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Background: Intratumoral lipiodol deposition following transarterial chemoembolization (TACE) is 
associated with the prognosis of hepatocellular carcinoma (HCC) patients. However, there is insufficient 
evidence regarding the actual clinical significance of the imaging tests conducted to evaluate the lipiodol 
uptake after TACE. This study evaluates the clinical impact and potential utility of performing immediate 
post-TACE non-enhanced computed tomography (NECT) on the treatment of HCC. 
Methods: This retrospective study at a tertiary referral center included patients undergoing their first 
session of conventional TACE for initial treatment of HCC from November 2021 to December 2022 with 
available immediate post-TACE NECT. Patients were categorized based on lipiodol uptake into Cohorts A 
(incomplete uptake with additional treatment before the first follow-up 1 month after TACE), B incomplete 
uptake without additional treatment before first follow-up), and C (complete uptake). Survival curves for the 
time to progression (TTP) were estimated using the Kaplan-Meier method and were compared by using the 
log-rank test.
Results: Out of 189 patients, 58 (29.6%) showed incomplete lipiodol uptake; 2 in Cohort A and 56 in 
Cohort B. Cohort C included 131 patients (69.3%). Cohort B had the highest rate of residual viable tumor 
(48.2%) 1 month after TACE, compared to the other cohorts (0% in Cohort A and 32.1% in Cohort C). 
The median TTP of Cohort B was 7.9 months [95% confidence interval (CI): 4.6–15.7 months], significantly 
shorter than the 15.4 months (95% CI: 10.9–20.9 months) for Cohort C (P=0.03). During follow-up, no 
progression occurred in Cohort A. 
Conclusions: Assessment of lipiodol uptake by performing immediate post-TACE NECT can stratify 
HCC patients and facilitate early prediction of therapeutic response. Identifying suboptimal lipiodol 
uptake immediately after TACE can aid future treatment adjustments and potentially improving oncologic 
outcomes.

Keywords: Hepatocellular carcinoma (HCC); chemoembolization; lipiodol; computed tomography; time to 

progression (TTP)

1152

 
^ ORCID: Chong Hyun Suh, 0000-0002-4737-0530; Eun Seoung Lee, 0000-0001-9996-7083; Hyo Jung Park, 0000-0002-2364-9940; 
Kyung Won Kim, 0000-0002-1532-5970.

mailto:hazelpark.radiology@amc.seoul.kr
https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-24-134


Kim et al. Impact of nonenhanced CT immediately after chemoembolization1142

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2024;15(3):1141-1152 | https://dx.doi.org/10.21037/jgo-24-134

Introduction

Transarterial chemoembolization (TACE) is the standard 
treatment in patients with intermediate-stage hepatocellular 
carcinoma (HCC) (1-4). TACE can also be utilized for 
patients with early stage HCC, who are ineligible for 
surgery or ablation (5), and it also serves as a bridging 
treatment to liver transplantation or to downstage patients 
to become eligible for surgery (3). Given the wide variation 
in response to the initial TACE among patients, with a 
median overall survival (OS) ranging from 13 to 43 months 
(6-8), timely treatment adjustments are crucial for those 
showing refractoriness to initial TACE to prevent further 
disease progression and prolong survival (9). A reliable 
method to predict therapeutic response after TACE would 
aid clinical decision-making and adjustment of future 
treatment strategies (10).

Although not standard practice, immediate post-
TACE non-enhanced CT (NECT) has occasionally been 
performed at our institution to promptly evaluate the 

procedure’s success and potentially assess the need for early 
additional treatment. Using a non-enhanced scan with low 
radiation allows for assessment of intratumoral lipiodol 
retention more accurately than what can be seen under 
fluoroscopy guidance. The degree of intratumoral lipiodol 
deposition has been shown to correlate with prognosis 
after TACE (11-13). In previous studies, although CT 
images have been used to assess intratumoral lipiodol 
uptake, patients with hepatic malignancies other than HCC 
were included (11), had small sample sizes (<60 patients)  
(11-13), or utilized contrast-enhanced CT performed  
4–6 weeks after TACE to evaluate lipiodol retention 
(12,13), thus not reflecting the immediate state of lipiodol 
retention after the procedure. Additionally, evidence 
regarding how immediate NECT should be interpreted 
and utilized, as well as its actual impact on management, is 
scarce. The objective of this study was to evaluate the actual 
clinical impact and potential utility of NECT performed 
immediately after TACE for the treatment of HCC. We 
present this article in accordance with the STROBE 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-24-134/rc).

Methods

Patient selection

This single-center retrospective study was approved by the 
institutional review board of the Asan Medical Center (No. 
2023-0204) and informed consent for this retrospective 
analysis was waived. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). 
From November 2021 to December 2022, consecutive 
patients who had their first session of conventional TACE 
as the initial treatment for HCC were identified from 
the medical database of Radiology and Gastroenterology 
departments of Asan Medical Center. Inclusion criteria 
were (I) at least one measurable lesion 1 cm or larger, (II) 
no extrahepatic metastasis, and (III) available immediate 
post-TACE NECT performed on the same day or within 
one day after TACE. Patients must have had at least one 
index lesion measuring 1 cm or larger in diameter. This 
lesion should exhibit the typical HCC features of arterial 
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phase hyperenhancement followed by washout in the portal 
venous phase, as observed in a dynamic scan. In these 
patients, the lesions were confirmed as HCC according to 
the American Association for the Study of Liver Diseases 
or EASL guidelines (1,3). Target lesions were characterized 
as distinctly nodular (not infiltrative), allowing for accurate 
measurement (14). Patients with more than five HCCs were 
excluded because the multiplicity of lesions could impede 
the precise identification of local progression in individual 
tumors (13,15-17). Patients who were lost to follow-up after 
the first session of TACE were also excluded. Among the 
eligible patients, those who received NECT immediately 
after TACE constituted the final study population. 

Data collection

Before their initial TACE, patients had laboratory tests, 
including a liver function test, serum alpha-fetoprotein 
(AFP), and hepatitis serologic tests. They also underwent 
dynamic liver CT or MRI and were evaluated for the 
presence of metastatic lesion. A subset of the patients 
underwent NECT immediately after TACE to assess 
whether lipiodol had been deposited in the index lesion(s), 
at the discretion of each treating physician. For patients 
who underwent immediate post-TACE NECT, whether 
there was prompt action regarding the results of the NECT 
scans was reviewed. 

Routinely, the first follow-up dynamic liver CT or 
MRI was conducted 1 month after the TACE to assess the 
response to treatment. The assessment of the treatment 
response was performed in accordance with mRECIST 
criteria (14). Residual viable HCC is considered present 
if any residual tumor portion demonstrates unequivocal 
arterial hyperenhancement and washout on dynamic 
imaging, irrespective of size.

TACE procedure

The TACE procedure performed in our institution has 
been described previously (18,19). All TACE procedures 
were performed by eight interventional radiologists with 
10–35 years of clinical experience. Both superior mesenteric 
and common hepatic arteriography were conducted to 
evaluate the overall arterial anatomy, tumor burden, 
and portal vein patency. Cisplatin (Cisplan; Dong-A 
Pharmaceutical, Seosan, Korea) was then administered 
into the lobar hepatic artery for 15 minutes without adding 

embolic particles. The dosage of cisplatin was 2 mg/kg of 
body weight. After selectively catheterizing the feeding 
artery with a microcatheter, an emulsion of 2–20 mL of 
iodized oil (Lipiodol Ultra-Fluide; Laboratoires Guerbet, 
Aulnay-sous-Bois, France) and cisplatin in a 1:1 ratio was 
injected into the feeding arteries. The feeder arteries were 
then embolized with 1-mm absorbable gelatin sponge 
particles (Gelfoam; Upjohn, Kalamazoo, Mich) until arterial 
flow stasis was achieved. Repeated chemoembolization 
was indicated every 6–8 weeks if sequential dynamic CT 
scans showed residual viable tumor without evidence of 
extrahepatic metastases, major portal vein invasion, or liver 
function deterioration. Each patient provided informed 
consent for chemoembolization before the procedure.

Assessment of lipiodol uptake on immediate NECT

Lipiodol uptake was evaluated using NECT performed 
immediate ly  a f ter  the  TACE sess ion.  To ensure 
comprehensive examination of the tumor, these images 
were meticulously compared with dynamic CT or MRI 
scans obtained before TACE. Lipiodol uptake was assessed 
by identifying the hyperattenuation of the tumor compared 
to the surrounding liver parenchyma. The pattern of 
lipiodol retention could manifest as either homogeneous 
or heterogeneous. Complete uptake was defined when 
the entire tumor nodule appeared hyperattenuating 
compared to the surrounding liver parenchyma. In 
contrast, uptake was deemed incomplete if only partial 
hyperattenuation was observed. All immediate NECT scans 
were retrospectively reviewed by two reviewers (M.Y.K., 
with 3 years of experience in imaging analysis and H.J.P., 
with 10 years of clinical experience in abdominal imaging 
interpretation) independently. They were blinded to the 
clinical characteristics and follow-up imaging results 
after TACE. In case of disagreement, a third reviewer 
(K.W.K., with more than 15 years of clinical experience in 
abdominal imaging) was involved to reach a final consensus.  
Figure 1 illustrates schematic examples of the lipiodol 
retention patterns.

Patients were divided according to the degree of lipiodol 
uptake on NECT and whether prompt management had 
occurred prior to the next follow-up dynamic CT or MRI; 
patients were categorized as Cohort A (incomplete lipiodol 
uptake and any additional treatment was performed prior to 
the next follow-up), Cohort B (incomplete lipiodol uptake 
but there was no management prior to the next follow-up), 
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Figure 1 Schematic representation of lipiodol uptake on NECT after TACE. White arrows indicate HCC demonstrating arterial 
hyperenhancement on arterial phase imaging before TACE, while yellow arrows highlight lipiodol retention on immediate post-TACE 
NECT. (A) The tumor exhibits complete and homogeneous lipiodol retention on post-TACE NECT. (B) Only dot-like lipiodol uptake 
is observed at the tumor’s periphery, suggesting incomplete lipiodol uptake. TACE, transarterial chemoembolization; CT, computed 
tomography; NECT, non-enhanced CT; HCC, hepatocellular carcinoma.

and Cohort C (complete lipiodol uptake) (Figure 2). 

Statistical analysis

Data were expressed as means with standard deviations and 
ranges, or number of cases with frequencies, as appropriate. 
A Fisher exact test or a Chi-square test was used to compare 
frequencies while the Student’s t-test or Mann-Whitney 
test was used to compare continuous variables based on data 
distribution. 

Survival curves were estimated with the Kaplan-

Meier method and were compared by using the log-rank 
test. OS was calculated from the day of initial TACE 
to the day of death, regardless of the cause (20). There 
were no procedure-related deaths within 1 month of the 
initial TACE. Time to progression (TTP) was calculated 
using radiologic progression based on mRECIST, with 
deaths during follow-up without evidence of radiologic 
progression being censored (20). Patients who underwent 
2nd line treatment(s) like ablation was censored at the point 
of treatment. Data was analyzed by using SPSS software 
version 20.0 (SPSS Inc., USA). Two-sided P values <0.05 
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were considered significant.

Results

Patients characteristics

Patient recruitment process was shown in Figure 2. 
Among the 767 patients who underwent 1st TACE for 
the initial treatment of HCC, 141 patients were excluded 
(no measurable lesion >1 cm in 33 patients, extrahepatic 

metastasis in 14 patients, no dynamic CT or MRI prior 
to TACE in 5 patients, more than five HCCs in 79 
patients, and early follow-up loss after 1st TACE in 10 
patients). Among the 626 patients, 437 patients who 
had no immediate NECT were excluded. The baseline 
characteristics of 189 enrolled patients are summarized in 
Table 1. Hepatitis B was present in 108 patients (57.1%), 
hepatitis C in 19 (10.1%), alcohol-induced liver disease 
in 34 (18.0%), non-alcoholic steatohepatitis in 9 patients 

767 patients who underwent 1st TACE for the initial treatment of HCC

Between November 2021 and December 2022

626 patients

141 patients excluded

• No measurable lesion >1 cm (n=33)

• Extrahepatic metastasis (n=14)

• No dynamic CT or MRI prior to TACE (n=5)

• More than five HCCs (n=79)

• Loss of follow-up after 1st TACE (n=10)

437 patients excluded

• No immediate NECT

Available immediate Post-TACE NECT

(189 patients)

Incomplete lipiodol uptake

(58 patients)

Was there any immediate 

additional treatment prior to the 

next follow-up?

Cohort A

(2 patients)

Cohort B

(56 patients)

Cohort C

(131 patients)

Complete lipiodol uptake

(131 patients)

Yes No

Figure 2 Patient recruitment and classification process. Cohort A, patients with incomplete lipiodol uptake on NECT immediately 
after TACE who underwent additional treatment before the follow-up; Cohort B, patients with incomplete lipiodol uptake on NECT 
immediately after TACE without additional treatment before follow-up; Cohort C, patients with complete lipiodol uptake on NECT 
performed immediately after TACE. TACE, transarterial chemoembolization; HCC, hepatocellular carcinoma; CT, computed tomography; 
MRI, magnetic resonance imaging; NECT, non-enhanced CT. 
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Table 1 Characteristics of the patients 

Characteristics All patients (N=189) Cohort B (N=56) Cohort C (N=131) P value

Age (years) 65 [58–73] 63 [58–70] 67 [58–73] 0.78

Sex 0.16

Men 143 (75.7) 46 (82.1) 95 (72.5)

Women 46 (24.3) 10 (17.9) 36 (27.5)

Underlying liver disease 0.98

Hepatitis B 108 (57.1) 32 (57.1) 75 (57.3)

Alcohol-induced 34 (18.0) 11 (19.6) 23 (17.6)

Hepatitis C 19 (10.1) 6 (10.7) 13 (9.9)

Nonalcoholic steatohepatitis 9 (4.8) 2 (3.6) 7 (5.3)

Others* 19 (10.1) 5 (8.9) 13 (9.9)

Liver cirrhosis 0.76

Present 160 (84.7) 48 (85.7) 110 (84.0)

Absent 29 (15.3) 8 (14.3) 21 (16.0)

Child-Pugh class 0.43

A 156 (82.5) 48 (85.7) 106 (80.9)

B 33 (17.5) 8 (14.3) 25 (19.1)

Laboratory findings

Aspartate aminotransferase (IU/mL) 32 [23–47] 33 [24–50] 32 [23–44] 0.98

Alanine aminotransferase (IU/mL) 24 [17–35] 23 [17–37] 24 [16–34] 0.99

Platelet count (109/L) 125 [79–174] 138 [81–180] 124 [79–173] 0.43

Total bilirubin (mg/dL) 0.6 [0.5–0.8] 0.6 [0.4–0.8] 0.6 [0.5–0.8] 0.35

Prothrombin time (INR) 1.1 [1.0–1.2] 1.1 [0.9–1.2] 1.1 [1.0–1.2] 0.74

Albumin (g/dL) 3.6 [3.2–3.9] 3.6 [3.2–3.9] 3.6 [3.2–3.9] 0.39

Alpha-fetoprotein (ng/mL) 7.4 [3.2–41.7] 8.6 [2.8–54.6] 6.0 [3.2–24.4] 0.66

Tumor size (cm)† 3.1 [1.0–20.0] 3.6 [1.0–20.0] 2.2 [1.7–3.3] 0.12

Number of tumors† 1.5 [1–2] 1.7 [1–5] 1.4 [1–5] 0.09

1 125 (66.1) 30 (53.6) 93 (71.0)

2 47 (24.9) 17 (30.4) 30 (22.9)

3–5 17 (9.0) 9 (16.1) 8 (6.1)

Data are reported as number, n (%), or median [interquartile range]. *, included primary biliary cirrhosis, autoimmune hepatitis, and 
cryptogenic; †, mean (range). P values result from comparisons between Cohort B (patients with incomplete lipiodol uptake on non-
enhanced computed tomography immediately after transarterial chemoembolization without additional treatment before follow-up) and 
Cohort C (patients with complete lipiodol uptake on non-enhanced computed tomography performed immediately after transarterial 
chemoembolization).
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(4.8%), and others (n=19, 10.1%). Among them, 160 
(84.7%) had cirrhosis. Most patients were Child-Pugh class 
A (156 patients, 82.5%), and the remaining 33 patients were 
Child-Pugh class B (17.5%). Patients had 1.5 HCCs in 
average [range, 1–5] and the mean size of HCCs was 3.1± 
2.6 cm (range, 1.0–20.0 cm). HCC was solitary in 75 

patients (39.7%). All patients had dynamic imaging within 7 
days of TACE.

Lipiodol uptake after TACE

Among the 189 patients,  58 patients (30.7%) had 
incomplete lipiodol uptake in the tumor on NECT. 
Two patients with incomplete lipiodol uptake received 
immediate additional treatment for the tumor within 7 days 
(Cohort A, 1.1%); one was treated with radiofrequency 
ablation, and the other was treated with radiation therapy. 
Fifty-six patients, despite having incomplete lipiodol 
uptake, did not receive any additional treatment before the 
next follow-up (Cohort B, 29.6%). There were 131 patients 
who demonstrated complete lipiodol uptake in their tumors 
(Cohort C, 69.3%). 

Outcome on follow-up

The median follow-up was 17.2 months (IQR, 14.4–19.7 
months; full range, 2.3–23.8 months). The median TTP 
was 14.8 months [95% confidence interval (CI): 11.5–16.4 
months]. A total of 74 patients (39.2%) experienced 
progression. Twelve patients (6.3%) died, and the median 
OS was not reached. Sixty-nine (36.5%) showed evidence of 
residual viable HCC 1-month after TACE (Table 2).

Of the 56 patients in Cohort B, 27 (48.2%) had a residual 
viable tumor 1-month after TACE, while in Cohort C, 
42 out of 131 patients (32.1%) showed residual viability 
1-month after TACE. The rate of residual viable HCC 
in Cohort B was significantly higher than in Cohort C 
(P=0.04). In Cohort A (n=2), both patients had no evidence 
of residual viable HCC 1-month after TACE.

The TTPs of each cohort are shown in Figure 3 and 
Table 3. Patients from Cohort B experienced tumor 
progression in 22 out of 56 patients (39.3%), with a median 

Table 2 Rate of residual viable HCC on the first follow-up imaging

Residual viable HCC  
one-month after TACE

All patients (N=189) Cohort A (N=2) Cohort B (N=56) Cohort C (N=131)

Yes 69 (36.5) 0 (0.0) 27 (48.2) 42 (32.1)

No 120 (63.5) 2 (100.0) 29 (51.8) 89 (67.9)

Data are reported as n (%). Cohort A, patients with incomplete lipiodol uptake on non-enhanced computed tomography immediately after 
TACE who underwent additional treatment before the follow-up; Cohort B, patients with incomplete lipiodol uptake on non-enhanced 
computed tomography immediately after TACE without additional treatment before follow-up; Cohort C, patients with complete lipiodol 
uptake on non-enhanced computed tomography performed immediately after TACE. HCC, hepatocellular carcinoma; TACE, transarterial 
chemoembolization.
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Figure 3 Kaplan-Meier curves of TTP of each group. TTP in 
Cohort A (red, patients with incomplete lipiodol uptake on non-
enhanced computed tomography immediately after transarterial 
chemoembolization who underwent additional treatment before 
the follow-up), Cohort B (blue, patients with incomplete lipiodol 
uptake on non-enhanced computed tomography immediately after 
transarterial chemoembolization without additional treatment 
before follow-up), and Cohort C (green, patients with complete 
lipiodol uptake on non-enhanced computed tomography 
immediately after transarterial chemoembolization). The median 
TTP of Cohort B was 7.9 months (95% confidence interval: 4.6–
15.7 months), significantly shorter than that of Cohort C (median, 
15.4 months; 95% confidence interval: 10.9–20.9 months; P=0.03). 
TTP, time to progression.
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Table 3 TTP of each cohort

Patient groups Median TTP (months) P value (vs. Cohort B)

All patients 14.8 (10.4–19.4) –

Cohort A Not reached –

Cohort B 7.9 (4.6–15.7) –

Cohort C 15.4 (10.9–20.9) 0.03

Data in the parentheses are 95% confidence interval. Cohort 
A, patients with incomplete lipiodol uptake on non-enhanced 
computed tomography immediately after transarterial 
chemoembolization who underwent additional treatment before 
the follow-up; Cohort B, patients with incomplete lipiodol uptake 
on non-enhanced computed tomography immediately after 
transarterial chemoembolization without additional treatment 
before follow-up; Cohort C, patients with complete lipiodol uptake 
on non-enhanced computed tomography performed immediately 
after transarterial chemoembolization. TTP, time to progression.

A B C

Figure 4 A case of Cohort B. Cohort B represents patients with incomplete lipiodol uptake on NECT immediately after TACE without 
additional treatment before follow-up). (A) CT arterial phase imaging taken before TACE displays a 2.0-cm nodular arterial hyperenhancing 
HCC in liver segment VII (white arrows). (B) Post-TACE NECT shows only dot-like retention of lipiodol in the tumor (yellow arrow), 
suggesting incomplete lipiodol uptake. The patient underwent follow-up imaging without additional treatment. (C) One month after TACE, 
the first follow-up MRI arterial phase imaging reveals a persistent arterial hyperenhancing nodule (white arrow) suggestive of residual 
viable HCC. This patient experienced tumor progression 4.6 months after the initial TACE. NECT, non-enhanced computed tomography; 
TACE, transarterial chemoembolization; CT, computed tomography; HCC, hepatocellular carcinoma.

TTP of 7.9 months (95% CI: 4.6–15.7 months) after TACE 
(Figure 4). In Cohort C, 52 out of 131 patients (39.7%) 
experienced tumor progression, with a median TTP of 15.4 
months (95% CI: 10.9–20.9 months) significantly longer 
than that observed in Cohort B (P=0.03). No progression 
was observed in the two patients from Cohort A, with 
follow-ups of 18.8 and 15.0 months, respectively (Figure 5).  

Analyses of target tumor TTP and hepatic TTP are 
presented in Figure S1; similar to the overall TTP, the 
target TTP and hepatic TTP both showed significant 
differences between Cohort B and Cohort C.

Discrepancy between retrospective review & real-time 
interpretation of immediate post-TACE NECT

Among the 58 patients with incomplete tumoral lipiodol 
uptake on immediate post-TACE NECT, the degree of 
lipiodol uptake was not detailed in the NECT reports of 
12 patients (20.7%; merely mentioned as ‘lipiodol uptake 
present’), while in the reports of 46 patients, it was described 
variably (i.e., ‘partial’, ‘incomplete’, ‘faint’, or ‘uncertain’, 
‘mild, and ‘with defect’). In Cohort C, comprising 131 
patients, 34 NECT reports (26.0%) lacked a description of 
the degree of lipiodol uptake (merely mentioned as ‘lipiodol 
uptake present’). The reports of 79 patients mentioned 
‘compact lipiodol uptake’, while 18 patients were described 
using variable terms (‘dense’, ‘well’, ‘good’, ‘diffuse’, and 
’successful’, or others).

Discussion

Our study showed that assessing lipiodol uptake using 

https://cdn.amegroups.cn/static/public/JGO-24-134-Supplementary.pdf
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NECT immediately after TACE could facilitate early 
prediction of therapeutic response. Patients with incomplete 
lipiodol uptake in the tumor and without prompt additional 
treatment displayed a higher rate of viable tumor 1 month 
after TACE, and shorter TTP compared to those with 
complete lipiodol uptake in the tumor. 

Although we included patients with HCCs that 
displaying a distinctly nodular appearance and unequivocal 
arterial hyperenhancement on pre-TACE dynamic CT or 
MRI, not all patients exhibited satisfactory lipiodol uptake 
in the hypervascular portion of the tumors. Lipiodol uptake 
in the tumor was observed to be incomplete in 58 patients 
(30.7%). This may be due to the challenges in detecting and 
accurately superselecting the feeding arteries of the HCC 
during TACE (21-23), and underscores the importance of 
evaluating the treatment effect and tumor state immediately 
after performing TACE.

In our study, Cohort B demonstrated a significantly 
shorter TTP compared to Cohort C (complete lipiodol 
uptake). In addition, patients in Cohort B exhibited a higher 
rate of residual viable tumor (48.2%) 1 month after TACE 
than those in Cohort C (32.1%), indicating that tumor 
progression occurs more rapidly in patients who display 
less than 50% lipiodol uptake on immediate post-TACE 
CT scans and do not undergo prompt additional treatment, 
compared to those with 50% or more lipiodol uptake.

In contrast, two patients in Cohort A who underwent 
immediate additional treatment showed no progression 
during follow-up period of more than 12 months. 
Altogether, these findings suggest the importance of timely 
additional treatment when observing incomplete lipiodol 
uptake immediately after TACE, rather than waiting for the 
routinely scheduled tumor assessment 1 month after the 
procedure.

Another advantage of NECT is the avoidance of 
intravenous iodinated contrast media. Patients with HCC 
often require periodic contrast-enhanced CT scans for 
monitoring disease progression or assessing treatment 
efficacy. This necessitates repetitive exposure to iodinated 
contrast media, leading to patients’ discomfort and potential 
toxicity of contrast agents. With a purpose of accurately 
assessing lipiodol uptake, there is no need to use iodinated 
contrast agent, and performing NECT immediately after 
TACE is considered to offer more benefits than harms.

When evaluating l ipiodol retention on NECT, 
we employed a binary classification (i.e., complete vs. 
incomplete). While this method is not quantitative, it 
enabled rapid evaluation on the degree of lipiodol uptake. 
Previous studies have utilized computer-aided quantification 
or volumetric assessment to quantitatively analyze lipiodol 
uptake (24,25); however, these methods are time-consuming 
and challenging for radiologists to implement in the 

A B C D

Figure 5 A representative example of Cohort A. Cohort A represents patients with incomplete lipiodol uptake on NECT immediately 
after TACE who underwent additional treatment before the follow-up (A) On CT arterial phase imaging before TACE, there is a 1.3-cm 
nodular arterial hyperenhancing HCC in liver segment VIII (white arrow). (B) NECT immediately after TACE shows incomplete uptake of 
lipiodol in the tumor (yellow arrow). (C) One week after NECT, a CT scan for planning radiation therapy was performed, and the patient 
underwent SBRT with a total dose of 45 Gy in 3 fractions for 3 days. (D) One month after TACE, and 2 weeks after SBRT, an arterial phase 
image of follow-up liver dynamic MRI reveals an enhancement defect at the previous HCC site (white arrow) with no evidence of residual 
viable HCC. This patient has remained alive without evidence of recurrence for 18.8 months. NECT, non-enhanced computed tomography; 
TACE, transarterial chemoembolization; CT, computed tomography; HCC, hepatocellular carcinoma; SBRT, stereotactic body radiation 
therapy.
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clinical practice while facing a large volume of CT scans to 
interpret. Furthermore, our approach effectively stratified 
the proportion of patients with residual viable tumor  
1 month after TACE and TTP among different groups. 
Our method may hold potential for reliably assessing and 
effectively distinguishing optimal and suboptimal lipiodol 
uptake in patients undergoing TACE. Further validation is 
warranted to confirm its efficacy.

It is surprising that only two patients among 58 patients 
who showed incomplete lipiodol uptake (Cohorts A and B) 
underwent prompt additional treatment. Upon reviewing 
actual NECT reports, we found that the descriptions of 
tumoral lipiodol uptake visible on NECT immediately after 
TACE were not structured and varied significantly among 
readers. In NECT reports of all cohorts, significant portion 
lacked any mention of the degree of lipiodol uptake, and 
descriptions were subjective without any standardized 
criteria. Our study demonstrated that prognosis could 
be stratified by evaluating the degree of lipiodol uptake, 
using a simple method of categorizing it into complete 
and incomplete. Therefore, it is advisable to carefully 
assess the extent of lipiodol uptake and clearly mention it 
in the reports. Both radiologists and treating physicians 
should be aware of the potential utility of immediate post-
TACE NECT and incorporate its information into their 
interpretation and actual patient care.

Our study has several limitations. First, the retrospective 
design of study may have produced biases. Second, the 
radiologic assessment in our work was not confirmed 
pathologically. However, pathologic examinations cannot 
demonstrate the effects of treatment on survival times 
before surgery. Although radiologic non-enhancement 
may not fully distinguish viable from necrotic tumors 
histopathologically (26), imaging-based evaluation of 
intratumoral enhancement remains highly valuable for 
assessing treatment response. Third, during TACE, we 
utilized a 1:1 mixture ratio of cisplatin and iodized oil. The 
mixing technique may vary by institution and could have 
influenced the embolic effect or drug carriage capacity in 
our subjects (27). Nevertheless, we believe that the mixture 
ratio will not significantly affect the results of our study, 
which primarily focuses on the relationship between the 
completeness or incompleteness of lipiodol uptake and 
patient outcomes.

Conclusions

Assessing lipiodol uptake using NECT immediately after 

TACE for the treatment of HCC could stratify patients 
and facilitate early prediction of therapeutic response. 
Detecting suboptimal lipiodol uptake on NECT performed 
immediately after TACE may guide modifications of future 
treatment plans and ultimately improve the oncologic 
outcomes of patients with HCC.
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