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Abstract

Liver transplantation (LT) is a highly curative therapy for patients with hepatocellular carcinoma (HCC). However,

due to the shortage of donor livers and rapid progression of HCC, a majority of patients are dropped out from the

waitlist. Recently, immunotherapy has shown great promise in the treatment of advanced HCC. However, the use

of immunotherapy is limited in LT mainly due to the potentially increasing risk of graft rejection. One of the main

challenges  for  researchers  is  the  protection  of  donor  graft  from  an  immunotherapy-boosted  immune  response

mounted by the host. Besides, the safety, availability, and costs of immunotherapy are other challenges that need to

be addressed. Here, we reviewed the literature involving patients who received immunotherapy prior to transplant

to  avoid  waitlist  dropouts  and  following  transplantation  to  prevent  the  progression  of  tumor  recurrence  and

metastasis.  Statistically,  the incidence of rejection was 25.0% pre-transplant and 18.5% post-transplant.  Based on

the  review  of  these  clinical  studies,  we  can  conclude  that  conducting  clinical  trials  on  the  safety  and  efficacy  of

currently available immunotherapy drugs and identifying novel immunotherapy targets through extensive research

may be promising for patients who do not meet the selection criteria for LT and who experience post-transplant

recurrence. To date, the clinical experience on the use of immunotherapy before or after LT comes from individual

case  studies.  Although  some  of  the  reported  results  are  promising,  they  are  not  sufficient  to  support  the

standardized use of immunotherapy in clinical practice.
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Introduction

Primary  liver  cancer  is  emerging  as  one  of  the  leading
malignancies  worldwide  and  is  the  fourth  major  cause  of
cancer-related  mortalities  in  China  (1,2).  Among  all
primary  liver  cancers,  hepatocellular  carcinoma  (HCC)
accounts  for  80%−90%  of  the  cases.  Surgical  tumor
resection remains one of the promising curative treatments
for  a  minority  of  patients  with  HCC  if  diagnosed  at  an
early stage. However, most HCC patients are diagnosed at
an  advanced  stage  owing  to  the  lack  of  specific  clinical
symptoms, leading to poor prognosis. In recent years, there
have  been  advances  in  surgical  strategies  in  liver
transplantation  (LT).  Reports  have  shown  that  healthy
donor  transplantation  for  selected  patients  with  HCC due
to liver cirrhosis or with multi-tumor HCC was considered
a  superior  curative  treatment  option  compared  to  surgical
resection  (3-5).  Several  retrospective  analyses  have
highlighted that the overall  5-year survival  rate of patients
with  HCC  following  LT  was  significantly  higher
(59.3%−89.0%) than that  of  patients  who underwent  liver
resection (41%−76%) (6-8). In China, HCC is responsible
for  44.99%  of  LT  cases  (9).  Currently,  the  Milan  criteria
(MC),  proposed  in  1996,  represents  the  benchmark  for
selecting  patients  eligible  for  LT  in  HCC.  Patients  who
may benefit from LT dropped out of the transplant waitlist
due to the strict application (10).

Recent advances in identifying novel tumor antigens and
the  increased  understanding  of  tumor  immune  micro-
environment  have  led  to  the  rapid  development  of
immunotherapy-based approaches for various cancers such
as  metastatic  melanoma and non-small  cell  lung cancer
(11-13). Immune checkpoint inhibitors (ICIs) and adoptive
cell transfer (ACT) therapies are included in the current
forms  of  immunotherapy.  According  to  the  National
Comprehensive  Cancer  Network  (NCCN)  guidelines,
atezolizumab plus bevacizumab, was recently recommended
as  the  preferred  therapy  for  unresectable  HCC  (14).
Further,  research  linking  immunotherapy  with  organ
transplantation has gained increased focus in recent years.
Similar to other solid organ transplantation, in recipients of
LT, the immune system mounts a response to the allograft
primarily mediated by the infiltration of T lymphocytes
and other immune cells along with varied inflammatory
reactions.  Immunotherapy  may  additionally  pose  a
potential risk to the allograft by amplifying the immune
response  further  (15).  Blocking  immune  checkpoints
through inhibitors  of  programmed cell  death protein-1

(PD-1)/programmed  cell  death  ligand-1  (PD-L1)  and
cytotoxic T lymphocyte-associated antigen-4 (CTLA-4)
can prevent immune escape mechanisms of the tumor and
induce sustainable antitumor responses (Figure 1) (16-18).
Immunotherapy can be used in recipients of  LT in two
proposed scenarios  (19).  In the first  scenario,  immuno-
therapy may be used as conversion or neoadjuvant therapy
in a pretransplant setting (20). Immunotherapy will boost
the  immune  system  and  increase  the  cytotoxic  T-cell
activity against the cancer cells. When the immune system
cools off and gradually returns to its normal state, LT can
be safely conducted. In addition, pre-transplant immuno-
suppressants can be used to protect the graft. In the second
scenario,  immunotherapy  can  be  used  following
transplantation to possibly mitigate cancer recurrence or de
novo malignancies. Immunotherapy may be applied 1) to
prevent tumor progression or reduce tumor staging before
transplantation; 2) as therapeutic targets for preventing the
recurrence of HCC following LT; and 3) to other organ
tumors  in  recipients  of  LT who were  under  prolonged
immunosuppression.

To  achieve  a  better  post-transplant  outcome,  down-
staging before LT is preferred to reduce the tumor burden
and meet the transplant criteria (21). Several multicenter
clinical  studies  have  shown that  effective  and sustained
downstaging of HCC prior to LT could improve tumor-
free and overall survival (OS) of patients compared to the
other currently available non-transplantation therapies (22-
24).  Moreover,  the  NCCN  guidelines  recommend
combining multiple adjuvant therapies to achieve a better
downstaging effect (25). Immunotherapy, as a promising
and  feasible  antitumor  therapy,  has  gained  increased
success  in  preoperative  downstaging  treatment  (26).
Furthermore,  locoregional  therapies  combined  with
immunotherapy were proposed to increase the therapeutic
effect (27).

The 1- and 5-year survival rates following LT in HCC
are 70% and 85%; however,  up to  20% of  the  patients
experienced recurrence following transplantation (28,29). A
recurrence  rate  of  10%−20% in  the  liver  and lung was
reported (30-33). Recurrence is the rate-limiting factor for
long-term  survival  in  HCC  (34).  The  median  survival
duration  after  recurrence  was  less  than  1  year,  and  the
highest tumor recurrence rate was reported about 2−3 years
following transplant (35). There is emerging evidence that
the choice of immunosuppressive therapy after LT in HCC
can influence oncological  survival  and HCC recurrence
(36). Conventional therapeutics have a limited effect on the
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prevention  and  treatment  of  tumor  recurrence  and
metastasis. Therefore, an urgent need to develop effective
therapies against tumor recurrence and metastasis exists (4).
Until  December 2022,  thirty-one studies  have reported
using  ICIs  pre-  and  post-transplant,  and  the  results
exhibited remarkable efficiency (37,38).

Despite increasing evidence in favor of immunotherapy
as  a  promising  target  in  both  pre-  and  post-transplant
scenarios discussed above, there exists a concern with its
use because of the unique immunological characteristics of
patients  eligible  for  LT.  In  this  article,  we  have
comprehensively reviewed the applications and deterrents
of the use of immunotherapy in HCC for pre-transplant
downstaging and post-transplant prevention and treatment
of tumor recurrence and metastasis.

Immunotherapy for downstaging prior to LT

Recently,  downstaging prior to LT has gained importance
in  the  screening  of  patients  to  determine  eligibility  for
transplantation.  This  is  due  to  its  benefits  in  minimizing
the  risk  of  waitlist  dropout  and  decreasing  tumor
dimension to meet the acceptable criteria. Patients who do
not  meet  the  MC  should  undergo  extensive  attempts  for
downstaging  without  a  prior  exclusion  to  ensure  a  better

long-term  prognosis  (39).  A  comprehensive  cohort  study
indicated  that  successful  downstaging  of  tumors  that
initially  did  not  meet  the  MC  resulted  in  post-transplant
survival  and  recurrence-free  survival  rates  comparable  to
the  group  that  met  the  MC  (40).  Transarterial
chemoembolization  (TACE),  transarterial  radioemboli-
zation,  radiofrequency  ablation,  tyrosine  kinase  inhibitors
(TKIs),  and  combinations  of  the  aforementioned
treatments  are  some  of  the  widely  used  downstaging
methods  in  clinics.  Considering  the  evidence  of  the
excellent  clinical  outcomes  for  immunotherapy  in  primary
liver cancer, several international clinics have implemented
pre-transplant immunotherapy using ICIs as a neoadjuvant
“bridging” therapy (41). The half-lives of the ICIs are listed
in Table 1.

ICIs for Downstaging

Reports  stated  that  ICIs  exhibit  considerable  benefits  in
improving  life  quality  with  a  favorable  safety  profile  in
patients  with  advanced  or  metastatic  cancer  (42-44).  To
date,  a  total  of  14  single-center  clinical  studies  have
reported using ICIs as a downstaging therapy prior to LT.
PD-1  inhibitors  were  reported  to  be  used  most  widely  in
clinics  for  downstaging.  In  early  2020,  Schwacha-Eipper

 

Figure 1 Targets of immunosuppressants and immune checkpoint inhibitors. Steroids affect the activity of AP-1 and NF-κB which in turn
influence T cell activation. Calcineurin inhibitors such as CsA, Tac and MMF inhibit T cell transcription, proliferation and synthesis. RPM
including sirolimus and everolimus bind with mTOR, blocking IL-2 signal transmission. Immune checkpoint inhibitors such as anti-PD-
1/PD-L1 antibody and anti-CTLA-4 antibody inhibit immune escape through the PD-1/PD-L1 and CTLA-4 pathway, so as to improve
the anti-tumor effect.  APC, antigen presenting cell;  Tac (FK506),  tacrolimus; CsA, cyclosporin A; MMF, mycophenolate mofetil;  MHC,
major  histocompatibility  complex;  RPM,  rapamycin;  mTOR,  mechanistic  target  of  rapamycin;  PD-1/PD-L1,  programmed  cell  death
protein-1/programmed cell death ligand-1; CTLA-4, cytotoxic T lymphocyte-associated antigen-4; IL, interleukin; DC, dendritic cell.
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et  al.  were  the  first  to  successfully  use  an  ICI  in  a  patient
with HCC not meeting the MC (26). Chen et al. described
five  patients  treated  with  PD-1  inhibitors  prior  to
transplant  and  found  that  none  of  them  had  experienced
acute  allograft  rejections  (45).  Kang et  al. administered
pembrolizumab  prior  to  LT  in  an  adolescent.  Recurrent
disease  or  allograft  rejection  (46)  was  not  observed,
suggesting  a  significant  curative  effect  of  ICIs  in  HCC
downstaging. Nevertheless, clinicians should not ignore the
possible  rise  in  the  reports  of  allograft  rejection  rates
following  ICI  administration.  Dehghan et  al.  presented  a
retransplant case report describing the rescue from a severe
acute  rejection  due  to  pre-transplant  therapy  with
nivolumab,  a  PD-1  inhibitor  (47).  From  the  report  by
Abdelrahim et  al.,  treatment  with  atezolizumab  and
bevacizumab has shown excellent responses in patient with
poorly differentiated HCC (48).

It is worth noting that there are no definitive conclusions
on whether the time interval between the administration of
ICIs and LT is associated with allograft rejections or other
immune  responses.  Some  scholars  have  proposed  that
interval >28 or 90 d is relatively safe. Dave et al. (49), Sogbe
et al. (50) and Schnickel et al. (51) reported that patients
who received the last dose within 90 d developed acute cell
rejection. No patient who underwent LT more than 90 d
after the last dose of ICIs developed rejection. Tabrizian et al.
reported  nine  patients  at  a  single  center  receiving
nivolumab as pre-transplant treatment. Among the nine
patients,  the  shortest  interval  between  nivolumab

administration and LT was one day,  and neither severe
allograft rejection nor tumor recurrence was noted (52).
Lizaola-Mayo demonstrated a patient received ipilimumab
and nivolumab considering disease progression 9 weeks
pre-transplant and no rejection was observed (53). Chen et al.
reported one patient who received toripalimab 93 d before
LT and experienced fatal acute hepatic necrosis (54). The
large  heterogeneity  of  hepatic  cancer  and  the  complex
immunological environment in patients are probably the
cause of the lack of guidelines or consensus on the method
and time of use of ICIs in LT. In general, for downstaging
before LT in HCC, reducing tumor volume to meet the
MC  and  a  drop  in  serum  biomarkers,  such  as  alpha-
fetoprotein (AFP) and des-gamma-carboxy prothrombin
are important clinical endpoints.

Additionally,  there  is  an  increased  focus  on  the
combination therapy of ICIs with TKIs or locoregional
therapy, which has shown a synergistic effect against HCC.
Qiao  et  al.  investigated  seven  patients  who  were
administered  PD-1  inhibitors  in  combination  with
lenvatinib,  as  downstaging  treatment,  and  underwent
successful LT (55).

Safety of ICIs used for downstaging

According  to  the  guidelines  of  the  American  Society  of
Clinical Oncology (ASCO), the adverse effects of ICIs can
be  divided  into  10  categories.  Cutaneous  toxicities  are  the
most  common  and  reported  in  up  to  71.5%  of  patients,
followed  by  gastrointestinal,  renal,  and  nervous  system
toxicities among others (56). These adverse effects are also
likely to occur in HCC patients who were treated with ICIs
as a downstaging treatment prior to LT. Allograft rejection
caused  by  the  administration  of  ICIs  needs  to  be  studied
further  in  LT  recipients.  Graft-versus-host  disease
(GVHD),  the  most  common  type  of  transplant  rejection
complication,  includes  hyperacute,  acute  and  chronic
GVHD,  host-versus-graft  disease.  Studies  have  reported
that  acute  rejection  following  LT  occurred  in
11.2%−32.0%  (57-59)  of  the  patients.  Fifteen  out  of  67
(22.4%)  LT  recipients  who  received  immunotherapy
experienced acute  allograft  rejection.  The risk  of  rejection
with  immunotherapy  is  not  sufficiently  high  compared  to
the overall risk of rejection following LT. This may be due
to the small sample size.

Chen et al. (54), Nordness et al. (60), and Aby et al. (61)
administered  PD-1  inhibitors  prior  to  transplantation
which led to fatal, acute necrosis of the liver. Ten out of

Table 1 Half-life of ICIs

ICIs Target Half-life (d)

Nivolumab PD-1 25.0

Pembrolizumab PD-1 22.0

Camrelizumab PD-1 5.5

Toripalimab PD-1 12.6

Sintilimab PD-1 19.6

Tislelizumab PD-1 13.3

Penpulimab PD-1 23.3

Cemiplimab PD-1 19.0

Atezolizumab PD-L1 27.0

Durvalumab PD-L1 18.0

Avelumab PD-L1 6.1

Ipilimumab CTLA-4 14.7

ICI,  immune  checkpoint  inhibitor;  PD-1,  programmed cell
death-1;  PD-L1,  programmed cell  death-ligand 1;  CTLA-4,
cytotoxic T lymphocyte-associated antigen-4.
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forty (25%) patients suffered allograft rejection (Table 2)
(47,49,51,52,54,55,60,61). Furthermore, based on previous
studies, postoperative PD-L1 expression in the allograft
biopsy was shown to be closely associated with allograft
rejection  (54,55).  PD-L1 was  found  to  be  expressed  in
postoperative biopsies in patients who experienced fatal
acute rejection. Recent studies have highlighted the need to
detect postoperative PD-L1 expression in LT recipients
who received ICIs.

Immunotherapy  for  preventing  and  treating
tumor recurrence and metastasis after LT

Since  tumor  recurrence  and  metastasis  following  LT

severely  affect  the  prognosis  of  LT  recipients  in  HCC,
there is an urgent need to identify high-risk LT recipients
and  develop  newer  effective  treatment  options  for
preventing  and  treating  tumor  recurrence  and  metastasis.
Post-transplant  immunotherapy  is  gaining  increased
importance  due  to  its  possible  role  in  the  elimination  of
occult  tumor  cells  and  treatment  of  tumor  metastasis
following  transplantation  (62,63).  Both  ICIs  and  ACT
therapies  are  reported  to  be  used  as  post-transplant
immunotherapies.  However,  it  should  be  noted  that  post-
transplant  immunotherapies  can  not  only  achieve  a
persistent  antitumor  immune  response,  but  also  expose
patients to a high risk of graft rejection and loss of function
(64,65).

Table 2 Preoperative application of ICIs in LT

Authors Year
No. of
patients

ICIs
Mean
immunotherapy
course

Immunosuppression

Mean time
between
immunotherapy
and LT

Rejection Recurrence

Schwacha-
Eipper
et al. (26)

2020 1 Nivolumab 34 N/A 6 weeks N N

Chen
et al. (45)

2021 5 Nivolumab 3 Tac, MMF 9 weeks N 2/5 Y

Kang
et al. (46)

2021 1 Pembrolizumab 3 Sirolimus, Tac 138 d N N

Dehghan
et al. (47)

2021 1 Nivolumab 17 Steroids, MMF, Tac 5 weeks Y N/A

Abdelrahim
et al. (48)

2022 1 Atezolizumab 6 Tac, MMF 8 weeks N N

Dave
et al. (49)

2022 5 Nivolumab N/A N/A 105 d 2/5 Y N/A

Sogbe
et al. (50)

2021 1 Durvalumab N/A Steroids, MMF, Tac >3 months N N

Schnickel
et al. (51)

2022 5 Nivolumab N/A Steroids, MMF, Tac 14.6 months 2/5 Y N

Tabrizian
et al. (52)

2021 9 Nivolumab 13 Steroids, MMF, Tac 40.8 months 1/9 Y N

Lizaola-
Mayo
et al. (53)

2021 1
Ipilimumab
Nivolumab

N/A
Tac, MMF, ATG,
steriods

9 weeks N N

Chen
et al. (54)

2021 1 Toripalimab 10 Tac, steroids 93 d Y N/A

Qiao
et al. (55)

2021 7
Pembrolizumab
Camrelizumab

3
Basiliximab, steroids,
cyclosporine, Tac,
sirolimus, MMF

1.3 months 1/7 Y N/A

Nordness
et al. (60)

2020 1 Nivolumab 44 Steroids, MMF, Tac 8 d Y N/A

Aby
et al. (61)

2022 1 Nivolumab 23 Steroids, MMF, Tac 16 d Y N/A

ICI, immune checkpoint inhibitor; LT, liver transplantation; MMF, mycophenolate mofetil; Tac, tacrolimus; ATG, anti-thymocyte
globulin; N, No; Y, Yes; N/A, not available.
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ICIs as postoperative treatments

Similar  to  strategies  to  minimize  treatment  doses  for
immunosuppression,  a  minimum  therapeutic  dose  of  ICIs
was  suggested  for  preventing  and  treating  tumor
recurrence  and  metastasis  following  LT  in  clinical
situations where rejection is one of the major concerns (66).
Until December 2022, sixteen clinical studies reported the
use  of  ICIs  following  transplantation  (Table  3).  The
rejection rate was 18.5% (5/27), and the progressive disease
(PD) rate was 37.0% (10/27).

Several  clinical  studies  with  small  sample  sizes  have
investigated the therapeutic efficacy of ICIs in controlling
tumor  progression  and  prolonging  the  survival  of  LT

recipients after tumor recurrence or metastasis. To date,
there is no clinical evidence of graft rejection in patients
who received post-transplant treatment with the CTLA-4
inhibitor  ipilimumab (Figure  1)  (83,84).  Early  in  2015,
Morales  et  al.  reported  one  patient  who  received
ipilimumab  (a  CTLA-4  inhibitor)  following  transplant
showed a partial response and no evidence of graft rejection
(67). Ranganath et al. also reported an LT recipient who
received  ipilimumab  and  did  not  experience  organ
rejection, immune-related adverse events (AEs), or tumor
regression (68). According to reports, treatment with ICIs
and  an  immunosuppressive  regimen  of  tacrolimus  and
prednisone along with close monitoring of liver function in
patients with recurrent or metastatic HCC after transplant

Table 3 Postoperative application of ICIs in LT

Authors Year
No. of
patients

ICIs
Mean
immunotherapy
course

Immunosuppression

Mean time
between
immunotherapy
and LT (year)

Rejection
Recurrence/
outcomes

Morales
et al. (67)

2015 1 Ipilimumab 4 Tac, MMF 8.0 N PR

Ranganath
et al. (68)

2015 1 Ipilimumab 4 Tac 8.0 N N/A

De Toni
et al. (69)

2017 1 Nivolumab 7 Tac 0.9 N PD

Chen
et al. (70)

2019 1 Pembrolizumab 15 Everolimus, MMF, steroids 3.6 N PR

Varkaris
et al. (71)

2017 1 Pembrolizumab N/A Tac 8.0 N PD

Zhuang
et al. (72)

2019 1 Nivolumab 31 Tac 2.7 N PD

Qiu
et al. (73)

2020 1 Camrelizumab 5 Steroids, MMF, Tac 4.0 N PD

Rammohan
et al. (74)

2018 1 Pembrolizumab N/A Steroids, MMF, Tac 4.0 N N

Amjad
et al. (75)

2020 1 Nivolumab N/A Tac, MMF 1.3 N N

Jarroudi
et al. (76)

2020 3 Nivolumab 3 Tac 1.9 N PD

Wang
et al. (77)

2016 1 Pembrolizumab 1 Tac, sirolimus 1.0 Y N

Gassmann
et al. (78)

2018 1 Nivolumab 1 Steroids, MMF, everolimus 2.0 Y N/A

DeLeon
et al. (79)

2018 5 Nivolumab 3.2 Tac, sirolimus, MMF 3.3 1/5 Y
3/5 PD
1/5 CR

Lee
et al. (80)

2020 1 Nivolumab 2
Cyclosporine, everolimus,
MMF, steroids, sirolimus

12.0 Y N/A

Shi
et al. (81)

2021 5 Toripalimab 4.2 N/A N/A N
2/5 PD
1/5 SD

Friend
et al. (82) 2017 2 Nivolumab 1.5 Sirolimus, Tac 1.0 Y N/A

ICI, immune checkpoint inhibitor; LT, liver transplantation; Tac, tacrolimus; MMF, mycophenolate mofetil; N, No; Y, Yes; N/A, not
available; PR, partial response; PD, progressive disease; CR, complete response; SD, stable disease.
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may  be  beneficial  (69-71).  Benefits  in  survival  with
recurrent HCC without AEs could be achieved with ICIs in
an LT recipient under immunosuppression (72). However,
considering the risk of graft rejection, it should be used
with caution in allograft recipients (73). Rammohan et al.
reported  a  patient  with  metastatic  HCC  who  received
pembrolizumab after LT and had a complete radiological
response. No liver graft rejection or dysfunction was noted
(74). Based on the available data, although immunotherapy
has some risks, it may be used as a salvage therapy showing
favorable  benefits  if  no  existing  treatment  options  can
prolong survival (75,76). In brief, several case reports and
clinical  studies showed that the administration of  PD-1
inhibitors had acceptable clinical benefits. Further studies
are warranted to understand the use, duration, and dose of
ICIs  for  LT recipients.  In conclusion,  although several
clinical studies found that ICIs were efficient in treating
tumor  recurrence  and  metastasis  following  LT,  the
risk:benefit ratio between the antitumor efficiency and AEs
should be considered.

Adoptive cell transfer therapy for postoperative use

In  ACT,  T  cells  are  genetically  engineered ex  vivo and
injected into the patient’s  body for antitumor, antiviral,  or
anti-inflammatory  effects  (85).  This  approach  has
significantly  helped  in  enhancing  treatment  options  for
treating  multiple  types  of  tumors  (86).  Chimeric  antigen
receptor-T  (CAR-T）cells,  cytokine-induced  killer  (CIK)
cells,  T-cell  receptor-gene-engineered  T  (TCR-T)  cells,
and  tumor-infiltrating  lymphocytes  (TILs)  are  the  most
commonly used cell types for treating cancer. Gene-editing
technology  enables  CAR-T  cells  and  TCR-T  cells  to
identify  antigens  on  the  cell  surface  of  tumors,  thus
improving  the  specificity  and  reactivity  of  immune  cells
(87).  Adoptive  cell  therapies,  using  CIK  cells  (15)  and
natural  killer  (NK)  cell  therapy  (88)  have  been  used  as  a
prophylactic  treatment  in  patients  or  mice  models  to
prevent  recurrence  following  LT,  depending  on  the
augmentation  of  NK  cell  response  through  interleukin-2
and  other  stimulated  factors  (89,90).  The  key  inclusion
criteria for patient selection were: 1) primary LT recipients
with HCC  who  were  ≥18  years  old;  2)  pathologist-
confirmed  possible  tumors  in  the  liver  before  cell
administration;  3)  the  absence  of  serious  cardiovascular
disease  and  a  satisfactory  renal  function,  as  indicated  by
receipt  of  hemodialysis  more  than  twice  a  week  and  bone
marrow competence; and 4) examinations with satisfactory
liver functions and no acute AE. The key exclusion criteria

were:  1)  multiple  organ  transplant,  prior  solid  organ  or
bone  marrow  transplant,  fulminant  hepatic  failure,  ABO-
incompatible transplant,  and intercurrent chemotherapy at
enrollment;  or  2)  positive  for  infectious  diseases  [hepatitis
C  virus  (HCV),  hepatitis  B  core  antibody  (HBcAb),
hepatitis  B  core  antigen  (HBcAg)  and  human
immunodeficiency virus].

CIK cell therapy
Treatment  with  CIK  cell  therapy  has  been  shown  to
prolong  OS  and  progression-free  survival  (PFS)  among
patients  with  HCC  (91,92).  Studies  have  shown  that  the
comprehensive  application  of  CIK  therapy  in  individuals,
with  a  clinical  assessment  of  complete  remission  and
significant  reduction  of  tumor  load,  was  found  to  be  an
effective strategy to prevent tumor recurrence and enhance
survival (93). Li et al. administered CIK cells to one patient
following LT to eliminate any remaining tumor cells while
also  stimulating  the  immune  system.  This  was  shown  to
decrease the tumor volume, and clinical symptoms, such as
fever  and  gastrointestinal  symptoms,  and  CIK-associated
AEs,  were  not  observed  (15).  CIK  cells  could  be  a
promising  novel  therapeutic  option  in  the  fight  against
cancer  (94).  Clinical  trials  have  shown  that  CIK  cell
infusion  has  lower  toxicity  in  LT  recipients,  suggesting  a
favorable safety profile.

NK cells therapy
NK  cells  act  as  guardians  to  the  surveillant  micro-
environment  of  the  immune  system.  They  can  rapidly
destroy  or  “kill”  multiple  adjacent  cells  (95).  NK  cell-
mediated  immunotherapy  has  emerged  as  a  safe  and
effective treatment option in advanced-stage leukemia (96).
In  2009,  Ohira et  al.  initially  hypothesized  that  adoptive
immunotherapy  employing  activated  NK  cells  in  living
donor  recipients  with  HCC  can  be  a  unique  method  to
restore  the  suppressed  immune  system  (97).  And  it  was
demonstrated in a mouse model. In 2012, they reported the
use of NK and natural killer T (NKT) cells in patients and
mouse  models.  The  results  showed  that  this  adoptive
immunotherapy  could  mount  remarkable  anti-HCV
responses  in  HCV-infected  LT  recipients  (89).
Furthermore,  they  later  used  NK  cells  from  a  deceased
donor liver in clinical cell transplantation, hoping to benefit
patients  with  HCC  who  underwent  LT  for  preventing
tumor recurrence with this strategy (90). Most recently, an
intravenous  infusion  of  NK  cells  derived  from  deceased
donor  liver  was  used  3−5  d  after  LT  to  prevent  HCC
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recurrence in patients. No severe cell infusion-related AEs,
acute  rejection  episodes,  or  any  evidence  of  HCC
recurrence were noted (98). The infusion of liver NK cells
was  well  tolerated  and  effective  in  avoiding  HCC
recurrence  following  LT.  A  possible  explanation  is  that
under  immunosuppressed  conditions,  activated  allogenic
liver  NK  cells  can  prevent  HCC  recurrence  (99).  Thus,
adoptive  immunotherapy  employed  after  transplantation
appears  to  be  a  feasible  option  with  no  recurrence.  This
strategy  was  first  reported  in  a  male  who  developed
recurrence  following  LT.  He  was  treated  with  iodine-125
seed  implantation  and  allogenic  NK  cell  immunotherapy
and showed improved immune function and reduced tumor
size  (100).  Preliminary  clinical  studies  have  indicated  that
NK  cell  infusions  for  preventing  or  treating  HCC
recurrence  following  LT  have  a  good  safety  profile  and
promising prospects.

Dendritic cell (DC) therapy
DCs  are  highly  specialized  antigen-presenting  cells  and
play  a  major  role  in  the  initiation  and  regulation  of
responses in innate and adaptive immunity, the generation
of  robust  antigen-specific  T-cell  immune  responses,  and
the  induction  of  immunological  memory  responses  in
cancer  (101).  The  results  of  a  phase  I/II  randomized,
controlled  trial  (UMIN000010691)  confirmed  that  DC
adjuvant  therapy  was  safe  after  curative  liver  resection  in
HCC to prevent recurrence (102). Kayashima et al. infused
interleukin-12 combined with DCs in mice. Results showed
no tumor recurrence  or  metastasis,  but  prolonged survival
under immunosuppression (103). Although the DC therapy
strategies  have  not  been  applied  in  LT,  the  beneficial
results  in  the  HCC  mouse  model  suggest  that  intratumor
neoadjuvant  immunotherapy  using  DCs  is  potent  and
effective  to  control  HCC recurrence  in  patients  following
LT  (103).  This  novel  immunotherapy  has  a  promising
potential  in  improving  survival  and  preventing  HCC
recurrence following transplantation.

TCR-T cells
TCR-T  cells  are  genetically  modified  cells  that  can  be
directed  against  specific  tumor  antigens  and  have  shown
promising  therapeutic  results  in  preventing  tumor  growth
(104). In a novel case report, autologous-armored hepatitis
B  virus  (HBV)  TCR-T  cells  were  infused  following  LT.
The  results  confirmed  that  TCR-T  cells  can  target
HBsAg-expressing  HCC  cells  and  prevent  recurrence
(105).  In  another  case  report,  metastatic  lesions  were
reported to be decreased in the first year following TCR-T

cell  administration  (106).  Hafezi et  al.  revealed  that
engineered  TCR-T  cells  that  can  attack  relapse-induced
tumor  cells  in  LT  recipients,  while  briefly  escaping  the
immunosuppressive  medications,  can  be  a  novel
immunotherapeutic  strategy  (107).  TCR-T-cell  therapy
shows  specificity  in  evading  immunosuppression  and
provides better antitumor therapy.

CAR-T cells
Chimeric  antigen  receptors  combine  antigen  specificity
with  T-cell  activation  in  a  single  fusion  molecule.  Four
generations of CARs therapies have been developed to date
(108).  CAR-T-cell  therapy  has  phenomenal  potential  for
the  treatment  of  relapsed  or  refractory  hematologic
malignancies (18,109-112). T and NK cells transduced with
a  CAR  can  detect  the  CD147  surface  marker  and  kill
different  malignant  HCC  cells  (113).  CAR-T  cells  in
mouse  models  showed  a  visible  effect  (114).  Only  one
report has published the initial safety profile and antitumor
activities of CAR-T cell therapy in 13 patients with HCC.
The 1-year  survival  rate  was  42.0%,  with  a  median  OS of
278  d  (115).  CAR-T  cells  significantly  enhanced  the
antitumor  activity  against  solid  tumors  (116).  Although
CAR-T  cell  therapy  has  not  yet  been  used  in  LT,  its
antitumor  ability  in  HCC appears  promising  in  transplant
scenarios.

Postoperative safety of immunotherapy

The  use  of  immunotherapy  for  LT  recipients  in  a
postoperative setting is attractive and promising. Although,
studies have reported considerable benefits of postoperative
immunotherapy with ICIs  so far,  AEs and the risk of  fatal
acute  rejection  restrict  its  use  (77,117,118).  This  calls  for
caution  with  the  use  of  ICIs  in  a  postoperative  setting  in
LT.

According to a systematic review, among four patients
with recurrent HCC treated with ICIs, two deaths were
reported due to graft rejection and two due to PD (119).
The rates of allograft rejection and mortality continue to
remain high in solid organ transplant recipients. Gassmann
reviewed 29 published cases and reported a graft loss rate of
36%−54%  (78).  Decisions  for  its  uses  must  be  made
considering the clinical benefit of PD-1 inhibitor therapy
and the risk of graft rejection (79). Lee et al. reported an
eventual outcome of severe acute T cell-mediated rejection
12  years  after  transplantation  in  a  male  who  received
nivolumab (80). Shi et al. conducted a prospective study on
patients with recurrent HCC after transplant. Five patients
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with negative PD-L1 expression in the graft received anti-
PD-1 therapy and showed no graft rejection, whereas one
patient  with  PD-L1  expression  in  the  graft  showed
rejection (81). Acute rejection was observed in two patients
with  PD-L1  positive  (82).  As  with  the  use  of  PD-1
inhibitors  before  transplantation,  positive  PD-L1
expression  in  grafts  post-transplant  may  be  mainly
responsible for rejection. Data on the use of PD-1/PD-L1
inhibitors  in  LT  recipients  are  inadequate.  Additional
research  with  larger,  prospective  trials  are  needed  to
determine the best approach for selection and care among
LT  recipients  to  be  administered  PD-1  inhibitors.
Furthermore, despite immunosuppression, the therapeutic
benefit  of  PD-1  inhibitor  therapy  may  be  achieved.
However, the risk of graft rejection outweighs the benefit;
therefore,  patients  must  be  cautiously  screened  before
exploring this option in LT.

The ACT therapy in a post-transplant setting not only
has  the  feasibility  in  treating  recurrent  and  metastatic
tumors  but  also  can  contribute  uniquely  to  prevent
recurrence and metastasis. According to data from clinical
studies with a small sample size, ACT-associated AEs were
not observed. ACTs may be considered safer than ICIs.
Further research is warranted owing to the lack of larger
studies using ACTs.

Conclusions and prospects

Due to the shortage of  donor livers  and rapid progression
of HCC, a large number of patients with HCC are dropped
out from the LT waitlist. In addition, challenges in treating
and  preventing  tumor  recurrence  and  metastasis  after  LT
exist  due  to  a  lack  of  effective  therapeutics  (120).  With  a
better  understanding  of  tumor  immunology  and  advances
in  biotechnology  through  the  development  of  monoclonal
antibodies, immunotherapy has become a popular option in
cancer  treatment.  Atezolizumab  in  combination  with
bevacizumab  is  approved  by  the  Food  and  Drug
Administration (FDA) as  a  first-line treatment for patients
with  HCC.  Future  research  in  the  use  of  innovative
adoptive  cell  treatments  for  HCC  is  being  explored.
Moreover,  with  remarkable  clinical  outcomes,  different
immunotherapy  strategies  have  been  applied  in  pre-
transplant  downstaging  and  treatments  and  in  the
prevention  of  recurrent  or  metastatic  HCC  following
transplantation.

The criteria for selecting patients eligible for LT are
summarized  here.  Patients  are  included  if:  1)  received
TACE  prior  to  transplant,  radiofrequency  ablation,

transarterial  Y90  radioembolization,  and  multikinase
inhibitors or underwent resection for advanced stage HCC,
with insufficient efficacy (elevated AFP and PD), minimal
response rates, and associated intolerability; 2) advanced,
recurrent, de novo malignancy or metastasis of lymph node
was confirmed through surveillance imaging or histology;
3)  tumor  progressed  after  using  first-line  treatment
(sorafenib)  and second-line treatment (gemcitabine and
oxaliplatin/regorafenib chemotherapy);  4) intolerable to
sorafenib; 5) immunotherapy is used as salvage treatment
for HCC recurrence following LT; and 6) a high tumor
mutational burden was confirmed using a total exon gene
test,  indicating that  immunotherapy might  be effective.
Patients are excluded if: 1) negative PD-L1 expression was
noted in grafts; or 2) bowel obstruction and gastrointestinal
bleeding were present. Patients with advanced, recurrent,
de  novo  malignancy  or  metastasis  and  PD  after
conventional  locoregional  or  systemic  therapy  might
achieve maximum benefits.

In this article, we reviewed fourteen studies including
forty  patients  prior  to  LT  until  December  2022.  The
rejection rate was reported to be 25% and recurrence was
noted in 2 patients.  Clinical trials (No. NCT05027425)
exploring the safety of the interval between last dose of
ICIs and LT are ongoing.

Sixteen  studies  reported  the  use  of  ICIs  after
transplantation. The rejection rate was 18.5%, and the PD
rate  was  37%  in  27  pat ients .  Two  tr ia ls  (No.
NCT03966209 and NCT04564313) assessed the safety and
efficacy of PD-1 inhibitors (toripalimab and camrelizumab)
in patients with recurrent or metastatic cancer following
LT. The primary outcome measures the included rate of
occurrence of serious AEs, acute graft rejection rate, and
objective response rate. Other trials (No. NCT01147380
and NCT02849015) aim to assess the efficacy and safety of
NK cells  following LT. Immunotherapy plays a  unique
role  in  preventing  tumor  recurrence  or  metastasis.
Considering  the  challenges,  although  the  path  to
successfully applying immunotherapy treatment strategies
in LT for HCC is bumpy, it is promising.

Considering the clinical  benefits  and possible  AEs of
immunotherapy, clinicians should focus on the following
four aspects. First, it is crucial to detect the expression of
biomarkers,  such  as  PD-L1,  after  immunotherapy  to
prevent post-transplant acute allograft rejection. Patients
with positive  allograft  PD-L1 expression should not  be
considered  for  immunotherapy.  Second,  experts
recommend that the interval between immunotherapy and
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LT should be more than its half-life. According to clinical
experience, it may be safe to withdraw immunotherapy 28
or 90 d before LT. There is no consensus on the courses
and withdrawal time of immunotherapy. Third, the clinical
benefits of using immunosuppressants and immunotherapy
agents should be balanced. Immunosuppressants should be
tapered  to  the  lowest  effective  dose  to  protect  against
rejection (121). Finally, a multidisciplinary team (MDT)
including  a  hepatobiliary  surgeon,  an  oncologist,  a
pathologist, radiologists, and other specialists contributes
to comprehensive treatment and prognosis of cancers. The

MDT  is  encouraged  to  develop  customized  treatment
protocols for LT recipients who received immunotherapy.

Immunotherapy  has  the  potential  to  improve  the
prognosis of LT in HCC. However, large-scale trial data to
guide its clinical application are lacking. Several clinical
trials are ongoing (Table 4). We believe in the bright future
of immunotherapy with extensive ongoing research.
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Table 4 Clinical trials of immunotherapy for LT

No. of NCT PI Intervention model
description

Intervention/
treatment

Primary
outcomes
measures

Secondary outcome
measures Status

NCT05027425 Davendra
Sohal et al.

Single-arm, open-
label, multicenter
clinical trial, phase
II

Four months
durvalumab plus
tremelimumab,
after 72 d
undergo LT

Cellular rejection
rates

1. AEs during treatment,
and graft loss and
mortality rates
2. Radiologic responses
via RECIST 1.1 and/or
mRECIST
3. Pathologic responses
via explanted liver
assessment
4. RFS and OS outcomes
based on survival follow-
up reporting

Not yet
recruiting

NCT03966209 Huang et al. Single group
assignment, open
label, phase I

JS001(PD-1
inhibitor) 240 mg
I.V. Q3W

1. Serious AEs
rate
2. Acute graft
rejection rate

ORR, PFS, OS Recruiting

NCT04564313 Wang et al. Single group
assignment, open
label, phase I

Camrelizumab
(SHR-1210), 200
mg, I.V., Q3W

ORR OS, PFS, TTP, SAE, GR Recruiting

NCT01147380 Seigo
Nishida et al.

Non-randomized,
parallel
assignment, open
label, phase I

Small dose:
inoculation NK
cells between 10
and 100 million
cells
Large dose:
inoculation cells
between 100 and
1,000 million
cells

Side effects of
cadaveric donor
liver NK cell
infusion

1. NK cell infusion-related
toxicity
2. Anti-HCC effect of this
treatment
3. Anti-HCV effect of this
treatment
(if applicable)

Completed

NCT02849015 Chen et al. Randomized,
parallel
assignment, open
label phase I,
phase II

Device:
Cryosurgery
Biological: NK
immunotherapy

No. of
participants with
treatment-
related AEs as
assessed by
CTCAE v4.0
(Time frame: 3
months)

PFS, OS Completed

LT, liver transplantation; PI, principal investigator; RFS, recurrence-free survival; OS, overall survival; I.V., intravenous; AE, adverse
event; CTCAE, Common Terminology Criteria for Adverse Events; ORR, objective response rate; PFS, progression-free survival;
TTP, time to progression; SAE, serious adverse event; GR, graft rejection; NK, nature killer.
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