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Abstract
BACKGROUND
Drug-eluting bead transarterial chemoembolization (DEB-TACE) is an
endovascular treatment to release chemotherapeutic agents within a target lesion,
minimizing systemic exposure and adverse effects to chemotherapeutics.
Therefore, identifying which patient characteristics may predict imaging
response to DEB-TACE can improve treatment results while selecting the best
candidates. Predictors of the response after DEB-TACE still have not been fully
elucidated. This is the first prospective study performed with standardized DEB-
TACE technique that aim to identify predictors of radiological response,
assessing patients clinical and laboratory characteristics, diagnostic imaging and
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intraprocedure data of the hepatocellular carcinoma treated in the neoadjuvant
context for liver transplantation.

AIM
To identify pre- and intraoperative clinical and imaging predictors of the
radiological response of drug-eluting bead transarterial chemoembolization
(DEB-TACE) for the neoadjuvant treatment of hepatocellular carcinoma (HCC).

METHODS
This is prospective, cohort study, performed in a single transplant center, from
2011 to 2014. Consecutive patients with HCC considered for liver transplant who
underwent DEB-TACE in the first session for downstaging or bridging purposes
were recruited. Pre and post-chemoembolization imaging studies were
performed by computed tomography or magnetic resonance. The radiological
response of each individual HCC was evaluated by objective response using
mRECIST and the percentage of necrosis.

RESULTS
Two hundred patients with 380 HCCs were examined. Analysis of the objective
response (nodule-based analysis) demonstrated that HCC with pseudocapsules
had a 2.01 times greater chance of being responders than those without
pseudocapsules (P = 0.01), and the addition of every 1mg of chemoembolic agent
increased the chance of therapeutic response in 4% (P < 0.001). Analysis of the
percentage of necrosis through multiple linear regression revealed that the
addition of each 1mg of the chemoembolic agent caused an average increase of
0.65% (P < 0.001) in necrosis in the treated lesion, whereas the hepatocellular
carcinoma with pseudocapsules presented 18.27% (P < 0.001) increased necrosis
compared to those without pseudocapsules.

CONCLUSION
The presence of a pseudocapsule and the addition of the amount of
chemoembolic agent increases the chance of an objective response in
hepatocellular carcinoma and increases the percentage of tumor necrosis
following drug-eluting bead chemoembolization in the neoadjuvant treatment,
prior to liver transplantation.

Key words: Hepatocellular carcinoma; Liver transplantation; Response evaluation criteria
in solid tumors; Neoadjuvant therapy; Liver neoplasms

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

Core tip: This is the first prospective study performed with standardized drug-eluting
bead transarterial chemoembolization technique that aim to identify predictors of
radiological response, assessing patients clinical and laboratory characteristics,
diagnostic imaging and intraprocedure data of the hepatocellular carcinoma treated in the
neoadjuvant context for liver transplantation. Two hundred patients with 380
hepatocellular carcinomas were examined and we could conclude that the presence of a
pseudocapsule and the addition of the amount of chemoembolic agent increases the
chance of an objective response and increases the percentage of tumor necrosis in
hepatocellular carcinoma following drug-eluting bead chemoembolization in the
neoadjuvant treatment, prior to liver transplantation.
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Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver, the
seventh most frequent malignant neoplasm and it is the third leading cause of cancer-
related death in the world[1-3]. Liver transplantation remains the best treatment option
for patients whose HCC falls within the Milan criteria[4,5]. Nevertheless, insufficient
organ donation demands priority criteria for transplantation in many countries[5]. To
avoid HCC progression while on the waiting list, patients can receive neoadjuvant
treatment if  they are within the criteria “bridging therapy” or not “downstaging
therapy”, and remain eligible for transplantation[6,7]. In many centers, transarterial
chemoembolization (TACE) is the treatment of choice for that purpose[8].

Although TACE has been proven effective for the treatment of intermediate stage
HCC[4],  tumor  response  as  a  neoadjuvant  therapy  prior  to  resection  and  liver
transplantation, (BCLC stages 0, A and B) is less predictable[9].  Drug-eluting bead
transarterial  chemoembolization (DEB-TACE) is  a  novel  endovascular  treatment
based on the use of microspheres that release chemotherapeutic agents within a target
lesion, minimizing systemic exposure and adverse effects to chemotherapeutics[8-11].
Hence, identifying which patient characteristics may predict imaging response to
DEB-TACE may improve treatment results when selecting the best candidates for
neoadjuvant therapy.

Current publications regarding determinants of post-TACE tumor response seem to
be based on published data using c-TACE, and on retrospective studies[12-14]. DEB-
TACE’s predictors of response have not been completely elucidated. This is the first
single-center  prospective  study  performed  using  a  standardized  DEB-TACE
technique that aimed to identify predictors of radiological response, assessing patients
clinical and laboratory characteristics, diagnostic imaging and intraprocedural data of
HCCs treated in the neoadjuvant context for liver transplantation.

MATERIALS AND METHODS
This was a single-center, observational cohort, prospective study, conducted at the
Interventional Medicine Center, and was approved by the local institutional review
board (CAAE 0199.0.028.000-11). All patients signed an informed consent form.

Patients and eligibility
Two hundred consecutive HCC patients underwent DEB-TACE first session at our
institution  from  April  1,  2011  until  June  30,  2014,  according  to  the  outpatient
treatment protocol[15]. These patients had a total of 380 tumors, and 323 of them were
treated. Inclusion criteria was as it follows: patients with HCC BCLC staging 0, A or B,
who took part in the liver transplantation program of the institution, in which the
DEB-TACE procedure purpose was downstaging or for bridging strategy, and we
assured they did not have extrahepatic spread or vascular invasion.  Patient pre-
treatment  assessments  was  performed  and  included  clinical  and  physical
examination, imaging studies and laboratory tests — including contrast-enhanced
magnetic  resonance  (MRI)  or  triple-phase  computed  tomography  (CT).  The
intraoperative  variables  that  were  assessed were  treatment-specific  and general
procedure data for each tumor. Exclusively the imaging results from the first session
procedure were analyzed. The imaging was performed from 30 to 60 d after DEB-
TACE and so the response evaluation.

DEB-TACE procedure
All  procedures  were  performed  under  sedation  (midazolam  and  fentanyl),
intravenous analgesia and local an aesthesia with 2% lidocainee. Catheterizations
were performed via common femoral artery, followed by superior mesenteric, celiac
trunk  and  common hepatic  artery  angiograms  performed with  a  Cobra  2  5F  or
Simmons 2 5F (Cordis, United States). With the angiograms, it was possible to outline
the hepatic artery anatomy, to delineate the tumor and the vessels that supply it, and
assess portal vein patency.

The  feeding  vessels  previously  identified  were  catheterized  with  a  2.8  F
microcatheter (Progreat, Terumo, Japan), and followed by embolization of the tumors
with  injection  of  one  vial  of  100-300  µm  DC-BEAD  (Biocompatibles®,  United
Kingdom, LTDA) or 50-100 µm HepaSphere (Merit Medical Systems, United States)
loaded with 50 mg doxorubicin mixed with iodinated contrast medium, in line with
the manufacturers recommendations. Proximal embolization was defined by delivery
of beads from the right or left hepatic artery; Segmental embolization by DEB-TACE
delivery from segmental branches; and subsegmental embolization by the injection of
beads from subsegmental or even more distal branches (Figure 1)[16].

When necessary to guide catheterization and evaluate tumor vascularization cone
bean computed tomography (Xper CT, Philips, Netherlands) imaging was carried out.
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Figure 1

Figure 1  Hepatic angiography - arterial phase - and levels of superselection for administration of the
chemoembolic agent. Superelelectivity levels for administration of the chemoembolic agent. 1: Proximal
embolization: right/left hepatic artery trunk; 2: Segmental: right/left hepatic artery segmental branch; 3: Subsegmental
branch of the right/left hepatic artery.

Whether  the  target  lesion was  hyper  ou hypovascular,  compared to  the  hepatic
parenchyma  in  angiographic  presentation,  was  also  described  (Figure  2).  The
endpoint  was  reached when near  stasis  was  observed in  the  arterial  branch(es)
supplying the tumor. If that was no accomplished after the first procedure, the same
HCC was identified in the database and later in another opportunity. The dose of
chemoembolic agent used in each treated lesion was quantified. In situations such as
proximal/contiguous lesion involvement, or where it was not possible to perform
superselective catheterization and individualization of the target lesion, the following
equation was used to individualize the dose of chemoembolic agent administered to
the lesion (Figure 3). A suturing device (Perclose Proglide, Abbott, United States) was
used for access closure in all patients.

Tumor response
The  primary  outcome  of  the  study  was  to  determine  the  radiological  objective
response (OR) of HCC to DEB-TACE therapy, as assessed by mRECIST guidelines[17,18].
The secondary endpoint of the study was to determine radiological response using
the  percentage  of  HCC necrosis  after  DEB-TACE therapy.  Tumor  response  was
evaluated in three manners.

Nodule-based analysis:  Response  of  each treated tumor was evaluated and the
baseline diameter prior to DEB-TACE was compared to the same tumor diameter
after DEB-TACE, as stated by the mRECIST guidelines[17]. Complete response (CR)
was  defined  as  the  absence  of  intratumoral  contrast  enhancement,  and  partial
response  (PR)  when  at  least  30% decrease  in  diameter  of  the  viable  tumor  was
reached. Any case that did not meet for either partial response or progressive disease
was considered as stable disease (SD), and progressive disease (PD) was defined as an
increase of 20% or more in diameter of the viable tumor. OR was characterized as
responder (RE) when the nodule reached CR and PR, and non-responder (NR) when
the nodule reached SD and PD.

Target lesion response: The response of treated nodules was evaluated by comparing
the baseline sum of diameters of target lesions previous to DEB-TACE with the sum of
diameters  of  viable  target  lesions  after  DEB-TACE in  each patient,  according to
mRECIST  guidelines  CR  was  defined  as  the  absence  of  intratumoral  contrast
enhancement in all target lesions, and PR when at least 30% decrease in the sum of the
diameters of the viable tumor was reached. Any case that did not meet for either
partial response or progressive disease was considered as SD, and PD was defined as
an increase of 20% or more in the sum of the diameters of the viable target lesions. OR
was characterized as RE when the target lesion reached CR and PR, and NR when the
target lesion reached SD and PD.

Individual response of treated HCC (% necrosis): Analysis of individual necrotic
percentage response of each of the 298 treated HCCs was assessed by comparing the
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Figure 2

Figure 2  Representation of feeding vessels and hypervascularization of hepatocellular carcinoma in hepatic angiography. A: Hepatic angiography - arterial
phase - showing, in solid line, projection two feeding vessels responsible for the formation of hepatocellular carcinoma who received chemoembolic agent dose; B:
Hepatic angiography - arterial phase - showing the presence of a circular area in the projection of hepatocellular carcinoma with contrast medium concentration in
relation to the adjacent area, being characterized as a hypervascular hepatocellular carcinoma.

largest axial diameter of necrosis of each tumor with the largest diameter of the same
tumor post-DEB-TACE imaging.

Statistical analysis
Statistical analysis was performed using SPSS software, version 20.0 (IBM, Armonk,
NY, United States).  Differences between the means of continuous variables were
compared according to the OR using Student's t-tests.  Qualitative variables were
described according to OR, and the association with chi-square test or exact tests
(Fisher's exact test or likelihood ratio test) was verified. Pearson's correlations with
quantitative  variables  were  calculated  for  necrosis  assessment  and  necrosis
percentages were compared according to qualitative characteristics using Student's t-
test  or  analysis  of  variance  (ANOVA).  To  evaluate  prognostic  factors  for  OR,
multivariate logistic regression analysis was performed and multiple linear regression
analysis was used to evaluate prognostic factors of the percentage of tumor necrosis.
For both models, the univariate analysis variables that were statistically significant for
the outcomes were inserted, using the stepwise backward selection method with 5%
input and output cryethium. The ROC (receiver operating characteristics) curve was
constructed for the OR model to evaluate the quality of fit of the model. A p-value of
less than or equal to 0.05 was considered significant.

RESULTS
In this  study,  200 patients  were included,  with a total  of  380 tumors detected at
baseline imaging examinations. Of the 380 nodules, 323 were defined as target lesions
and underwent DEB-TACE. The procedure was interrupted before embolization in
one  patient,  with  a  single  tumor,  because  he  presented respiratory  failure  after
sedation. Prior to the control imaging tests, 14 patients underwent hepatic transplant
and were excluded. Therefore, the tumor radiological response was evaluated in 185
patients and the remaining 298 HCCs (Figure 4). The mean time between baseline
CT/MRI and DEB-TACE was 40.2 d.

Target lesion response
According  to  OR for  the  target  lesions  (mRECIST;  Target  Lesion  Response),  no
difference was observed between groups,  concerning clinical  characteristics,  pre
procedure laboratory and intraoperative information,as shown in Tables 1-3. Higher
indirect bilirubin alone suggested a lower mean value in RE patients (P = 0.05) (Table
2).

Nodule-based tumor response
The individual preoperative radiological characteristics and intraoperative variables
of HCCs were classified according to OR (mRECIST; nodule-based analysis). Upon
univariate analysis, large HCC diameter (P < 0.001), the presence of a pseudocapsule
(P < 0.001), increasing levels of chemoembolic agent delivered (P < 0.001) and larger
numbers of feeding vessels (P = 0.041) were found to be predictive factors for OR
(Table 4).

By multivariate logistic regression analysis, among variables that showed relevance
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Figure 3

Figure 3  Calculation method for individualization of the dose of the chemoembolic agent received by treated hepatocellular carcinoma in situations of
impossibility of the superselective catheterism. A: Magnetic resonance imaging pre-chemoembolization abdomen - post-contrast T1 weighted phase - showing
three confluent hypervascular lesions; B: Selective hepatic arteriography in segment VI of the right hepatic artery showing hypervascular lesions characteristic of
hepatocellular carcinoma; C: Intraoperative cone beam tomography with selective arterial contrast in segment VI - venous phase - showing three confluent lesions
with contrast medium lavage; D: Diameter of hepatocellular carcinomas located in segment VI to be treated; E: Exemplification of the calculation of dose
individualization of the chemoembolic agent administered; F: Equation of individualized chemoembolic dose. MRI: Magnetic resonance imaging.

alone, only the dose of the chemoembolic agent (OR = 1.04; 95%CI: 1.02-1.06, P  <
0.001) and the presence of a pseudocapsule (OR = 2.01; 95%CI: 1.18-3.42) were jointly
prognostic  factors  for  OR (Table  5).  For  each  milligram of  chemoembolic  agent
solution administered, there was a 4% increase chance of the chemoembolized tumor
being RE.  The variables  of  number of  feeding vessels  and diameter  of  HCC lost
statistical significance in the presence of the variables of the chemoembolic agent dose
and pseudocapsule presence. Once a target tumor received the full dose of the 50 mg
chemoembolic agent, it was 58.9% more likely to be RE than a tumor that received 1
mg chemoembolic agent. The chance of the tumor being RE when in the presence of a
pseudocapsule  was 2.01  times  greater  (95%CI:  1.18-3.42,  P =  0.01)  the  chance of
tumors without a pseudocapsule being RE (Table 5).

Despite  the  adjustments  found for  the  dose  of  chemoembolic  agent  (mg)  and
pseudocapsule as explanatory variables for OR, the area under the curve (AUC) was
70.5% (Figure 5) indicating that other characteristics not evaluated in this study are
also important additional factors that explain OR. Nevertheless, according to the ROC
curve, these two variables presented an acceptable adjustment for OR.

Individual response of treated hepatocellular carcinoma (% necrosis)
When the necrosis rate was evaluated with respect to each of the tumor characteristics
(Table 6), necrosis increased as HCC diameter increased (r = 0.210; P < 0.001) and as
the dose of chemoembolic agent increased (r = 0.310, P < 0.001). The presence of a
pseudocapsule conveyed, on average, a higher percentage of necrosis (P  < 0.001).
Regarding arterial catheterization, tumors chemoembolized through subsegmental
branches presented a higher percentage of necrosis than tumors chemoembolized
through segmental branches (P = 0.038).

However,  according  to  multiple  linear  regression  (Table  7),  when  evaluated
together, only the dose of the chemoembolic agent and presence of a pseudocapsule
were related to the percentage of necrosis. The addition of each 1 milligram of the
chemoembolic agent resulted in an average increase of 0.65% in necrosis in the treated
lesion, whereas HCCs with a pseudocapsule presented 18.27% more necrosis than
CHCs  without  a  pseudocapsule.  On  average,  HCCs  that  did  not  receive  mg  of
chemoembolic agent and did not have a pseudocapsule, presented 27.8% necrosis.
This radiological response, as a percentage of HCC necrosis treated through the DEB-
TACE, can be expressed by the equation:
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Figure 4

Figure 4  Flowchart of the patients included in the study. HCC: Hepatocellular carcinoma; CT: Computed
tomography; MRI: Magnetic resonance imaging; DEB-TACE: Drug-eluting bead transarterial chemoembolization.

DISCUSSION
Radiological response to neoadjuvant HCC treatments is a fundamental method of
evaluation for the decision to maintain and meet the criteria necessary for execution of
a hepatic transplant[7,11]. Although the pseudocapsule was considered a predictor of
radiological response in our study, this radiological characteristic of HCC cannot be
differentiated  from  the  true  tumor  capsule  by  imaging  tests,  requiring
histopathological evaluation[19-21].  However, Ishigami et al[19]  were able to correlate
radiological  findings  of  the  pseudocapsule  through  histopathological  analysis,
evidencing that it was composed of prominent sinusoids and/or peritumoral fibrosis
connecting to Glisson capsule fibrosis. Pseudocapsule HCCs, according to the same
author, can be considered similar to those with a true fibrotic capsule histologically in
terms of tumor invasiveness because the incidence of vascular invasion and degrees
of cellular differentiation of evaluated tumors were similar[19].

In a previous study, evaluating 23 patients submitted to DEB-TACE in the same
clinical stage of the current study who were submitted to liver transplantation, the
presence  of  true  capsule  tumor  was  an  independent  predictor  of  histological
response[22]. Similarly, studies evaluating changes in the histopathological architecture
of  HCCs  treated  with  cTACE  found  that  unencapsulated  tumors  have  a  worse
response to cTACE than capped tumors, suggesting that unencapsulated lesions are
primarily nourished by the portal vein[20]. Unlike our study, however, none of the
cited studies were able to quantify the importance of the presence of pseudocapsules
with respect to radiological response of HCC to DEB-TACE.

When we consider only those studies that used the DEB-TACE technique, we find
Vesselle et al[23], a prospective cohort studying BCLC stage A and B patients[11,23], who
were not candidates for curative therapy and used a heterogeneous caliber of embolic
agent, identified that HCCs smaller than 5 cm were associated with a greater chance
of CR and that tumors located in the hepatic segments I  and IV presented worse
radiological results[23].  In our study, the location of HCC in the hepatic segments,
based on the hepatic segmentation of Couinaud, was not a predictor of radiological
response (P = 0.961 OR, nodule-based analysis (mRECIST) and HCC treated P = 0.709,
percentage of necrosis).

Odisio et al[22] evaluated histopathological response in a similar population with the
same standardized DEB-TACE technique, dividing HCCs into two groups according
to the diameter, 3.2 cm (95%CI: 2.55 -3.85) and 2.1 cm (95%CI: 1.79-2.48), and found a
higher percentage of necrosis in HCCs with larger diameters. In our study, although
the mean diameter of HCCs was related to radiological response, both according to
OR of the individual HCC response, NR: 2.2 cm (SD: 1; 8.5 cm) and RE: 2.7 cm (P <
0.001), as well as the percentage of HCC necrosis treated (P < 0.001), when evaluated
together with the dose of the chemoembolic agent and pseudocapsule,  it  did not
retain statistical significance.
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Table 1  Clinical characteristics according to objective response - target lesion response

Variable NR (n = 44) RE (n = 141) Total (n = 185) P value

Gender (male), n (%) 39 (88.6) 118 (83.7) 157 (84.9) 0.424

Age (yr), mean ± SD 58.7 ± 9.2 57.4 ± 8.1 57.7 ± 8.4 0.3631

BMI, mean ± SD 27.2 ± 4.2 27 ± 4.8 27.1 ± 4.7 0.7171

Systemic hypertension, n (%) 19 (43.2) 60 (42.6) 79 (42.7) 0.941

DM, n (%) 17 (38.6) 46 (32.6) 63 (34.1) 0.463

DLP, n (%) 1 (2.3) 9 (6.4) 10 (5.4) 0.4562

Smoker (%) 12 (27.3) 28 (19.9) 40 (21.6) 0.297

Coagulopathy3, 4, n (%) 21 (47.7) 63 (44.7) 84 (45.4) 0.723

Thrombocitopenia5, n (%) 28 (63.6) 93 (66) 121 (65.4) 0.778

CHILD, n (%) 0.7056

A 19 (45.2) 72 (52.6) 91 (50.8)

B 20 (47.6) 56 (40.9) 76 (42.5)

C 3 (7.1) 9 (6.6) 12 (6.7)

MELD, mean ± SD 12.1 ± 3.5 11.9 ± 3.5 12 ± 3.5 0.6051

Downstaging7 - Milan Criteria, n (%) 9 (20.5) 45 (31.9) 54 (29.2) 0.144

Multinodular HCC, n (%) 19 (43.2) 68 (48.2) 87 (47) 0.558

χ2-test.
1Student’s t-test;
2Fisher’s exact test;
3Can’t calculate;
4Patients with INR > 1.2[19];
5Patients with serum platelet counts < 150.000/mm3[20];
6Probability ratio test;
7Patients undergoing neoadjuvant liver transplant treatment excluded from the Milan Criteria. NR: Non-
responder; RE: Responder; BMI: Body mass index; DM: Diabetes mellitus; DLP: Dyslipidemia; CHILD: Child-
Turcotte-Pugh classification; MELD: Model for end-stage liver disease; DEB-TACE: Drug-eluting beads
transarterial chemoembolization; INR: International normalized ratio; HCC: Hepatocellular carcinoma.

There have been no published studies that related the dose of the chemotherapeutic
agent used individually in each HCC in neoadjuvant DEB-TACE procedures with
radiological  response.  In  a  study  by  Odisio  et  al[22],  cumulative  dose  of  the
chemoembolic agent in all DEB-TACE sessions in which the HCC was submitted, was
examined using histopathological results, and no statistical significance was observed.
The elapsed time of more than one DEB-TACE procedure in addition to the waiting
period for LT may have influenced the outcome of the histopathological evaluation.
However, another factor that may justify the absence of this correlation in the study of
Odisio et al[22], is the fact that the HCCs that did not reach vascular stasis until the end
of  the  chemoembolic  agent  with  carrier  microspheres  were  administered  the
complementary  embolization  with  microspheres  (300-500  µm  Bead  Block,
Biocompatibles, United Kingdom Ltd.) until reaching vascular stasis. In our study, the
dose of the standardized chemoembolic solution of carrier microspheres was not
supplemented with  non-carrier  microspheres,  except  in  cases  of  tumor  rupture,
increasing the reliability of the method in reaching the same dose ratio in all HCCs of
the chemoembolic/cm of viable HCC until vascular stasis is reached. HCCs that did
not  reach vascular  stasis  were identified and tested for  radiological  response as
described in Tables 4 and 6. According to our study, the dose of chemoembolic agent
administered individually in each HCC is directly related to radiological response
when evaluated by the mRECIST OR method[18], as well as the percentage of necrosis.

Analysis of randomized univariate associations of demographic, laboratory, and
comorbid data, according to Target Lesion Response (mRECIST)[17,18], showed that
patients with OR showed lower values of indirect bilirubin (P = 0.05), indicating a
possibility that the greater clinical severity of these patients may have influenced the
worse  performance of  their  radiological  response.  However,  CHILD and MELD
scores, specific scores for clinical liver function evaluation, were tested and were not
statistically significance. Understanding the relationship of these severity criteria to
DEB-TACE results  in  the  neoadjuvant  scenario  to  liver  transplantation becomes
important because the addition of neoadjuvant procedures to liver transplant brings
with it an additional risk known for surgical procedures of patients staged in more
advanced severity classes. Thus, the benefit of the use of DEB-TACE in this scenario
should be evaluated in a rigorous and standardized way, to identify patients who can
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Table 2  Pre procedure laboratory characteristics according to objective response - target lesion
response (mRECIST)

Variable NR (n = 44) RE (n = 141) Total (n = 185) P value

Hb (g/dL) 12.9 ± 2.5 12.9 ± 2 12.9 ± 2.1 0.6671

Ht (%) 37.1 ± 6.7 37.4 ± 5.6 37.3 ± 5.9 0.8621

Creatinine (mg/dL) 0.95 ± 0.81 0.92 ± 0.86 0.93 ± 0.84 0.4591

Albumin (g/dL) 3.43 ± 0.53 3.34 ± 0.55 3.37 ± 0.54 0.5751

Alphafetoprotein (UI/mL) 200.3 ± 463 435.1 ± 2307.2 379.3 ± 2027.7 0.3201

Direct bilirubin (mg/dL) 0.73 ± 0.49 0.65 ± 0.41 0.67 ± 0.43 0.6481

Indirec bilirubina (mg/dL) 1.43 ± 0.87 1.14 ± 0.71 1.21 ± 0.76 0.0501

Total bilirubin (mg/dL) 1.9 ± 1.11 1.78 ± 0.89 1.81 ± 0.94 0.8421

INR 1.31 ± 0.19 1.31 ± 0.21 1.31 ± 0.2 0.7781

Platelets (x 103/mm3) 85 ± 42.9 91.7 ± 54.8 90.1 ± 52.1 0.8101

AST (U/L) 87 ± 68.1 84.4 ± 59 85.1 ± 61.3 0.8421

ALT (U/L) 71.4 ± 52.4 71.5 ± 49.7 71.5 ± 50.2 0.8251

1Student's t-test. NR: Non-responder; RE: Respondent; Hb: Hemoglobin; Ht: Hematocrit; INR: International
normalized ratio; AST: Glutamic-oxalacetic transamisnase; ALT: Glutamic-pyruvic transaminase.

obtain the maximum radiological response with the lowest clinical risk.
In relation to intraoperative variables [duration of the procedure (min), radioscopy

time  (min)  and  contrast  volume  (mL)]  tested  according  to  OR  -  Target  Lesion
Response  (mRECIST)  (Table  3),  no  statistical  significance  was  observed  with
radiological response. Thus, possible assumptions were made that longer procedures,
with a longer radioscopy time or requiring a greater volume of contrast medium
during the  DEB-TACE that  were,  therefore,  more  difficult,  could present  worse
radiological results but were not confirmed.

Intraoperative  variable  for  arterial  catheterization,  when  evaluated  by  the
percentage of HCC necrosis treated, suggested that tumors chemoembolized through
subsegmental  branches  had  a  higher  percentage  of  necrosis  than  tumors
chemoembolized through segmental branches (P = 0.038). However, in a multiple
linear regression analysis, this variable did not maintain statistical significance. Even
when we evaluated the variable arterial selectivity according to OR - target lesion
response (mRECIST), it was not statistically relevant. Thus, the perception that the
best radiological response in transarterial procedures is obtained with the maximum
superselecttion of the target HCC was not confirmed in this study.

The limitations of this study include that data analysis was related only to the first
treatment of HCC by DEB-TACE, and there were some HCCs that did not achieve
vascular  stasis  in  this  first  session  of  DEB-TACE  (not  achieved  the  end  point).
Furthermore, use of the 50-100 µm Hepasphere carrier microsphere (Merit Medical
Systems, United States) only occurred in 28 HCCs, while the 100-300 µm DC Beads,
Biocompatible, United Kingdom Ltd. was used in the remaining 270 HCCs, so it was
not possible to identify differences between these materials used in the radiological
results.

Analysis of predictors of radiological response of DEB-TACE for the neoadjuvant
treatment of HCC showed that a pseudocapsule increases the chance of HCCs being
responders by 2.01 times, and every milligram of chemoembolic agent administered
causes a 4% increase in the chance of HCC being responders. The addition of each 1
mg of the chemoembolic agent resulted in an average increase of 0.65% in necrosis,
and the presence of a pseudocapsule causeds 18.27% more necrosis in treated HCCs.
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Table 3  Intraoperative information according to objective response - target lesion response (mRECIST)

Variable NR (n = 44) RE (n = 141) Total (n = 185) P value

Duration (min) 60.9 ± 24.9 64.5 ± 24.8 63.6 ± 24.8 0.3721

Radioscopy time (min) 25.2 ± 11.7 25.2 ± 12 25.2 ± 11.9 0.9271

Contrast volume (mL) 251.8 ± 70.1 249.6 ± 63.1 250.1 ± 64.6 0.8881

1Student's t-test. NR: Non-responder; RE: Responder; Duration: Total time of chemoembolization procedure; Radioscopy time: Radioscopy time of the
chemoembolization procedure.

Table 4  Characteristics of hepatocellular carcinoma according to objective response - nodule-based analysis (mRECIST)

Variable NR (n = 93) RE (n = 205) Total (n = 298) P value

Preoperative

HCC diameter (cm) 2.2 (1; 8.5) 2.7 (1.1; 8) 2.5 (1; 8.5) < 0.0011

Liver segment2, n (%) 0.9613

1 2 (2.2) 4 (2) 6 (2)

2 8 (8.6) 24 (11.7) 32 (10.7)

3 5 (5.4) 15 (7.3) 20 (6.7)

4 10 (10.8) 18 (8.8) 28 (9.4)

5 9 (9.7) 23 (11.2) 32 (10.7)

6 19 (20.4) 35 (17.1) 54 (18.1)

7 23 (24.7) 46 (22.4) 69 (23.2)

8 17 (18.3) 40 (19.5) 57 (19.1)

Pseudocapsule, n (%) 47 (50.5) 149 (72.7) 196 (65.8) < 0.001

Intraoperative

Chemoembolic dosis (mg) 11.4 (1.5; 50) 22.5 (2.4; 100) 18.23 (1.5; 100) < 0.0011

Feeding vessels 0.0411

mean ± SD 1.2 ± 0.4 1.3 ± 0.5 1.2 ± 0.5

median (min; max) 1 (1; 3) 1 (1; 3) 1 (1; 3)

Selective catheterization@, n (%) 0.1973

Proximal 3 (3.4) 9 (5.2) 12 (4.6)

Segmental 33 (37.9) 47 (27.2) 80 (30.8)

Subsegmental 51 (58.6) 117 (67.6) 168 (64.6)

Hypervascular4, n (%) 70 (75.3) 156 (78.8) 226 (77.7) 0.502

End-point5, n (%) 88 (94.6) 187 (91.2) 275 (92.3) 0.308

1Mann-Whitney test;
2Liver segmentation according to Couinaud;
3Likelihood ratio test;
4Hepatocellular carcinoma identified as hypervascular during hepatic angiography;
5Hepatocellular  carcinoma that  obtained vascular  stasis  during the  first  chemoembolization session.  NR:  Non-responder;  RE:  Responder;  HCC:
Hepatocellular carcinoma.

Table 5  Objective response – nodule-based analysis (mRECIST) – responder

Variable OR
95%CI

P value
Inferior Superior

Chemoembolic dose (mg) 1.04 1.02 1.06 < 0.001

Pseudocapsule 2.01 1.18 3.42 0.01

Multiple logistic regression.
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Table 6  Characteristics of lesion according to percentage of necrosis - hepatocellular carcinoma treated

Variable Description P value

HCC diameter (cm)1 0.21 < 0.001

Chemoembolic dose (mg)1 0.31 < 0.001

Feeding vessel1 0.093 0.11

Liver segment2 0.7093

1 41.7 ± 49.2

2 60.9 ± 43.6

3 64 ± 38.9

4 53 ± 42.4

5 47.3 ± 42

6 50 ± 43.6

7 56.2 ± 41.3

8 59.3 ± 43.2

Pseudocapsule < 0.0014

No 39.2 ± 43.8

Yes 63.4 ± 39.2

Selective catheterization5 0.0383

Proximal 70.4 ± 43.9

Segmental 46.3 ± 41.6

Subsegmental 59.1 ± 41.9

Hypervascular6 0.9883

No 54.4 ± 43.6

Yes 54.3 ± 42.2

End point7 0.1983

No 66.1 ± 37.7

Yes 54.2 ± 42.6

1Pearson's correlation;
2Liver segmentation according to Couinaud;
3ANOVA;
4Student t-test;
5Selective catheterization levels for hepatic chemoembolization (Proximal: right/left hepatic artery trunk; Segmental: right/left hepatic artery segmental
branch; Subsegmental: right/left hepatic artery subsegmental branch);
6Hepatocellular carcinoma identified as hypervascular during hepatic angiography;
7Hepatocellular carcinoma that obtained vascular stasis during the first chemoembolization session. Data expressed as mean ± SD. HCC: Hepatocellular
carcinoma.

Table 7  Radiological response – % Necrosis – treated hepatocellular carcinoma

Variable Coefficient Standard-error t value P value

Constant 27.83 4.64 6 < 0.001

Chemoembolic dose (mg) 0.65 0.14 4.58 < 0.001

Pseudocapsule 18.27 5 3.66 < 0.001

Multiple linear regression.
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Figure 5

Figure 5  Receiver operating characteristics curve of prediction of hepatocellular carcinoma objective response.

Figure formula

ARTICLE HIGHLIGHTS
Research background
Drug-eluting bead transarterial chemoembolization (DEB-TACE) minimizes systemic exposure
and adverse effects to chemotherapeutics in hepatocellular carcinoma (HCC) patients.

Research motivation
Predictors of the response after DEB-TACE still have not been fully elucidated.

Research objectives
Identifying characteristics which may predict imaging response can improve treatment results
and select the best candidates.

Research methods
This was a single center, observational cohort prospective study.

Research results
Pseudocapsule increases by 2.01 times the chance of HCC to be responder and 18.27% more
necrosis in treated HCCs. Every milligram of the chemoembolic agent administered causes a 4%
increase the chance of HCC to be a responder and increase of 0.65% in necrosis.

Research conclusions
Pseudocapsule and the addition of the amount of chemoembolic agent are imaging response
predictors following drug eluting beads chemoembolization in the neoadjuvant liver transplant
treatment of hepatocellular carcinoma.

Research perspectives
Identify what other criteria not evaluated in this study may also be important additional factors
explaining  the  post-DEB-TACE  radiological  response  in  the  neodjuvant  treatment  of
hepatocarcinoma.
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