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Background: The Spiegel lobe, a distinct subdivision of the hepatic caudate lobe, is characterized by its unique anatomical position,
with close proximity to major hilar vasculature and extrahepatic structures. Therapeutic intervention for Spiegel lobe lesions remains
technically challenging, with no established treatment protocol currently available.

Case Presentation: This study reports four cases of recurrent hepatocellular carcinoma (HCC) in the Spiegel lobe treated with
conventional transarterial chemoembolization (c-TACE) followed by microwave ablation (MWA) via a transhepatic left lobe approach.
Postprocedural imaging assessment confirmed complete response (CR) in all patients according to mRECIST criteria. During a mean
follow-up period of 33.75 months (range: 31-37), three patients maintained disease-free status, whereas one patient developed
intrahepatic recurrence at 19.2 months. This patient achieved CR after repeat TACE-MWA combined with adjuvant lenvatinib and
tislelizumab therapy. The mean overall survival (OS) was 33.75 months (95% CI: 31.2-36.3).

Conclusion: The combination of transcatheter arterial chemoembolization (TACE) and microwave ablation (MWA) for treating
recurrent hepatocellular carcinoma (HCC) in the Spiegel lobe was proven feasible in this series of studies, and demonstrated favorable
efficacy and safety profiles.
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Introduction

Hepatocellular carcinoma (HCC) in the Spiegel lobe demonstrates a lower incidence compared to other hepatic segments,
and its unique anatomical location limits the applicability of therapeutic interventions.' Surgical resection is the treatment
of choice for early-stage HCC; however, the Spiegel lobe’s complex anatomical location, adjacent to the inferior vena
cava and hepatic veins, poses significant surgical challenges, including increased risks of hemorrhage and postoperative
recurrence compared to non-caudate lobe resections.” Stereotactic body radiation therapy (SBRT) has emerged as
a cornerstone local treatment modality in the multidisciplinary management of HCC.? For early-stage HCC, SBRT
achieves local control rates of 85% to 95% at 2—3 years.* However, caudate lobe HCC presents substantially higher
treatment-related risks than tumors in other liver regions, such as the left or right lobes. Radioembolization is primarily
indicated for patients with unresectable primary or metastatic liver cancers, particularly those with intermediate to
advanced-stage hepatocellular carcinoma (HCC). Nevertheless, its high cost poses a significant barrier to its widespread
adoption.” TACE, a standard therapeutic option for HCC, is commonly employed for Spiegel lobe HCC. However, the
variability, multiplicity of feeding arteries, and small caliber of the Spiegel lobe’s blood supply present challenges for
TACE, including incomplete embolization and an elevated risk of recurrence.® MWA is primarily utilized for the curative
treatment of early-stage hepatocellular carcinoma. This minimally invasive technique is distinguished by its reduced
invasiveness, high efficacy, and rapid recovery. It yields clinical outcomes comparable to surgical resection, thereby
addressing the limitations of TACE.” The primary challenge in thermal ablation near large blood vessels is the heat sink
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effect, where rapid blood flow dissipates heat from the ablation zone, thus preventing the tissue from reaching the
temperature threshold required for complete coagulative necrosis of tumor cells. MWA utilizes high-frequency electro-
magnetic fields to agitate polar molecules and ions within tumor tissue, generating heat through dielectric hysteresis and
molecular friction, which rapidly elevates tissue temperatures above 100°C. Consequently, its heating efficiency is
largely unaffected by tissue conductivity or the heat-sink effect from nearby blood vessels, facilitating uniform and
complete ablation of tumors adjacent to major vasculature.® The combination of TACE and MWA has been clinically
validated to overcome the limitations of monotherapy for recurrent small HCC; however, its application in Spiegel lobe
HCC remains underreported. In this case series, we present four cases of recurrent HCC in the Spiegel lobe managed
with a combination of TACE and MWA, all of which achieved complete remission. The 1-year and 2-year progression-
free survival (PFS) rates were 100% and 75%, respectively.

Case Presentation

This study enrolled four patients with recurrent HCC in the Spiegel lobe who received combined TACE and MWA
therapy at Yanbian University Hospital between October 2021 and January 2022. Preoperative laboratory evaluations
revealed no abnormalities, with alpha-fetoprotein (AFP) levels within the normal range in one patient. Imaging studies
demonstrated that Case 1 presented with two additional intrahepatic recurrent nodules outside the Spiegel lobe
(Supplementary Figure), whereas Cases 2—4 showed solitary recurrence confined to the Spiegel lobe (Table 1). All

patients received a sequential treatment regimen consisting of TACE followed by MWA. In Cases 1-3, hepatic
arteriography clearly delineated the Spiegel lobe lesions, facilitating selective embolization of the tumor-feeding arteries.
In Case 4, the Spiegel lobe lesion was not visualized on hepatic arteriography; therefore, a small volume of lipiodol was
injected into the main hepatic artery as a radiopaque marker. MWA was conducted within eight days following TACE in
all four cases. Pre-ablation computed tomography (CT) scans confirmed adequate lipiodol deposition and clear visualiza-
tion of all lesions. All cases underwent percutaneous puncture and ablation under combined CT and ultrasound guidance
(Figure 1). The detailed procedural techniques for TACE and MWA are described below:

TACE Procedure: Patients were placed in a supine position. After routine preparation with sterile draping and
disinfection, local infiltration anesthesia with subcutaneous lidocaine was administered in the right inguinal region.
The right femoral artery was punctured, and a 4F arterial sheath was inserted using the Hengrui Medical RAPIDTHRUC
microcatheter guidewire system. Tumor size and vascular supply were assessed through imaging from the abdominal

Table | Basic Characteristics of All Involved Patients

Case | Case 2 Case 3 Case 4
Agelsex 64/male | 65/female | 54/female | 58/female
Child-Pugh class A A A A
AFP (ng/mL) 43 53.04 4.98 9.09
Maximum diameter of lesion (mm) I 14 20 16
Total number of recurrence 3 | | |
Ablation power (w) 55 50 50 60
Follow-up time (months) 37 34 33 31
LTP Yes No No No
PFS (months) 19.2 34 33 31

Notes: LTP: Defined as the time from TACE treatment initiation to radiographic local tumor
progression; PFS: Defined as the time from TACE treatment initiation to the first objective disease
progression or death from any cause.

Abbreviation: AFP, Alpha-Fetoprotein.
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Figure | Imaging findings during combined TACE and MWA for Spiegel lobe HCC in four patients. (a) Pre-TACE lesion localization. (b) The image shows a dense shadow
caused by the deposition of TACE contrast medium during the operation. In Case 4, the Spiegel lobe lesion could not be clearly seen on hepatic arteriography and therefore
has not been marked in the figure. (c) Pre-ablation CT scan with the tumor delineated by the deposited iodinated oil. (d) Intraoperative plain CT scan for MWA,
demonstrating precise needle placement at the lesion center. () One-month follow-up imaging confirms treatment response, with the ablation zone showing no
enhancement and complete tumor coverage. The circle denotes the lesion location.

aorta to the hepatic artery. The microcatheter was advanced into the tumor’s blood-supplying artery within the Spiegel
lobe, and embolization was carried out using epirubicin, iodized oil and polyethanol embolization microspheres.

MWA Procedure: MWA was performed using the UniFilm uCT 760 CT scanner, with guidance from a Mindray UMT-
300 ultrasound device. A Vision Medical MTC-3C microwave therapeutic instrument and a Vision MTC-3CA-2
microwave ablation needle were used for ablation. Under color ultrasound guidance, a disposable microwave ablation
needle was inserted through the left lobe of the liver into the Spiegel lobe lesion. Given the small lesion size (<20 mm) in
all four patients, a single ablation needle was deemed sufficient for each case, without adjunctive protective measures
such as artificial ascites. Owing to the close proximity of the lesions to critical structures including the inferior vena cava,
ablation power was appropriately reduced and the procedure was conducted under real-time ultrasound guidance. The
ablation parameters for Cases 1, 2, 3, and 4 were set at 60W for 10 minutes, SOW for 9 minutes, SOW for 8 minutes, and
55W for 14 minutes, respectively. Color Doppler ultrasound must confirm that the ablation zone extends at least 5 mm
beyond the lesion margins. The ablation antenna was then withdrawn at a constant speed (0.5 cm/s) under real-time
imaging guidance. After ablation, the antenna was removed, and hemostasis was achieved by applying pressure with
sterile gauze to the puncture site for five minutes.

Treatment and Follow-Up

All four patients successfully underwent the ablation procedure. One-month follow-up imaging confirmed complete
remission (CR) in all cases. None of the patients received adjuvant therapy postoperatively, and follow-up evaluations
using computed tomography (CT) or magnetic resonance imaging (MRI) were conducted every 3—4 months. As of
January 2025, the mean follow-up duration was 33.75 months (range: 31 to 37 months). In Case 1, a 10-mm recurrent
lesion was identified in the left lateral liver segment 19.2 months post-ablation. The patient was subsequently treated with
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Figure 2 Swimmer plot of 4 patients who achieved complete response (CR). Censored data: Indicates patients who had not experienced disease progression by the end of
the follow-up period. Y-axis: Individual patients.
Abbreviations: MWA, microwave ablation; TACE, transarterial chemoembolization; Dx, diagnosis; LEN+TIS, lenvatinib plus Tislelizumab.

repeat TACE and MWA. The MWA was performed via a left hepatic approach using a single antenna at 50 W for
7 minutes. Post-procedure assessment confirmed CR. The patient then received combined therapy with lenvatinib and
tislelizumab for 17.8 months. No secondary recurrence was documented during the most recent follow-up. No recurrence
was detected in the remaining patients. The mean progression-free survival (PFS) for the four patients was 28.3 months,
with no mortality reported (Figure 2). The study observed no severe complications, including hemorrhage, bile duct
injury, liver abscess, tumor seeding, or liver failure. Mild adverse events were, however, recorded in some cases.
Specifically, Case 2 experienced abdominal pain on the first post-procedural day, which resolved with symptomatic
analgesic management.

Discussion
Current evidence indicates that TACE combined with MWA significantly improves complete tumor necrosis rates
(90-100%) in recurrent small HCC. The median progression-free survival (PFS) with this sequential therapy is 16.8
months (95% CI: 14.2-19.4). Reported overall survival (OS) rates are 93.2% at 1 year, 64.5% at 3 years, and 55.0% at 5
years.” HCC recurrence is multifactorial, involving tumor-related factors (eg, size, multifocality, differentiation grade)
and host-related factors (eg, immune status, genetic/protein profiles). In this study, Over a mean follow-up duration of
33.75 months, complete ablation was achieved in all four patients after the initial ablation therapy, resulting in a 100%
technical success rate and prolonged survival. The mean progression-free survival (PFS) was 28.3 months, with
Cases 2—4 exhibiting PFS exceeding 29 months, surpassing the historical median PFS of 11 months for TACE
monotherapy and 13.5 months for MWA monotherapy in caudate lobe HCC. The 30-month PFS rate among the four
patients was 75%, exceeding the previously reported rates of 93.75%, 53.15%, and 28.13% at 6, 12, and 18 months,
respectively, for caudate lobe HCC treated with MWA in earlier studies.'® In Case 1, tumor recurrence was observed at
19.2 months after ablation. This patient experienced early postoperative recurrence (RFS: 13 months) with three lesions
distributed across the left, right, and caudate lobes, demonstrating a multi-lobar pattern. In contrast, the other three
patients presented with solitary recurrent lesions confined to the caudate lobe. Given the lesion characteristics (multifocal
and multi-lobar vs solitary and unilobar) and consistent with previous clinical studies linking multifocality and multi-
lobar involvement to poorer outcomes, Case 1 was assessed to have a significantly higher recurrence risk than the other
three cases.'' This observation aligns with the established literature, which identifies tumor multifocality as a key factor
influencing the efficacy and prognosis of sequential TACE combined with MWA therapy.'?

The caudate lobe is situated on the posterior surface of the liver, partially surrounding the retrohepatic inferior vena
cava. Superiorly, it is adjacent to the confluence of the three hepatic veins; inferiorly, it borders the portal vein and bile
ducts, which form the hepatic pedicle at the first porta hepatis; and posteriorly, it is adjacent to the retrohepatic inferior
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vena cava. The Spiegel lobe is a hepatic projection located to the left of the intrahepatic inferior vena cava.'®> Owing to its
distinct anatomical configuration and close proximity to major vascular structures, thermal ablation of HCC in the
Spiegel lobe poses significant technical challenges. The synergistic advantages of combining TACE with MWA include.
Firstly, TACE mitigates the heat-sink effect caused by adjacent arteries or the portal vein through occlusion of tumor-
feeding vessels, thereby reducing the risk of tumor metastasis.'* Furthermore, lipiodol deposition following embolization
induces tumor hypoxia, which enhances thermal sensitivity and improves the safety profile of ablation therapy.'
Secondly, lipiodol embolization during TACE clearly delineates the location and extent of the lesion, enabling precise
visualization of its position and size on computed tomography (CT), thus facilitating accurate ablation.'® Selecting an
appropriate hepatic puncture route is crucial for achieving optimal treatment outcomes and minimizing procedural
complications. In the four cases presented, a left hepatic lobe puncture approach was selected. This approach provides
greater flexibility in needle trajectory adjustment, a shorter puncture path, and the ability to avoid major vessels within
the hepatic hilum.'” However, due to the proximity of the left hepatic lobe to the inferior vena cava and gastrointestinal
organs, puncture via this route carries a risk of injury to the inferior vena cava and adjacent structures. To mitigate
complications, interventional radiologists must acquire extensive puncture experience and utilize a layer-by-layer needle
advancement technique under computed tomography (CT) guidance. Notwithstanding its potential clinical implications
for managing recurrent HCC in the Spiegel lobe with TACE combined with MWA, this study has several limitations.
First, the study’s retrospective, single-center design and small sample size (n=4) limit the generalizability of the findings.
This limitation arises from two primary factors: the complex anatomy of the Spiegel lobe and the relatively low patient
acceptance of this combined regimen. These constraints increase the potential for selection bias. Second, the relatively
short median follow-up period precluded adequate assessment of late complications and long-term recurrence.
Consequently, the long-term efficacy and safety profile of this combined regimen could not be comprehensively
evaluated. Future studies should adopt a multicenter, large-sample, prospective, randomized controlled trial (RCT)
design. Such a study should aim to refine inclusion and exclusion criteria, standardize safety assessments, and increase
the sample size. These measures would help validate our preliminary findings and enhance the reliability of the
outcomes.

Conclusion

In conclusion, the combined approach of TACE and MWA proved to be a feasible, effective, and safe treatment for
recurrent hepatocellular carcinoma in the Spiegel lobe in this case series. Given the limited sample size, larger,
comparative trials are warranted to validate these findings.
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