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Abstract
BACKGROUND 
Surgical resection and liver transplantation (LT) are the most effective curative 
options for hepatocellular carcinoma (HCC). However, few patients with huge 
HCC (> 10 cm in diameter), especially those with portal vein tumor thrombus 
(PVTT), can receive these treatments. Selective internal radiation therapy (SIRT) 
can be used as a conversion therapy for them because it has the dual benefit of 
shrinking tumors and increasing residual hepatic volume. However, in patients 
with huge HCC, high lung absorbed dose often prevents them from receiving 
SIRT.

CASE SUMMARY 
A 35-year-old man was admitted because of emaciation and pain in the hepatic 
region for about 1 month. The computed tomography scan showed a 20.2 cm × 
19.8 cm tumor located in the right lobe–left medial lobes with right portal vein 
and right hepatic vein invasion. After the pathological type of HCC was con-
firmed by biopsy, two conversions were presented. The first one was drug-eluting 
bead transarterial chemoembolization plus hepatic arterial infusion chemotherapy 
and lenvatinib and sintilimab, converted to SIRT, and the second one was se-
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quential SIRT with continued systemic treatment. The tumor size significantly decreased from 20.2 cm × 19.8 cm to 
16.2 cm × 13.8 cm, then sequentially to 7.8 cm × 6.8 cm. In the meantime, the ratio of spared volume to total liver 
volume increased gradually from 34.4% to 55.7%, then to 62.9%. Furthermore, there was visualization of the portal 
vein, indicating regression of the tumor thrombus. Finally, owing to the new tumor in the left lateral lobe, the 
patient underwent LT instead of resection without major complications.

CONCLUSION 
Patients with inoperable huge HCC with PVTT could be converted to SIRT first and accept surgery sequentially.

Key Words: Hepatocellular carcinoma; Two conversions; Liver transplantation; Yttrium-90 resin microspheres; Transarterial 
chemoembolization; Hepatic arterial infusion chemotherapy; Case report

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: We report a patient with > 20 cm hepatocellular carcinoma (HCC) and portal vein tumor thrombus (PVTT) who 
successfully received liver transplantation (LT) after two conversions. He was first converted to selective internal radiation 
therapy (SIRT) eligibility with transarterial chemoembolization and infusion chemotherapy combined with systemic therapy 
and then converted to LT with SIRT and continued systemic therapy. This is significant because few patients with huge (> 
10 cm in diameter) HCC and PVTT can receive curative treatments or curative treatments after one conversion.

Citation: Liang LC, Huang WS, Guo ZX, You HJ, Guo YJ, Cai MY, Lin LT, Wang GY, Zhu KS. Liver transplantation following two 
conversions in a patient with huge hepatocellular carcinoma and portal vein invasion: A case report. World J Gastroenterol 2024; 
30(36): 4071-4077
URL: https://www.wjgnet.com/1007-9327/full/v30/i36/4071.htm
DOI: https://dx.doi.org/10.3748/wjg.v30.i36.4071

INTRODUCTION
Surgical resection and liver transplantation (LT) are curative treatments for hepatocellular carcinoma (HCC) that can 
provide patients with long-term survival. However, because of insufficient surgical margins, insufficient future liver 
remnant (FLR) or portal vein tumor thrombus (PVTT), patients with huge (> 10 cm in diameter) HCC often are not 
eligible for these treatments[1-3]. Locoregional therapies, such as selective internal radiation therapy (SIRT), transarterial 
chemoembolization (TACE) and hepatic arterial infusion chemotherapy (HAIC), are the predominant conversion the-
rapies and offer alternatives for downstaging treatment[4]. SIRT with yttrium-90 (90Y) is a form of brachytherapy capita-
lizing on targeted delivery of β-particle-emitting microspheres, with indications depending on tumor size, type and stage, 
as well as the patient’s condition, liver function and comorbidities[5]. The continuous advancements in treatment 
strategies and radiation dosimetry have paved the way for the incorporation of SIRT in all HCC stages with different 
intent, including palliation, downstaging, bridging or curative[6]. Classically, TACE is the treatment of choice for down-
staging and bridging for HCC but there is a growing trend in favor of SIRT, especially in the intermediate stage or in 
unresectable HCC due to tumor size or the number of nodules[7,8]. HAIC is recommended as the preferred treatment for 
HCC, especially in patients with PVTT[9,10]. However, the efficacy of HAIC mainly relies on the chemosensitivity of the 
tumor and drugs lodged in the tumor for a short period[11]. In addition, the combination treatment of tyrosine kinase 
inhibitors (TKIs) with programmed death-1 (PD-1) inhibitors shows a synergistic effect that not only modulates the 
immune microenvironment but also promotes normal function of immunocompetent cells[12-14].

We present a case of huge HCC (20.2 cm × 19.8 cm) with PVTT who received LT after two conversions, one with drug-
eluting bead (DEB)-TACE plus HAIC combined with lenvatinib and anti-PD-1 antibody sintilimab, and the other with 
SIRT and systemic treatments.

CASE PRESENTATION
Chief complaints
A 35-year-old man presented with emaciation and pain in the hepatic region for 1 month.

History of present illness
The patient had mild pain in the right upper quadrant that lasted for 1 month. At the same time, he was emaciated, with 
weight loss of 3 kg, but there was no fever, nausea, vomiting or other symptoms. After that, the patient presented to the 
hospital for computed tomography (CT) examination that revealed a liver tumor, and led to further treatment.

https://www.wjgnet.com/1007-9327/full/v30/i36/4071.htm
https://dx.doi.org/10.3748/wjg.v30.i36.4071
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History of past illness
The patient had a history of hepatitis B without regular treatment.

Personal and family history
The patient had no specific personal medical history and there was no similar family history.

Physical examination
There was mild pressing pain in the hepatic region and other physical examinations were normal.

Laboratory examinations
Blood tests revealed a-fetoprotein (AFP) level of 279.95 ng/mL (reference range, < 8.78 ng/mL) and other results were 
within normal limits.

Imaging examinations
CT indicated a huge tumor measuring 20.2 cm × 19.8 cm located in the right lobe–left medial lobe of the liver (Figure 1A), 
with right portal vein and right hepatic vein invasion (Figure 1B).

FINAL DIAGNOSIS
The patient was diagnosed with advanced stage HCC [Barcelona Clinic Liver Cancer (BCLC) stage C] by biopsy and 
imaging examination and Child–Pugh classification was A.

TREATMENT
Based on huge tumor and vascular invasion, a combination of DEB-TACE, HAIC, lenvatinib and sintilimab was recom-
mended by a multidisciplinary tumor board. Lenvatinib and sintilimab were used as described in our previous study
[15]. DEB-TACE was performed in extrahepatic arteries including the right phrenic, right adrenal and left hepatic artery. 
HAIC was performed through the right hepatic artery as previously reported[11]. After four cycles of DEB-TACE plus 
HAIC, tumor size decreased from 20.2 cm × 19.8 cm to 16.2 cm × 13.8 cm as shown in follow-up imaging (Figure 1C). AFP 
level decreased from 279.95 ng/mL to 66.93 ng/mL. After tumor debulking and the decrease in tumor activity after 
combined therapy, the patient successfully reached the SIRT treatment criteria. Considering the large tumor burden, 6.0 
mCi technetium-99m macroaggregated albumin was infused only in the right hepatic artery, the main tumor feeding 
artery, for simulation, which confirmed the absence of extrahepatic uptake and showed a lung shunt rate of 10.6%. For 
SIRT with resin microspheres (SIR-Spheres®, Sirtex Medical), the prescribed activity was 3.3 GBq, with estimated tumor 
and lung absorbed doses of 100 Gy and 15.4 Gy, respectively. Single-photon emission CT (SPECT/CT) examination after 
90Y injection showed good deposition in the tumor (Figure 2A). Lenvatinib, sintilimab, and antiviral therapy were con-
tinued. Four months after SIRT, the tumor size decreased from 16.2 cm × 13.8 cm to 10.2 cm × 9.8 cm, and the left liver 
volume increased from 840 mL to 1675 mL, meaning hypertrophy of the FLR (from 34.4% to 54.7%) (Figure 1D).

Five months after the first SIRT, a second SIRT was performed on the middle hepatic artery. The prescribed activity 
was 0.3 GBq, with estimated tumor and lung absorbed doses of 120 Gy and 3.3 Gy, respectively. SPECT/CT showed that 
90Y resin microspheres were delivered within the targeted tissue (Figure 2B). Two months after the second SIRT, the 
tumor size decreased from 10.2 cm × 9.8 cm to 7.8 cm × 6.8 cm, and the ratio of FLR volume further increased from 1675 
mL to 1712 mL (from 54.7% to 62.9%). There was patency of the portal venous network, indicating complete involution of 
PVTT (Figure 1E and F). However, a new tumor was found in the left lateral lobe of the liver (Figure 1G). Despite the 
excellent response to SIRT (downgrading from BCLC C to B) and decrease of AFP to normal level (3.83 ng/mL), the 
discovery of a new tumor in the left lateral lobe led to the change of treatment strategy from planned resection to LT 
according to the Hangzhou criteria[16]. The explant showed a tumor with a maximum diameter of 10.5 cm in the right 
lobe of the liver with a small volume of viable tumor tissue, and a tumor nodule (1.8 cm in maximum diameter) in the left 
lateral lobe.

OUTCOME AND FOLLOW-UP
Follow-up imaging 5 months after transplantation demonstrated no evidence of recurrence (Figure 1H). The follow-up is 
ongoing.

DISCUSSION
LT remains the most effective curative treatment option for HCC, since it treats liver cirrhosis and reduces the risk of new 
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Figure 1 Imaging characteristics of the patient. A: The arterial phase showed tumor had marked enhancement and abundant arterial blood supply (orange 
arrow); B: The portal venous phase showed the visualization of the left portal vein (orange arrow), but an absence of the right portal vein and the right hepatic vein, 
indicating a vascular invasion. Enhanced computed tomography (CT) showed hepatocellular carcinoma located in the right-left lobe of liver at initial diagnosis; C: After 
4 cycles of drug-eluting bead transarterial chemoembolization plus hepatic arterial infusion chemotherapy, the tumor size was reduced but the residual tumor was still 
active (orange arrow); D: Four months after the first selective internal radiation therapy (SIRT), the residual liver volume increased progressively and the tumor 
volume significantly decreased; E-G: Two months after the second SIRT, gadoxetic acid-enhanced magnetic resonance imaging showed a further compensatory 
increase in left liver volume, a decrease in tumor volume, and the visualization of the left portal vein (E, orange arrow), the right anterior portal vein branch (E, white 
arrow) and the right posterior portal vein branch (F, white arrow), indicating the regression of the tumor thrombus and the recanalization of the portal vein flow. 
However, a new tumor was found in the left liver (G, orange arrow) at hepatobiliary phase; H: Five months after transplantation, the transplanted liver was well without 
tumor recurrence. A-D and H were enhanced CT scan.

Figure 2 The single-photon emission/computed tomography scan after the yttrium-90 injection. A: After the first yttrium-90 (90Y) injection, the 
microspheres in the tumor were well distributed in the tumor; B: After the second 90Y injection, the localization of the microspheres in the tumor was as expected.

HCC lesions[17]. Only about 30% of patients are suitable for curative procedures like LT at the time of diagnosis of HCC
[18]. Even though several expanded criteria for HCC beyond the Milan criteria have been proposed, many patients still 
need downstaging to be eligible for LT. In addition, HCC complicated with PVTT has a poor prognosis, which is present 
in 10%–40% of patients at the time of diagnosis[19,20].

SIRT with 90Y microspheres has emerged as a viable treatment option with a favorable benefit/risk ratio, both as a 
stand-alone therapy and in conjunction with systemic or regional therapy. Downstaging through 90Y-SIRT in patients 
beyond surgical resection or transplantation criteria may lead to tumor shrinkage, residual hepatic hyperplasia, and even 
PVTT regression, enabling surgical resection or LT[21,22]. Seven studies have reported on 90Y-SIRT downstaging of HCC, 
and pooled analyses showed that 55 of 204 patients were finally transplanted[23]. A 15-year single-center experience 
showed that 13 patients underwent transplantation following 90Y-SIRT, with 10-year overall and disease-free survival 
rates of 51.3% and 43.3%, respectively[24]. A multicenter study reported that, for HCC patients with segmental or lobar 
PVTT, the median OS of the 90Y-SIRT and TKIs groups were 28.2 months and 7.2 months, respectively[25]. However, due 
to limitations such as excessive tumor load and higher 90Y dose, some patients are not suitable for SIRT initially. It may be 
that we can perform conversion therapy first to meet the requirements of SIRT.
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In recent years, interventional therapy based on TACE and HAIC has been widely recognized[26]. Several studies have 
reported that various combination therapies can significantly improve the rate of salvage surgery after tumor down-
staging in advanced HCC[11,12,27]. In a systematic review, 741 patients in 15 studies received the triple combination of 
TACE/HAIC, TKIs and immune checkpoint inhibitors, which showed that the conversion rate was 35.9%[28]. Fur-
thermore, the combination therapies may provide more benefits for HCC patients complicated with PVTT[29]. A retro-
spective study explored the efficacy of TACE–HAIC combined with TKIs or PD-1 (n = 139) vs TACE (n = 604) in patients 
with HCC and PVTT. The overall response rate was significantly higher in the combination group than in the TACE 
group (42.1% vs 5.0%)[19].

Here, we report a case of LT after two conversions for a > 20 cm HCC with PVTT. Due to insufficient FLR, the patient 
was initially unable to undergo surgery. 90Y-SIRT might be a promising conversion treatment, but a high lung shunt 
might be of concern. The median lung shunt fraction (LSF) in patients with HCC was reported to be 11.47%[30]. Tumor 
size > 11 cm and hepatic vein invasion are independent predictors for high LSF > 20%[31]. We did not choose 90Y-SRT at 
the beginning of the treatment because the tumor was > 11 cm with hepatic vein invasion, which predicted high LSF. If 
90Y-SIRT was performed with a target tumor dose of 120 Gy and 20% LSF initially, the lung absorbed a dose of 67.73 Gy 
which would have exceeded the maximum acceptable dose of 30 Gy[31]. Even assuming 10% LSF, the lung absorbed dose 
would be 30.1 Gy. Therefore, we conducted DEB-TACE plus HAIC along with lenvatinib and sintilimab as the first 
conversion. After four cycles of DEB-TACE plus HAIC, the tumor size declined from 20.2 cm × 19.8 cm to 16.2 cm × 13.8 
cm with weaker tumor activity. Considering that the tumor was still large, the patient was treated with sequential 90Y-
SIRT. During the first SIRT, the 90Y resin microspheres were injected only at the major tumor blood supply, the right 
hepatic artery. The second SIRT was conducted after the tumor shrank notably after the first SIRT. Finally, because a new 
tumor appeared in the left lateral lobe, the patient was treated with LT instead of resection.

CONCLUSION
The present case has important clinical implications for altering workflow in clinical practice, suggesting that inoperable 
huge HCC with PVTT could be converted to meet SIRT criteria firstly by the combination of locoregional therapies and 
systemic therapy, then to curative treatment. The possibility of combining therapies is intriguing, as it could theoretically 
change the therapeutic perspectives and lead to a higher rate of objective response[32]. This scenario will improve with 
the availability of the combination of interventional therapies (TACE/HAIC/SIRT) and systemic treatment, which is 
demonstrated in our case. Furthermore, this strategy may be a promising modality, prompting further research with large 
sample sizes and comparative analysis with other treatment approaches. This case provides an excellent approach to the 
treatment of patients with huge HCC and PVTT, which may guide clinicians in adopting strategic conversion therapies to 
similar cases in clinical practice.
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