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Abstract: Combination therapy plays a critical role in optimizing surgical outcomes for patients with locally advanced hepatocellular
carcinoma (HCC) complicated by bile duct tumor thrombus (BDTT). Current neoadjuvant strategies integrate local and systemic
modalities to reduce tumor burden and recurrence rate. However, the combination of transarterial chemoembolization (TACE),
lenvatinib, and PD-1 inhibitors (triple therapy) as a neoadjuvant regimen for HCC with BDTT has not been previously reported.
Here, we present the case of a 61-year-old man with HBV-associated HCC and BDTT, initially deemed high-risk for direct resection
due to tumor size (7 cm) and biliary involvement. The patient underwent one session of TACE followed by two months of lenvatinib
(12 mg/day) and sintilimab (200 mg every 3 weeks). Post-treatment contrast-enhanced MRI revealed complete resolution of BDTT and
partial response of the primary tumor. Subsequent right hemihepatectomy confirmed extensive tumor necrosis (>90%) with negative
margins. At 15-month follow-up, surveillance imaging showed no recurrence. The patient experienced only grade 1 hypertension,
managed without treatment interruption. This case highlights the potential of triple therapy as a neoadjuvant approach to downstage
advanced HCC with BDTT, enabling curative resection while maintaining a manageable safety profile. Further studies are warranted to
validate its efficacy in larger cohorts and define optimal treatment protocols.

Keywords: hepatocellular carcinoma, bile duct tumor thrombus, combination therapy, lenvatinib, immunotherapy

Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignancies and the leading cause of cancer-related deaths
globally, with approximate 45% of new HCC cases worldwide originating from China.'” With advancing insights into
the molecular mechanisms of HCC, future research will prioritize precision-based therapeutic strategies. For instance,
leveraging tumor hypoxia scores, CTNNB1 mutation status,’ and radiomics-based prediction of tumor immune micro-
environment status may enable more accurate prediction of therapeutic responses and optimization of personalized
treatment regimens.* Current research priorities are shifting toward developing integrated therapeutic strategies, explor-
ing multimodal combination regimens that incorporate targeted therapies, immunotherapies, locoregional interventions,
and systemic treatments.

In the context of the increasing development of precision medicine, there is a need for an in-depth study of HCC with
different clinical characteristics. The reported incidence of BDTT is relatively uncommon, ranging from 0.4%-12.9%.>"’
HCC with bile duct tumor thrombus (BDTT) occurs when HCC invades the biliary tree,” often accompanied by jaundice
and decreased liver function. Patients with HCC and BDTT who undergo conservative management have a median
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survival ranging from 1-3 months.® The overall survival (OS) of patients with HCC and BDTT at 1 and 3 years (62% and
30%, respectively) is poor compared with those free of BDTT (89% and 73%).

Surgical resection is considered the primary treatment for HCC combined with BDTT. Numerous studies have
reported that surgical resection leads to better outcomes and improves long-term survival compared to other palliative
treatments.'®'" Additionally, studies have shown that patients with HCC and BDTT can achieve similar survival
outcomes similar to those without BDTT after radical surgery.''* However, many patients with HCC and BDTT
cannot benefit from surgery during their initial hospital visit because of factors such as underlying hepatic dysfunction,
sustained cholestasis, poor general conditions, uncontrollable comorbidities and high risk of recurrence.'*'> The
promising outcomes of recent studies combining locoregional and systemic therapies in advanced HCC have prompted
a paradigm shift, with researchers re-evaluating the repositioning of these regimens as neoadjuvant strategies.'®'” In
alignment with existing evidence, the Chinese Expert Consensus on HCC Neoadjuvant Therapy recommends TACE
combined with targeted agents and immunotherapies as a feasible neoadjuvant option.'®

Considering the challenging clinical scenario and limited evidences in the literature, we report the case of a patient
with HCC and BDTT treated with transarterial chemoembolization (TACE), lenvatinib and programmed death 1 (PD-1)
inhibitors (triple therapy) and achieves significant tumor response. This study aimed to investigate the efficacy and safety
of triple therapy in patients with HCC and BDTT.

Case Presentation

A 61-year-old male with a 20-year history of chronic hepatitis B virus (HBV) infection presented with an incidentally
discovered hepatic mass during routine physical examination. The patient denied symptoms of jaundice, abdominal pain,
or weight loss. Initial laboratory evaluation revealed preserved liver function: total bilirubin 13.4 umol/L (normal range:
3.4-20.5 pmol/L), direct bilirubin 3.7 umol/L (normal: <5.1 umol/L), and Child-Pugh class A (score 5). Tumor marker
analysis demonstrated normal alpha-fetoprotein (AFP: 4.19 ng/mL; normal: <7 ng/mL) but markedly elevated protein
induced by vitamin K absence or antagonist-II (PIVKA-II: 3662 mAU/mL; normal: <40 mAU/mL). Contrast-enhanced
magnetic resonance imaging (MRI) identified a 7-cm hypervascular mass in the right hepatic lobe, exhibiting arterial
phase enhancement and delayed washout, consistent with HCC. Notably, a BDTT extending from the right posterior
hepatic duct to the right hepatic duct was observed, accompanied by dilatation of the right anterior bile duct (Figure 1A).
Based on HBV history, characteristic imaging findings, and elevated PIVKA-II, the patient was diagnosed with HCC
with BDTT, staged as Barcelona Clinic Liver Cancer (BCLC) stage A.

Figure | (A) Before treatment, the tumor is located in the posterior lobe of the right liver, with dilated bile ducts in the anterior lobe of the right liver. Additionally, a tumor
thrombus was observed in the right hepatic bile duct. Red arrows indicate dilated intrahepatic bile ducts, white arrows indicate bile duct tumor thrombus. (B) After
treatment, the majority of the right liver tumour was necrotic and the right hepatic bile duct thrombus subsided.
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TACE was administered once at the initial stage of treatment, on 12 July 2023 (Figure 2). lodized oil (15 mL) and
pirarubicin were mixed and injected into the super-selective tumor artery via a microcatheter. The feeding arteries were
selectively embolized using gelatin sponge particles until complete arterial flow stasis was observed. Lenvatinib
(Lenvatinib Mesilate Capsules, 12mg orally once daily, Eisai Co.) was started on 12 July 2023 after informed consent
was obtained from the patient. Sintilimab (Sintilimab Injection, 200 mg intravenously once every 3 weeks, Cinda
Biopharmaceutical (Suzhou) Co.) was injected on 14 July 2023 and 5 August 2023, respectively. One-month post-
lenvatinib initiation, the patient developed grade 1 hypertension (systolic blood pressure: 140—-159 mmHg) per Common
Terminology Criteria for Adverse Events (CTCAE v5.0), without associated symptoms (eg, headache, dizziness). Blood
pressure was stabilized within 3 days using valsartan (80 mg daily), with no interruption of lenvatinib therapy.

After two months of combined therapy, contrast-enhanced MRI demonstrated complete resolution of the BDTT and
partial response (according to modified Response Evaluation Criteria in Solid Tumors criteria) of the primary tumor
(Figure 1B). The patient underwent right hemihepatectomy on September 12, 2023, following a two-week lenvatinib
washout period. Intraoperative blood loss was 200 mL. Histopathological examination confirmed poorly differentiated
HCC with extensive tumor necrosis (>90% necrosis rate; Figure 3A and B). Postoperatively, antiviral therapy for HBV
was maintained, and surveillance MRI at 3-month intervals revealed no recurrence at the latest follow-up (15 months
post-surgery; Figure 3C and D).

Figure 2 Selective hepatic arteriography and co-infusion of 6 mL of oil iodide + epirubicin 20 mg + oxaliplatin 100 mg into the right hepatic artery via a microcatheter. The
red arrow indicates iodized oil deposition in the right hepatic tumor, suggesting a favorable embolization effect.

Figure 3 (A) Surgical specimen illustrated the majority necrosis of the tumour. (B) HE staining at 50X magnification revealed the interface between viable tumor tissue and
necrosis. Pathological observations are indicative of primary moderately differentiated hepatocellular carcinoma. (C and D) The latest MRI of the abdomen showed that the
patient had no criteria for recurrence.
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Discussion

In contrast to digestive system malignancies, which often infiltrate the lymph nodes, HCC tends to invade adjacent
vascular structures within the liver parenchyma.'” HCC with BDTT represents a rare yet unique subtype of HCC.
Currently, this entity remains understudied, with significant gaps in evidence-based guidelines for its management at the
international level. Notably, major oncology guidelines including the BCLC staging system and the American Joint
Committee on Cancer (AJCC) TNM classification have not incorporated specific criteria or treatment algorithms for
BDTT. Researchers in Southeast Asia, including China, have proposed surgery, TACE, radiotherapy, and comprehensive
treatment combining multiple therapeutic approaches.”’ Generally, the primary treatment objective for HCC with BDTT
is to select an optimal method that effectively eliminates or controls the primary lesion, while prioritizing the extension
of patient survival and enhancement of the overall quality of life through integrated multidisciplinary approaches.

TACE is considered a viable treatment and has shown favorable long-term survival outcomes compared to the best
conservative management.”"*? Several retrospective studies have reported median survival times of 6-11 months
following TACE for BDTT.>>> Shen et al retrospectively compared patients undergoing neoadjuvant TACE with
elective curative liver resection and those undergoing curative liver resection alone. They found that neoadjuvant
TACE significantly reduced the operative risk of curative liver resection and significantly prolonged the median survival
in patients with HCC and BDTT.** Another study indicated that TACE combined with '*°I seed stent in the treating
patients with HCC and BDTT, improved the median survival time compared to patients who received TACE alone.
Combining TACE with other treatments has been suggested to improve efficacy.’® Few reports exist on surgical treatment
post-TACE. Sakata et al reported a case of a 78-year-old female patient diagnosed as HCC with BDTT, where the tumour
was primarily located in the S1 segment, and the embolus extended to the common hepatic duct. The patient was treated
with TACE followed by surgery after endoscopic biliary drainage, tumor-free survival for 9 months after hepatectomy.**

In recent years, targeted therapy has achieved significant curative effects in HCC.>'®*” However, clinical studies
investigating the prognostic implications of BDTT are sparse, in contrast to the extensive research conducted on HCC
with portal vein or hepatic vein tumor thromboses. Sorafenib’s efficacy and safety profile in unresectable HCC with
BDTT was first systematically investigated by Tanaka et al.”® This retrospective cohort study enrolled 175 patients with
advanced HCC, including 165 cases without BDTT and 10 with BDTT. No significant differences in objective response
rate (ORR) or disease control rate were observed between the two groups (ORR: 13.9% vs 20.0%, P=0.42; DCR: 68.5%
vs 80.0%, P=0.21). Median OS and time to progression also did not differ significantly between the groups (12.6 months
vs 10.3 months, P=0.35; 6.8 months vs 5.1 months, P=0.47). Notably, 50% of BDTT patients (n=5) developed biliary
complications, including obstructive jaundice and biliary hemorrhage. However, these adverse events were managed
effectively through endoscopic interventions, allowing uninterrupted sorafenib administration without dose reduction.
The study preliminarily suggested that sorafenib may maintain comparable antitumor activity in BDTT-positive HCC
patients, with manageable safety profile.

Several literatures have revealed that TACE combined with lenvatinib and PD-1 inhibitors achieved better efficacy in
the treatment of advanced HCC, with progression-free survival ranging from 6.3 to 22.5 months, and OS ranging from
15.7 to 29 months.** ' A randomized controlled trial evaluated the efficacy and safety of preoperative TACE in patients
with stage A/B HCC classified under the BCLC system and exceeding the Milan criteria. The findings indicated that
preoperative TACE significantly improved survival outcomes in this patient group.®”? In a retrospective analysis of
a triple-regimen neoadjuvant therapy for resectable HCC patients with high-risk recurrence factors, investigators reported
an ORR of 83.33% (according to modified response evaluation criteria in solid tumors criteria), a pathological complete
response rate of 26.1%, and a MPR rate of 84.3%. Compared to patients undergoing direct surgery, those receiving
neoadjuvant therapy showed a marked reduction in microvascular invasion and a higher rate of RO resections.
Importantly, these benefits were achieved without increased intraoperative bleeding or prolonged operative times.>
The possible mechanism lies: TACE-induced hypoxia may upregulate PD-L1 expression in residual tumor cells, thereby
sensitizing the microenvironment to PD-1 inhibitors. Concurrent lenvatinib suppresses compensatory angiogenesis,
creating a durable antitumor immune response. This mechanistic synergy aligns with recent studies on multimodal
HCC therapy.***' Additionally, in the neoadjuvant setting, immune checkpoint inhibitors more effectively enhance the de
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novo induction of T cell-mediated immunity, expansion of pre-existing antitumor T cells, and diversification of the
tumor-specific T cell repertoire compared to their use in the adjuvant setting post-tumor resection.”’

The safety of combining TACE, lenvatinib, and PD-1 inhibitors requires careful consideration due to overlapping
toxicities and potential synergistic risks. In our case, the patient experienced only grade 1 hypertension, which
demonstrating the manageable toxicity of this regimen when administered with proactive monitoring. A multicenter, real-
world study involving 1244 patients with advanced HCC receiving first-line targeted therapy combined with PD-1
inhibitors, with or without transarterial chemoembolization (TACE), demonstrated that the TACE-based combination
therapy significantly improved median OS, median PFS, and ORR compared to targeted-ICI therapy alone, while
exhibiting an acceptable safety profile.**

For our patient, characterized by a large tumor invading the bile ducts, the high recurrence risk following direct
surgery prompted the adoption of a triple neoadjuvant therapy approach. To our knowledge, triple therapy for treating
HCC with BDTT has not yet been reported. This patient treated with triple therapy achieved partial response on
preoperative imaging and the BDTT regressed significantly compared to the pre-treatment period. Additionally, post-
operative pathology showed a major pathologic response with negative right bile duct incision margin. However, its long-
term efficacy needs to be further confirmed in a large cohort of cases. The timing of surgery and options for postoperative
adjuvant therapy also warrant further investigation.

In conclusion, TACE, combined with lenvatinib and PD-1 inhibitors may be a safe and effective treatment option for
patients with HCC with BDTT.
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