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Purpose: Resection of the hepatocellular carcinoma (HCC) in the caudate lobe (CL) is 
challenging even for accomplished surgeons. This retrospective study evaluated the safety 
and efficacy of transarterial chemoembolization (TACE) and iodine 125 seeds implantation 
(ISI) for unresectable or “ablation unsuitable” HCC-CL detected at the initial presentation in 
clinical practice.
Patients and Methods: A total of 20 HCC-CL patients undergoing sequential TACE and ISI 
from January 2014 to October 2018 were enrolled in this study. The overall survival (OS), 
progression-free survival (PFS), tumor response rate, and complication rates were analyzed and 
compared to non-caudate lobe (NCL) HCC patients. Multivariate analyses for potential clinical 
and radiological factors were performed using the Cox proportional hazard model.
Results: The technical success rate was 100%, as all the patients received 28 ISI treatments. 
The median OS was 35 months. The 1-, 3-, and 5-year OS rates were 100%, 63.2%, and 
11.1%, respectively. The median PFS was 16 months. The objective response rate was 
60.0%. The puncture tract bleeding (2/20) and pneumothorax (1/20) were the most common 
complications in operation, but no operation-related deaths occurred. One year after the 
surgery, biliary tract injury occurred in 1 patient, necessitating percutaneous biliary inter-
vention. No statistical difference was observed between the CL and NCL groups. 
Multivariable analysis revealed that Barcelona Clinic Liver Cancer stage B and tumor size 
>3 cm were two significant factors associated with OS.
Conclusion: Sequential TACE and ISI were associated with the survival benefits in HCC-CL 
and should be considered as a reliable therapy for surgeons and interventional radiologists.
Keywords: transarterial chemoembolization, iodine 125 seeds implantation, hepatocellular 
carcinoma, caudate lobe, survival

Introduction
Hepatocellular carcinoma (HCC) is a common malignancy, with incidence and 
mortality rates ranking sixth and fourth in the world, respectively.1 An annual 
prevalence growth trend has been observed in some Asian countries and the 
USA.2,3 Cases of HCC originating in the caudate lobe (HCC-CL) are rare, with 
an incidence rate between 1.9% and 12.4%.4–7 The implementation of surveillance 
programs for high-risk populations and advances in diagnostic imaging technology 
has increased the diagnosis rate of HCC-CL.8,9
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The surgical resection and percutaneous radiofre-
quency ablation (RFA) can be used as a curative treatment 
for HCC-CL.10 However, the resection of the HCC-CL is 
challenging for accomplished surgeons owing to the 
tumor’s deep location that is adjacent to the inferior vena 
cava and hepatic vein and has a narrow surgical 
margin.4,5,11,12 Thus, radiofrequency therapy cannot be 
administered safely under certain circumstances, such as 
thermal injury of adjacent structure, heat sink effect (near 
major vessels), and limited tumor necrosis range.13–15

Currently, transarterial chemoembolization (TACE) 
therapy that effectuates tumor necrosis through the occlu-
sion of blood flow and the slow release of chemotherapeu-
tic drugs into tumors is the primary palliative treatment 
option for unresectable HCC.16,17 Some studies have 
reported that ultraselective chemoembolization via the 
caudate artery for solitary HCC-CL is possible in most 
patients, the consequence is prolonged longer overall sur-
vival (OS) and progression-free survival (PFS).18,19 

However, after repeated TACE therapy, TACE failure/ 
refractoriness often occurs, resulting in decreased OS. 
Thus, effective adjuvant therapy is essential to prevent or 
delay recurrence. Iodine 125 seeds implantation (ISI) is an 
internal radiation source that has been applied widely for 
the treatment of intrahepatic and extrahepatic tumors.20–22 

Several studies have confirmed that TACE combined with 
ISI for HCC with portal vein tumor thrombus (PVTT) and 
beneath the diaphragm (segment VII and VIII) is safe with 
significant clinical efficacy in some Asia-Pacific 
regions.23–26

However, no studies have focused on the sequential use 
of TACE and ISI for the treatment of HCC-CL. Thus, this 
retrospective study was conducted to evaluate the efficacy 
and safety of this novel combined therapy for the treat-
ment of HCC-CL at initial presentation.

Patients and Methods
Study Design and Patient Selection
This retrospective study was performed according to the 
guidelines of the Helsinki Declaration and approved by the 
ethics committee of Union Hospital, Tongji Medical 
College, Huazhong University of Science and 
Technology. The need for informed consent was waived 
by the Institutional Review Board. The study involved 
only a minimal risk to the patients. Moreover, the waiver 
did not adversely affect the rights and welfare of the 

patients. All data of patients were used confidentiality 
and anonymously.

The radiological database of our hospital was searched, 
and a total of 121 consecutive patients diagnosed with 
HCC receiving TACE with ISI therapy between 
January 2014 and October 2018 were collected. Next, we 
analyzed the clinical features and long-term prognosis of 
20 patients whose target lesions were in the CL that could 
be measured at initial chemoembolization, and 57 cases of 
non-caudal lobe (NCL) HCC were also included in the 
analysis to compare the difference in the efficacy between 
CL and NCL HCC.

The patient enrolment and categorization flowchart is 
illustrated in Figure 1. The inclusion criteria were as 
follows: (1) Patients diagnosed with primary HCC by 
biopsy or imaging based on the European Association for 
the Study of the Liver (EASL) guidelines;10 (2) Liver 
function status at Child–Pugh class A or B; (3) East 
Coast Oncology Group (ECOG) performance status value 
0 or 1; (4) No severe coagulopathy (platelets ≥50,000/ 
mL); (5) Available medical records. Patients who fulfilled 
the following criteria were excluded from this study: (1) 
Incomplete clinical data; (2) Tumor thrombus in the portal 
vein, inferior vena cava, or hepatic vein; (3) Extrahepatic 
metastasis at preprocedural imaging study; (4) Undergone 
liver resection or RFA.

TACE Procedure
TACE was performed according to the standard protocol 
of our Institute and that reported previously.27 All opera-
tors had at least eight years of experience in performing 
TACE procedures using digital subtraction angiography 
(DSA) (Artis zee floor; Siemens, Germany). Herein, 
TACE was performed using transfemoral arterial access 
route with a micro-puncture system by placing 
a 5-F vascular introducer (Cook, Bloomington, IN, USA) 
and celiac or superior mesenteric arteriography was con-
ducted to assess the arterial anatomy, tumor supplying 
vessel, and patency of the portal vein. A 2.6-Fr microcath-
eter (Terumo, Japan) was inserted into the tumor donor 
arteries as superselectively as possible to identify the 
staining and arteries feeding the target lesions. First, an 
emulsion of 10–20 mL lipiodol (Lipiodol Ultrafluido, 
Guerbet, France) mixed with 20–40 mg doxorubicin 
hydrochloride (Hisun Pharmaceutical Co. Ltd, Zhejiang, 
China) was injected into the tumor feeding branch of the 
hepatic artery. Then, the gelatin sponge particles (300–500 
µm, Cook) mixed with contrast material were 
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administered into the tumor-feeding arteries until stasis of 
the arterial flow was achieved.

ISI Procedure
The ISI procedure was performed in accordance with the 
standard treatment regimen described in our previous 
study.28 The patients underwent computed tomography 
(CT) scans under the circumstances of the disappearance 
of the syndrome after embolization and the recovery of 
liver function before implantation. Residual tumors were 
evaluated by a senior radiologist, and the decision about 
administering 125I seed implantation was determined based 
on the doctor’s experience and patient’s preference. 
125I seeds (China Institute of Atomic Energy, Beijing, 
China) with length 4.5 mm and diameter 0.8 mm, and 
encapsulated in NiTinol capsules were implanted within 
an average interval of 5.3 (2–12) days after TACE. Then, 
the CT images were transmitted to the treatment-planning 
system (TPS). The TPS software simulates the cancer 
tissue puncture and the placement of 125I seeds, uses 3D- 
printing technology to create a three-dimensional (3D) 
conformation template of the surface of the cancer tissue, 

and directs the puncture needle into the tissue based on the 
template. The numbers and positions of 125I seeds were 
determined by TPS according to the minimum peripheral 
dose prescribed to each tumor (90–165 Gy), such that the 
X-rays and c-rays could cover the planning target volume, 
including the tumor and 0.5–1 cm of the adjacent non- 
tumor tissues. Needle (18-gauge; XinKe Pharmaceutical 
Ltd, Shanghai, China) was placed under the guidance of 
a CT scan, and the seeds were implanted into the tumor via 
the needle at intervals of 1–1.5 cm.

Definition and Evaluation of Data
The procedural success was defined as the completion of 
both TACE and ISI in one treatment session. Successful 
selective TACE was defined as the catheterization of all 
tumor-feeding arteries and puncture, and the placement of 
the seeds on the preset path was defined a successful ISI. 
Modified Response Evaluation Criteria in Solid Tumors 
(mRECIST) was used to evaluate the efficacy of the tech-
nique, carried out at 1–1.5-month interval by two 
radiologists,29 after the initial TACE procedure. 
Complete response (CR) refers to the absence of 

Figure 1 Patient enrolment and categorization flow chart. Flow chart shows the screening procedure for patients with HCC-LC who were included in this study.
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enhancement in all target lesions; partial response (PR) is 
classified as at least a 30% decrease in the sum of the 
diameters of viable tumors; progressive disease (PD) is an 
increase of at least 20% in the sum of the diameters of 
target lesions; stable disease (SD) refers to any case that 
does not qualify as either PR or PD. Disease control rate 
(DCR) was used to represent the proportion of patients 
who reached CR+PR+SD. For each patient, the OS and 
PFS were calculated from the date of the initial TACE to 
the date of death or the last follow-up and to the date of 
tumor progression (intrahepatic recurrence or new intrahe-
patic or extrahepatic lesions developed) or the last follow- 
up, respectively. Adverse events and complications after 
the therapy were identified and described according to 
both the Common Terminology Criteria for Adverse 
Events (CTCAE-v4.0) and the Society of Interventional 
Radiology Classification system for Complications by 
Outcomes.30,31 The major complications were defined as 
events leading to death and disability.

Follow-Up
The follow-up contents included laboratory tests, contrast- 
enhanced computed tomography (CT) or magnetic reso-
nance (MR) imaging examinations performed 4–6 weeks 
after the treatment. When a residual or recurrent tumor 
was detected, decisions about additional treatment were 
made according to the recurrence pattern, underlying liver 
function, and overall clinical condition of the patient. 
Imaging (contrast-enhanced CT or MR) and laboratory 
examinations were conducted every 2–3 months, and fol-
low-up continued until the patient died or the endpoint of 
this study’s follow-up in October 2020.

Statistical Analyses
All statistical analyses were performed using SPSS soft-
ware (version 24.0; IBM, Armonk, NY, USA). Continuous 
variables were summarized as mean ± standard deviation 
(SD). Pearson’s χ2 test, correction χ2 test, Fisher’s exact 
test, independent-samples t-test, and Mann–Whitney 
U-test were used for the comparison of the baseline char-
acteristics and the occurrence rates of adverse events 
between the two groups. The OS and PFS curves were 
obtained using the Kaplan–Meier method, and the differ-
ences between the two groups were compared by Log rank 
test. Multivariate analysis was performed using the Cox 
regression model for significant variables (P < 0.1) in the 
univariate analysis, and the risk factors that affected the 

OS were determined. All statistical tests were two-sided, 
and P < 0.05 indicated statistical significance.

Results
Study Population and Patient 
Characteristics
From January 2014 to October 2018, a total of 121 con-
secutive patients diagnosed as HCC undergoing TACE 
combined ISI (TACE followed by ISI) therapy at our 
hospital were collected for this study; 44 patients were 
excluded because they did not meet the study require-
ments. Finally, 77 patients were included in this analysis: 
20 patients consisted of target lesions in CL, while 57 
patients showed the lesions in the NCL. Before these 
patients underwent initial TACE, a treatment strategy 
was recommended by the multidisciplinary tumor board. 
The patients with early-stage HCC were recommended to 
receive surgical resection, liver transplantation, or RFA. 
Some patients were not candidates for RFA treatment due 
to a suboptimal location of the tumor, while some declined 
the surgery because they had severe portal hypertension or 
difficulty in ensuring effective surgical margins. The sur-
geon informed the patients and/or their family members of 
the possible survival benefits of TACE and ISI treatment, 
the possible complications, and alternative treatment. The 
patients and/or their family members expressed their 
understanding, agreed to the operation, and signed the 
informed consent for the TACE and ISI operation. The 
baseline characteristics of the two groups of patients are 
summarized in Table 1. The clinical features and treatment 
of the HCC-CL group are summarized in Supplementary 
Table 1. A total of 34 tumors were detected in 20 patients, 
and the mean tumor diameter was 4.2 (2.1–7.8 range) cm. 
The subsegmental locations of the 20 CL tumors were the 
spiegel lobe (n = 12), the paracaval portion (n = 6), and the 
caudate process (n = 2). Moreover, 7 patients had one 
tumor-feeding artery, while 13 patients had multiple 
tumor-feeding arteries.

A superselective chemoembolization was achieved via 
a 2.6-Fr microcatheter in 16/20 (80%) patients. 
Nonselective chemoembolization was performed in 4/20 
(20%) patients because of failed catheterization of the 
tumor-feeding vessels that were not clearly indicated on 
DSA and the technical difficulty due to the small tumor- 
feeding vessels caliber or the acute angulation. All the 20 
patients received 28 ISI treatments, and an average of 18.4 
± 12.3 particles was implanted in each patient; no particle 
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displacement or shedding occurred. ISI had a technical 
success rate of 100%. Repeated TACE or ISI could be 
used on demand when the multidisciplinary tumor board 
considered that TACE or ISI was promising for the control 
of intrahepatic lesions, such as localized progression or 
metastasis in the liver. Before the final follow-up, 18/20 
(90%) patients had experienced varying degrees of disease 
progression: 13 had intrahepatic metastasis, 8 had local 
progression, and 5 had extrahepatic metastasis, including 3 
pulmonary metastasis and 2 lymph node metastases. 
Subsequently, 18/20 (90%) patients received repeated 
TACE treatments, and 7/20 (35%) patients received multi-
ple TACE treatments. Finally, 15/20 (75%) patients died 
due to extensive metastasis or liver failure during the 
observation period.

Treatment Response and Complications
The treatment response in the CL group at the first follow-up 
CT or MR was CR in 6 patients (30%) and PR in 6 patients 
(30%). The objective response rate (ORR) was 60%. The 
NCL group comprised 71.9% (41/57) patients, and no sta-
tistically significant difference (P = 0.322) was detected 
between the two groups (Table 2). Bleeding of puncture 
tract (2/20) and pneumothorax (1/20) were the most common 
complications during the operation. One year after surgery, 
biliary tract injury occurred in 1 patient, requiring percuta-
neous biliary intervention. However, no statistical difference 
was noted between the CL and the NCL groups. The com-
mon complications were as follows: 16 (80.0%) patients had 
a fever, 13 (65.0%) patients had abdominal pain, and 11 
(55.0%) patients presented vomiting (Supplementary Table 
2), but no statistically significant difference was observed 
between the two groups. These symptoms lasted 2–7 days 

Table 1 Baseline Characteristics of Patients Enrolled in This 
Study

Characteristics CL (n=20)  
(N, %; Mean 
± SD)

NCL (n=57)  
(N, %; Mean 
± SD)

P-value

Age (years) 55.2±8.6 57.4±10.9 0.413

ALT (µmol/L) 38.4±24.4 42.1±22.2 0.565

AST (µmol/L) 40.2±17.9 44.5±29.5 0.547

Platelet (109/L) 148.6±59.9 124.8±52.6 0.231

Seed number 18.4±12.3 19.9±9.9 0.571

Gender 0.927

Male 17 (85.0) 46 (80.7)
Female 3 (15.0) 11 (19.3)

Etiology 0.917
Hepatitis B 12 (60.0) 38 (66.7)

Others 8 (40.0) 19 (33.3)

TACE sessions 0.591

1 2 (10.0) 7 (12.3)

≥2 18 (90.0) 50 (87.7)

Iodine 125 
sessions

0.367

1 13 (65.0) 43 (75.4)

≥2 7 (35.0) 14 (24.6)

Tumor number 0.136

1 13 (65.0) 26 (45.6)

≥2 7 (35.0) 31 (54.4)

Tumor size (cm) 0.978

≤3 8 (40.0) 22 (38.6)
>3 12 (60.0) 35 (61.4)

AFP level (ng/ 
mL)

0.843

≤200 15 (75.0) 44 (77.2)

>200 5 (25.0) 13 (22.8)

BCLC stage 0.735

A 10 (50.0) 26 (45.6)
B 10 (50.0) 31 (54.4)

ECOG 0.676
0 18 (90.0) 53 (93.0)

1 2 (10.0) 4 (7.0)

Child-Pugh 0.920

A 16 (80.0) 45 (78.9)
B 4 (20.0) 12 (21.1)

Abbreviations: CL, caudate lobe; NCL, non-Caudate lobe; SD, standard deviation; 
ALT, alanine aminotransaminase; AST, aspartate aminotransferase; TACE, transar-
terial chemoembolization; AFP, α-fetoprotein level; BCLC, Barcelona clinic liver 
cancer.

Table 2 Tumor Responses After Initial Combination in the CL 
and NCL Groups Results Reported as N (%)

Response CL (n=20) NCL (n=57) P-value

CR 6 (30.0) 16 (28.1) 0.869
PR 6 (30.0) 25 (43.9) 0.277

SD 5 (25.0) 10 (17.5) 0.478

PD 3 (15.0) 6 (10.5) 0.896
ORR (CR+PR) 12 (60.0) 41 (71.9) 0.322

DCR (CR+PR+SD) 17 (85.0) 51 (89.5) 0.601

Abbreviations: CL, caudate lobe; NCL, non-caudate lobe; CR, complete 
response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, 
objective response rate; DCR, disease control rate.
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and were relieved by symptomatic treatment before dis-
charge; no treatment-related deaths occurred in this study.

OS and PFS Analysis
Survival curves of patients are shown in Figure 2. The 
median OS was 35 (95% CI: 27.6–42.4) months in the CL 
group and 39 (95% CI: 30.9–47.1) months in the NCL group 
(P = 0.256) (Figure 2A). The 1-, 3-, and 5-year survival rates 
were 100% vs 100% (P > 0.999), 63.2% vs 81.6% (P = 
0.196), and 11.1% vs 14.6% (P = 0.712), respectively. The 
median PFS was 16 (95% CI: 8.7–23.3) months in the CL 
group and 20 (95% CI: 14.9–25.1) months in the NCL group 
(P = 0.455) (Figure 2B). The 1- and 3-year cumulative 
recurrence rate was 30% vs 33.3% (P = 0.784) and 100% 
vs 96% (P > 0.999), respectively.

Prognostic Factors Affecting OS and PFS
The risk factors for PFS are analyzed in Table 3. Although 
univariate analysis showed that gender, tumor number, 
tumor size, and BCLC stage were associated with PFS, 
multivariate analysis identified BCLC stage B (HR = 
3.495, 95% CI: 1.185–6.728, P<0.001) as a significant 
factor associated with PFS. The risk factors for OS are 
analyzed in Table 4. Univariate analysis showed that 
tumor size, α-fetoprotein level, and BCLC stage were 
associated with OS, and multivariate analysis showed 
that tumor size >3 cm (HR = 2.102, 95% CI: 1.058–4.178, 
P = 0.034) and BCLC stage B (HR = 3.318, 95% CI: 
1.673–6.581, P = 0.001) indicated a poor prognosis.

Subgroup Analysis
Kaplan–Meier curve of OS and PFS of patients in the 
subgroups is shown in Figure 3.

The median OS and PFS were 43 (95% CI: 37.9–48.1) 
months and 22 (95% CI: 18.7–25.3) months, 49 (95% CI: 
38.1–59.9) months and 24 (95% CI: 21.9–26.1) months for 
patients with maximum diameter of the tumor < 3 cm in 
the CL and NCL groups (P = 0.665, P = 0.502, respec-
tively) (A-B). The median OS and PFS were 29 (95% CI: 
24.5–33.5) months and 12 (95% CI: 8.6–15.4) months, 31 
(95% CI: 27.3–34.7) months and 11 (95% CI: 8.7–13.3) 
months for patients with maximum diameter of the tumor 
> 3 cm in the CL and NCL groups (P = 0.217, P = 0.807, 
respectively) (C-D). The median OS and PFS were 41 
(95% CI: 35.2–46.8) months and 24 (95% CI: 18.3–29.7) 
months, 69 months (95% CI: 41.9–96.1) months and 25 
(95% CI: 22.7–27.3) months for patients with BCLC stage 
A in the CL and NCL groups (P = 0.225, P = 0.471, 
respectively) (E-F). The median OS and PFS were 27 
(95% CI: 22.3–31.7) months and 11 (95% CI: 8–14) 
months, 31 (95% CI: 26.5–31.7) months and 11 (95% 
CI: 8.7–13.3) months for patients with BCLC stage B in 
the CL and NCL groups (P = 0.375 and 0.238, respec-
tively) (G-H).

Discussion
Although surgery and percutaneous ablation treatment pro-
vide survival benefits to some patients with HCC in the 
CL,4,32 they are challenging and have a high local recur-
rence rate owing to the deep location of the tumors, 

Figure 2 Kaplan–Meier curve of all patients; (A) Kaplan–Meier curve of overall survival (OS); (B) Kaplan–Meier curve of progression-free survival (PFS).
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Table 3 Univariable and Multivariable Analysis for Progression-Free Survival

Characteristics Univariable Analysis Multivariable Analysis

HR (95% CI) P-value HR (95% CI) P-value

Age (years) 0.999 (0.978–1.021) 0.923

ALT (µmol/L) 1.003 (0.993–1.012) 0.619

AST (µmol/L) 0.998 (0.990–1.006) 0.668

Platelet (109/L) 0.999 (0.995–1.003) 0.715

Seed number 1.009 (0.986–1.032) 0.460

Gender 0.022 0.502
Male 1 1

Female 0.448 (0.226–0.889) 0.773 (0.364–1.642)

Etiology 0.696

Hepatitis B 1

Others 1.104 (0.671–1.818)

TACE sessions 0.574
1 1

≥2 1.275 (0.547–2.972)

Iodine 125 sessions 0.839

1 1

≥2 1.055 (0.627–1.776)

Tumor number 0.027 0.415

1 1 1
≥2 1.726 (1.066–2.795) 1.242 (0.738–2.092)

Tumor size(cm) 0.005 0.518
≤3 1 1

>3 2.051 (1.246–3.378) 1.208 (0.681–2.142)

AFP level (ng/mL) 0.398

≤200 1

>200 1.275 (0.726,2.242)

BCLC stage <0.001 <0.001

A 1 1
B 4.373 (2.549,7.50) 3.495 (1.815–6.728)

ECOG 0.148
0 1

1 0.509 (0.204,1.271)

Child-Pugh 0.374

A 1

B 0.764 (0.423,1.383)

Tumor site 0.469

CL 1
NCL 1.233 (0.709,2.109)

Abbreviations: CL, caudate lobe; NCL, non-caudate lobe; HR, hazard ratio; CI, confidence interval; ALT, alanine aminotransaminase; AST, aspartate 
aminotransferase; TACE, transarterial chemoembolisation; AFP, α-fetoprotein level; BCLC, Barcelona clinic liver cancer.
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Table 4 Univariable and Multivariable Analysis for Overall Survival

Characteristics Univariable Analysis Multivariable Analysis

HR (95% CI) P- value HR (95% CI) P-value

Age (years) 0.997 (0.973–1.022) 0.818

ALT (µmol/L) 1.004 (0.993–1.016) 0.442

AST (µmol/L) 0.999 (0.990–1.008) 0.802

Platelet (109/L) 0.997 (0.992–1.002) 0.187

Seed number 1.007 (0.985–1.030) 0.530

Gender 0.244

Male 1

Female 0.637 (0.299–1.359)

Etiology 0.405

Hepatitis B 1
Others 1.265 (0.727–2.201)

TACE sessions 0.404
1 1

≥2 1.482 (0.589–3.730)

Iodine 125 sessions 0.865

1 1
≥2 0.950 (0.529–1.706)

Tumor number 0.330
1 1

≥2 1.306 (0.764–2.233)

Tumor size(cm) <0.001 0.034

≤3 1 1

>3 3.372 (1.851–6.141) 2.102 (1.058–4.178)

AFP level(ng/mL) 0.061 0.633

≤200 1 1
>200 1.804 (0.974–3.340) 0.849 (0.433–1.665)

BCLC stage <0.001 0.001
A 1 1

B 4.438 (2.431–8.102) 3.318 (1.673–6.581)

ECOG 0.259

0 1

1 0.554 (0.199–1.544)

Child-Pugh 0.885

A 1
B 0.952 (0.488–1.857)

Tumor site 0.267
CL 1

NCL 1.386 (0.779–2.467)

Abbreviations: CL, caudate lobe; NCL, non-caudate lobe; HR, hazard ratio; CI, confidence interval; ALT, alanine aminotransaminase; AST, aspartate 
aminotransferase; TACE, transarterial chemoembolization; AFP, α-fetoprotein level; BCLC, Barcelona clinic liver cancer.
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Figure 3 Kaplan–Meier curve of patients in the subgroups; (A and B) Kaplan–Meier curve of OS and PFS of patients with maximum diameter of the tumor no more than 
3 cm; (C and D) Kaplan–Meier curve of OS and PFS of patients with maximum diameter of the tumor larger than 3 cm; (E and F) Kaplan–Meier curve of OS and PFS of 
patients with BCLC stage A; (G and H) Kaplan–Meier curve of OS and PFS of patients with BCLC stage B.
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involvement of major adjacent vessels, and limited ther-
apeutic margin.6,11,13 The current study proved that the 
novel treatment approach, TACE plus ISI, is safe and 
tolerable for some selected patients who gained significant 
benefits of survival and disease control.

To the best of our knowledge, Tanaka et al reported that 
the resection of HCC-CL had worse 5-year OS rates (25.9% 
vs 54.1%, P=0.01) and higher intrahepatic recurrence (40% 
vs 17.6%; P < 0.05) compared to the resection of HCC 
originating in other locations.33 In addition, these patients 
showed significant intraoperative blood loss, prolonged sur-
gical time, and postoperative complications. Nishigaki et al34 

have confirmed that RFA is a promising alternative to hepatic 
resection for the treatment of HCC-CL, but the 4-year cumu-
lative local recurrence rate after RFA in the caudate and non- 
caudate groups was 22.3% and 4.5%, respectively (P < 
0.001), and a revised method to reduce local recurrence 
should be pursued. Multipolar RFA and sequential TACE 
have been reported by Hirooka et al32 and Hyun et al,35 

respectively, which improves the efficacy of RFA in the 
treatment of HCC-CL. Liu et al6 indicated that tumor size > 
2 cm increases the risk of local tumor progression (LTP), and 
intrahepatic tumor number is associated with distant recur-
rence (DR) after ablation. On the other hand, some studies 
reported that no significant difference was observed in the 
OS or disease-free survival rates between the two 
groups.36,37 Herein, we proposed a novel treatment approach, 
TACE plus ISI, wherein 125I seeds have a long half-life and 
can irradiate the dividing tumor cells at close range (< 1 c m). 
The irradiation is not affected by “heat sink effect” and 
reduces the formation of new collateral blood supply to the 
HCC-CL caused by initial or repeated TACEs, such as the 
right inferior phrenic artery,38 thereby achieving effective 
local control of the tumors.

In the current group of patients, we found that TACE 
combined with ISI was well tolerated and showed a 100% 
procedural success rate. No major complications occurred. 
Also, no statistically significant difference was detected in 
the technical success rate, complication rate, and objective 
response rate between the CL and the NCL groups. 
Therefore, our results may serve as a safe and effective 
alternative treatment option as a treatment plan for unre-
sectable or unsuitable ablation HCC-CL.

Several studies have reported various clinical results of 
surgical resection, including 3- and 5-year OS of 47–83% 
and 21–76%, respectively.5,36,39 The reported OS rates with 
RFA or chemoembolization for HCC-CL varied as follows: 
59–86.6% at 3 years, and 44–67.5% at 5 years,19,40–43 which 

were similar to those after surgical resection. However, the 
tumor size > 2 cm and intrahepatic tumor number are asso-
ciated with poor prognosis after ablation.6 In this study, the 
3- and 5-year OS rates were 63.2% and 11.1%, respectively, 
which may be similar to those after surgical resection if the 
difference in the tumor size was considered for comparison; 
also, no difference was detected in the curative effect 
between caudate and non-caudal liver cancer. However, the 
cumulative recurrence rate was higher in this study than 
reported previously. This phenomenon could be attributed 
to the heavy tumor burden or the inclusion of patients with 
severe cirrhosis and a high rate of distant metastasis in the 
liver. Although our results are not inferior to that of radio-
frequency treatment, and the diameter of tumors that can be 
treated is wider than that for radiofrequency, additional 
retrospective studies or prospective randomized controlled 
trials (RCT) comparing caudate and non-caudal HCC are 
essential to verify this hypothesis.

Nevertheless, the present study has some limitations. 
First, this was a retrospective study, lending some inevi-
table selection biases. Second, due to the limited number 
of included patients, the heterogeneity was large. Thus, the 
current findings should be expanded to a multicenter study 
for statistical and substantial medical evidence. Third, not 
all patients were diagnosed with HCC on a pathological 
basis, and the diagnostic efficiency might be insufficient 
only based on imaging findings combined with tumor 
markers. Further pathological results may be required.

Conclusion
In conclusion, the current study indicated that TACE com-
bined with ISI treatment might be associated with comparable 
survival benefits in unresectable or “ablation unsuitable” 
HCC in the CL and should be considered as a reliable therapy 
for surgeons and interventional radiologists.

Abbreviations
HCC, hepatocellular carcinoma; CL, caudate lobe; PVTT, 
portal vein tumor thrombus; RFA, radiofrequency ablation; 
BCLC, Barcelona clinic liver cancer; TACE, transarterial 
chemoembolization; ECOG, Eastern Cooperative 
Oncology Group; mRECIST, modified response evaluation 
criteria in solid tumors; CR, complete response; PR, partial 
response; SD, stable disease; PD, progressive disease; 
ORR, objective response rate; OS, overall survival; PFS, 
progression-free survival; CTCAE, common terminology 
criteria for adverse events; CT, computed tomography; 
MR, magnetic resonance; AFP, alpha-fetoprotein; SD, 
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standard deviation; CI, confidence intervals; HR, hazard 
ratio; TPS, treatment-planning system; EASL, European 
Association for the study of the liver; DSA, digital sub-
traction angiography; HBV, hepatitis B virus; LTP, local 
tumor progression; DR, distant recurrence.
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