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Immunotherapy before liver transplant in unresectable
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Background: Hepatocellular carcinoma (HCC) is a leading cause of global cancer mortality, with liver
transplantation as the sole curative treatment. For advanced disease, first-line systemic therapies including
immune checkpoint inhibitors (ICIs) have shown a survival benefit, but there is scarce data on clinical
outcomes when used prior to transplantation.

Case Description: We present three case studies of patients who received immunotherapy with
atezolizumab/bevacizumab or ipilimumab/nivolumab before liver transplant. We reviewed clinical outcomes
including disease response, adverse events related to systemic therapy, as well as graft function post-
operatively. One case demonstrated a 45% reduction in total HCC tumour burden whereas another showed
stable disease with ICIs. No adverse clinical outcomes such as graft rejection or poor wound healing were
noted post-transplant. Indeed, all three patients were successfully transplanted with excellent graft function
at the last follow-up.

Conclusions: Our observations and data suggest ICIs are a viable option for treatment in the pre-
transplant setting. It does not routinely lead to fatal graft rejection and may lengthen eligibility times until a

donor organ is available.
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Introduction HCC (3,4). BCLC A, or very early-stage disease, is treated

with curative intent with resection, ablation, or liver

Primary liver cancer is the second leading cause of cancer . . . . .
Y ) transplantation. BCLC B is considered intermediate stage

mortality worldwide (1). Hepatocellular carcinoma (HCC) and includes patients with multinodular disease. These

makes up 72% of primary liver cancers (2). The incidence patients are treated with locoregional therapies. Individuals

of liver cancer in Canada is rising, with an increase of 3.8% with portal vein invasion or metastases, well compensated

in men and 2.7% in women over the past 40 years (2).
Etiologies of HCC include non-alcoholic fatty liver
disease, alcoholic liver disease, hepatitis B virus (HBV),
hepatitis C virus (HCV), and aflatoxin Bl exposure (3).
The Barcelona Clinic Liver Cancer (BCLC) staging system
is used to determine treatment pathways for patients with
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liver function (Child-Pugh Class A), and performance
status <2 are deemed to have unresectable advanced HCC
and classified as BCLC C (3-5). Resection, ablation, or
locoregional therapies are more difficult in these patients
and they are treated with systemic methods. Patients with
BCLC C disease have a poor prognosis with an estimated
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5-year overall survival of 2 years (5).

In the unresectable HCC setting, the first-line systemic
therapies that have shown survival benefit include
monotherapy with sorafenib or lenvatinib, or doublet
therapy combining atezolizumab and bevacizumab or
durvalumab and tremelimumab (6-9). For HCC confined
to the liver, a transplant is the ultimate curative treatment.
The Milan criteria is primarily used to determine transplant
eligibility, which predicts a low risk of recurrence in patients
with a single tumour <5 cm in size or maximum three
tumours all <3 cm in size, in addition to no macrovascular
invasion (10). HCC beyond Milan criteria can be treated
with locoregional and systemic therapies in an effort to
down-stage, whereas those that do meet Milan criteria
can receive the same treatments for disease control while
waiting for an organ for transplant (11). Some studies
suggest that a modest expansion of selection criteria may
be warranted. Portal vein thrombosis is considered a
relative contraindication to transplant, but in patients with
a segmental portal vein thrombus, a significantly better
oncological outcome has been noted with liver transplant
compared to resection (12).

There is limited data on the outcomes of patients who
receive systemic therapies, especially immune checkpoint
inhibitors (ICIs), as bridging methods. A systematic review
of immunotherapy in the treatment of HCC in 2021
identified only one patient who received nivolumab as a
bridge to liver transplant. Successful downstaging of disease
occurred, allowing for liver transplantation, but the patient

Highlight box

Key findings

* Systemic treatment of unresectable hepatocellular carcinoma
(HCC) with immune checkpoint inhibitor (ICI) pre-transplant
did not lead to poor post-operative outcomes with respect to graft
function and wound healing.

What is known and what is new?

* In unresectable HCC, systemic treatment with oral tyrosine kinase
inhibitors or ICI improves overall survival.

* Systemic treatments including ICIs may be able to control and/
or downstage disease and extend patient eligibility for a liver
transplant, the ultimate curative treatment.

What is the implication, and what should change now?

* Further research into treatment responses, transplant outcomes,
and toxicity must be conducted to determine whether ICIs should
be routinely used as a bridge to liver transplantation.

© Journal of Gastrointestinal Oncology. All rights reserved.

2645

experienced fatal graft rejection early in the post-operative
period (13). A separate review paper by Gao ez 4/. identified
six case reports describing the use of immunotherapy in the
pre-transplant setting. Patients were treated with a range
of different agents including nivolumab, pembrolizumab,
camrelizumab, toripalimab, or durvalumab. Outcomes varied
among these 20 patients. Sixteen patients had successful
transplants with no complications, two had mild rejection
that was treated by adjusting the immunotherapy regimens,
while two patients died secondary to liver failure (14).
Further research into the risks, survival outcomes, and
feasibility of using ICIs as a bridging treatment is needed
given the overall paucity of data and increase in use of these
agents in the HCC landscape.

Three patients treated at a single academic institute in
Alberta, Canada with unresectable HCC who received ICIs
followed by liver transplantation from 2020-2021 were
retrospectively selected for review. The cases were non-
consecutive. Follow-up extended for up to 30 months since
initiation of systemic treatment and primarily involved chart
review of vital status, physician notes, and liver function
tests. "To our knowledge, this is the first case report from a
Canadian institute. We present this article in accordance
with the CARE reporting checklist (available at https://jgo.
amegroups.com/article/view/10.21037/jgo-23-634/rc).

Cases presentation
Case 1

A 68-year-old male was diagnosed with decompensated
cirrhosis in the setting of new jaundice and ascites. A
screening magnetic resonance (MR) abdomen with contrast
was done, revealing numerous lesions up to 2.5 cm in size
in the right lobe consistent with HCC. He had active HCV
at the time of diagnosis, with a longstanding alcohol use
history. His HCV was successfully treated with sofosbuvir/
velpatasvir. Repeat MR abdomen one year later showed
progression with enlargement of existing nodules and
the interval development of five more lesions. His liver
function declined, and his ascites became refractory to
diuretic treatment, necessitating paracentesis every 2 weeks.
He started systemic treatment with atezolizumab and
bevacizumab as an Eastern Cooperative Oncology Group
(ECOG) status 0, alpha-fetoprotein (AFP) 3, and Child-
Pugh Class B. The immunotherapy agents were obtained
through a compassionate access program. He completed
7 cycles, and in conjunction with a change in diuretic

7 Gastrointest Oncol 2023;14(6):2644-2649 | https://dx.doi.org/10.21037/jgo-23-634


https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/rc

2646

Table 1 Graft outcomes at most recent follow-up.

Ohm et al. Immunotherapy before liver transplant in unresectable HCC

Pt.case  Age, year E;”ni;'lzae a‘::gm AST (U/L) ALT (U/L) ALP (U/L) Hb (g/L) F():%tg‘j'l_e)t INR  Albumin (g/L)
1 68 24 months 14 14 10 87 145 175 1.1 38
2 58 23 months 7 14 14 64 135 187 1.1 37
3 37 18 months 21 42 52 74 150 119 1.0 43

Pt., patient; AST, aspartate transaminase; ALT, alanine transaminase; ALP, alkaline phosphatase; Hb, hemoglobin; INR, international

normalized ratio.

Table 2 Characteristics of patients, cancer stage, and systemic treatment regimens.

Age, Line of . Time between LT Pathologic
Pt. case Sex year T« ICI Regimen Cycles and ICI (days) stage
1 M 68 1st Atezo/bev 1,200 mg atezo + 15 mg/kg bev IV 7 229 pT2NO
every 3 weeks
2 M 58 1st Ipi/nivo then 3 mg/kg ipi + 1 mg/kg nivo IV every  4+3 2 pT2NO
nivo alone 3 weeks followed by 480 mg nivo
IV every 4 weeks
3 M 37 1st Atezo/bev 1,200 mg atezo + 15 mg/kg bev IV 6 7 pTONO
every 3 weeks (no residual
tumour)

Pt., patient; Tx, treatment; ICI, immune checkpoint inhibitor; LT, liver transplant; M, male; atezo, atezolizumab; bev, bevacizumab; ipi,

ipilimumab; nivo, nivolumab.

from amiloride to spironolactone, showed significant
improvement in liver function and resolution of ascites. He
did not have any ICl-associated side effects. Unfortunately,
his overall tumour burden increased on imaging, but as his
ascites had resolved, he was then deemed eligible for local
control with Y90 radiotherapy. The glass microspheres
were injected into segment VIII, at the location of the
largest lesion of 4.6 cm. Despite locoregional therapy there
was recurrence of the tumour in segment VIII within a year
and he underwent a neurologically determined deceased
(NDD) liver transplant. He suffered no post-operative
complications. He is now 24 months since his liver
transplant with excellent graft function and no episodes of
rejection or failure (Z7able I).

Case 2

A 58-year-old male with previous history of HCC secondary
to HCV was diagnosed with recurrence on surveillance
ultrasound. His initial disease was successfully treated with
a limited left lobectomy in addition to interferon, ribavirin,
and sofosbuvir for the HCV infection. Six years later, the
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ultrasound revealed a hypoechoic lesion in the left lobe of
the liver. Subsequent MR abdomen with contrast confirmed
HCC and revealed multifocal bi-lobar disease with at least
9 lesions, the largest measuring up to 2.2 cm in size. At this
time access to atezolizumab and bevacizumab was limited
due to closure of the compassionate access program. Thus,
he started systemic therapy with ipilimumab and nivolumab
as part of a clinical trial. His ECOG status was 0, AFP 8,
and Child-Pugh Class A. He received a total of four cycles.
He subsequently developed hypothyroidism and central
adrenal insufficiency secondary to the immunotherapy,
requiring daily levothyroxine and hydrocortisone. He
resumed treatment with single-agent nivolumab and
received a total of 3 cycles until his NDD liver transplant.
Throughout the duration of immunotherapy, his HCC
demonstrated stable disease with no evidence of new or
enlarging lesions. His last treatment with nivolumab was
two days prior to his transplant. The donor’s liver was HCV
positive and at the time of transplant, the patient was found
to have a positive HBV core. He was treated for both HCV
and HBV after graft stabilization. Currently he is 22 months
post-transplant. His graft function is excellent with no signs

7 Gastrointest Oncol 2023;14(6):2644-2649 | https://dx.doi.org/10.21037/jgo-23-634



Journal of Gastrointestinal Oncology, Vol 14, No 6 December 2023

of acute liver failure, thrombosis, or rejection (Tible 2).

Case 3

A 37-year-old male developed HCC in context of HBV
cirrhosis. He was treated for HBV with tenofovir. He was
initially diagnosed with early-stage HCC with a small tumour
in segment II. He underwent open partial liver resection and
cholecystectomy. The tumour size was 1.4 cm with positive
margins, requiring revision surgery. He subsequently
underwent a magnetic resonance imaging (MRI) of the
abdomen with contrast six months later which revealed
a new 3.75 cm mass in segment V of the liver. This was
confirmed with a positron emission tomography (PET). He
started immunotherapy with atezolizumab and bevacizumab
through a compassionate access program while awaiting
a liver transplant. At that time, his ECOG status was 0,
AFP 2,143, and Child-Pugh Class B. He received a total of
6 cycles with no adverse events. A follow-up MRI revealed
an interval decrease in size from 3.5 cm x 3.2 cm x 3.3 cm to
1.9 cm x 2.2 em x 1.9 em. He further underwent stereotactic
body radiotherapy treatment with 50 Gy in 5 fractions
over two weeks to this lesion. He underwent an NDD liver
transplant seven days following his final ICI treatment. He
maintains excellent graft function 18 months post-liver
transplant (7able I).

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national
research committee(s) and with the Declaration of Helsinki
(as revised in 2013). Written informed consent was obtained
from the patients for publication of this case report. A copy
of the written consent is available for review by the editorial
office of this journal.

Discussion

The above cases demonstrate the novel treatment approach
of immunotherapy as a bridge to liver transplantation.
Disease staging, treatment approach, and timelines are
depicted in Table 2. Neither case 1 or case 2 would have
qualified for liver transplant based on Milan criteria before
initiation of systemic treatment. ICIs led to disease control
in case 2, whereas in case 1 there was an overall increase
in tumour burden. Given the variability in response,
additional cases are needed to determine whether systemic
immunotherapy could potentially downstage disease and
change a transplant-ineligible HCC into an operable one.
In contrast, case 3 did meet Milan criteria for liver
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transplant upfront. Systemic ICIs were initiated for the
purposes of disease control while waiting for a donor. This
patient demonstrated the best response to immunotherapy
with a 45% objective reduction in tumour size following six
cycles of atezolizumab/bevacizumab. Often the rate-limiting
factor for liver transplant is not patient eligibility but organ
availability. This case demonstrates that ICIs can be used as
a tool for disease control in transplant-eligible HCC until a
donor is secured.

Despite observing variable effectiveness of ICIs
with respect to overall tumour burden, all three cases
demonstrated minimal complications and good graft
outcomes post-transplant. There were no issues related to
wound healing. Overall, these cases demonstrate that ICIs
can be safely used in the pre-transplant setting.

The rate of adverse side effects from doublet
immunotherapy in HCC can occur in up to 90% of
patients (11). Out of the three cases, case 2 demonstrates
autoimmune-mediated toxicities such as irreversible
endocrinopathy. The patient now requires a lifetime of
levothyroxine for hypothyroidism and hydrocortisone
for central adrenal insufficiency. The risk and benefits of
ICIs needs to be constantly evaluated while the patient is
undergoing therapy such that these complications do not
limit their eligibility for transplant.

The patients in our case report had highly variable
washout periods ranging from two to 229 days. No firm
guidelines exist on the time required from cessation of
immunotherapy to surgery. The duration is often determined
based on rough estimates of the half-life of the ICI (14).
However, the half-life rarely correlates with elimination
of programmed cell death 1 (PD-1) occupancy in tissues.
For example, nivolumab has a half-life of 12-20 days,
but can occupy up to 70% of PD-1 receptors in T cells
two months following initial infusion (15). In the case of
treatiment with atezolizumab-bevacizumab, a washout period
for bevacizumab is also of clinical relevance. Bevacizumab
has been associated with multiple surgical complications
including wound dehiscence, ecchymosis, and surgical site
bleeding and the recommendation is to wait 6-8 weeks after
cessation of therapy before proceeding with surgery (16).
Further research into the optimal timing of surgery
following immunotherapy is needed.

The advent of ICI has led to prolonged survival in
patients with unresectable disease. With increasingly
effective systemic therapies, one questions the utility
of a liver transplant, which comes with associated risks
for infection and bile duct complications. Based on the
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HIMALAYA randomized clinical trial, median overall
survival is roughly 14 months with sorafenib but up to
16 months with durvalumab and tremelimumab
combination therapy (9). In contrast, the median overall
survival following liver transplant is 158 months (17). Even
in patients with resectable HCC, improved overall survival
and disease-free survival is seen with liver transplant
compared to liver resection (18). Liver transplantation,
therefore, remains the gold standard for HCC.

Our case report adds to the limited yet growing body of
evidence that suggests immunotherapy may be a safe and
effective method to control or downstage disease prior to
liver transplantation. A 16-month follow-up of nine patients
who received nivolumab prior to liver transplant, with most
receiving the last dose <4 weeks prior to the operation,
revealed no severe allograft rejections, tumour recurrences,
or death (19). A retrospective cohort study of HCC patients
treated with the programmed death-ligand 1 (PD-L1)
inhibitors pembrolizumab and camrelizumab revealed a
response rate of 71% with a biopsy-proven rejection rate of
only 14.3% (20). More recently, Abdelrahim ez 4/. reported
on the successful transplant outcomes in an HCC patient
treated with neoadjuvant atezolizumab-bevacizumab (21).

Limitations of the study include small sample size and a
heterogenous group of patients with differing disease stages.
The case report includes only male patients, and females
may exhibit differing treatment outcomes. The duration of
treatment and immunotherapy washout periods were varied,
with some receiving treatment up to transplant while others
had 6 months or more between the last treatment cycle and
the transplant. Finally, the follow-up period post-transplant
differed for each case but was less than two years, which
may fail to capture the rejections and complications that
occur later.

Despite this, our study provides valuable insight into
how ICIs may be safely used in patients prior to transplant.
As more ICIs are approved for use in the HCC landscape,
these medications may be used frequently as bridging
treatments.

Conclusions

The only curative treatment for patients with unresectable
HCC is liver transplantation. In many patients listed
for transplant, drop-out rates are high due to disease
progression. Our study describes the successful use ICIs in
the pre-transplant setting to downstage or control disease
before a liver transplant. There were no episodes of acute
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rejection or graft failure. Further research in the form of
retrospective or prospective cohort studies are needed to
better elucidate the degree of HCC response, transplant
outcomes, and associated toxicities when ICIs are used as a

bridging method.

Acknowledgments

Funding: None.

Footnote

Reporting Checklist: The authors have completed the CARE
reporting checklist. Available at https://jgo.amegroups.com/
article/view/10.21037/jgo-23-634/rc

Peer Review File: Available at https://jgo.amegroups.com/
article/view/10.21037/jgo-23-634/prf

Conflicts of Interest: All authors have completed the ICMJE
uniform disclosure form (available at https://jgo.amegroups.
com/article/view/10.21037/jgo-23-634/coif). H.K. reports
Consulting fees from Roche/AZ/Eisai, Honaria for
speaking from Eisasi, and support for attending meeting
from Eisasi. The other authors have no conflicts of interest
to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. All procedures
performed in this study were in accordance with the ethical
standards of the institutional and/or national research
committee(s) and with the Declaration of Helsinki (as
revised in 2013). Written informed consent was obtained
from the patients for publication of this case report. A copy
of the written consent is available for review by the editorial
office of this journal.

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

7 Gastrointest Oncol 2023;14(6):2644-2649 | https://dx.doi.org/10.21037/jgo-23-634


https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/prf
https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/prf
https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/coif
https://jgo.amegroups.com/article/view/10.21037/jgo-23-634/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Journal of Gastrointestinal Oncology, Vol 14, No 6 December 2023

References

1.

10.

11.

McGlynn KA, Petrick JL, El-Serag HB. Epidemiology
of Hepatocellular Carcinoma. Hepatology 2021;73 Suppl
1:4-13.

Meyers BM, Knox J, Cosby R, et al. Nonsurgical
management of advanced hepatocellular carcinoma: a
clinical practice guideline. Curr Oncol 2020;27:¢106-14.
Sun W, Cabrera R. Systemic Treatment of Patients with
Advanced, Unresectable Hepatocellular Carcinoma:
Emergence of Therapies. ] Gastrointest Cancer
2018;49:107-15.

Burak K, Sinha R, Tang P, et al. Hepatocellular
Carcinoma: Clinical Practice Guideline. Cancer Care
Alberta; 2021; Version 8. Available online: https://www.
albertahealthservices.ca/assets/info/hp/cancer/if-hp-
cancer-guide-gi007-hepatocellular-carcinoma.pdf

Reig M, Forner A, Rimola J, et al. BCLC strategy for
prognosis prediction and treatment recommendation: The
2022 update. ] Hepatol 2022;76:681-93.

Rimassa L, Santoro A. Sorafenib therapy in advanced
hepatocellular carcinoma: the SHARP trial. Expert Rev
Anticancer Ther 2009;9:739-45.

Cheng AL, Finn RS, Qin S, et al. Phase III trial of
lenvatinib (LEN) vs sorafenib (SOR) in first-line
treatment of patients (pts) with unresectable hepatocellular
carcinoma (uHCC). J Clin Oncol 2017;35:4001.

Finn RS, Qin S, Tkeda M, et al. Atezolizumab plus
Bevacizumab in Unresectable Hepatocellular Carcinoma.
N Engl ] Med 2020;382:1894-905.

Abou-Alfa GK, Lau G, Kudo M, et al. Tremelimumab plus
Durvalumab in Unresectable Hepatocellular Carcinoma.
NEJM Evidence. 2022. doi: 10.1056/EVID0a2100070.
Mazzaferro V, Llovet JM, Miceli R, et al. Predicting
survival after liver transplantation in patients with
hepatocellular carcinoma beyond the Milan criteria:

a retrospective, exploratory analysis. Lancet Oncol
2009;10:35-43.

Coletta M, Nicolini D, Benedetti Cacciaguerra A, et

al. Bridging patients with hepatocellular cancer waiting
for liver transplant: all the patients are the same? Transl

Cite this article as: Ohm H, Khwaja R, Karachiwala H.

Immunotherapy before liver transplant in unresectable

hepatocellular carcinoma: a case report. J Gastrointest Oncol
2023;14(6):2644-2649. doi: 10.21037/jgo-23-634

© Journal of Gastrointestinal Oncology. All rights reserved.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

2649

Gastroenterol Hepatol 2017;2:78.

Ma KW, Chan ACY, Chok KSH, et al. Liver
transplantation: would it be the best and last chance of
cure for hepatocellular carcinoma with major venous
invasion? Hepatobiliary Surg Nutr 2021;10:308-14.
Ziogas IA, Evangeliou AP, Giannis D, et al. The Role

of Immunotherapy in Hepatocellular Carcinoma: A
Systematic Review and Pooled Analysis of 2,402 Patients.
Oncologist 2021;26:¢1036-49.

Gao Q, Anwar IJ, Abraham N, et al. Liver Transplantation
for Hepatocellular Carcinoma after Downstaging or
Bridging Therapy with Immune Checkpoint Inhibitors.
Cancers (Basel) 2021;13:6307.

Brahmer JR, Drake CG, Wollner I, et al. Phase I study

of single-agent anti-programmed death-1 (MDX-

1106) in refractory solid tumors: safety, clinical activity,
pharmacodynamics, and immunologic correlates. ] Clin
Oncol 2010;28:3167-75.

Gordon CR, Rojavin Y, Patel M, et al. A review on
bevacizumab and surgical wound healing: an important
warning to all surgeons. Ann Plast Surg 2009;62:707-9.
Tabrizian P, Holzner ML, Mehta N, et al. Ten-Year
Outcomes of Liver Transplant and Downstaging for
Hepatocellular Carcinoma. JAMA Surg 2022;157:779-88.
Koh JH, Tan DJH, Ong Y, et al. Liver resection versus
liver transplantation for hepatocellular carcinoma

within Milan criteria: a meta-analysis of 18,421 patients.
Hepatobiliary Surg Nutr 2022;11:78-93.

Tabrizian P, Florman SS, Schwartz ME. PD-1 inhibitor as
bridge therapy to liver transplantation? Am J Transplant
2021;21:1979-80.

Qiao ZY, Zhang ZJ, Lv ZC, et al. Neoadjuvant
Programmed Cell Death 1 (PD-1) Inhibitor Treatment
in Patients With Hepatocellular Carcinoma Before Liver
Transplant: A Cohort Study and Literature Review. Front
Immunol 2021;12:653437.

Abdelrahim M, Esmail A, Umoru G, et al. Inmunotherapy
as a Neoadjuvant Therapy for a Patient with
Hepatocellular Carcinoma in the Pretransplant Setting: A
Case Report. Curr Oncol 2022;29:4267-73.

7 Gastrointest Oncol 2023;14(6):2644-2649 | https://dx.doi.org/10.21037/jgo-23-634



