments after TACE (15.7% vs. 10.3%, p = 0.02,
Figure 2A). Furthermore, the DCR correlated with PES
grading and was lowest in patients with severe PES post-
TACE (severe PES vs. no PES: 80% vs. 90%, p = 0.04,
Figure 2B). Multivariable logistic regression validated
PES (OR = 0.33, 95% CI = 0.16-0.69, p = 0.003), in
addition to tumor size (OR = 0.89, 95% CI = 0.82-0.93,
p = 0.02) as an independent negative predictor of
DCR after TACE (Table 5). Finally, a multivariable
competing risk model revealed severe PES
(subdistribution HR = 1.53, 95% Cl = 0.99-2.36, p =
0.04) in addition to CHILD score (HR = 1.15,95% CIl =
1.07-1.24, p < 0.001), tumor diameter (HR = 1.07, 95%
Cl = 1.04-1.11, p < 0.001), multifocal HCC (HR = 1.45,
95% Cl = 1.17-1.79, p = 0.001), and tumorous PVT
(HR = 2.25, 95% Cl = 1.80-2.82, p < 0.001) as an
independent predictor of poor overall survival in patients
with HCC after TACE (Table 6).

Predictive factors for development of PES
and its prognostic impact can be verified in
a subgroup of patients with BCLC 0-B and
no or CHILD A liver cirrhosis

The overall patient cohort in this study reflects a real-
world cohort of patients with HCC treated by TACE at
various tumor stages (BCLC 0-C, Table 1). However,
current European guidelines recommend TACE
preferentially in patients with intermediate stage HCC
and preserved liver function (BCLC B). In order to
validate predictive factors for PES and its prognostic

impact in ideal candidates for TACE, we performed
further regression analyses in a subgroup of patients with
BCLC stages 0-B and no or CHILD A liver cirrhosis (n =
224 patients, 23.5% of the overall cohort, Supplemental
Tables S6-S9, http://links.lww.com/HC9/A506). As
shown in Supplemental Table S6, http:/links.lww.com/
HC9/A506, we could validate tumor size and DEB-TACE
as independent risk factors for development of PES (OR:
1.24, 95% Cl = 1.05-1.47, p = 0.02 and OR = 2.13,
95% CI = 1.19-3.82, p = 0.01, Supplemental Table S6,
http://links.lww.com/HC9/A506). Cirrhosis, on the other
hand, reappeared as a protective factor in terms of PES
development, similar to the observation in the overall
cohort (OR: 0.23, 95% ClI = 0.06-0.82, p = 0.03,
Supplemental Table S6, Supplemental Figure S1, hitp:/
links.lww.com/HC9/A506). Further corroborating the
prognostic impact observed in our overall cohort, severe
PES showed association with a worse overall survival in
the multivariable competing risk model (subdistribution
HR = 231, 95% CI = 0.99-534, p = 0.05
Supplemental Table S9, hitp://links.lww.com/HC9/A506).

DISCUSSION

PES represents a common complication following
TACE in patients with HCC.!'"] Despite its high clinical
impact as the strongest predictor of protracted recovery
following TACE,['"] the definition of PES is inconsistent,
leading to highly variable incidences in different
studies.l'®"17] |n line with this, the predictive factors
of PES development and its prognostic impact are
controversial. Although tumor burden and dosage of
chemoembolic agents have been consistently identified
as risk factors of PES occurrence,!'017:18] heteroge-
neous reports exist on the predictive value of laboratory
parameters of liver function and mode of TACE.['3.19-21]
Finally, a few small studies suggest a prognostic impact
of PES development on overall survival following
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FIGURE 2

PES in HCC patients after TACE is associated with poor prognosis. (A) Frequency of disease control and PD in patients

with or without PES after TACE (p = 0.02, X2 test). (B) Frequency of disease control and PD in patients with mild, moderate, severe, or
no PES after TACE (p = 0.04, X2 test). (C) The cumulative incidence of death in patients with HCC and severe PES compared to

patients without, mild or moderate PES. Liver transplantation was considered as competing risk. (p = 0.012; Gray test). Abbreviations:
CR, complete response; PD, progressive disease; PES, postembolization syndrome; PR, partial response; SD, stable disease; TACE,

transarterial chemoembolization.

TACE,["12] put conclusive and clinical translatable
evidence is lacking.

These heterogeneous results are mainly due to the
inconsistent definition of PES and investigations of
small study cohorts. By stratifying the syndrome
complex into different grades, we aimed to elucidate
the predictive and prognostic factors of PES severity in
patients undergoing TACE.

To the best of our knowledge, our cohort of 954
patients comprises the largest study cohort for the
evaluation of predictive factors of PES in patients with
HCC following TACE. In addition to previously
described positive correlations between tumor burden
and PES development,['9.17.18] our study suggests DEB-
TACE as an independent predictor of PES. Given that
DEB-TACE was developed to decrease the systemic
drug concentration compared to cTACE,[?223 these

data are surprising but in line with recent observations
in smaller study cohorts.['319 Pathophysiologically, an
increased risk of PES may be due to higher and
sustained local drug concentrations.24251 However,
initial phase 2 studies suggested superior safety of
DEB-TACE over cTACE.?S! One reason for these
contrasting results may be the characteristics of the
study design. Thus, in the PRECISION V phase 2 trial,
mostly patients with low tumor burden were included
and treated by DEB-TACE with a doxorubicin or
epirubicin dose of only up to 150 mg.l? In our study,
on the other hand, tumor burden was higher (mean
number of lesions in patients treated by DEB-TACE:
3.19 vs. 2.8 in PRECISION V) and the majority of
patients had multiple tumor nodules (75.1% vs. 37.6%
in PRECISION V). Moreover, as DEB-TACE only
affects the frequency of PES in general, but not PES
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TABLE 5 Clinical parameters with impact on disease control rate assessed using univariable and multivariable logistic regression

Univariable model

Multivariable model

Parameter OR (95% Cl)
Cirrhosis 1.23 (0.48-3.12)
Child score 0.94 (0.72-1.22)

Multifocal vs. solitary 1.55 (0.86-2.81)

0.89 (0.82-0.93)
1.23 (0.43-3.48)
Nontumorous PVT 1.58 (0.56—4.49)
DEB-TACE 0.73 (0.42—1.28)
PES 0.33 (0.16-0.69)

Max. diameter (cm)

Tumorous PVT

P OR (95% CI) P
0.662 — —
0.623 — —

0.145 — _
0.020 0.92 (0.84-1.01)
0.699 — —
0.390 — —
0.266 — _
0.003 0.30 (0.13-0.74)

Abbreviations: DEB-TACE, drug-eluting bead transarterial chemoembolization; PES, postembolization syndrome.

severity, a deviating definition of PES in the PRECI-
SION V phase 2 trial may have limited the recognition of
mild and moderate PES as complications.?5! Impor-
tantly, in our study, age, tumor burden, grade of liver
cirrhosis, and frequency of tumorous PVT were similar
in patients undergoing DEB-TACE or cTACE, corrobo-
rating DEB-TACE as an independent predictor of PES
in our multivariable regression model. Nevertheless,
future prospective studies are needed for unbiased
verification of DEB-TACE as a risk factor for PES.

Interestingly, our study identified the presence and
degree of liver cirrhosis as a protective factor against
PES. Rmilah et all??! recently reported similar findings
in a cohort of patients with hepatic malignancies
undergoing bland embolization. Pathophysiologically,
necrosis of metabolically active tumor-adjacent liver
tissue may induce stronger inflammation than cirrhotic
tissue, which is characterized by enrichment of extrac-
ellular matrix and nonparenchymal cells.

Khalaf et all'l previously introduced PES grading
based on the duration of hospitalization. As patients with
TACE of HCC are regularly monitored in hospital wards in
Germany for 1-3 days, and discharge is frequently
influenced by patient preference, socioeconomic status,

TABLE 6 Multivariable competing risk model for prediction of
overall survival including liver transplantation as a competing risk

Parameter SHR (95% ClI) P

Cirrhosis 0.92 (0.67-1.26) 0.606
Child score 1.15 (1.07-1.24) <0.001
Multifocal vs. solitary 1.45 (1.17-1.79) 0.001
Max. diameter (cm) 1.07 (1.04-1.11 <0.001
Tumorous PVT 2.25 (1.80-2.82) <0.001
No tumorous PVT 0.77 (0.52-1.12) 0.178
DEB-TACE 1.17 (0.97-1.40) 0.098
Severe PES 1.53 (0.99-2.36) 0.041

Abbreviations: DEB-TACE, drug-eluting bead transarterial chemoembolization;
PES, postembolization syndrome; SHR, subdistribution HR.

and reimbursement issues, we introduced a symptom-
dependent severity score in this study. The resulting
objective severity grades correlate with the varying
definitions of PES in previous studies.®'! The relevance
of PES grading becomes apparent in our comprehensive
analyses of the treatment response and prognosis. Thus,
our study revealed, for the first time, an association of PES
with the treatment response as patients with PES had a
significantly increased risk of PD after TACE. This was
further associated with a significantly impaired overall
survival rate especially in patients with severe PES. Other
independent prognostic factors in HCC patients treated
with TACE identified tumor burden, PVT, and Child score
as described.[2627]

In line with meta-analyses on the safety and efficacy of
cTACE and DEB-TACE in HCC patients,2'2829 the
presence of liver cirrhosis and DEB-TACE did not impact
the risk of prognostically relevant severe PES. Collectively,
these data have high clinical relevance and suggest routine
clinical stratification of patient symptoms and enforced
clinical monitoring of individuals with severe PES.

Our study has some limitations. We have defined PES
severity according to presence and extent of the
syndrome-defining clinical symptoms abdominal pain,
fever, and nausea or vomiting since these symptoms
guide clinical treatment. However, prognostic relevant
association of severe PES with poor clinical outcome
needs external validation. Next, the high number of
patients allowed us to assess predictive and prognostic
factors in multivariable regression models in order to
consider relationships between multiple variables. How-
ever, due to the retrospective design of this study, bias of
patient allocation to different TACE modalities cannot be
excluded and could have impacted the prediction
models. We also did not control for previous tumor
therapies in our patient cohort. However, only the number
of previous TACEs has been shown to affect the risk of
PES occurrence,'” and our patients received TACE for
the first time. In line, due to the retrospective character of
our analyses and preventive treatment of patients with
PES after first TACE in following TACE cycles, we were
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unable to evaluate the recurrence rate of PES. Future
prospective studies should investigate predictors of
repetitive severe PESs and its effect on tumor response
and survival. In 55 of the 954 patients (5.8%), an
assessment of tumor response by radiological imaging
was not available, partly due to early death shortly after
TACE. In other cases, patients did not keep follow-up
appointments. To minimize bias due to loss to follow-up,
these patients were excluded from the tumor response
analysis, but not from the survival analysis. The overall
survival of 16 months in our cohort is lower than expected
based on recent survival data.3%3" As our cohort
includes patients treated by TACE from 2005, these
observations could be associated with improvements in
the treatment modality and general medical care in
recent years. Moreover, our cohort included a high
proportion of patients with multilocular HCC, which is
associated with poor prognosis.?2 Finally, patients’
symptoms were only monitored for the duration of their
hospital stay. Previous reports indicate persistence of
symptoms for 1-2 weeks after interventions3!; therefore,
future studies should record the length and severity of
patients’ symptoms after hospital discharge.

CONCLUSIONS

This dual-center study identified tumor burden, absence
of liver cirrhosis, and DEB-TACE as strong predictive
factors for the occurrence of PES. Moreover, our study
revealed severe PES as one of the strongest independ-
ent risk factors for impaired tumor response and poor
overall survival, indicating the necessity of categorical
monitoring of patients’ symptoms after TACE.
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