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 Background: Hepatocellular carcinoma (HCC) is one of the most common tumors. Transarterial chemoembolization (TACE) 
is the first choice of treatment for intermediate HCC and an important treatment option for advanced HCC. 
This retrospective study compared the prognosis between patients showing coagulative necrosis and patients 
showing liquefactive necrosis after the first TACE procedure.

 Material/Methods: We divided 171 patients with Barcelona Clinic Liver Cancer (BCLC) Stage B or C HCC into 2 groups; a coagula-
tive necrosis group (79 patients) and a liquefactive necrosis group (92 patients). The coagulative and liquefac-
tive necroses were identified by computed tomography after the first TACE procedure. Kaplan-Meier analysis 
was used to identify the differences in the overall survival (OS) and progression-free survival (PFS) between 
the 2 groups, and the associated risk factors and safety of TACE were analyzed.

 Results: The median OS durations were 23.27±1.40 months and 8.83±2.15 months (P=0.004) and the median PFS du-
rations were 9.33±0.96 months and 3.70±0.44 months (P=0.002) in the coagulative necrosis and liquefactive 
necrosis groups, respectively. Intrahepatic in situ progression, new intrahepatic metastasis, and extrahepatic 
progression occurred significantly earlier in the liquefactive necrosis group (P<0.05). Univariate analysis and 
multivariate analyses showed liquefactive necrosis was the main risk factor for OS. There was no significant 
difference in the hepatic function impairment or post-embolism syndrome after TACE.

 Conclusions: After the first TACE procedure, the patients with liquefactive necrosis experienced recurrence and metastasis 
earlier and had a worse prognosis. Therefore, these patients should be considered for earlier administration of 
targeted therapies or immunotherapies after TACE.
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Background

Hepatocellular carcinoma (HCC) is one of the most common 
tumors and globally is the 4th most common cause of cancer-
related deaths [1]. The majority of patients with HCC are diag-
nosed at the intermediate or advanced stage of the disease, 
and only 30% to 40% of HCC patients can be diagnosed at 
an early stage and undergo radical procedures, including sur-
gical resection, local ablation, and liver transplantation [2,3]. 
Despite these radical procedures, the recurrence rate within 
5 years is as high as 70% [4]. Transarterial chemoemboliza-
tion (TACE) is the first choice of treatment for patients with 
intermediate HCC, and an important treatment option for ad-
vanced HCC at the time of diagnosis [5,6].

TACE has been used for the clinical treatment of HCC for over 
30 years [7]. According to the Barcelona Clinic Liver Cancer 
(BCLC) treatment recommendations, TACE is the first choice 
of treatment for BCLC Stage B, and several studies have con-
firmed that BCLC Stages B and C can benefit from TACE [8-10]. 
The TACE procedure is the injection of an iodized oil emulsion 
carrying chemotherapy drugs through the tumor’s blood-supply 
artery and the embolization of the blood vessels with granular 
embolic agents, including a gelatin sponge and microspheres. 
The strong cytotoxic effects of the chemotherapy drugs and 
severe ischemia kill the tumor cells [11]. Although the cho-
sen embolic materials can vary, the majority of intervention-
al physicians advocate the maximum degree of embolism to 
achieve maximum necrosis of the tumor. However, comput-
ed tomography (CT) imaging reveals that the manifestations 
of tumor necrosis after embolization are not uniform. Some 
lesions mainly manifest as coagulative necrosis, while others 
manifest as liquefactive necrosis. This study retrospectively 
evaluated the difference in the prognosis of the coagulative 
necrosis group and the liquefactive necrosis group after TACE 
in HCC patients receiving first-line treatment.

Material and Methods

Patients and Group Allocation

This was a retrospective study of patients diagnosed with 
HCC and their prognosis based on the type of necrosis after 
the first TACE treatment. From July 1, 2015 to July 1, 2018, 
287 patients diagnosed with HCC (pathologically or clinically) 
were admitted to the Second Ward Area of the Interventional 
Oncology Department of Shandong Cancer Hospital. The in-
clusion criteria for this study were TACE as the initial local 
treatment, iodized oil as the main embolic agent, an Eastern 
Cooperative Oncology Group (ECOG) performance status score 
of 0 or 1, BCLC Stage B or Stage C, the patient requesting lo-
cal treatment, Child-Pugh class A or class B, a maximum tumor 

diameter >5 cm, a clear boundary of the tumor and the pres-
ence of a measurable lesion, and significant necrosis after the 
first TACE procedure (>80% of the lesion). The exclusion crite-
ria were a history of other local treatments or a combination 
of the first TACE procedure with other local treatments (ab-
lation and radiotherapy), non-iodized oil as the main embolic 
agent, an ECOG performance status score of ³2, BCLC Stage 
A or Stage D, Child-Pugh class C, the presence of a nonmea-
surable lesion, and nonsignificant necrosis after the first TACE 
procedure. Based on these criteria, 116/287 patients were ex-
cluded. A total of 171 patients met the inclusion criteria, in-
cluding 29 patients with BCLC Stage B and 142 patients with 
BCLC Stage C. The patients were followed up for at least 18 
months, during which 149 patients died, 20 patients survived, 
and 2 patients were lost to follow-up (Figure 1).

This study was based on the evaluation of the characteris-
tics of lesion necrosis using computed tomography (CT) at 4 
weeks to 6 weeks after the first TACE procedure. The patients 
were divided into 2 groups: a coagulative necrosis group (CN) 
and a liquefactive necrosis group (LN). For patients with mul-
tiple tumors, the outcome of the largest lesion was used for 
assigning the patients into the CN or LN group. The difference 
in the prognosis between the 2 groups was evaluated. Patients 
were assigned to the CN group if the CT of the plane of the 
tumor with the largest diameter showed a compact deposi-
tion of iodized oil without significant liquefaction or enhance-
ment in each phase of the contrast-enhanced scan. CN was 
defined when the necrotic area showing the above features ac-
counted for >70% of the total necrotic area in this plane [12]. 
Patients were assigned to the LN group if the CT of the plane 
of the tumor with the largest diameter showed no significant 
accumulation of the iodized oil, the lesions with LN had low 
density (<20 HU), were round or irregular, and seen without 
enhancement in each phase of the contrast-enhanced scan. 
If identification of the necrotic type was difficult, a compari-
son was made between the preoperative CT scans. LN was de-
fined when the necrotic area showing the above-mentioned 
features accounted for >30% of the total necrotic area in this 
plane (Figures 2, 3) [13].

Transarterial Chemoembolization Procedure and Treatment 
Strategy

The patients were positioned in a supine position. After rou-
tine sterilization and the spreading of sterile drapes, a lo-
cal anesthetic was administered. According to the Seldinger 
technique, a vascular channel was established via a femoral 
artery puncture on 1 side. Under digital subtraction angiog-
raphy, a 5-Fr catheter (Optitorque, Terumo, Tokyo, Japan or 
Angiographic Catheters, Cook, Bloomington, USA) was insert-
ed to perform hepatic arteriography to identify the tumor’s 
blood-supply artery. A 2.7-Fr microcatheter (Progreat, Terumo, 
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Hepatocellular carcinoma patients (n=287)

Exclusion criteria

1. Previous bistory of other
     treatments or the �rst TACE session
     was combined with other local
     treatments such as ablation and
     radiotherapy (n= 16)
2. Noniodized oil material as the
     main embolie agent (n=31)
3. ECOG ≥2 (n=6)
4. BCLC Stage A or D (n=4)
5. Child-Pugh classi�cation C (n=11)
6. Non-measurable lesion (n=26)
7. The necrosis was not signi�cant
     (<80%) after the �rst TACE
     session(n=22)

Number enrolled (n=171)

TACE

Coagulative necrosis
group, n=79

Liquefactive necrosis
group, n=92

Figure 1. Flowchart for patient selection.

Figure 2.  Coagulative necrosis: a compact deposition of the iodized oil is seen; coagulative necrosis is seen in >70% of the total 
necrotic area in the plane of the largest tumor.

Figure 3.  Liquefactive necrosis: liquefactive necrosis is seen in >30% of the total necrotic area in the plane of the largest tumor.
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Tokyo, Japan) was inserted into the blood-supply artery, and 
an angiography confirmed the accurate position of the mi-
crocatheter. An emulsion containing epirubicin (Epirubicin 
Hydrochloride for Injection, Pfizer Pharmaceutical Co., Ltd., New 
York, USA), mitomycin (Mitomycin for Injection, Jiangsu Hengrui 
Medicine Co., Ltd., Lianyungang, China), lobaplatin (Lobaplatin 
for Injection, Hainan Changan International Pharmaceutical 
Co., Ltd, Haikou, China), and iodized oil (Ethiodized Poppyseed 
Oil Injection, Jiangsu Hengrui Medicine Co., Ltd., Lianyungang, 
China or Lipiodol, Guerbet, Paris, France) was injected. In ad-
dition, particulate embolic agents, including gelatin sponge 
particles (Gelatin Sponge Particle Embolic Agent, Hangzhou 
Alicon Pharmaceutical Technology Co., Ltd., Hangzhou, China) 
were injected until the blood flow slowed down or stagnated, 
observed as the absence of tumor staining on repeated imag-
ing and considered the endpoint of the embolization. If there 
was a significant arteriovenous fistula, the embolization was 
adjusted. In addition to an iodized oil embolization, large-di-
ameter gelatin particles or spring coils (Embolization Coil, 
Cook, Bloomington, USA) were used to embolize the fistula. 
The contrast embolization image and preoperative CT image 
were compared to ensure the embolization of all the tumor le-
sions in the liver. If the embolization was incomplete, the ex-
trahepatic blood-supply vessels were searched and embolized.

TACE can be repeated after 1 month to 3 months based on the 
findings of the imaging, alpha-fetoprotein levels, and the patient’s 
status. Patients with stable reexamination results were continu-
ously followed up until tumor progression. Other treatments, in-
cluding targeted therapies and radiotherapy, were added to sub-
sequent treatments according to the disease condition changes.

Follow-up

The enhanced CT of the upper abdomen, chest CT, alpha-feto-
protein levels, and hepatic function were reexamined 4 weeks 
to 6 weeks after the first TACE procedure. Other examinations 
included a brain CT every 3 months and a whole-body bone 
scan every 6 months to evaluate metastasis. The LightSpeed 
16-slice spiral CT (GE Healthcare Life Sciences, Waukesha, WI, 
USA) was used and a high-quality scanning mode was applied. 
The parameters set were matrix 512×512, scanning cycle 0.8 
seconds, layer thickness 5 mm, layer spacing 1.5 mm, tube 
voltage 120 kV, and tube current 150 mA. The target tumor le-
sions and all other tumor lesions were evaluated 1 month after 
the procedure, and the modified Response Evaluation Criteria 
in Solid Tumors were used as the evaluation criteria. A com-
plete response was the disappearance of all the target lesions 
on the arterial-phase contrast-enhanced imaging; a partial re-
sponse (PR) was ³30% reduction in the total diameter of the 
target lesions on the arterial-phase contrast-enhanced imag-
ing; stable disease was the reduction in diameter not reach-
ing the level required to define a PR or an increase in diameter 

not reaching the level required to define progressive disease 
(PD); and PD was an increase in the total diameter of target 
lesions by ³20% or the appearance of new lesions on the ar-
terial-phase contrast-enhanced imaging.

Pain, nausea, vomiting, and fever were recorded after the first 
TACE procedure, and hepatic function was rechecked from day 
3 to day 7 after the TACE treatment. Treatment-related tox-
ic adverse effects were evaluated according to the Common 
Terminology Criteria for Adverse Events (CTCAE) (version 4.0). 
The evaluated CTCAE ³grade 2 (moderate or above) adverse 
events were alanine transaminase (ALT) elevation (>3 times to 
5 times the upper limit of the normal level), aspartate trans-
aminase (AST) elevation (>3 times to 5 times the upper lim-
it of the normal level), total bilirubin elevation (>1.5 times to 
3 times the upper limit of the normal level), nausea/vomiting 
(nausea: reduced food intake, dehydration, malnutrition or the 
requirement of an intravenous fluid infusion within 24 hours; 
vomiting: 3 episodes to 5 episodes within 24 hours), moder-
ate abdominal pain, and fever (temperature >39°C). The dos-
es of chemotherapeutic agents were reduced if CTCAE ³grade 
3 treatment-related adverse events occurred.

Study Endpoints

The time of the first TACE procedure was considered the start 
time and the death of the patient was considered to be the 
endpoint to record the overall survival (OS). Progression-free 
survival (PFS) was recorded until the time of detection of in 
situ intrahepatic progression, new intrahepatic metastasis, and 
extrahepatic progression, or the time of death or censoring; of 
these, the shortest time was recorded as the total PFS. Each 
patient was followed up for at least 18 months after the first 
TACE procedure. OS was considered the primary study end-
point, and PFS was considered the secondary study endpoint.

Statistical Analysis

For the analysis of baseline characteristics, categorical vari-
ables are presented as frequencies and percentages (n [%]), 
and continuous variables are presented as means and stan-
dard deviations. The chi-square test was used to compare cat-
egorical variables. Survival was estimated by the Kaplan-Meier 
method, and any differences in survival were evaluated us-
ing a stratified log rank test. Cox univariate analysis was per-
formed to screen for possible independent variables (P<0.1). 
Linear regression was used to detect multicollinearity. After 
excluding the variables with significant collinearity, the inde-
pendent variables were included in the Cox multivariate anal-
ysis. Logistic regression analysis was performed for factors af-
fecting the types of necrosis. P values <0.05 were considered 
statistically significant. All statistical analyses were performed 
with SPSS v23.0 for Windows (IBM, Chicago, USA).
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This study was approved by the Ethics Committee of Shandong 
Cancer Hospital and Institute, Shandong First Medical University 
and Shandong Academy of Medical Sciences. All the participat-
ing patients signed informed consent before TACE treatment.

Results

Baseline Characteristics

In this study, 171/287 patients met the inclusion criteria and 
were analyzed retrospectively. Of these, 149 patients died and 
22 patients were censored (20 alive and 2 lost to follow-up). 
Seventy-nine (46.2%) patients showed CN and 92 (53.8%) pa-
tients showed LN after the first TACE procedure. The patient 
characteristics and therapies for both groups are presented 
in Table 1. There were no significant differences in the gen-
der, age, alpha-fetoprotein level, hepatitis B virus or hepatitis 
C virus, liver cirrhosis, Child-Pugh class, BCLC Stages, extrahe-
patic vessel invasion, other treatments, and survival status be-
tween the 2 groups (Table 1). In total, 25.7% of tumors were 
located in the left lobe (CN 24.1% vs LN 27.2%), 74.3% of tu-
mors were located in the right lobe (CN 75.9% vs LN 72.8%), 
and 50.9% of tumors were massive HCCs with a diameter of 
>10 cm (CN 43.0% vs LN 57.6%). The patients with LN had a 
slightly higher incidence of vascular fistulae (CN 55.7% vs LN 
69.6%) and portal vein tumor thrombosis (CN 17.7% vs LN 
23.9%) than those with CN. There was no significant differ-
ence between the 2 groups for location, maximum diameter, 
pseudocapsule, portal vein tumor, thrombus, and arteriove-
nous fistulae (P>0.05) (Table 2).

Survival Analysis and Prognostic Factors for Survival

Of the 171 patients enrolled in the study, 70 (88.6%) patients 
from the CN group and 79 (85.9%) patients from the LN group 
died. One patient from each group was lost to follow-up. 
Overall, the median OS and PFS were 16.27±2.29 months and 
6.73±0.86 months, respectively. The median OS (23.27±1.40 
months vs 8.83±2.15 months, P=0.004) and PFS (9.33±0.96 
months vs 3.70±0.44 months, P=0.002) were significantly 
longer in the CN group than in the LN group. The 1-year and 
2-year OS rates in the CN and LN groups were 69.6% vs 46.7% 
and 48.1% vs 25.7%, respectively. The 1-year and 2-year PFS 
rates were 40.8% vs 21.4% and 13.8% vs 9.2% in the CN and 
LN groups, respectively (Figure 4).

In both groups, the intrahepatic primary tumor site was the ear-
liest to show disease progression. Intrahepatic in situ primary tu-
mor progression, new intrahepatic metastasis, and extrahepatic 
progression occurred significantly earlier in the LN group than 
in the CN group (P<0.05) and extrahepatic metastasis occurred 
earlier than intrahepatic metastasis in the LN group (Table 3).

Prognostic Factor Analysis

Table 4 shows the results of the univariate analysis. LN (haz-
ard ratio [HR] 0.623, 95% confidence interval [CI] 0.450-
0.863; P=0.004), liver cirrhosis (HR 0.607, 95% CI 0.439-0.840; 
P=0.002), portal vein tumor thrombosis (HR 0.700, 95% CI 
0.501-0.978; P=0.036), Child-Pugh class B (HR 0.194, 95% CI 
0.126-0.300; P=0.000), and arteriovenous fistula(e) (HR 0.624, 
95% CI, 0.421-0.925; P=0.018) were risk factors that affected 
the OS. Multivariate analysis showed that LN (HR 0.596, 95% 
CI, 0.426-0.834; P=0.003), liver cirrhosis (HR 0.664, 95% CI 
0.471-0.936; P=0.019), Child-Pugh class B (HR 0.210, 95% CI 
0.134-0.329; P=0.000), and the presence of a tumor(s) in the 
left lobe (HR 0.675, 95% CI 0.461-0.989; P=0.044) were inde-
pendent risk factors that affected OS.

Treatment-related Toxicity

A liver injury after TACE was primarily evaluated based on the 
elevated levels of transaminases and bilirubin. There was no 
significant difference in the liver injuries between the CN and 
LN groups. The CTCAE ³grade 2 elevations in liver injury mark-
ers observed were ALT elevation (CN 36.7% vs LN 29.3%), AST 
elevation (CN 35.4% vs LN 40.2%), and total bilirubin elevation 
(CN 20.3% vs LN 23.9%). Nausea, vomiting, abdominal pain, 
fever, and other symptoms of post-embolism syndrome were 
common after TACE. The frequency of post-embolism symp-
toms for CTCAE ³grade 2 were nausea and vomiting (CN 13.9% 
vs LN 8.7%), abdominal pain (CN 24.1% vs LN 18.5%), and fe-
ver (CN 5.1% vs LN 12.0%). However, there were no signifi-
cant differences between the 2 groups (Table 5). This suggests 
that there were no significant differences in the liver injuries 
and post-embolism syndrome between the 2 types of necrosis.

Analysis of Factors Affecting Necrosis Types

Logistic regression analysis was conducted for factors (tumor 
location, tumor diameter, pseudocapsule, portal vein tumor 
thrombus, liver cirrhosis, arteriovenous fistula, hepatitis, al-
pha-fetoprotein level, gender, age, and BCLC stages B and C) 
that influenced the type of necrosis (Table 6). Nonsignificant 
correlations were found between the factors and the necrosis 
types (P>0.05); furthermore, in this study, there was no signifi-
cant correlation between each factor and the type of necrosis.

Discussion

HCC is a common tumor, with 841 000 new cases diagnosed 
every year; 46.71% of these involve Chinese patients [1]. The 
majority of patients with HCC present with intermediate or ad-
vanced stage disease at diagnosis, and TACE is typically the 
first choice of treatment [5,6]. TACE is also the first choice of 
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Coagulative necrosis Liquefactive necrosis P value

No. of patients  79 (46.2%)  92 (53.8%)

Gender

Men  73 (92.4%)  79 (85.9%) 0.225

Women  6 (7.6%)  13 (14.1%)

Age

>60 years  32 (40.5%)  27 (29.3%) 0.148

<60 years  47 (59.5%)  65 (70.7%)

Alpha-fetoprotein 

>400 ng/ml  47 (59.5%)  50 (54.3%) 0.538

<400 ng/ml  32 (40.5%)  42 (45.7%)

HBV or HCV  69 (87.3%)  75 (81.5%) 0.401

Liver cirrhosis  38 (48.1%)  45 (48.9%) 1.00

Child-Pugh  5.76±0.91  5.72±0.94 0.767

Class B (7-9)  13 (16.5%)  17 (18.5%) 0.841

Class A (5-6)  66 (83.5%)  75 (81.5%)

Total bilirubin (umol/L)  22.63±24.08  23.06±27.73 0.913

Albumin (g/L)  36.71±4.63  36.13±4.02 0.382

Prothrombin time (s)  11.62±1.37  11.42±1.31 0.342

Ascites  0.13±0.34  0.10±0.30 0.554

Hepatic encephalopathy 0 0 -

Barcelona Clinic Liver Cancer

Stage B  18 (22.8%)  11 (12.0%) 0.068

Stage C  61 (77.2%)  81 (88.0%)

Extrahepatic metastasis  14 (17.7%)  26 (28.3%) 0.147

Intrahepatic vessel invasion  53 (67.1%)  73 (79.3%) 0.082

TACE frequency  8.68±3.97  5.63±3.59 0.000

Other treatments

Systemic therapy  8 (10.1%)  13 (14.1%) 0.513

Local therapy  9 (11.4%)  8 (8.7%)

Survival status

Dead  70 (88.6%)  79 (85.9%) 0.652

Censored  9 (11.4%)  13 (14.1%)

Table 1. Baseline characteristics of the study population.

HBV – hepatitis B virus; HCV – hepatitis C virus; TACE – transarterial chemoembolization. P<0.05 was considered a statistically 
significant difference.
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Coagulative necrosis (n=79) Liquefactive necrosis (n=92) P value

Location

 Left lobe  19 (24.1%)  25 (27.2%) 0.727

 Right lobe  60 (75.9%)  67 (72.8%)

Maximum diameter

 >10 cm  34 (43.0%)  53 (57.6%) 0.067

 <10 cm  45 (57.0%)  39 (42.4%)

Pseudocapsule  54 (68.4%)  60 (65.2%) 0.745

 Portal vein tumor thrombus  44 (55.7%)  64 (69.6%) 0.08

 Arteriovenous fistula  14 (17.7%)  22 (23.9%) 0.352

Table 2. Baseline characteristics of the target lesions.

P<0.05 was considered a statistically significant difference.
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Figure 4.  Kaplan-Meier estimates of overall survival (OS) and progression-free survival (PFS).

Coagulative necrosis group 
(months) (median±SD)

Liquefactive necrosis group 
(months) (median±SD)

P value

Overall survival 23.27±1.40 8.83±2.15 0.004

Progression-free survival 9.33±0.96 3.70±0.44 0.002

Intrahepatic in situ progression 12.23±1.74 5.53±1.29 0.008

New intrahepatic metastasis 14.33±1.32 7.20±0.66 0.009

Extrahepatic progression 15.27±3.24 6.67±1.29 0.011

Table 3. Comparison of the prognosis for the coagulative necrosis and liquefactive necrosis groups.

SD – standard deviation. P<0.05 was considered a statistically significant difference.
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treatment for BCLC Stage B and experts believe that patients 
with BCLC Stage C can benefit from TACE; therefore, it is wide-
ly used in clinical practice [14]. TACE aims for maximum tumor 
necrosis to reduce the tumor load and control tumor growth.

Necrosis is categorized into CN, LN, caseous necrosis, fat ne-
crosis, and gangrenous necrosis. Tumor tissue necrosis main-
ly manifests as CN and LN. The necrosis seen in HCC tissue 
after TACE is primarily CN; however, LN is the main manifes-
tation seen in some HCC patients [15,16]. Hsu et al report-
ed 11 resection cases of HCC after transarterial embolization 
(TAE). Their study suggested that after TAE, CN occurred first 
and then LN. The formation of a large tumor and a long du-
ration after embolization were more likely to form LN [17]. 

However, their study reported no single factor that affected 
the type of tumor necrosis.

The median OS was significantly different between the CN pa-
tients and the LN patients in the present study (23.27 months 
vs 8.83 months). A meta-analysis by Lencioni et al analyzed 
101 articles from 1980 to 2013 with data from 10 108 patients 
treated with iodized oil TACE. They reported the median OS 
after TACE treatment in HCC patients to be 19.4 months [18]. 
In the present study, the OS was longer than 19.4 months in 
the CN group (23.27 months), while the OS in the LN group 
(8.83 months) was shorter, which further confirmed that the 
survival duration after the first TACE procedure was longer in 
patients with CN than in patients with LN. According to our 

Coagulative necrosis group (n=79) Liquefactive necrosis group (n=92) P value

ALT elevation  29 (36.7%)  27 (29.3%) 0.330

AST elevation  28 (35.4%)  37 (40.2%) 0.532

TB elevation  16 (20.3%)  22 (23.9%) 0.586

Nausea/vomiting  11 (13.9%)  8 (8.7%) 0.333

Abdominal pain  19 (24.1%)  17 (18.5%) 0.452

Fever  4 (5.1%)  11 (12.0%) 0.174

Table 5. Treatment-related toxicities.

ALT – alanine transaminase; AST – aspartate transaminase; TB – total bilirubin. P value <0.05 was considered a statistically significant 
difference.

Parameter
Univariate analysis Multivariate analysis

Hazard ratio 95% CI P value Hazard ratio 95% CI P value

Necrosis type (liquefactive/coagulative) 0.623 0.450-0.863 0.004 0.596 0.426-0.834 0.003

Sex (Male/Female) 1.354 0.823-2.226 0.231

Age (>60 years/<60 years) 1.232 0.879-1.727 0.226

Hepatitis (present/absent) 0.944 0.604-1.474 0.799

Liver cirrhosis (present/absent) 0.607 0.439-0.840 0.002 0.664 0.471-0.936 0.019

Child-Pugh classification (B/A) 0.194 0.126-0.300 0.000 0.210 0.134-0.329 0.000

Barcelona Clinic Liver Cancer (stage C/stage B) 0.780 0.510-1.193 0.250

Maximum diameter (>10 cm/<10 cm) 0.942 0.683-1.299 0.715

Pseudocapsule (present/absent) 0.994 0.702-1.408 0.972

Alpha-fetoprotein (>400 ng/ml/<400 ng/ml) 0.793 0.571-1.099 0.163

Location (left lobe/right lobe) 0.698 0.486-1.005 0.052 0.675 0.461-0.989 0.044

Portal vein tumor thrombus (present/absent) 0.700 0.501-0.978 0.036 0.910 0.629-1.315 0.615

Arteriovenous fistula (present/absent) 0.624 0.421-0.925 0.018 0.729 0.481-1.104 0.136

Other treatments (present/absent) 0.757 0.512-1.121 0.163

Table 4. Univariate and multivariate analyses of the factors affecting overall survival.

CI – confidence interval. P<0.05 was considered a statistically significant difference.
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study, in situ recurrence as well as intrahepatic and extrahe-
patic metastases occurred significantly earlier in the LN group 
than in the CN group. There are numerous possible mecha-
nisms underlying this difference.

Acute ischemia and hypoxia, tumor cell necrosis, and neutro-
phil-dominated inflammatory cell infiltration occur in HCC tis-
sues after TACE [19]. The common outcome after the necrosis 
of cells and tissues is dissolution and absorption. Lysosomal 
enzymes released by the necrotic cells and hydrolytic enzymes 
released by the infiltrating neutrophils liquefy and dissolve 
necrotic tissues into macromolecules, which are transported 
away from the local area via veins or lymphatic vessels. The 
unabsorbable fragments are phagocytized and removed by the 
macrophages, which enter the venous system. Necrotic tissues 
show coagulative changes that retain the general structure of 
the tumor. However, when there is an imbalance between the 
liquefaction and absorption, an excessive amount of neutro-
phil aggregate, releasing a large amount of hydrolase, and the 
tumor tissue is completely liquefied. Meanwhile, the edema-
tous tissue compresses drainage veins and lymphatic vessels 
in the vascular region, resulting in inefficient drainage of the 
liquefied tissue and aggregation; this results in the formation 
of liquefactive lesions, which manifest as LN. A large amount of 
necrotic fluid is formed, accompanied by drainage obstruction. 
This in turn increases the pressure on the lumen, squeezing 
the surviving tumor cells around the tumor lesions and forc-
ing them to shift and spread. Therefore, the prognosis is worse 
in the LN group. It is speculated that the reduction of neutro-
phils and severe edema can reduce the occurrence of lique-
faction necrosis. However, this aspect requires further study.

TACE can cause some complex changes in tumors at a molec-
ular level, including a dramatic increase in HIF-1α expression, 

PD-L1 overexpression, and hypersecretion of the macrophage 
colony-stimulating factor. The changes in cytokine levels pro-
mote the tumor-associated macrophages to present the M2 
phenotype, promote the differentiation of immature T cells to 
Th17 cells, and increase the counts of T regulatory cells and 
neutrophils; this promotes the liquefaction of necrotic tumors, 
tumor recurrence, and metastasis [18-28].

Univariate and multivariate analyses in the present study in-
dicated that LN and liver cirrhosis were risk factors affecting 
the OS. In addition, the multivariate analysis indicated that the 
presence of a tumor(s) in the left lobe was a risk factor affect-
ing the OS; this could be related to the inadequate enhance-
ment of the tumor(s) in the left lobe(s), resulting in reduced 
efficacy of the TACE [29,30].

In the present study, there was no significant difference in the 
hepatic function impairment or post-embolism syndrome be-
tween the 2 groups after TACE. The factors affecting the type 
of necrosis were not identified in this study. Therefore, fur-
ther investigation is needed for information about screen-
ing patients, ensuring the occurrence of coagulative necro-
sis, and avoiding LN.

This study had some limitations. First, this was a single-cen-
ter study, and the sample size was relatively small. Second, 
some cases were clinically diagnosed by CT without a patho-
logical confirmation.

Conclusions

After the first TACE procedure, the prognosis of the patients can 
be predicted based on the type of tumor necrosis observed. This 

r OR OR 95% CI P value

Tumor location -0.137 0.872 0.418-1.819 0.715

Tumor diameter -0.653 0.521 0.268-1.010 0.54

Pseudocapsule 0.155 1.167 0.570-2.392 0.672

Portal vein tumor thrombus -0.622 0.141 0.235-1.228 0.141

Liver cirrhosis -0.006 0.994 0.513-1.927 0.987

Arteriovenous fistula -0.140 0.870 0.378-1.999 0.742

Hepatitis 0.305 1.357 0.518-3.554 0.534

Alpha-fetoprotein 0.436 1.547 0.784-3.053 0.209

Gender 1.069 2.913 0.939-9.029 0.064

Age 0.523 1.687 0.846-3.367 0.138

Barcelona Clinic Liver Cancer staging -0.171 0.842 0.296-2.396 0.748

Table 6. Logistic regression analysis for factors affecting the type of necrosis.

CI – confidence interval; OR – odds ratio; r – correlation coefficient. P<0.05 was considered a statistically significant difference.

e929884-9
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Wu Z.-J. et al: 
Type of necrosis influences the prognosis in hepatocellular carcinomas
© Med Sci Monit, 2021; 27: e929884

CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



helps in the provision of well-informed treatment. Compared 
with the CN group, patients with LN experience recurrence 
and metastasis earlier and show a worse prognosis. Therefore, 
TACE should be combined at an earlier stage with other treat-
ments, including targeted therapies and immunotherapies for 
these patients.
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