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Simple Summery: The best therapy for most patients with non-metastatic HCC is liver
transplantation. In recent years, therapeutic approaches to HCC have changed considerably, thanks
to the introduction of immunotherapy. In the Western world, systemic therapy is only authorized
in the advanced stage of the disease. However, thanks to the excellent results, it cannot be ruled out
that it could also be used in earlier stages or for downstaging for liver transplantation. The use of
such therapy in this setting could increase the risk of organ rejection after transplantation. The aim
of this review is to illustrate the case reports and clinical cases published in the literature to date.
Although evidence suggests that liver transplantation after ICI therapy may be feasible and
potentially beneficial, there are still several aspects that need to be addressed for transplant safety.

Abstract: Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the
liver and the third leading cause of cancer-related death worldwide. Liver transplantation (LT) is
the best therapy for most patients with non-metastatic HCC. In recent years, the management of
patients with HCC has changed considerably, thanks to the improvement of molecular biology
knowledge and the introduction of immunotherapy. To date, systemic therapy is authorized in the
Western world only in patients with advanced HCC. However, this therapy could lead not only to
stabilize the tumour disease or improve survival but could display excellent response and lead to
downstaging of the tumor that finally permits liver transplantation. There are increasing reports of
patients that have performed liver transplantation after pretreatment with immune checkpoint
inhibitors (ICIs). However, due to the intrinsic mechanism of ICIs to stimulate the immune response
against tumors, they could also cause graft rejection. This review aims to evaluate the readiness and
outcomes of liver transplantation in patients with advanced HCC who have previously undergone
treatment with ICIs. It seeks to identify the challenges, risks, and benefits associated with this
conversion therapy. The integration of ICIs into the treatment paradigm for advanced HCC
necessitates a nuanced approach to liver transplantation. While early evidence supports the
feasibility of LT following ICI therapy, there is an urgent need for standardized guidelines and more
extensive longitudinal studies to optimize patient selection, timing, and post-transplant
management.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.
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1. Introduction

Hepatocellular carcinoma (HCC) is the most common primary liver malignancy and the third
cause of cancer death worldwide [1].

The choice of treatment in patients with hepatocellular carcinoma (HCC) is very complex since
this neoplasm occurs in most cases in patients with chronic liver disease and other comorbidities. In
the Western world, until recently, the therapeutic strategy was indicated exclusively by the stage (or
substage) of the disease according to the Barcelona Clinic Liver Cancer (BCLC) scheme [2].

However, liver stage can vary in the course of disease and sometimes therapeutic decisions can
change considerably depending on effectiveness of specific therapy [3].

Liver transplantation (LT) is the therapy for patients with nonmetastatic HCC (3) which achieves
the greatest survival benefit for early-stage disease (BCLC-0 and A) with 5-year survival rates of
about 80% [4].

Nevertheless, only a small percentage of patients can be transplanted due to advanced tumor
disease preventing organ allocation and the lack of systemic therapies that can effectively reduce or
prevent tumor progression on the LT waiting list. In this regard, the guidelines recommend the use
of Milan criteria (MC) in patients with HCC (a single tumour <5 cm or 3 nodules < 3 ¢cm) for inclusion
on the liver transplant list [5].

Since 1996, when the MCs were published, when clearly relapse rates were unacceptably high,
several efforts have been made in subsequent years to broaden the criteria to allow more patients the
best treatment [6]. For example, these purely numerical and dimensional criteria do not always reflect
the biology of the disease [5]and for this reason, patients beyond MC could also benefit from a liver
transplant [6].

To increase the number of patients with HCC eligible for liver transplantation, other strategies
have been used including the Toronto criteria [7] (excluding patients with a poorly differentiated
tumour or with evidence of extrahepatic disease or vascular invasion), the Ontario criteria (excluding
patients with a total tumour volume > 145 cm”3 and alpha fetoprotein > 1000 ng/mL) or the University
of California San Francisco criteria (excluding patients with a tumour size > 6.5 cm).

However, there is a considerably higher rate of waiting-list drop-out and survival in this
population [8].

For the reasons described above, the American Association for the Study of Liver Disease
suggests that patients who do not meet the Milan criteria, can be considered for LT after successful
downstaging according to the MC, which have been accepted by the United Network for Organ
Sharing and provide a means of converting previously ineligible patients to liver transplantation [9].

For a long time, the approaches used for pre-surgery downstaging were locoregional treatments
i.e., ablation and transarterial therapies.

The first described cases of the use of neoadjuvant chemotherapy in primary liver tumors date
from the 1970s. In that decade, Hermann described the use of adriamycin in six children with
hepatoblastoma with lung metastases. Three patients underwent resection of the neoplasm after
reduction of the initial mass. This chemotherapy regimen allowed resection of a previously
unresectable hepatoblastoma and reduced the morbidity and mortality of an otherwise extensive
operation [10]. The development of immune checkpoint inhibitors (ICIs) has revolutionized cancer
treatment, enabling the possibility to increase long-term survival in patients with metastatic disease
and providing new therapeutic indications in early stages.

Currently, ICI is also being added as a therapeutic armamentarium for the treatment of
unresectable or advanced HCC that is not amenable to curative or locoregional therapy. The
combination of atezolizumab and bevacizumab (IMbravel50 study) compared to sorafenib
demonstrated superior response rates and overall survival (29.8% vs 12% and 19.8 vs 13.4 months,
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respectively; HR 0.66, 95% CI 0.52, 0.85; p=0.0009) [11]. Moreover, double ICI therapy with the
combination of Durvalumab and Tremelimumab has received approval for the treatment of
unresectable HCC [12].

General Concepts of Immunotherapy

The cytotoxic immune checkpoint proteins T-lymphocyte-associated-4 (CTLA-4) and
programmed cell death protein 1 (PD-1) are expressed on the surface of cytotoxic T cells, the ligands
of which are CD80/CD86 and programmed death ligand 1 (PD-L1), respectively. The interaction of
these proteins with their ligand prevents T cell activation, thus maintaining peripheral tolerance. This
mechanism helps tumor cells escape cytotoxic T cell-mediated death [13]. ICIs are immune
checkpoint inhibitors that prevent this interaction, thus displaying an anti-tumor effect [14]. The most
frequent immune-related adverse events (irAEs) involve the skin, endocrine tissue, liver, colon and
lung [15]. Liver events (hepatitis) occurs in 5%-10% (1%-2% grade 3) of patients treated in
monotherapy and in 25%-30% (15% grade 3) in patients treated with combined anti-PD-(L)1 and anti-
CTLA-4 therapy) [15]. Inmune-related hepatitis tends to present as an asymptomatic elevation in
alanine or aspartate aminotransferase with or without elevation in bilirubin [15]. The most typical
morphological aspect of ICI damage is lobular hepatitis with necrosis, patchy or confluent. Liver
damage caused is heterogeneous and involves lobular and periportal activity or sinusoidal
histiocytosis, fibrin deposition, and central vein endothelitis by anti PD-(L)1 and anti-CTLA-4,
respectively [15].

Management of irAEs depends on the grade and includes the suspension of the drug or initiation
of immunosuppressive therapy. Hepatitis usually resolves within four to six weeks after starting
appropriate treatment [15]. This delayed reaction could be due to the pharmacodynamics of the drug
[15].

Pharmacological effects and the likelihood of drug interactions are influenced by the half-life of
the drug. The anti-PD1/PD-L1 agents (nivolumab, pembrolizumab, atezolizumab and durvalumab)
have a half-life of approximately 3 to 4 weeks, whereas the anti-CTLA4 (ipilimumab) has a half-life
of about 2 weeks [16].

After organ transplantation, the induction of immune tolerance is fundamental for the survival
of the transplant and therefore of the patient. The PD-1 and CTLA-4 signaling pathways are critical
to immune tolerance after transplantation. Animal and human studies demonstrated that the PD-
1/PDL-1 co-inhibitory pathway was influential in regulating transplant tolerance and rejection [17].
PD-L1 and PD-1 are highly expressed in transplanted liver tissue, and PD-1/PD-L1 blockade leads to
increased hepatic T cell proliferation until allostimulation. PD-1 was expressed in tissue T cells, PD-
L1 was expressed in hepatocytes, bile duct cells, and along sinusoids [18].

The considerable interest on the topic has in fact increased case reports, clinical cases and on-
going studies in just 6 months [19].

2. Methods

Clinical cases and case reports published, up to March 2024, were collected and described. These
studies were described to highlight adverse events or complications deriving from the use of ICIs in
the context of liver transplantation. For each clinical case and case report, number of patients, age
and sex, underlying liver disease, maximum tumor diameter (cm), maximum pre-LT Alpha-
fetoprotein (ng/ml), ICI type, duration of washout period (days), biopsy-proven rejection, HCC
recurrence, re-transplantation and postoperative follow-up.

On the basis of these data, ongoing case-control studies were then evaluated. ClinicalTrials.gov
was last queried on March 31, 2024 for the terms “checkpoint inhibitors,” “liver transplant,”
“hepatocellular carcinoma,” and “immunotherapy.” Only studies involving liver transplant
recipients with HCC undergoing ICI were included. We analyzed 9 patient studies and for each we
assessed the main outcomes, recruitment status and etiology of liver disease.
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3. Results
3.1. Case Reports

Between 2017 and 2020 at Mount Sinai Medical Center (New York), nine patients with HCC were
treated with nivolumab and then transplanted. The mean age was 57 years and the male gender was
more frequent (67%). HBV infection was the most common underlying liver disease (56%). Five
patients (56%) had undergone previous surgery; one transplant (11%) was from a living donor.
Nivolumab was administered every 2 weeks at a dosage of 240 mg and eight (89%) patients received
last dose within 1 month after LT. No severe allograft rejection/loss, tumour recurrence or death
occurred during the median follow-up of 16 months (range, 8-23 months) after LT. A mild acute
rejection was reported secondary to low tacrolimus (<6 ng/ml) that responded rapidly to dosage
increase. Histological examination of the explanted liver revealed almost complete tumour necrosis
(>90%) in one third of the cases [20].

In 2019, a 62-year-old patient was transplanted in Bern, Switzerland, due to alcohol-related
cirrhosis complicated by HCC. The patient first underwent liver resection. Due to multifocal
recurrence, he started systemic therapy with sorafenib then regorafenib, discontinued due to skin
toxicity. In June 2017, he started therapy with nivolumab for a total of 24 cycles. The nivolumab was
discontinued 6 weeks prior to inclusion on the transplant list. One year after LT the patient had
neither tumor recurrence nor rejection [21].

Different is the case of a 65-year-old man with a hepatitis C virus (HCV) infection who
underwent a LT in Nashville (Tennessee). Due to the appearance of HCC, the patient underwent
laparoscopic resection followed by sorafenib and Y90 transarterial radioembolization. Due to
extensive tumour burden nivolumab was started at a dose of 240 mg every 2 weeks. Following the
drastic reduction of the tumor disease burden, he was placed on the liver transplant list. The patient
had received almost 2 years of nivolumab therapy, with the last dose administered 8 days before the
transplant. Due to a progressive increase of liver enzymes, prothrombin time and creatinine levels,
he underwent a transjugular liver biopsy which demonstrated acute hepatic necrosis with a profound
lymphocyte infiltrative reaction in the portal tracts with subsequent death [22].

Only a few considerations can be deduced from these case reports: the patient who died after
immunotherapy had received therapy with nivolumab for almost 2 years and underwent LT 8 days
after the end. However, other patients who received the last dose close to the transplant did not
experience fatal events. It should be remembered that nivolumab has a half-life of approximately 4
weeks and therefore a short interval between the last dose and the LT should be avoided [20-22].

Colleagues at the University of California at San Diego, instead, described a re-transplant after
demonstrating severe acute rejection with massive hepatic necrosis and loss of the first allograft,
which they attributed to immune-mediated damage resulting from the use of nivolumab before the
initial transplant [23]. A 60-year-old woman suffering from HCV cirrhosis and complicated by HCC
underwent transarterial chemoembolization and microwave ablation. Due to persistence of tumor
disease, she began treatment with sorafenib and nivolumab with repeated microwave ablation.
Sorafenib was stopped after 3 months due to intolerance, but nivolumab was continued (240 mg
every 2 weeks in the first month, then 480 mg every 4 weeks for 15 months) and discontinued at 5
weeks before transplantation [23]. The successful postoperative course of the second LT was
attributed to the use of therapeutic plasmapheresis, IV immunoglobulin, and preoperative
antithymocyte globulin to reduce DSA and significantly lower the immune response. After bolus of
1000 mg methylprednisolone for 3 days with gradual reduction for acute cellular rejection (RAI 5/9)
and placement of plastic stent for biliary anastomotic stricture she was discharged on POD 33 and
continues to do well 18 months after transplant [23].

A case described by the University of Minnesota, the patient developed, within the first two
weeks of liver transplantation, acute cellular rejection (ACR) and was promptly treated with high-
dose glucocorticoids followed by thymoglobulin with resolution of rejection on biopsy liver follow-
up [24]. The patient was a 64-year-old male with compensated HCV-cirrhosis complicated by HCC
and malignant portal vein thrombus. He was treated with locoregional treatments
(radioembolization, chemoembolization, microwave ablation) and systemic therapy with sorafenib.
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Due to disease progression and intolerance to sorafenib, treatment with nivolumab was initiated. He
received a total of 23 cycles of nivolumab, 480 mg administered every 4 weeks. Last nivolumab
infusion was 16 days before LT [24]. The liver explant showed no viable HCC, no evidence of vascular
invasion, and no transcapsular extrahepatic tumor extension. For histological confirmation on day 9
of acute cellular rejection (ACR) he was treated with high-dose solumedrol and thymoglobulin 100
mg iv. The patient was discharged with maintenance therapy with mycophenolate mofetil,
tacrolimus, and prednisone. Liver chemistry parameters at 16 months are normal [24].

A 6l-year-old male with chronic hepatitis B virus infection complicated by HCC showed
recurrence at four months after resection. After progression on Sorafenib, he began monotherapy
treatment with durvalumab. To minimize the risk of rejection induced by PDL1 inhibition, waiting
list entry was delayed for 3 months after discontinuation of durvalumab. No viable tumor tissue was
observed after explantation and no rejection events were observed. The patient remained disease-
free 89 months after diagnosis and 24 months after LT [25].

A fourteen-year-old male, after HCC, underwent three cycles of chemotherapy with
cisplatin/doxorubicin/dexrazoxane (PLADO) and transarterial chemoembolization with drug-eluting
spheres (DEB-TACE) with doxorubicin. After extended left tri-segmentectomy, for recurrence the
patient received three cycles of 2 mg/kg every 3 weeks of pembrolizumab (anti-PD1) then another
cycle of DEB-TACE. At 138 days after the last dose of pembrolizumab, the patient underwent LT.
Unfortunately, due to hepatic artery dissection, a second LT was required 6 days later. Now, 4 years
after the transplant, the patient is doing well with sirolimus and tacrolimus without episodes of
transplant rejection or disease recurrence [26].

A case report published in 2022 described an excellent response of a 66-year-old cirrhosis patient
with treated HCV infection and 5-cm undifferentiated hepatocellular carcinoma in the right hepatic
lobe [27]. The patient was treated with the combination atezolizumab and bevacizumab before LT
[27]. After treatment, imaging showed a significant response and liver transplantation was performed
8 weeks after the last dose of immunotherapy. After completion of LT, the patient started treatment
with tacrolimus 1 mg capsules twice daily and mycophenolate 500 mg tablets twice daily for
immunosuppression [27].

In 2023, the case of a 57-year-old man was published, with initial unresectable multinodular
HCC contraindicated to LT and locoregional therapies, who achieved a complete tumor response
after Atezolizumab/Bevacizumab and subsequently underwent LT for liver failure [28]. Analysis of
the explanted liver revealed a complete pathological response with no tumor residues [28]. The
patient suffered from several postoperative complications, but there was no recurrence of HCC or
biopsy-confirmed acute rejection 10 months after LT [28].

A brief description of all reported cases is summarized in Table 1.
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Table 1. Case reports published in the literature.

Study Number Age | Und | Max | Max ICI Duratio | Was | Immunosoppress | Reject | Recur | Retransplantat | Postoper
of / erlyi | tumo | pre-LT n hout | ion ion rence ion ative
Patients Sex | ng r AFP Perio Prove Follow-up
Receiving Liver | diam | (ng/ml) d d by
ICls Pre- Dise | eter (Day Biopsy
Transplan ase | (cm) s)
tation
(Rejection
s)
Schwach | 1(0) 62/ | ALD | 6.4 - Nivolumab 34 105 Unk No None - 12
a-Eipper, M cycles rejecti months
2020 [21] on
Nordness | 1 (1) 65/ | HCV | 5.5 2500 Nivolumab 24 8 Tacrolimus, POD 6 - No, deceased | -
, 2019 M months mycophenolate at POD 10
[22] mofetil, steroids
Chen G, 1(1) 39/ | HBV | 6.0 - Toripalimab 10 93 Tacrolimus, POD 2 - No, deceased | -
2021 M months steroids at POD 3
Dehghan, | 1 (1) 65/ | HCV |25 - Nivolumab 15 35 Steroid, POD - Yes, POD 34 18
2021 [39] F months tacrolimus, and 10
mycophenolate
mofetil
Aby, 2021 | 1 (1) 64/ | HCV |24 6323 Nivolumab 23 16 Mycophenolate POD 9 - No, high-dose | 16
[24] M months mofetil, corticosteroids | months
tacrolimus, and
steroids
Sogbe, 1(0) 61/ | HBV | 4.7 1000 Durvalumab 18 92 Steroids, No None | - 24
2021 [25] M months tacrolimus, and rejecti months
mycophenolate on
mofetil
Lizaola- 1(0) 63/ | NAS 1164 Nivolumab 63 No
Mayo, M H with rejecti
2021 [40] Ipilimumab on
Kang, 1(0) 14/ | Non |- 36876 | Pembrolizum | 3 138 Sirolimus and No None | None 96
2022 [26] M e ab tacrolimus rejecti months
on
Abdelrahi | 1(0) 66/ | HCV |5 43.9 Atezolizumab | 6 60 Tacrolimus, and | No None | None 12
m, 2022 M and cycles mycophenolate rejecti months
[27] bevacizumab | of mofetil on
atezoliz
umab
plus
5
cycles
of
bevaciz
umab
Chouik, 1(0) 57/ | ALD |6 379 Atezolizumab | 18 30 Steroids, No None None 15
2023 [28] M and cycles tacrolimus, and rejecti months
bevacizumab mycophenolate on
mofetil

Abbreviations: HCV, Hepatitis C Virus; HBV, Hepatitis B Virus; ALD, Alcoholic liver disease; NASH, Non-alcohol-associated steatohepatitis; Unk, unknown; POD,
postoperative day.

3.2. Case Series

A retrospective cohort study of seven patients evaluated the feasibility and efficacy of pre-
transplant immunotherapy. Patients underwent neoadjuvant pembrolizumab (200 mg, 3 weeks per
cycle) or camrelizumab (200 mg, 2 weeks per cycle) combined with lenvatinib before LT in 2020 and
2021. The washout period was 42 days and one patient had graft rejection after LT, but it resolved
after changing the immunosuppression regimen [29].

A series of cases were described between 2017 and 2020. These included nine HCC patients who
were successfully transplanted after receiving nivolumab pre-liver transplant. Five patients (56%)
had previous resection and nivolumab was administered at a dose of 240 mg every 2 weeks. Eight
patients (89%) received their last dose within 4 weeks of LT. At a median follow-up of 16 months
(range: 8-23 months) after transplantation, there were no serious allograft rejections/losses, tumor
recurrences, or deaths [30].

In another study, five patients who underwent LT for HCC previously treated with
immunotherapy were described [31]. Of these, serious post-transplant complications including liver
necrosis and graft loss were observed in the patients with less than 3 months between the last dose
of ICI and transplant [31]. A case-control study included eighty-six patients with HCC subsequently
listed for transplant between 2018 and 2020 [32]. Of these, eight patients received ICI therapy, of
which five were transplanted. The median time from last ICI treatment to LT was 105 days (11-354),
and all patients were treated with nivolumab. Two patients (40 %) treated with ICI had biopsy-
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confirmed rejection compared to 3 (6.4%) of non-ICI patients. There were two graft losses (40 %) in
the ICI group. Both patients with biopsy-proven rejection received ICI therapy <90 days before LT.
None of the 3 patients who received the last dose of ICI therapy >90 days of LT had rejection [32].

A Chinese retrospective study enrolled sixteen recipients from November 2018 to November
2021 [33]. All 16 patients enrolled in this study received a PD1 inhibitor before LT. Two patients
received nivolumab at a dose of 3 mg/kg every 2 weeks for 6 and 4 cycles, respectively. Seven patients
received pembrolizumab preoperatively at doses of 200 mg every 3 weeks. Four patients received
sintilimab at a dose of 200 mg every 3 weeks. Two patients received camrelizumab at a dose of 3
mg/kg every 3 weeks. One patient subsequently received nivolumab, toripalimab, sintilimab, and
tislelizumab for a total of 27 cycles. Five patients had tumor recurrence postintervention and the
tumor recurrence rate 1 year was 25.0%. The median follow-up time after LT was 352.5 (325.2-758.8)
days. Nine patients had impaired liver function postoperatively and four were diagnosed with acute
rejection by liver biopsy. In the remaining five, there was improvement after adapting the
immunosuppression regimen. After adjusting the immunosuppression regimen, the liver function of
the 9 patients with rejection after transplantation returned to the normal level, and no immune-
related graft loss and fatal rejection occurred [33]. This trial is flawed by a variety of different
treatments that impedes comparison.

A case series analyzed the data of 5 patients diagnosed with HCC who underwent anti-PD-1
therapy before LT. The mean wash-out interval was 63.80+18.26 days. One patient had a tumor
recurrence in the liver, vertebrae and lungs after 7 months, while one patient had a recurrence in the
lungs after 3 months and acute rejection occurred in none of the patients [34].

Another case series confirmed the safety of immunotherapy up to the follow-up period before
transplantation [35]. Three cases of patients who received immunotherapy with
atezolizumab/bevacizumab or ipilimumab/nivolumab prior to liver transplantation were described
in these case series. One case demonstrated a 45% reduction in HCC tumor dimension, while another
showed disease stability. No organ rejection or non-healing of the wound after transplantation was
observed [35].

A latest case report published in 2024 described nine cases of HCC outside the MC undergoing
atezolizumab/bevacizumab, ipilimumab/nivolumab, nivolumab or pembrolizumab [36]. Of these,
four received a transplant and one was cancelled due to its exceptional therapeutic response. The
median duration of treatment was three months. Three patients received methylprednisolone for
induction of immunosuppression and one received thymoglobulin. Acute transplant rejection was
observed in one patient at 5 weeks, 9 weeks and 5 months. This rejection was successfully treated and
considered not secondary to therapy as they observed a late onset of rejection. During a mean follow-
up of 16.5 months, no tumor recurrence occurred [36].

A brief description of all reported cases series is summarized in Table 2.
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Table 2. Case series published in the literature.

X Nivolumab Tacrolimus,
an, 21.0 1493 253 mycophenolate
2021[3 mofetil,
0] steroids
Qiao 7(1) Mean | - - - Pembrolizuma | - 40 Combinationor | POD | 71% No, ¢ -
Z, age bor on separate use of | 11 partial orticosteroids
2021 53 +/- camrelizumab aver | steroids, a remissi
[29] age | calcineurin on
1217 inhibitor
M (cyclosporine
or tacrolimus),
sirolimus, and
mycophenolate
mofetil
Schnic | 5(2) 60/F HCV - - Nivolumab 18 35 Tacrolimus, POD - No, 38
kel, 65/M | HCv Nivolumab month | 10 mycophenolate | 14 corticosteroids | months
2022 s mofetil, <POD No, rATG 13
[31] 8 steroids 14 rituximab or months
month IVIGs
s
Dave, 5(2) Mean | - - - Nivolumab - <90 - Yes - Yes, successful | -
2022 age - Nivolumab - Days Yes No, death 2 -
[32] 61 <90 months after
+/-6. Days transplantation
52/-
Chen, |5(0) Mean | - - 45.2 | Nivolumab - 63.8 | Tacrolimus No 20f5 No 12
2021 age 8+33 0+ +mycophenolat (POM 7 months
[34] §/ -2 95 18.3 | e mofetil and
5.4/4 POM 3)
M, 1F
Wang, | 16(9) 37— 14 1.5-10 | 2.9- | 2 nivolumab, 7 | 1-27 7- tacrolimus 40f9 | 50f16 | No, patients 352.5
2023 67/14 | HBV 3870 | pembrolizuma | cycles | 184 | combined with | rejecti | (POD returned to a (median
[33] M-2 2ALD 0 b, 4 sintilimab, mycophenolate | on 221, normal level )
F 2 or sirolimus (POD | 108, after adjusting
camrelizumab, 10, 703, the
and 1 multiple POD1 | 245, immunosuppre
1, 43) ssion regimen
POD1
2,
POD3
0)
Ohm, 3(0) 68/M | HCV+ |25 3 Atezolizumab | 7 229 Unk No No No 24
2023 58/M | ALD 22 8 and cycles | 2 Unk No No No months
[35] 37/M | HCV 3.75 2.14 | bevacizumab | 4+3 7 Unk No No No 22
HBV Ipilimumab cycles months
and 6 18
nivolumab,the | cycles months
n nivolimab
alone
Atezolizumab
and
Bevacizumab
Liu 9 - - - 29.5 | Atezolizumaba | - Unk | Unk 10f9 | No No 16,5
MC, 23 nd rejecti months
2024 bevacizumab, on
[36] ipilimumab
and
nivolumab,
nivolumab and
pembrolizuma

Abbreviations: HCV, Hepatitis C Virus; HBV, Hepatitis B Virus; ALD, Alcoholic liver disease; Unk, unknown POD, postoperative day.

3.3. Clinical Trials

The XXL study [37] is the first prospective study to extend the Milan criteria, validating that
effective and prolonged downstage therapy improves prognosis after transplantation [37].

The results of this study have revolutionized the HCC treatment paradigm, indicating a new
standard of care for intermediate-stage HCC unresponsive to local therapies and advanced stage.
Currently, there is little data to support systemic treatments with immunotherapy as a bridging or
downstaging strategy to liver transplantation.

In the trial entitled “ Atezolizumab and Bevacizumab Pre-Liver Transplantation for Patients with
Hepatocellular Carcinoma Beyond Milan Criteria” (NCT05185505), patients with HCC beyond
MC treated with neoadjuvant/downstaging atezolizumab for 6 months plus bevacizumab and
transarterial chemoembolization (TACE) before liver transplantation. This multi-site study will
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involve a site in the US and a site in Canada. Combined enrollment from these sites envisages the
recruitment of up to 30 patients

The authors hypothesize that atezolizumab and bevacizumab can be used in the pre-transplant
setting without increasing the risk of rejection at 1 year post-transplant.

The Dulect2020-1 study (Durvalumab and Lenvatinib in participants with locally advanced and
metastatic HCC - NCT04443322), designed as a prospective, open-label, 20-patient study, will
evaluate the safety and efficacy of durvalumab in combination with lenvatinib in patients with
advanced HCC prior to liver transplantation.

Most of these studies take place in North America and China their results could also have an
impact on the number of patients not eligible for transplantation due to tumor burden. Ongoing
studies are listed in Table 3 (www.clinicaltrials.gov).

Table 3. Current and ongoing studies using ICls before liver transplantation.

Name Number of the | Study Phase | Main Outcome | Expected | Location Recruitmen | Etiology of Liver
Study Start Study t Status Disease
Terminati
on
Atezolizumab and NCT05185505 | 30.01.23 4 Proportion of 31.10.27 Houston, Recruiting HbsAg neg,
Bevacizumab Pre-Liver patients USA HBCcADb neg or
Transplantation for receiving liver HBcAb pos+ HBV
Patients with transplant DNA neg
Hepatocellular experiencing
Carcinoma Beyond acute rejection
Milan Criteria
Pembrolizumab and PLENTY2 | NCT04425226 | 06.08.20 Not Recurrence- 30.12.24 | China Recruiting No coinfection
LENvatinib in 02001 Applic | free survival HBV-HCV
Participants With able

Hepatocellular
Carcinoma (HCC)
Before Liver Transplant

A Pilot Study of NCT06337162 | 01.05.24 1 Acute Cellular | 01.09.28 Pennsylvan | Not yet If HBsAg+: on
Neoadjuvant Rejection of ia, USA recruiting antiviral therapy >
INCB099280 in Patients Liver 21 days prior to
With Hepatocellular Transplant starting study
Carcinoma Awaiting Attributed to therapy and

Liver Transplant Study Therapy continue antiviral

therapy for at
least one year

following
cessation of
study therapy.

Durvalumab NCT05027425 | 07.12.21 2 Cellular 07.12.30 Missouri Recruiting No HBsAg+ or

(MEDI4736) and rejection rates and Ohio, HCV RNA+

Tremelimumab for USA

Hepatocellular

Carcinoma in Patients

Listed for a Liver

Transplant

Liver Transplantation in | ImmunoX | NCT0587932 23.12.22 Obser | Recurrence- 31.12.24 | Milan, Italy | Recruiting |/

Patients With Partial or | XL vation | free survival

Complete Response al (RFS)
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After Atezolizumab Plus
Bevacizumab for
Intermediate-advanced
Stage Hepatocellular
Carcinoma: the

ImmunoXXL Study

A Prospective, Single- NCT05475613 | 01.08.23 2 The 2-year 01.08.28 | Guangdong | Recruiting |/
arm Study of event-free , China

Downstaging Protocol survival rate

Containing

Immunotherapy for HCC
Beyond the Milan
Criteria Before Liver
Transplantation
Effect of PD-1 /PD-L1 NCT05411926 | 17.03.21 Obser | the incidence | 09.2023 Beijing, Unknown /
Inhibitor Therapy Before vation | and severity of China status
Liver Transplantation on al acute rejection
Acute Rejection After after liver
Liver Transplantation in transplantation
Patients With the cellular
Hepatocellular immune
Carcinoma function after
liver
transplantation
, including
lymphocyte
subsets and
cytokines
the dose and
drug
concentration
of tacrolimus
after liver
transplantation
in patients with
hepatocellular
carcinoma

Safety and Efficacy Dulect202 | NCT04443322 | 19.09.20 Not Progression 31.12.25 | Shanghai, Recruiting No HCV+HBV
Study of Durvalumab in | 0-1 Applic | Free Survival China coinfection
Lenvatinib in Free Survival

Participants With Locally
Advanced and
Metastatic
Hepatocellular
Carcinoma

A Single Group, Open NCT04035876 | 2019-07- | 1-2 Objective 2021-12- | Zhejiang, Unknown No HCV+HBV
Label, Multi-center 16 remission rate | 31 China status
Clinical Study of
Combination
Camrelizumab (SHR-
1210) and Apatinib for
Downstaging/Bridging of
Hepatocellular Cancer
Before Liver Transplant

Abbreviations: HbsAg, Hepatitis B surface antigen; HBcAb, Hepatitis B core antibody, HBV-DNA, Hepatitis B Virus-DNA.

ESR-20-21010 is a Phase II (NCT05027425), open-label, single-arm, multicenter clinical trial
designed to evaluate the safety (in terms of 30-day post-transplant rejection) and efficacy of
durvalumab and tremelimumab for the treatment of patients with HCC before liver transplantation.
Thirty patients will be enrolled and an interim analysis will be performed after ten patients to ensure
safety. Patients will be treated with the immunotherapy combination for up to 4 months. After a
minimum washout period of 28 days, they will undergo locoregional therapy according to the
guidelines and after a minimum washout period of 72 days, they will undergo liver transplantation.

A single-center, prospective, non-interventional, real-world data-based cohort study

(NCT05411926) will enroll 60 patients prior to liver transplantation for HCC (30 with a history of
PD-1/PD-L1 monotherapy and 30 patients with no history of PD-1/PD-L1 monotherapy PD-1/PD-L1).

The incidence of acute rejection after liver transplantation, the time of acute rejection, Banff
classification and acute rejection-related mortality, cellular immune function after liver
transplantation, the dose and drug concentration of tacrolimus after liver transplantation, overall
survival (OS) and recurrence-free survival (RFS) will be the endpoints.

The study (SHR-1210 - NCT04035876) will evaluate the primary effects and safety of
camrelizumab in combination with apatinib in the same patient setting. Each patient will be
administered a regimen of camrelizumab 200 mg every 2 weeks iv and apatinib 250 mg once daily
PO every 4 weeks as a course. Each patient will receive camrelizumab treatment for at least 2 cycles
and will discontinue camrelizumab 5 weeks before liver transplantation. Apatinib will be stopped 1
week before liver transplant. In this study, objective remission rate (ORR), relapse-free survival (RFS),
overall survival (OS), time to progression (TTP) will be evaluated.
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The PLENTY202001 study (NCT04425226) will evaluate the safety and efficacy of
pembrolizumab in combination with lenvatinib in patients with HCC exceeding Milan criteria prior
to liver transplantation.

A trial proposed by the Sun Yat-sen Memorial Hospital Organ Transplant Center of Sun Yat-sen

University (NCT05913583) will analyze the correlation between the use of ICIs and the incidence
of graft rejection and rejection-related death or graft loss after LT. The primary aim of this study will
be to analyze the correlation between the use of ICI and the incidence of graft rejection, rejection-
related death, or graft loss within 1 year of liver transplantation. The secondary objective will be to
analyze risk factors for transplant rejection and evaluate the correlation between ICI exposure and
post-transplant complications (incidence of early allograft dysfunction (EAD), bleeding, infection,
biliary and vascular complications).

4. Discussion
4.1. Prevention of Graft Rejection after Conversion with ICI

Immunosuppressive therapy after liver transplantation in the above-mentioned studies is
relatively standard. Induction is performed with methylprednisolone followed by mycophenolate
mofetil (MMF), a calcineurin inhibitor, or an mTOR inhibitor. Some groups have also used
basiliximab or antithymocyte globulin (ATG), although this did not completely prevent rejection.

After LT, acute rejection was treated with methylprednisolone, with a 90% success rate in
reversing rejection. It is believed that the use of plasmapheresis increases the likelihood of
overcoming acute rejection.

However, although the use of immunosuppressants saved the organ in the majority of cases
some patients needed a new transplant.

In addition to the half-life of the drug, the wash-out of the drug could also be favored by the
liver explantation technique which still involves significant blood loss favouring the elimination of
circulating IClIs.

4.2. Expert Guidelines

In consideration of the very interesting but very complex topic from a clinical and outcome point
of view, the European Society of Organ Transplantation (ESOT) has convened a working group to
address the current state of downstaging, bridging and immunotherapy in liver transplantation for
HCC [25]. To date, due to insufficient evidence, no conclusive recommendation can be made about
the use of immunotherapy before liver transplantation [25]. Notably, further studies are needed to
accurately analyze both safety and oncologic outcomes of that approach. Many open issues remain.

5. Future Directions

Several key areas require focused research to enhance the success of liver transplantation
following immune checkpoint inhibitor therapy in advanced hepatocellular carcinoma patients. One
critical avenue is the development of predictive biomarkers to better identify patients who will
respond to ICIs and subsequently benefit from transplantation. Advances in immunogenetics and
personalized medicine could enable tailored immunosuppressive regimens that minimize the risk of
graft rejection while maintaining anti-tumor immunity. Integrating novel imaging techniques and
liquid biopsy technologies could provide real-time monitoring of tumor dynamics and immune
status, facilitating more precise decision-making. Additionally, exploring combination therapies that
include ICIs, targeted therapies, and local treatments may offer synergistic benefits and improve
survival rates and quality of life for patients with advanced HCC.

6. Conclusions

The integration of ICI in the treatment of advanced hepatocellular carcinoma offers significant
opportunities and complex challenges. Although evidence indicates that liver transplantation after


https://doi.org/10.20944/preprints202406.0356.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 6 June 2024 d0i:10.20944/preprints202406.0356.v1

12

ICI therapy may be feasible and potentially beneficial, there are several aspects that need to be
addressed for graft safety.

The effects of ICIs require a deeper understanding of how these drugs alter immune responses
and affect transplantation.

This includes assessing the risk of rejection of the transplanted organ in the pre-transplant and
developing strategies to mitigate these risks through standardised immunosuppressive protocols
tailored to the patient.

The timing of liver transplantation after ICI treatment is a crucial issue for both reducing the risk
of tumour progression and preventing graft rejection. The former problem could be mitigated by the
application of other treatment strategies, the latter by a washout period determined by the half-life
of the drug. In addition, the selection criteria for liver transplant candidates need to be refined to
identify which are most likely to benefit from transplantation after ICI therapy. These include liver
function, tumour characteristics, response to ICIs, and the presence of comorbidities. There is an
urgent need for standardised guidelines and protocols, which can be produced from data derived
from ongoing trials. The multidisciplinary team of oncologists, hepatologists, transplant surgeons
and immunologists will be essential to develop these guidelines and to ensure their application in
clinical practice.

In conclusion, the use of ICI therapy aimed at liver transplantation in patients with advanced
HCC is promising, but still requires standardisation.

By addressing the immunological, temporal and clinical challenges associated with this
conversion, we can improve preparedness to address this new frontier in the treatment of HCC and
ultimately improve patient outcomes.
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