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Abstract

Primary hepatocellular carcinoma is one of the most common and deadliest
malignant tumors in the world, and most patients are diagnosed after missing
the optimal treatment period. TACE (Transcatheter arterial chemoemboliza-
tion) is currently the preferred treatment for advanced HCC (Hepatocellular
Carcinoma), as it can induce local ischemic necrosis of the tumor while re-
ducing the systemic side effects of drugs by embolizing the tumor-feeding ar-
teries. Lipiodol, with its unique comprehensive properties of imaging, drug
loading, and embolization, has become a key component in the process of
TACE. Therefore, analyzing the deposition of lipiodol in hepatic tumor tis-
sues after TACE can effectively evaluate the treatment efficacy. This article
summarizes and analyzes the metabolism of lipiodol in tumors and the clini-
cal application of lipiodol deposition status in predicting patient prognosis,
aiming to provide clearer diagnostic and treatment strategies for clinical doc-
tors.
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1. Introduction

HCC is the sixth most common cancer worldwide and the third leading cause of
cancer-related deaths. The incidence of HCC is still rapidly increasing, posing a
significant threat to human life and health [1] [2]. Risk factors for HCC include
hepatitis B virus, hepatitis C virus, obesity-related non-alcoholic steatohepatitis
(N'ASH), alcohol-related liver cirrhosis, etc. [3] [4] [5]. Owing to a lack of typical
manifestations of early stage HCC, most HCC patients present with abdominal
pain and symptoms of hepatic failure and have already progressed to moderate

or advanced stages by the time they are diagnosed, often at an advanced stage
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where curative treatment options are lost, and most patients will die within 3 to
6 months. Common treatment methods for HCC include liver resection, liver
transplantation, ablation therapy, transcatheter arterial chemoembolization (TACE),
radiation therapy, and systemic anti-tumor therapy. The most important con-
sideration for clinicians is to select appropriate treatment methods based on the
different stages of HCC in different patients [6].

NCCN Clinical Practice Guidelines in Hepatobiliary Cancers (2021, Version)
[7] and Standardization for Diagnosis and Treatment of Primary Hepatic Car-
cinoma (2022 Edition) both recommend TACE as the main treatment for pa-
tients with intermediate and advanced stages of HCC. The goal of TACE is to
induce tumor ischemic necrosis by embolizing the tumor arteries with embolic
agents and combining them with anti-tumor drugs, thereby achieving cytotoxic
effects on tumor tissues [8] [9], it aims to achieve a high concentration of drug
uptake in the tumor site while reducing uptake in other parts of the body [10]. In
addition, TACE is also widely used in the treatment of HCC at other stages and
patients with hepatic metastasis from other tumors [11] [12] [13].

Lipiodol is the most commonly used embolic agent in TACE. It can not only
embolize the tumor-feeding vessels but also serve as a carrier for chemotherapy
drugs, prolonging the duration of drug action. It can also activate the immune
system of the liver and synergize with TACE treatment. The half-life period of
lipiodol in the liver is approximately 4 - 6 weeks [14] [15]. Other embolic agents,
such as gelatin sponge particles, can be added to enhance the embolization effect
and improve treatment outcomes. The distribution and deposition of lipiodol in
the tumor region directly affect the degree of tumor vascular embolization and
the concentration of anticancer drugs in the tumor mass. Therefore, the assess-
ment of post-TACE lipiodol deposition can provide clinicians with a direct and
accurate evaluation of TACE efficacy and help determine the next step in patient

treatment planning [16] [17].

2. The Theoretical Basis of Lipiodol Application in the
Treatment of HCC

2.1. Vascular Characteristics of Hepatocellular Carcinoma

Approximately 75% of the blood supply to normal liver tissue is derived from
the portal vein, while approximately 25% is derived from the hepatic artery [18]
[19]. However, in the growth of malignant tumor tissue, a large number of ab-
normal neovascularization occurs, resulting in more than 90% of the blood
supply to hepatocellular carcinoma originating from the hepatic artery, with on-
ly about 10% supplied by the portal vein. Therefore, TACE selectively targets the
tumor-feeding arteries to deliver chemotherapy agents, thereby achieving local

treatment of the tumor while minimizing damage to normal liver tissue.

2.2. Metabolism of Lipiodol in the Liver

It has been suggested that there is a pump in the tumor cell membrane that can
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take up lipiodol and transfer it into the cell via cytosolic drinking, and that the
pump subsequently fails due to hypoxia in the tumor, and the lipiodol is thus
deposited in the cell. It has been hypothesized that Kupffer cells can actively
capture and phagocytose iodine oil, and the decrease in the number of Kupffer
cells in hepatocellular carcinoma cells, which may prolong the clearance time of
lipiodol, when administered through the hepatic artery, lipiodol will be depo-
sited in the tumor tissue for months or even up to a year due to the over-
vascularization of tumor vasculature and the lack of a siphon effect of the Kupf-
fer cells in the tumor tissues, whereas in the normal or cirrhotic tissues, iodine
oil is gradually cleared within 4 weeks is gradually removed. The time required
for hepatic clearance of iodized oil and restoration of microcirculation is closely
related to the patency of the hepatic arteries. Twisted and irregular blood vessels
and poorly developed lymphatic vessels in hepatocellular carcinoma tissues re-
sult in a slower loss of lipiodol from tumor lesions compared to normal liver
tissues [20]. In contrast, lipiodol deposited in tumor tissues may be consumed by
tumor cells that maintain a differentiated state and retain the ability to consume

foreign substances.

2.3. The Metabolic Process of Lipiodol in the Liver

Lipiodol not only exhibits stronger accumulation and longer retention characte-
ristics in liver tumors and highly vascularized liver metastases, but it can also
temporarily embolize both the hepatic artery and the portal vein branches
through the peribiliary capillary plexus and the drainage pathway of the tumor.
In cases where tumors invade the blood flow pathway in the liver, hepatic arte-
riovenous fistulas (HAVFs) may occur, which can not only cause portal hyper-
tension but also increase the chances of tumor cell dissemination to distant or-
gans. In interventional therapy, hemodynamic changes caused by abnormal
shunting can directly affect the efficacy of TACE, and lipiodol can even cause
pulmonary and systemic embolism through abnormal shunt pathways [20].
Therefore, understanding the blood supply to the liver and tumor lesions in pa-
tients is of great significance for clinicians in selecting treatment methods and
predicting patient prognosis.

Lipiodol not only exhibits stronger accumulation and longer retention cha-
racteristics in liver tumors and highly vascularized liver metastases, but it can
also temporarily embolize both the hepatic artery and the portal vein branches
through the peribiliary capillary plexus and the drainage pathway of the tumor.
In cases where tumors invade the blood flow pathway in the liver, hepatic arte-
riovenous fistulas (HAVFs) may occur, which can not only cause portal hyper-
tension but also increase the chances of tumor cell dissemination to distant or-
gans [21]. In interventional therapy, hemodynamic changes caused by abnormal
shunting can directly affect the efficacy of TACE, and lipiodol can even cause
pulmonary and systemic embolism through abnormal shunt pathways. There-

fore, understanding the blood supply to the liver and tumor lesions in patients is
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of great significance for clinicians in selecting treatment methods and predicting

patient prognosis.

3. Lipiodol Application in Clinical Practice
3.1. Dosage of Lipiodol

Using excessive dosage of lipiodol in TACE treatment can damage the liver pa-
renchyma. Conversely, if the lipiodol dosage used during the procedure is too
low, it may not achieve complete tumor arterial embolization, leading to the possi-
bility of tumor neovascularization and accelerated tumor progression. Therefore,
the ultimate goal for clinicians is to maximize the targeted embolization effect
on the tumor while minimizing liver damage. Studies have shown that the best
long-term prognosis is achieved when administering lipiodol at a dosage equiv-
alent to 1.0 to 1.5 times the absolute value of the tumor diameter (in cm) in mil-
liliters. Additionally, for highly vascularized tumors, a dosage of lipiodol 2 - 3
times the tumor diameter has been recommended, while for tumors with poor
vascularity or avascularity, filling the tumor with lipiodol to achieve therapeutic
goals is preferred [22] [23]. With the emergence of the concept of precision in-
tervention and the advancement of treatment techniques, there is a new re-

quirement for precise quantitative dos.

3.2. Impact of Lipiodol on Prognosis

Accurate and timely assessment of the efficacy of Transarterial Chemoemboliza-
tion (TACE) is crucial for treatment planning. For patients who respond well to
TACE, it can help them decide whether early repeat treatment is necessary to
eliminate residual viable tumors or opt for delayed treatment to reduce drug
toxicity and treatment-related complications. On the other hand, for patients
who do not respond effectively to initial treatment, a timely transition to second-

line local or systemic therapy is beneficial.

3.2.1. Predicting Prognosis by Lipiodol Deposition on Images
In practice, due to the difficulty of radiation penetration through lipiodol, radi-
ologists find it challenging to directly assess the degree of tumor necrosis
post-TACE. Therefore, post-procedural lipiodol uptake is often used to evaluate
the efficacy of TACE. The improved mRECIST (modified Response Evaluation
Criteria in Solid Tumours) has been recommended for reliable assessment of
treatment response in HCC patients after TACE, making it the preferred radio-
logical response evaluation method. Studies have shown that combining the tu-
mor enhancement on preoperative MRI with the lipiodol deposition range on
postoperative CT can better predict tumor necrosis and tumor response in the
treatment of liver cancer lesions [24].

Lipiodol angiography and post-interventional CT scans provide a non-invasive
examination basis for differentiating between benign and malignant tumors

[25]. By combining follow-up imaging examinations with histopathological data,
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it has been found that lipiodol deposition in tumors is closely related to tumor
necrosis, and the accumulation of Hounsfield Units (HU) in lipiodol deposition
areas on CT images is of significant importance in predicting pathological ne-
crosis [26]. Baseline imaging characteristics, especially those showing tumor
vascularity features such as arterial enhancement, have been considered predic-
tive of tumor response to conventional TACE. Tumors with obvious enhance-
ment in the arterial phase of CT images and those diagnosed as highly vascula-
rized in angiography show a stronger response to conventional TACE [27] [28].
Numerous studies have found that patients with more or even dense lipiodol
deposition in tumors have a better prognosis after TACE, while patients without
deposition or with scattered lipiodol deposition have a higher risk of early re-

currence.

3.2.2. Predicting Prognosis by Lipiodol Washout Rate on Images

In follow-up examinations, a faster reduction in lipiodol deposition density in-
dicates a higher risk of early tumor recurrence [29]. Compared to hypovascular
tumor lesions, lesions with rich blood supply have a higher uptake of chemothe-
rapy drugs and greater potential for embolization. These studies suggest that re-
peat TACE treatment may be less effective in patients with hypovascular liver
cancer who show an incomplete response after TACE, while combination ther-

apy may improve the treatment efficacy for patients with rich blood supply [30].

3.2.3. Predicting Prognosis by Blood Supply of the Liver and Tumors

The dual blood supply of the liver, the shunt between the hepatic artery and
portal vein, and the complex microvascular structure of malignant liver tumors
affect the treatment efficacy, allowing lipiodol distribution to extend beyond the
liver tumor lesions. Patients with lipiodol deposition around the tumor exhibit a
higher reduction rate of viable tumor tissue after TACE, and infiltrative tumors
show less lipiodol deposition compared to tumors with clear contours [25]. Ad-
ditionally, the presence of lipiodol deposition in portal vein tumor thrombus is
considered to indicate better treatment efficacy of TACE [31].

Therefore, in the clinical management of liver cancer, clinicians should con-
sider the lipiodol deposition status in post-TACE imaging examinations as a ref-
lection of treatment efficacy and evaluate the reasons for poor lipiodol deposi-
tion within the tumor, such as difficulties in identifying the supplying artery or

inadequate lipiodol retention due to arteriovenous shunting.

3.3. Factors Affecting the Deposition of Lipiodol

Factors affecting the deposition of lipiodol include anatomical factors such as the
size, density, and structure of tumor microvessels, tumor size, presence of ische-
mia, and necrosis. Physiological factors such as local flow, shear stress, blood
pressure, permeability, and physical-chemical parameters related to the drug it-
self can also influence the deposition of lipiodol. Studies have found that the

washout pattern of different types of tumors may be related to their unique his-
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topathological characteristics [20], such as the degree of fibrosis, vascular distri-
bution, lymphatic vessels, Kupffer cells, and phagocyte density in different types
of liver cancer tumor tissue.

The volume of lipiodol deposited in the tumor is related to the subsequent
reduction in necrotic tumor volume or even the entire tumor volume. Sophie
Stark et al. [25] analyzed the deposition of lipiodol through CT imaging 24 hours
after cTACE and found that the deposition pattern and density of lipiodol could
be used to predict the reduction of tumor tissue and the subsequent imaging re-
sponse. They also found that the deposition of lipiodol in target lesions could be
predicted based on the tumor enhancement pattern on baseline MRI, and that
lipiodol loss in viable tumors was faster compared to necrotic tumors, which
may be related to tumor cell consumption as mentioned earlier. Yin-Chen Tsai
et al [32] found that the parenchyma-to-lipiodol ratio (PLR) evaluated by
Cone-beam CT (CBCT) was a useful predictor of tumor response 1 year after
cTACE, and the lesion-to-lipiodol ratio (LLR) provided an objective evaluation
of the extent of HCC tumor shrinkage. Furthermore, their study results indi-
cated that previous liver resection, radiofrequency ablation (RFA), and ethanol
ablation (EI) were not major influencing factors on cTACE outcomes. If a COV
of PLR < 0.149, it suggests that these incomplete or difficult embolized tumors
need additional treatment in a short time because of the extremely high progres-
sion risk. The phenomenon of vascular lakes, observed as a continuous contrast
agent pool in the venous phase during TACE, is associated with tumor size,
pseudo capsule, and alpha-fetoprotein levels. Studies have reported that patients
with the presence of vascular lakes have better local and tumor responses, indi-

cating more lipiodol deposition [33] [34].

4. Summary

Many studies have shown that TACE treatment has good efficacy for interme-
diate to advanced liver cancer and even other malignant tumors [35]. However,
in clinical practice, tumor recurrence often occurs after TACE treatment. This
may be due to the exacerbation of tumor hypoxia, increased expression of vas-
cular endothelial growth factor (VEGF), and local inflammation after emboliza-
tion of tumor-feeding arteries.

As liver cancer progresses, the expression of VEGF gradually increases, and
angiogenesis is believed to affect tumor survival after TACE by influencing the
VEGEF signaling pathway. TACE can also induce the expression of VEGF in re-
sidual tumor cells, and there is a direct relationship between lipiodol retention
and decreased plasma VEGF levels in HCC patients. Therefore, targeted drugs
such as sorafenib and brivanib, which are anti-angiogenic inhibitors, are often
used in combination with TACE in clinical treatment. Although lipiodol has
viscosity, it is difficult to completely block blood flow. Over time, the mixture of
lipiodol and chemotherapy drugs deposited in the tumor will gradually decrease,

and tumor blood vessels may regenerate or reopen. Under the action of pro-
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angiogenic factors, new collateral circulation is established around the tumor,
leading to tumor recurrence. Therefore, multiple TACE treatments are needed
to delay disease progression, but repeated treatments can aggravate liver func-
tion damage, induce a local ischemic and hypoxic environment, and increase the
expression of hypoxia-induced factors and vascular endothelial growth factors
in HCC. Hypoxia may also allow tumor cells to escape from TACE and anti-
angiogenic treatments, ultimately leading to tumor recurrence. Therefore, tar-
geting hypoxia, such as inhibiting HIF-1a activity, provides a new direction for
the treatment of liver cancer.

Lipiodol is often used in combination with chemotherapy drugs, and mono-
therapy and combination chemotherapy have become part of the TACE drug re-
gimen. Commonly used chemotherapy drugs include anthracyclines, platinum
compounds, taxanes, fluoropyrimidines, and others. When lipiodol is combined
with chemotherapy drugs, it can alter their pharmacokinetic characteristics,
prolong the metabolism time of drugs in tumor lesions, and thus extend the
contact time between tumor cells and chemotherapy drugs. Therefore, lipiodol
can increase the local concentration of drugs while reducing the systemic drug
load. Pan He et al. [36] designed a novel nanostructure called nanoDOX, which
was uniformly mixed with lipiodol through ultrasound to produce a lipiodol-
DOX compound (SHIFT & DOX). Compared to traditional embolic agents,
SHIFT & DOX has stronger stability and hydrophobicity, as well as good drug
release behavior, providing a novel, safe, efficient, and economical treatment op-
tion for advanced liver cancer patients. Nanoparticle technology, by combining
different drugs to improve drug efficacy, provides a promising future for liver
cancer treatment [37].

Although TACE has beneficial effects on the survival of liver cancer patients,
it still has many limitations as a palliative treatment. Inadequate vascular embo-
lization or incomplete tumor necrosis may occur, requiring patients to undergo
repeated embolization treatments, which can lead to worsening liver function
and gradual narrowing of tumor-feeding arteries [26]. Therefore, multimodal
combination therapy provides better survival opportunities for liver cancer pa-
tients. The type of lipiodol deposition, as one of the indicators for evaluating pa-
tient prognosis, should prompt clinicians to promptly switch treatment modali-
ties or combine other treatments, such as radiofrequency ablation, radioactive
particle implantation, targeted therapy, and immunotherapy, to achieve better

treatment outcomes for patients.
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