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Abstract 

Background Hepatocellular carcinoma (HCC) is classified as the sixth commonest cancer over the world 
and the fourth common in Egypt, representing the third leading cause of cancer‑related mortality. Trans‑arterial 
chemoembolization (TACE) is considered as one of the most effective treatment option for intermediate stage HCC. 
Lesions showing complete response (CR) after TACE can be classified according to their lipiodol retention pattern 
into complete (C‑Lip, covering the entire tumor volume) or incomplete (I‑Lip). The purpose of this study was to assess 
the prediction value of post‑TACE lipiodol retention pattern on the local disease progression after complete response 
and thus to decide which patient should be carefully observed and considered to be incompletely treated.

Results The study included 45 HCC lesions treated with TACE and showed complete response in the first follow‑
up CT performed 4–6 weeks after the procedure; 23 cases showed incomplete lipiodol retention pattern and 22 
with complete lipiodol retention pattern which was carefully assessed on non‑contrast CT images done 4 to 6 weeks 
after treatment. Follow‑up CT was then performed every 3 months for at least 12 months or until local progression 
occurred. On the follow‑up CT studies, 20 out of the 45 lesions showed persistent complete response (i.e., no local 
progression), while 25 of them showed local progression. Among the 25 cases with disease progression upon cor‑
relation with their lipiodol retention pattern, it was found that local progression occurred in 31.8% of tumors showed 
CR with complete lipiodol retention, as opposed to 78.2% of tumors showed CR with incomplete lipiodol retention 
with significant statistical difference and p value 0.010.

Conclusions Lipiodol retention pattern of HCC after TACE can predict the potential tumor local outcome. Lesions 
with incomplete lipiodol retention are at a higher risk of local tumor progression and therefore should probably 
observed and can be retreated; on the other hand, tumors with complete lipiodol retention have a much lower risk 
of local disease tumor progression.
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Background
Hepatocellular carcinoma (HCC) is classified as the sixth 
common cancer over the world and the fourth common 
cancer in Egypt, representing the third leading cause of 
cancer-related mortality. HCC patients classified and 
treatment allocated according to tumor stage, liver func-
tion, and general performance status. Only 30–40% 
of HCC patients are candidates for curative treatment 
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options. The other majority of HCC patients proceed for 
local, regional therapy or even systemic palliative treat-
ment [1–3].

Trans-arterial chemoembolization (TACE) is consid-
ered as the first treatment line for intermediate stage 
HCC, which is involving large lesions and multinodu-
lar HCC and average normal liver function test, with no 
associated cancer-related symptomology, tumoral vascu-
lar invasion or extrahepatic spread. Stage B of the Barce-
lona Clinic Liver Cancer (BCLC) shows heterogeneous 
group of patients, and a sub-classification was established 
to properly determine the selection of patients most 
likely to get benefit from TACE treatment. According 
to this classification, the best candidates for TACE are 
those patients with uni- or pauci-nodular lesions without 
vascular extensions or tumor metastatic spread, with no 
symptoms and have Child–Pugh stage of ≤ B7. In those 
patients, the median survival following TACE is about 
40–50  months in modern series. TACE is also used in 
patients with early-stage HCC as a bridge to liver trans-
plantation [2–4].

Local regional therapy (LRT) provides a bridge for liver 
transplantation and has two main roles in patients with 
liver cirrhosis and HCC waiting for liver transplantation: 
first, is to achieve local disease control and second is to 
downstage the patients outside liver transplantation cri-
teria to make them eligible for surgery [5].

Two different TACE techniques were used since 2004, 
conventional TACE (cTACE) and TACE by drug-eluting 
beads (DEB-TACE). cTACE combines the transcatheter 
chemotherapy injection using lipiodol-based emulsion 
associated with embolizing agent to reach the maximal 
cytotoxic and ischemic effects upon the tumor cell [2].

Tumor response is evaluated according to mRECIST 
criteria and classified into complete response (CR), par-
tial response (PR), stable disease (SD) or progressive dis-
ease (PD). Lesions showing a CR means that there is no 
enhancing component on arterial phase following to the 
cTACE session and classified according to the lipiodol 
retention pattern in lesion with complete lipiodol filling 
(C-Lip, at which the entire tumor volume is covered by 
lipiodol), and incomplete lipiodol filling (I-Lip). The reap-
pearance of contrast enhancement within the embolized 
lesion or within 2  cm from its margins at the arterial 
phase with delayed washout is considered to be local dis-
ease progression [6].

For the assessment of the treatment response, 
Response Evaluation Criteria in Solid Tumors (RECIST) 
was introduced by measurement of the tumor size. How-
ever, this neglects the fact that locoregional therapies 
induce tumor infarction without early changes in size. 
Recently, modified Response Evaluation Criteria in Solid 
Tumors (mRECIST) criteria were introduced and based 

on measuring only the viable enhancing component of 
the lesion in a single long-axis dimension [7].

Many studies suggested that mRECIST overestimates 
the post-treatment tumor response compared to the 
pathological assessment of necrosis. In cTACE this could 
happened due to hyper-attenuation on CT from the lipi-
odol can mask underlying hyper-enhancement. There-
fore, many authors put recommendations for using MRI 
to assess tumor response. However, many interventional 
teams still use CT for monitoring their patients believing 
that lipiodol retention is informative with a good correla-
tion to pathological necrosis [8–10].

The purpose of the study was to assess the prediction 
value of lipiodol retention pattern on post-cTACE CT 
scan for local disease progression of HCC after com-
plete response and thus to decide whether HCC lesions 
with incomplete lipiodol retention pattern have a higher 
risk of local progression and should be considered to be 
incompletely treated. Our aim was also to improve accu-
racy of reporting HCCs response after cTACE and conse-
quently aiding in the treatment plan.

Methods
The study was a prospective cross-sectional analytic 
study performed over 30 patients with liver cirrhosis 
secondary to chronic viral hepatitis and having 45 HCC 
lesions diagnosed according to LIRADS criteria as LR-4 
and LR-5 underwent cTACE aiming to assess the predic-
tion value of lipiodol retention pattern on post-TACE 
CT scan for local disease progression after complete 
response. The study was conducted at the radiology 
department of our institution in the period between 
March 2022 and March 2023 on 30 patients with 45 HCC 
lesions, underwent a first cTACE session and came for 
follow-up to assess treatment response and to plan the 
next step in management. The study was IRB approved. 
Written informed consent was obtained from all patients 
shared in the study.

Inclusion criteria
Patients candidates for TACE according to Barce-
lona clinic liver cancer (BCLC) guidelines and under-
went cTACE for at least 1 HCC. Tumor showed 
complete response (CR) based on mRECIST criteria in 
the first post-therapy follow-up CT which was performed 
4–6 weeks after trans-arterial chemoembolization.

Exclusion criteria
Patients with impaired renal functions. Patients with 
contraindication to TACE or underwent other treatment 
procedures. Lesions showed response other than com-
plete response (CR) according to mRECIST criteria.
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TACE procedure
The cTACE procedures were performed via senior expert 
intervention radiologist with 16  years of experience at 
intervention unit via right femoral approach under digi-
tal subtraction images or cone beam 3D CT angiography. 
The treatment done via injection of chemotherapy and 
emulsified oil contrast (Lipiodol) and associated emboli-
zation of the arterial feeder was performed.

Triphasic CT examination protocol
Post-contrast triphasic CT study of the abdomen was 
performed using multi-detector CT (128 detector Light-
Speed VCT; GE Healthcare). Multiple phases were 
obtained as follows: non-contrast phase, followed by iodi-
nated water soluble IV contrast injection (about 350 mg/
mL). The contrast dose injected was 2 mL/kg injected at a 
rate of 4 mL/s. Post-contrast early arterial obtained about 
20 s after injection, late arterial obtained about 40 s after 
injection, and venous phase obtained about 80  s after 
injection. The acquisition thickness was about 2.5 mm. A 
5 min delayed phase was then obtained.

Follow-up post-interventional CT was then performed 
4–6  weeks after treatment and proper categorization of 
the pattern of lipiodol retention was assessed at the non-
contrast phase images. Follow-up CT scan with multi-
phases was performed every 3 months. Each tumor was 
followed until local progression occurred. If the ablation 
bed revealed no recurrence or local disease progression 
on last available follow-up CT scan over period of at least 
12  months after TACE, then this is considered to be a 
persisting CR.

CT images interpretation
Triphasic CT images pre- and post-cTACE images were 
reviewed in consensus by three expert radiologists with 
11, 16 and 17 years of experience in abdominal imaging. 
Images analyzed via picture archiving and communica-
tion system (PACS). The following items were assessed 
and reported for each treated lesion: (a) the longest diam-
eter; (b) the presence of delayed enhancing tumoral cap-
sule; (c) tumoral portal vein thrombosis; (d) location of 
the lesions within the lover segments according to Cou-
inaud’s classification; (e) the pattern of lipiodol retention 

on 1st follow-up CT performed 4–6  weeks after TACE 
session. To ensure covering the whole tumor volume, the 
follow-up study compared to the pre-cTACE CT.

Lipiodol retention pattern was considered as a com-
plete retention if the volume of entire lesion was filled 
by lipiodol as compared to the surrounding liver on non-
contrast phase. The lipiodol accumulation was consid-
ered complete even if it appears homogenous or patchy 
as long as the whole tumor showed lipiodol accumula-
tion. While lipiodol retention pattern was categorized as 
incomplete retention if the lesion volume showed partial 
accumulation not covering the whole tumor volume on 
non-contrast phase at post-TACE study.

Post-treatment response of the tumor and local pro-
gression were evaluated, and each lesion was indi-
vidually categorized according to mRECIST into 
complete response (CR), partial response (PR), stable 
disease (SD) or progressive disease (PD) (Table 1). The 
study selectively focused on the lesions show com-
plete response. Therefore, patients without a CR were 
excluded from the study. Each single lesion was fol-
lowed until local disease progression occurred (by 
periodic post-treatment CT study every 3  months), 
local progression defined as appearance of an arterially 
enhancing nodular areas with subsequent correspond-
ing washout on portal or delayed phases within or 
along the margins of the previously embolized lesion. If 
the treated lesion showed no local disease progression 
on the post-treatment CT study follow-up (for at least 
12 months after the cTACE), the lesion was considered 
to be a persisting complete response.

Statistical method and analysis
A Chi square (χ2) test were performed for compari-
son between different study groups. The association 
between patterns of lipiodol retention and local disease 
progression was assessed by means of odds ratio (OR). 
The obtained results were considered statistically sig-
nificant when P value was less than 0.05. The data was 
analyzed using Statistical Package for the Social Sci-
ences (SPSS) version 28.

Table 1 Therapeutic response according to mRECIST criteria

Response mRECIST for HCC

Complete response (CR) Disappearance of intratumoral arterial enhancement in target lesions

Partial response (PR)  ≥ 30% decrease in the diameter of viable component measured 
in the arterial phase of the study

Stable disease (SD) Cases not fulfilling the criteria of partial response or progressive disease

Progressive disease (PD) Increase ≥ 20% in the diameters of the enhancing component
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Results
The study included a total of 30 patients with 45 HCC 
lesions. The patients’ ages ranged from 40 to 72  years 
(mean 63.80 ± 10.02 SD). Twenty seven patients were 
males (90%) and three patients were females (10%).

Eighteen patients had solitary HCC lesion (60%), nine 
patients had two lesions (30%) and three patients had 
three lesions (10%). The size of the treated lesions before 
the TACE procedure ranged between 3.2 and 6.1 cm with 
mean size 4.2 cm ± 0.08.

Response to TACE and lipiodol retention pattern
Forty five of the 45 HCCs (100%) were classified as CR on 
first CT performed 4–6 weeks after TACE according to 
mRECIST criteria.

Lipiodol retention within the lesion was considered 
to be complete in 22 lesions (48.9%), and incomplete in 
23 lesions (51.1%). On follow-up CT studies, 20 lesions 
showed persistent CR which means no local progression 
(44.4%) and 25 lesions showed local progression (55.6%).

Among the 22 lesions with complete lipiodol reten-
tion pattern, 15 out of the 22 (68.2%) showed no local 
progression (persistent CR) (Fig.  1), while seven out of 
22 (31.8%) showed local progression (Fig. 2). Among the 
23 lesions with incomplete lipiodol retention pattern, five 
out of the 23 (21.8%) showed no local progression (per-
sistent CR) (Fig.  3), while 18 out of 23 (78.2%) showed 

Fig. 1 A 60‑year‑old male patient diagnosed with HCC 
and underwent a first session of cTACE. a Non‑contrast and b arterial 
phase image of post‑TACE CT showed complete lipiodol retention 
within the lesion on a precontrast image with no enhancement 
on arterial phase image denoting complete response. c Arterial 
phase and d delayed phase image of the follow‑up CT study showing 
regression in the size of the lesion with no arterial enhancement 
or washout consistent with persistent complete response

Fig. 2 A 64‑year‑old male patient diagnosed with HCC 
and underwent a first session of cTACE. a Non‑contrast and b 
arterial phase image of post‑TACE CT showed complete lipiodol 
retention covering the entire volume of the lesion on a precontrast 
image with no enhancement on arterial phase image denoting 
complete response. c Arterial phase and d delayed phase image 
of the follow‑up CT study showing regression in the amount 
of lipiodol within the lesion and newly developed areas of arterial 
enhancement and delayed wash out consistent with local disease 
progression

Fig. 3 A 53‑year‑old male patient diagnosed with HCC 
and underwent a first session of cTACE. a Non‑contrast and b arterial 
phase image of post‑TACE CT showed incomplete lipiodol retention 
within the lesion on a precontrast image with no enhancement 
on arterial phase image denoting complete response. c Arterial 
phase and d delayed phase image of the follow‑up CT study showing 
no arterial enhancement or washout consistent with persistent 
complete response
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local progression (Fig.  4). A significant statistical differ-
ence was found with p value 0.010 (Table 2).

Factors related with local progression
Age
Among the studied patients, mean age of patients whom 
lesions showed local progression on follow-up was 
63.82 ± 11.94 years old, while mean age of patients whom 
lesions showed persistent complete response (i.e., no 

local progression) is 63.77 ± 7.22  years old. No statisti-
cally significant difference was noted (P value 0.2).

Number of lesions
Among the 20 lesions that showed no local progression 
(persistent CR) on follow-up CT up to 1 year after treat-
ment, 12 patients had single lesion and 4 patients had 2 
lesions. While among the 25 lesions that showed local 
progression on follow-up CT, 6 patients had single lesion, 
5 patients had 2 lesions and 3 patient had 3 lesions. No 
significant statistical difference was found (P value 0.05).

Relation between numbers of the lesions and lipiodol 
retention pattern
Among the 22 HCC lesions showed complete lipiodol 
retention pattern on post-TACE CT, 11 patients had sin-
gle lesion, four patients had two lesions and one patient 
had three lesions. Among the 23 HCC lesions showed 
incomplete lipiodol retention pattern on post-TACE CT, 
seven patients had single lesion, five patients had two 
lesions and two patients had three lesions. No significant 
statistical difference was found (P value 0.1).

Relation between size of the lesions and lipiodol retention 
pattern
The mean size of the lesions among the 22 HCC lesions 
with complete lipiodol retention pattern was 4.1 cm ± 0.2 
SD. While the mean size of the 23 HCC lesions with 
incomplete lipiodol retention pattern was 5.2  cm ± 0.4 
SD. Based on Pearson’s correlation coefficient, the 
results show that there is a negative significant correla-
tion between size of the lesion and lipiodol retention pat-
tern with r = −0.553 and pvalue < 0.001 , which indicates 
that the larger the lesion the higher the incidence of I-lip. 
Based on Mann–Whitney U test which is a nonparamet-
ric statistical test used to compare two samples/groups. 
The results show that there is a statistical significant dif-
ference between the size of the lesion of I-Lip group and 
the size of the lesion of C-Lip group with statistic value 
U = 85.50 and pvalue < 0.001.

Fig. 4 A 60‑year‑old male patient diagnosed with HCC 
and underwent a first session of cTACE. a Non‑contrast and b arterial 
phase image of post‑TACE CT showed complete lipiodol retention 
covering the lesion on a precontrast image with no enhancement 
on arterial phase image denoting complete response. c Arterial 
phase and d delayed phase image of the follow‑up CT study 
showing regression in the amount of lipiodol and newly developed 
small nodular areas of arterial enhancement and delayed wash 
out consistent with local disease progression

Table 2 Local progression in relation to lipiodol retention pattern

Lipiodol retention pattern P value

I-Lip C-Lip

Count % Count %

Local Progression On Follow‑up Local progression 18 78.2 7 31.8 0.010

No local progression 5 21.8 15 68.2

Total 23 100 22 100
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Relation between size of the lesions and local progression 
on follow-up
Based on Pearson’s correlation coefficient, the results 
show that there is a high negative significant correlation 
between size of the lesion and local progression on fol-
low-up with r = −0.758 and pvalue < 0.001 , which indi-
cates that the larger the lesion the higher the incidence of 
local progression. Based on Mann–Whitney U test which 
is a nonparametric statistical test is used to compare two 
samples/groups. The results show that there is a statisti-
cal significant difference between the size of the lesion of 
local progression group and the size of the lesion of no 
local progression group with statistic value U = 30 and 
pvalue < 0.001

Discussion
Hepatocellular carcinoma (HCC) is a main health prob-
lem in Egypt, representing the third leading cause of can-
cer-related mortality. Only 30–40% of HCC patients are 
candidates for curative options of treatment. The other 
majority of HCC patients proceed for local, regional 
therapy or even systemic palliative treatment [1–3].

In this study, we demonstrated that among the 45 
treated HCC lesions showing complete response (CR) 
according to mRECIST criteria on post-TACE CT stud-
ies, 22 of them showed complete lipiodol retention 
pattern within the lesion, while 23 lesions showed incom-
plete lipiodol retention pattern. On follow-up CT stud-
ies, 20 HCC lesions showed persistent complete response 
(i.e., no local progression), while 25 of them showed local 
progression. Upon correlation to their lipiodol retention 
pattern on post-TACE CT studies, we found that local 
progression only occurred in 31.8% of tumors with a CR 
and complete lipiodol retention, as opposed to the major-
ity of tumors (78.2%) with a CR and incomplete lipiodol 
retention.

Many different authors studied the therapeutic effect 
and prognosis of lipiodol retention pattern after cTACE 
intervention. The study done by Burgio et al. [8] reported 
that there is a high risk of local progression of HCCs via-
ble lesions along the incomplete lipiodol retention bed 
after first intervention by cTACE session even if there is a 
complete response (CR) when assessed by mRECIST cri-
teria, so these lesions should be considered to be incom-
pletely treated.

Also, Stark et  al. [11] reported a strong correlation 
between lipiodol deposition and enhancing tumor vol-
ume (ETV) on the pre-treatment MRI and post-treat-
ment MRI follow-up. On post-treatment study follow-up, 
the regions of the tumor filled by lipiodol showed higher 
rates of ETV reduction than the regions not filled by lipi-
odol (p = 0.0475).

Another study by Varzaneh et  al. [12] showed strong 
statistically significant correlation between the predicted 
tumor necrosis and calculated image based volumet-
ric necrosis on post-embolization follow-up MRI study 
(r = 0.889, p < 0.001) and between predicted tumor necro-
sis and pathological calculated tumor necrosis (r = 0.871, 
p < 0.001) and this put conclusion that the calculated 
volume of enhancement on pre-TACE MRI and the 
post-TACE oil deposition in CT may accurately predict 
necrosis in treated HCC lesions.

On the other hand, Langenbach et  al. [13] stated that 
the amount of Lipiodol in post-interventional CT did 
not correlate with post-therapy tumor response, and 
therefore do not allow sufficient prediction of the tumor 
response after treatment.

Certain authors recommending the use of MR imaging 
instead of CT for proper assessment of the post-TACE 
tumor response. Hunt et al. [14] demonstrated that MRI 
has more diagnostic accuracy than CT study (55% vs. 
43% respectively) in assessment of tumor viability fol-
lowing to TACE of hepatic focal lesion in transplanted 
patients. As expected, MR imaging is more accurate than 
CT in detection of the viable tumoral remnants because 
MRI interpretation is not affected by lipiodol retention. 
Moreover, the accuracy of MRI study can be enhanced 
and improved by the use of image subtraction technique.

Nevertheless, the level of evidence supporting these 
statements remains low, because the limited studies 
and small sample sizes. Moreover, certain authors have 
reported a strong correlation between tumor devascular-
ization on MR imaging and the amount of lipiodol reten-
tion on CT [15, 16].

However, MR machine is not available or easily acces-
sible as CT, more cost than CT with many limitation and 
contraindications to MRI (i.e., pace makers or claustro-
phobia). Thus, CT scan still done routinely in post-TACE 
patient as follow-up [17, 18].

The study has some limitations. First, the number 
of tumors included in the study was fairly small. Our 
inclusion criteria can provide an explanation for this. 
We only included patients who had undergone a first 
session of cTACE because we did not want to introduce 
bias by including previously treated tumors. Due to the 
fact that the majority of HCC diagnoses were made 
using imaging criteria, we were also unable to connect 
local progression and lipiodol retention with tumor 
grade. In addition, we did not investigate overall sur-
vival. Our study’s objective was not to establish a link 
between lipiodol retention patterns and long-term out-
comes, but rather to improve the understanding of the 
local response of tumors treated with cTACE. Also MRI 
was not performed for our patients, we recommend 
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further larger studies with comparison between the 
results of CT and MRI regarding local progression after 
TACE.

Conclusions
The lipiodol retention pattern of HCCs after TACE 
can predict the potential local outcome. Tumors with 
incomplete lipiodol retention are at a high risk of 
local progression and therefore should probably be 
retreated; on the other hand, tumors with complete lip-
iodol retention have a much lower risk of local disease 
progression.
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