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Lipiodol retention pattern after TACE for
HCC is a predictor for local progression in
lesions with complete response
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Abstract

Background: To evaluate the predictive value of the lipiodol retention pattern for local progression of HCC with a
complete response (CR) on CT according to mRECIST criteria after a first session of conventional
chemoembolization (cTACE).

Methods: From January 2014 to May 2016 all consecutive patients undergoing a first cTACE session for HCC
were identified. Inclusion criteria were the presence of ≤3 HCCs and available pre- and post-cTACE CT. Tumor
response was classified according to mRECIST criteria. The analysis focused on tumors with a CR. The lipiodol
retention pattern in these tumors was classified as complete (C-Lip, covering the entire tumor volume), or
incomplete (I-Lip). Local progression was defined as the reappearance of areas of enhancement on arterial-phase
images with washout on portal/delayed phase images within 2 cm from treated tumors on follow-up CT.

Results: The final population included 50 patients with 82 HCCs. A total of 46 (56%) HCCs were classified with a CR,
including 16 (35%) with I-Lip, and 30 (65%) with C-Lip. After a median follow-up of 14 months (3.2–35.9 months),
15/16 (94%) and 10/30 (30%) of I-Lip and C-Lip HCCs showed local progression on CT, respectively (p < 0.001), with
no significant difference in the time to progression (mean 11.1 ± 2 vs. 13.4 ± 3 months for I-Lip and C-Lip,
respectively p = 0.51).

Conclusions: HCCs with incomplete lipiodol retention after a first cTACE session have a high risk of local
progression even when there is a CR according to mRECIST, and should be considered to be incompletely treated.
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Background
Transarterial chemoembolization (TACE) is the reference
treatment in patients with intermediate HCC that are not
eligible for curative treatment such as ablation, surgery or
liver transplantation [1]. An objective response after treat-
ment has been identified as an independent prognostic
factor [2, 3]. TACE is also the most common bridge ther-
apy in patients waiting for liver transplantation, because it
has been shown to improve patient drop out [4, 5]. More-
over, response to TACE, and especially a complete

response (CR), has been shown to be associated with a
better outcome after transplantation, and authors have
suggested that this should be used as a selection criterion
in patients waiting for liver transplantation [6].
RECIST 1.1 are the most commonly used criteria to

evaluate tumor response after oncological treatment [7].
However, RECIST 1.1 criteria are not accurate in HCC
after locoregional therapy such as TACE, as they have
been shown to largely underestimate tumor necrosis [8].
For this reason, a modified version (mRECIST) has been
proposed by the American Association for the Study of
Liver Diseases [9], which takes into account the single
axial measurement of the hypervascular portion of the
tumor considered to represent viable tissue. Thus, after
treatment, a tumor with no hypervascular component is
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considered to be necrotic and according to mRECIST
criteria, a complete response (CR) is achieved when all
hypervascular components have disappeared. mRECIST
has been shown to be reproducible for the differentiation
of a response and non-response after TACE [10], and to
improve identification of complete or almost complete
tumor necrosis [11].
However, several studies have suggested that mRE-

CIST may overestimate tumor response compared to a
pathological assessment of necrosis [10, 11]. In conven-
tional TACE (cTACE), which uses an emulsion of anti-
mitotic drugs and lipiodol, this may occur because
hyperattenuation on CT from the high iodine concentra-
tion of lipiodol may mask underlying hyperenhancement
of portions of the tumor [12]. Thus, certain authors
recommend using MR imaging to assess tumor response
[12]. Nevertheless, many institutions, especially those
that perform high-volume cTACE, partially or exclu-
sively monitor patients with CT. These teams believe
that the lipiodol retention pattern is not only an issue,
but is also informative. Indeed, Takayasu et al. have
shown that when lipiodol retention is considered to be a
necrotic area there is a good correlation with pathological
necrosis [13]. Moreover, Dioguardi Burgio et al. recently
demonstrated that in nodules showing a CR according to
mRECIST, those with complete lipiodol retention had a
significantly higher amount of necrosis than those with a
CR but with incomplete lipiodol retention [11].
As a result, we hypothesized that the outcome of

HCCs with a CR according to mRECIST after a cTACE
session may differ according to the pattern of complete
or incomplete lipiodol retention.
The aim of this study was to investigate the predictive

value of the lipiodol retention pattern after one session
of cTACE for the local progression of HCC.

Materials and methods
Patients selection
This single center retrospective study was performed in
BLINDED and approved by the institutional review board.
Informed consent was waived because of the retrospective
design. From January 2014 to May 2016 treatment-naïve
patients who underwent a first session of cTACE for the
treatment of HCC were retrieved from the medical
database of our institution. Inclusion criteria were (i) the
presence of at least one HCC according to EASL clinical
practice guidelines [1], (ii) contrast-enhanced computed
tomography (CT) before the cTACE procedure, and
during follow-up and (iii) the presence of up to three
HCCs to better identify local progression of individual
tumors. Tumors that could not be evaluated for response
according to mRECIST criteria, (i.e. hypoenhanced on
arterial phase and/or infiltrative tumors) were not in-
cluded in the study.

A total of 86 patients with cirrhosis underwent a first
session of cTACE during the study period. Thirty-six
patients were excluded for the following reasons: a)
more than 3 HCCs, (n = 10); b) systemic treatment be-
fore TACE (n = 3: two patients receiving sorafenib and
one patients receiving gemcitabine and oxaliplatin); and
c) lack of follow-up CT images (n = 11); infiltrative or
hypovascular HCC (n = 12).
The final population of this study included 50 patients

(mean age 62 ± 12 yo; 45 men [90%]) with 82 HCCs
(mean 27 ± 15mm, (10–75 mm)). Figure 1 shows the pa-
tient flow chart.

Conventional TACE procedure
The decision to perform TACE was discussed by a tumor
board for each patient (including oncologists, hepatolo-
gists, radiologists, interventional radiologists and hepatic
surgeons). Before each cTACE session a team of interven-
tional radiologists chose the most appropriate approach

Fig. 1 Study design. cTACE: conventional Transarterial
Chemoembolization. C-Lip: Complete lipiodol retention, HCC:
Hepatocellular Carcinoma. I-Lip: Incomplete lipiodol retention,
mRECIST: Modified Response Evaluation Criteria in Solid Tumors
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for each patient. All cTACE procedures were performed
according to recent expert consensus guidelines [14].
All cTACE procedures were performed under local

anesthesia by one senior radiologist (with at least 5 years
of experience in interventional oncology of the liver). A
right femoral approach was obtained with Seldinger tech-
nique using a 5F introducer sheath. Digital subtraction
angiography or 3-D cone beam CT angiography was used
to identify each target lesion and vascular feeders. The ce-
liac trunk or superior mesenteric artery was catheterized
using a 5F Cobra or Simmons angiographic catheter.
Treatment was performed as selectively as possible with
2.4–2.7-F microcatheters and involved the injection of a
mixture of chemotherapy (up to 60mg of doxorubicin;
Adriamycin; Pharmacia Upjohn,) and emulsified poppy
seed oil (Lipiodol, Gerbet). Associated embolization was
performed by injection of gelatin sponge (Gelitaspon,
Gelita Medical B.V.) or polyvinyl alcohol particles (Bead
Block, Biocompatibles). cTACE was considered to be se-
lective if the treatment was injected directly into tumor
feeders, and as nonselective otherwise.

CT protocol
All pre and post-cTACE contrast-enhanced abdominal
CT were performed with a multidetector CT (64-de-
tector LightSpeed VCT; GE Healthcare,). A multiphase
acquisition was obtained as follows: after an unenhanced
abdominal scan, a nonionic iodinated contrast agent
containing 350 mg I mL–1 was administered intraven-
ously through a 16–18 gauge cannula. A mean 2mL/kg
of contrast medium was injected via an antecubital vein
at 4 mL/s. No oral contrast medium was used. Arterial,
portal, and late venous phase acquisitions were obtained
at 35, 80, and 180 s, respectively, following contrast in-
jection. A maximum thickness per slice of 2.5 mm was
obtained for each acquisition.

Image analysis and tumor response
Baseline tumor characteristics
Pre- and post-cTACE contrast-enhanced CT images
were reviewed by two senior abdominal radiologists (XX
and YY with XX and YY years of experience in the field
of liver imaging). Images were reviewed in consensus on
a picture archiving and communication system (PACS)
(Carestream Health). The following items were evaluated
and recorded for each treated tumor: a) largest diameter
(in mm); b) the presence of a capsule defined as a
smooth, uniform, sharp border around the lesion that
was clearly thicker or more conspicuous than fibrotic
tissue around the background nodules, and visible as an
enhancing rim in portal or delayed phase acquisitions;
c) the presence of bland portal vein thrombosis; and
d) location according to Couinaud’s liver segment
classification.

Lipdiodol retention pattern on first follow-up CT
The lipiodol retention pattern was assessed on pre-
contrast images of post-TACE CT performed 4 to 6 weeks
after treatment (mean 38 ± 9 days; (20–73 days)). To en-
sure that the entire tumor volume was explored, images
were compared with pre-cTACE hepatic arterial phase
CT. Lipiodol retention was considered to be complete if
the entire nodule volume was hyperattenuating compared
to the surrounding liver parenchyma on pre-contrast im-
ages (retention could be either homogenous or patchy as
long as the whole tumor volume showed lipiodol reten-
tion). Lipiodol retention was considered to be incomplete
if the nodule volume showed only partial hyperattenuation
on post-TACE pre-contrast images. Figure 2 provides
schematic examples of the two retention patterns.

Tumor response and local progression
Tumor response was evaluated in a tumor-by-tumor
analysis. Tumors were individually classified according
to mRECIST [9] as a complete response (CR), partial re-
sponse (PR), stable disease (SD) or progressive disease
(PD). The current study focused on nodules showing a
CR, i.e. with no hyperenhanced portions on arterial
phase images after cTACE. Therefore, patients without a
CR in tumors on first follow-up CT were excluded from
the local progression analysis, because a second cTACE
session was required [15].
Each tumor was followed until local progression oc-

curred (follow-up CT was performed every 3months in
patients), which was defined as the appearance of a
hyperenhanced nodular portion with washout on portal
or delayed phase images (Fig. 3), within two cm from
the treated lesion. In case of doubt of local progression,
hepatic MR imaging was performed. The time from
cTACE to local progression was recorded. If a tumor
showed no local progression on the last available follow-

Fig. 2 Schematic representation of lipiodol retention patterns on
precontrast CT after cTACE
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up CT (at least 6 months after TACE), the nodule was
considered to be a persisting CR (Fig. 4).

Statistical analysis
Data were expressed as means, standard deviations and
ranges, or number of cases and frequencies, as appropri-
ate. A Fisher exact test or a Chi-2 test was used to com-
pare frequencies. The Student t test or Mann-Whitney
test was used to compare continuous variables according
to data distribution. The clinical, tumor and technical
characteristics of the lipiodol retention pattern were
identified by univariate analysis, and significant factors
(p < 0.1) were entered into a binary logistic regression
model. Association between lipiodol retention pattern
and local progression was also weighted by means of
odds ratio (OR). Time to local progression was defined
as the time between the cTACE session and the first

local progression. Factors associated with local progres-
sion were identified by a Cox-Mantel model, and
provided with the corresponding hazard ratios. A p value
< 0.05 was considered to be significant. All analyses were
performed with the Statistical Package for the Social Sci-
ences software, version 20.0 (SPSS Inc.)

Results
Patients and tumor baseline characteristics
Population and tumor characteristics are summarized in
Table 1.
All 50 patients had cirrhosis. The causes of cirrhosis

were alcohol-related (n = 4), HCV (n = 23), HBV (n = 10),
and other (n = 13). Before cTACE, patients had a mean
1.6 (1–3) HCCs, a mean 27 ± 15 mm (10 – 75mm) in
diameter. HCC was solitary in 23/50 patients (46%).
Twenty-three lesions (28%) presented with a peripheral

Fig. 3 Local progression of an HCC showing a complete response according to mRECIST with incomplete lipiodol retention in a 59 yr-old female
with HCV related cirrhosis. a baseline CT image obtained during hepatic arterial phase (HAP) shows a hyperehanced HCC in the right liver lobe. b
and c first follow-up CT images showing the lesion presenting with incomplete lipiodol retention on a precontrast image (b), while images
obtained during HAP (c) show no residual enhancement of the lesion. Millimetric lipiodol depositions were depicted in the right liver, suggesting
the presence of pre-existing yet undetected small tumor foci. This CT showed the appearance of a lesion in the left liver lobe (not shown in the
figure), for which the patient underwent a second TACE session targeting only the left liver lobe. d-f 3 months follow-up CT images obtained
during precontrast (d), HAP (e) and delayed (3′) phase (f) show the reappearance of a hyperenhancing nodular portion on HAP (e) with washout
on delayed (3′) phase (f) consistent with local progression (arrow)
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capsule appearance. Subsegmental portal vein throm-
bosis was observed in 2/50 (4%) of patients.

cTACE characteristics
cTACE was selective in 61/82 (74%) nodules. Arterial-
phase cone beam CT was used for treatment guidance
in 27/50 (54%) procedures. The mean dose of adminis-
tered doxorubicin was 26 ± 14mg (9 – 60 mg) corre-
sponding to 44% ± 23% (15–100%) of the entire dose.

Response to cTACE and lipiodol retention pattern
Forty-six of the 82 HCCs (56%) were classified as CR, 7
(8%) as PR, 27 (33%) as SD and 2 (2%) as PD on first
follow-up CT according to mRECIST.
Lipiodol retention was present in 72/82 (88%) of ana-

lyzed tumors. Lipiodol retention was considered to be
complete in 30/72 (41%), and incomplete in 42/72 (58%)
tumors. The remaining 10 (12%) tumors showed no lipio-
dol retention. The mean size of tumors showing complete,
incomplete and no lipiodol retention was 23 ± 10mm, 33 ±
16mm, and 15 ± 5mm, respectively (p < 0.01). Sixteen of

the 46 nodules classified as CR (35% - mean 22.9 ± 8mm)
showed incomplete lipiodol retention, while 30 (65% -
mean 22.8 ± 10mm) showed complete lipiodol retention.

Outcome of HCC showing CR on first follow-up CT
After a median follow-up of 14months (3–35.9months),
tumor progression was observed a median of 12months
(3–31months) after cTACE in 25/46 (54%) tumors with
an initial CR. Median follow-up of tumors with persistent
CR (i.e. no local progression) was 13.1months (6 – 35.9
months). There were 15/16 (94%) and 10/30 (30%) tumors
with incomplete and complete lipiodol retention that
showed local progression on CT, respectively (p < 0.01),
with no statistical difference in time to local progression
(mean 11.1 ± 2 vs. 13.4 ± 3months, respectively p = 0.51).
Incomplete lipiodol deposition among nodules presenting
with CR according to mRECIST had an OR of 30 (3.4 to
260 95%CI; p < 0.01) for further local progression. The
characteristics of tumors with a CR according to lipiodol
retention are set out in Table 2.

Fig. 4 Absence of local progression of an HCC showing a complete response according to mRECIST with complete lipiodol retention in an 83 yr-
old male with HBV related cirrhosis. a baseline CT image obtained during hepatic arterial phase (HAP) shows a hyperenhancing HCC in the left
liver lobe. b and c first follow-up CT images showing the lesion presenting with complete lipiodol retention on the precontrast image (b) and no
residual enhancement on HAP (c). d-e 24 months follow-up CT images obtained during unenhanced (d) and HAP (e) show that the nodule has
decreased in size with persistent complete lipiodol retention in the lesion. No enhancing lesion in noticed on HAP (e)
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The mean delivered dose of doxorubicin was statisti-
cally lower in CR tumors with local progression than in
those without local progression (35 ± 17mg vs. 48 ± 23
mg, respectively; p = 0.03) (Table 3). There was no statis-
tically significant difference in other factors including
the appearance of imaging and the features of the
cTACE technique between CR nodules with and without
local progression (Table 3).

Factors associated with local progression in CR tumors
with complete lipiodol retention
The mean delivered dose of doxorubicin was statistically
lower in tumors with local progression (mean 19 ± 12
mg vs. 29 ± 14 mg; p < 0.01). Other factors did not statis-
tically differ between the groups. The mean size of tu-
mors with a CR, complete lipiodol retention and local
progression did not statistically differ from those without
local progression (22 ± 9mm vs. 23 ± 12mm, respect-
ively p = 0.78) (Table 4).

Discussion
In this study we showed that local progression occurred
in almost all tumors presenting with both a CR accord-
ing to mRECIST criteria and incomplete lipidodol

Table 1 Patient and tumor baseline characteristics

Population characteristics (N = 50)

Gender M/F 45/5 (90/10%)

Mean age (years) ± SD (range) 62 ± 12 (20–83)

Causes of cirrhosis

- Alcohol consumption 4 (8%)

- NAFLD 5 (10%)

- Alcohol + NAFLD 7 (14%)

- HBV 10 (20%)

- HVC 23 (46%)

- Other 1 (2%)

Number of HCC

-1 23 (46%)

-2 22 (44%)

-3 5 (10%)

Mean HCC size (mm) ± SD (range) 27 ± 15 mm (10–75)

AFP (μg /L) ± SD (range) 299 ± 1356 (1.3–9395)

Serum bilirubin (μmol/L) ± SD (range) 16.57 ± 11 (3–54)

Serum albumin (g/L) ± SD (range) 36.5 ± 8.3 (21–57)

AFP Alpha-fetoprotein, HBV Hepatitis B virus, HCC hepatocellular carcinoma,
HCV Hepatitis C virus, NAFLD Non-alcoholic fatty liver disease, SD
standard deviation

Table 3 Comparison of HCCs showing local progression and no
local progression, in nodules classified with a complete
response

Local
progression
N = 25

No local
progression
N = 21

p value*

Serum AFP level
(μg /L) ± SD

37 ± 18 122 ± 72 0.40

HCC size (mm) ± SD 23 ± 7 22.6 ± 12 0.78

HCC location

- Right lobe 20 (80%) 14 (66%) 0.49

- Left Lobe 5 (20%) 7 (33%)

Capsule Appearance 6 (24%) 7 (33%) 0.70

CBCT guidance 15 (60%) 10 (48%) 0.82

Selective cTACE
Treatment

18 (72%) 15 (71%) 0.77

Mean Delivered Dose
(mg) ± SD

35 ± 17 48 ± 23 0.03

Presence of gas on
follow-up CT

1 (4%) 0 (0%) 0.93

Embolization Agent

- Gelitaspon 23 (92%) 15 (71%) 0.11

- PVA particles 0 (0%) 3 (14%)

- No embolization 2 (8%) 3 (14%)

*Chi2 test and t-test were used for analysis of discrete and continuous
variables respectively
AFP Alpha-fetoprotein, CBCT Cone beam computed tomography, HCC
Hepatocellular carcionoma, PVA Polyvinyl alcohol, SD Standard deviation,
cTACE Conventional transarterial chemoembolization

Table 2 Comparison of HCCs showing a complete response
according to mRECIST with complete and incomplete lipiodol
retention

Incomplete
(N = 16)

Complete

(N = 30)

p value+

Serum AFP level (μg /L) ± SD 44 ± 110 93 ± 279 0.50

HCC Size (mm) ± SD 22.9 ± 0.8 22.8 ± 10 0.96

HCC location 1.00

- Left lobe 5 (32%) 10 (33%)

- Right lobe 11 (68%) 20 (66%)

Capsule appearance 4 (25%) 9 (30%) 0.50

Selective cTACE Treatment 10 (62%) 23 (76%) 0.24

Mean Delivered Dose (mg) ± SD 22 ± 11 26 ± 13 0.54

Embolic agent

- Gelfoam 14 (87%) 26 (86%) 0.22

- PVA particles 0 (0%) 3 (10%)

- None 2 (13%) 1 (4%)

CBCT guidance 9 (56%) 17 (56%) 0.61

Local progression* 15 (94%) 10 (30%) <0.01

Mean delay of local progression
(months) ± SD

11.1 ± 2 13.4 ± 3 0.51

*median follow-up of 14months (range 3.2–35.9 months)
+ Chi2 test and t-test were used for analysis of discrete and continuous
variables respectively
AFP Alpha-fetoprotein, CBCT Cone beam computed tomography, HCC
Hepatocellular carcionoma, PVA Polyvinyl alcohol, SD Standard deviation,
cTACE Conventional transarterial chemoembolization
significant differences are bold
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retention on CT after a first session of cTACE, while
this only occurred in one third of nodules with a CR and
complete lipiodol retention.
Several authors have focused on the prognostic value

of the lipiodol retention pattern after cTACE procedures
[13, 16, 17]. The study by Takayasu et al. reported a
good correlation between tumor necrosis on pathology
and CT images when lipiodol retention was considered
to represent necrosis [13]. Also, one study showed that a
heterogeneous lipiodol pattern was correlated with a
higher risk of recurrence [16], while another reported
that the presence of lipiodol in at least 75% of the lesion
was a predictor of improved patient survival [17]. Kim
et al. reported better survival when compact lipiodol re-
tention was observed in patients treated with TACE for
unresectable HCC [18]. These results suggest that not
only the presence but also the amount of lipiodol visual-
ized on follow-up CT has prognostic value.
Nevertheless, certain authors have stated that value of

the lipiodol retention pattern may not be fully accurate
since the hyperattenuation of iodine retention may mask
underlying viable parts of the tumor. It is important to
note that from an oncological point of view, this is only
challenging in tumors with a complete response, since

patients with a partial response or stable disease – i.e. with
persistent viable portions of treated tumors – need to be
retreated whatever the lipiodol retention pattern. Interest-
ingly, Dioguardi Burgio et al. have shown that tumors with
a CR according to mRECIST and complete lipiodol reten-
tion had significantly higher rates of tumor necrosis on
pathology than those with a CR but incomplete retention
(mean 95% vs. 68%, respectively) [11]. Our results support
these data, since local progression occurred in nearly all
nodules with a CR and incomplete retention, while only
one third in those with complete retention. This may have
major consequences in clinical practice. Indeed, to date, a
lesion with no residual arterial enhancement on CT is
considered to be completely treated, whatever the type of
lipiodol retention. These tumors are followed-up and
treated when local progression is identified. The present
results suggest that these tumors should be considered in-
completely treated, and may benefit from a second session
of TACE. This is particularly important in bridge therapy
before liver transplantation [5, 19].
Incomplete lipiodol deposition appearance may be due

to the incomplete catheterization and treatment injec-
tion in all tumor feeders. In this case, lesions typically
show residual enhancement on follow-up CT. When all
tumoral feeders are catheterized and treated, one could
speculate that incomplete lipiodol deposition pattern
could be related to the inability of lipiodol particles to
penetrate the smallest tumor capillary vessels. Another
explanation may be that partial lipiodol degradation may
occur during the time interval between TACE and
follow-up CT. Independently from of the mechanism,
our results support the fact that incomplete deposition
pattern should be considered as a marker of viable
tumor, even in the absence of residual arterial hyper-
enhancement.
Certain authors have suggested that MR imaging should

be used instead of CT to assess tumor response after
TACE. Hunt et al. [20] showed that the diagnostic accur-
acy of MR was better than CT (55% vs 43%) to assess
tumor viability after TACE in a cohort of transplanted pa-
tients. Indeed, MR is considered to be more accurate than
CT for the detection of tumoral remnants because its in-
terpretation is not disturbed by lipiodol retention [12].
Moreover, accuracy can be increased by the use of image
subtraction during arterial phase sequences [21].
Nevertheless, the level of evidence supporting these

statements remains low, because the number of studies
is limited and they include very small populations.
Moreover, certain authors have reported a strong correl-
ation between tumor devascularization on MR imaging
and the amount of lipiodol retention on CT [22, 23].
However, MR imaging is not as accessible as CT, is
more expensive, and patients may present with contrain-
dications (i.e. pace makers or claustrophobia). Thus, CT

Table 4 Factors associated with local progression in HCCs
showing a complete response according to mRECIST and
complete lipiodol retention

With local
progression
N = 10

Without Local
progression N = 20

p value*

Serum AFP level
(μg /L) ± SD

31 ± 36 124 ± 340 0.40

HCC size (mm) ± SD 22 ± 9 23 ± 12 0.78

HCC location

- Right lobe 9 (90%) 14 (70%) 0.22

- Left Lobe 1 (10%) 6 (30%)

Capsule Appearance 3 (30%) 7 (35%) 0.14

CBCT guidance 3 (30%) 10 (50%) 0.44

Selective cTACE
Treatment

8 (80%) 15 (75%) 0.76

Mean Delivered Dose
(mg) ± SD

19 ± 12 29 ± 14 <0.01

Presence of gas on
follow-up CT

1 (10%) 0 (0%) 0.33

Embolization Agent

- Gelitaspon 10 (100%) 16 (80%) 0.48

- PVA particles 0 (0%) 3 (15%)

- No embolization 0 (0%) 1 (5%)

*Chi2 test and t-test were used for analysis of discrete and continuous
variables respectively
AFP Alpha-fetoprotein, CBCT Cone beam computed tomography, HCC
Hepatocellular carcionoma, PVA Polyvinyl alcohol, SD Standard deviation,
cTACE Conventional transarterial chemoembolization
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is still routinely performed alone or in combination with
MR imaging by many teams for patient follow-up after
TACE treatment [6, 24, 25]. More importantly and be-
sides these technical considerations, our results suggest
that MR imaging may not be necessary in all patients, in
particular in the absence of a CR in accurately per-
formed CT, or in tumors with a CR and incomplete
lipiodol retention suggesting the presence of remnant
tumor cells, which may require retreatment. This sug-
gests that an oncologically valid strategy would be to re-
strict MR imaging to patients with tumors showing both
a CR and complete lipiodol retention on CT.
We could not identify any predictive factor for local

progression except for the dose of chemotherapy delivered
during treatment. While advantage of cTACE compared
to arterial embolization alone is still a matter of debate for
some [26, 27], this result supports the oncological value of
chemotherapy agent injection, and suggests that the max-
imal possible dose should be delivered to each tumor tar-
get in order to reduce the risk of local progression.
However, this factor should be considered with caution.
Indeed, it was difficult to know the exact amount of
chemotherapy delivered to a treated lesion because this
depends on several elements, including treatment selectiv-
ity or the perfusion parameters of the tumor.
In addition to its retrospective design, our study has sev-

eral limitations. First, the number of tumors showing a CR
according to mRECIST and complete lipdiodol retention
was fairly small. This can be explained by our inclusion
criteria. Since we did not want to include previously
treated tumors to avoid bias, we only included patients
treated by a first session of cTACE. At the same time, the
rate of tumors with a CR (56%) is similar to recent pub-
lished series evaluating cTACE [6]. We were also not able
to correlate local progression and lipiodol retention with
tumor grading, because the diagnosis of most HCC was
obtained by imaging criteria. Moreover, we did not focus
on overall survival. Indeed, the goal of our study was to
improve the understanding of the local reaction of tumors
treated with cTACE, rather than to link lipiodol retention
patterns to long term-outcome. Finally, we only included
patients with up to three tumors. In case of multifocal
HCC, it would have been impossible to confidently evalu-
ate which nodules progressed.

Conclusion
HCCs showing a CR according to mRECIST criteria on
CT after a first session of cTACE should be divided into
two groups with different potential local outcomes. Tu-
mors with incomplete lipiodol retention have a high risk
of local progression and should probably be retreated,
and those with complete lipiodol retention with a much
lower risk of local progression could probably benefit
from MR imaging to identify viable tumor remnants.
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