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Abstract
Immune checkpoint inhibitors (ICIs) have demonstrated remarkable efficacy in a variety of solid tumors; nonetheless, they 
have not been well investigated and are still recognized as a relative contraindication for patients with a liver transplantation 
(LT) history, since ICIs treatment might potentially lead to graft rejection. The program death-1 (PD-1) and the cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4) pathways are implicated in the tolerance of transplanted organ, as well as 
blockade of the pathways, which contribute to eliminating tumors and may inadvertently lead to peripheral transplant rejec-
tion. Currently, no guidelines are available regarding the treatment for ICIs patients with a prior LT history. Therefore, this 
study was carried out to review the recent studies, attempting to introduce the ICIs-related graft rejection after LT from 
various aspects. We believed that ICIs could be given for the well-informed patients receiving LT and developed recurrence 
in a controlled setting. Typically, these patients should be treated according to a clinical care path or a prospective clinical 
trial, so as obtain a persistent anti-tumor immune response in the meantime of avoiding graft rejection, adjust the immu-
nosuppression, reduce the possibility of graft loss following rejection, and have the opportunity to develop biomarkers for 
tumor response and transplant rejection.
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Abbreviations
ALT	� Alanine transaminase
AST	� Transaminase
CR	� Complete response
CTL	� Cytotoxic T lymphocytes
CTLA-4	� Cytotoxic T-lymphocyte-associated protein 4
DC	� Dendritic cell
GIC	� Graft‐infiltrating cells
GVHD	� Graft versus host disease
HCC	� Hepatocellular carcinoma
ICIs	� Immune checkpoint inhibitors
LAG3	� Lymphocyte activation gene 3
LT	� Liver transplantation
mTOR	� Mammalian target of rapamycin
ORR	� Objective response rate
PD	� Progressive disease

PD-1	� Programmed death-1
PD-L1	� Programmed death ligand 1
PR	� Partial response
SC	� Spleen cell
SOT	� Solid organ transportation
TILs	� Tumor infiltrating lymphocytes
TIM	� T‐cell immunoglobulin mucin

Introduction

Immunotherapy using immune checkpoint inhibitors (ICIs), 
which can interrupt the cancer-immunity cycle and promote 
the tumor-specific immune cell activity without intrinsic 
cytotoxicity, has become the standard of care for a variety of 
tumors, including melanoma, lung cancer, urothelial cancer, 
kidney cancer, and hepatocellular carcinoma (HCC) [1–12]. 
For HCC patients, increasing importance has been attached 
to liver transplantation (LT) thanks to the advances in surgi-
cal techniques and immunosuppression regimens, resulting 
in the mean 1-year and 5-year survival rates of 85–90% and 
70–75%, respectively [13–18]. However, about 16% HCC 
patients develop recurrence after LT [19–26]; besides, ICIs 
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can activate the alloreactive T cells and give rise to acute 
rejection and graft loss, but its safety and efficacy for HCC 
patients undergoing LT remain a source of controversy. This 
paper aimed to review the ICIs-related graft rejection follow-
ing LT from various aspects. The major patient character-
istics and outcomes are summarized in Table 1. A detailed 
overview of the individual liver transplant recipients is pre-
sented in Table 2.  

Basic classification of ICIs

Generally, ICIs include monoclonal antibodies against cyto-
toxic T-lymphocyte-associated protein 4 (anti-CTLA-4), 
programmed death-1 (anti-PD1), and PD1 ligand (anti-PD-
L1). Typically, CTLA-4 is one of the B7/CD28 immuno-
globulin family members, which is found on T cell surface 
and can transmit an inhibitory signal to T cells [1]. Addition-
ally, anti-CTLA-4 antibodies, including ipilimumab, a fully 
human monoclonal antibody, can antagonize the inhibitory 
signals to cytotoxic T lymphocytes (CTL) at lymph node 
level, where tumor antigens are presented to activate CTL 
[27]. PD-1 is expressed in T cells, which can bind to its 
ligands PD-L1 and PD-L2 expressed in tumor cells as well 
as other immunocytes [1]. However, anti-PD1 drugs, such 
as pembrolizumab, nivolumab, and pidilizumab or PD-L1 

agents, like MEDI4736 and MPDL3280A, act in tumor 
microenvironment where tumor can interact with CTL via 
the PD1-PDL1 axis, thereby directly targeting the mecha-
nism by which tumors evade the immune responses [1, 27].

Contributions of the PD‑1 and the CTLA‑4 
signaling pathways to graft tolerance

Both the PD-1 and the CTLA-4 signaling pathways contrib-
ute to the immune tolerance of transplanted organ. Some 
scholars believe that PD-1 plays a crucial role in inducing 
and maintaining the tolerance of peripheral transplant, which 
is achieved through its ability to alter the balance between 
pathogenic and regulatory T cells; besides, it is also involved 
in T-cell exhaustion [28–31]. Wang et al. had utilized cor-
responding mAb in mice with PD-1 or PD-L1 deletion, 
and suggested that PD-1 could suppress gene expression in 
the graft, which could serve to suppress T-cell activation 
and proliferation, together with cytokine production, thus 
contributing to anergy induction in CD4 T cells after co-
stimulation blockade and finally promoting allograft survival 
[32]. Meanwhile, PD-L1 expression has been recognized 
as a key component in graft tolerance following LT, and 
its high expression can provide negative feedback to create 
a protective shield from human T-cell responses [33–35]. 
Therefore, PD-1 and its ligand PD-L1 are suggested to be 
essential for allograft tolerance.

Moreover, Zhang et al. proposed in their research that, 
the interaction between CTLA‐4 and its various dendritic 
cell (DC) ligands was pivotal to the expansion of regula-
tory cells (Tregs) in response to the allogeneic stimulation; 
besides, they had further underlined the role of CTLA-4 
in promoting graft acceptance [36]. Notably, one related 
mechanism for such results was that CTLA-4 might antago-
nize the functions of T cells through inhibiting the CD28 
signaling by competing for their shared ligands B7-1 and 
B7-2. Nevertheless, Lin et al. concluded that, CTLA-4 could 
still inhibit the regulation of allograft rejection even in the 
absence of CD28, which had thereby verified the impor-
tance of CTLA-4 from diverse perspectives [37]. On the 
other hand, it has been suggested in preclinical models that 
CTLA-4 contributes to inducing graft tolerance, but not 
to maintaining graft tolerance, which may suggest a lower 
predisposition to graft rejection in patients with a remote 
LT history that undergo CTLA-4 inhibitors treatment [38, 
39]. Additionally, other literature using a murine model also 
reports that blocking CTLA-4 at the early stage following 
LT can lead to graft rejection, whereas blockade at the late 
stage seems not to affect the transplant survival, which is 
consistent with the above point of view [35, 38].

Additionally, available data have shown that both PD-1 
and PD-L1 are essential for inducing and maintaining 

Table 1   Patient characteristics

Characteristics Total Non-HCC HCC

Tumor type
 Cutaneous melanoma 7 7 0
 Uveal melanoma 1 1 0
 NSCLC 1 1 0
 HCC recurred with pulmonary 2 0 2
 HCC 9 0 9

Immunotherapy
 Nivolumab 10 1 9
 Pembrolizumab 7 5 2
 Ipilimumab 1 1 0
 Ipilimumab + pembrolizumab 2 2 0

Liver transplant outcome
 Graft preservation 13 6 7
 Graft rejection with graft failure 4 1 3
 Graft rejection without graft failure/UK 3 2 1

Final outcome
 CR 2 2 0
 PR 3 2 1
 PD 8 3 5
 Death from organ failure before evalua-

tion
4 1 3

 UK 3 1 2



Medical Oncology (2019) 36:94	

1 3

Page 3 of 11  94

Ta
bl

e 
2  

Im
m

un
e 

ch
ec

kp
oi

nt
 in

hi
bi

to
rs

 fo
r t

he
 tr

ea
tm

en
t o

f s
ol

id
 tu

m
or

 in
 li

ve
r t

ra
ns

pl
an

t r
ec

ip
ie

nt
s

A
ge

Se
x

Tr
an

s-
pl

an
t t

o 
m

al
ig

-
na

nc
y/

IC
Is

 
(y

ea
rs

)

IS
T 

be
fo

re
 IC

Is
IS

T 
du

rin
g 

IC
Is

M
al

ig
na

nc
y

Tr
ea

tm
en

t b
ef

or
e 

in
iti

at
io

n 
of

 IC
Is

IC
Is

 (c
yc

le
s)

O
ut

co
m

es
 (T

TR
) 

(P
FS

)
O

R
O

F
Re

as
on

s f
or

 
tra

ns
pl

an
ta

tio
n

C
au

se
 o

f 
de

at
h

M
or

al
es

 
et

 a
l. 

[5
3]

67
M

1/
10

Ta
cr

ol
im

us
 +

 M
M

F/
m

TO
R

 in
hi

bi
-

to
r +

 M
M

F 
(a

fte
r 

m
et

as
ta

tic
 H

C
C

 w
as

 
di

ag
no

se
d)

Lo
w

-d
os

e 
si

ro
lim

us
 

(1
 m

g)
M

el
an

om
a/

m
et

as
ta

tic
 

H
C

C

C
he

m
ot

he
ra

py
 (p

ac
lit

ax
el

) +
 p

al
lia

-
tiv

e 
ra

di
ot

he
ra

py
 to

 th
e 

hi
p

Ip
ili

m
um

ab
 (4

)
PR

(3
 m

on
th

s)
N

o
–

H
C

C
–

(1
0 

m
on

th
sa )

R
an

ga
na

th
 

et
 a

l. 
[5

1]
59

F
7/

8
Ta

cr
ol

im
us

 (1
 m

g)
Ta

cr
ol

im
us

 (<
 3.

1 
ng

/
m

l)
M

el
an

om
a

A
dj

uv
an

t i
nt

er
fe

ro
n 

+
 lo

ca
l r

ad
ia

-
tio

n
Ip

ili
m

um
ab

 (4
)

PD
N

o
–

C
irr

ho
si

s (
du

e 
to

 α
1-

try
ps

in
 

de
fic

ie
nc

y)

U
K

Pe
m

br
ol

iz
um

ab
 

(2
 m

g/
kg

) (
af

te
r 

PD
)

K
uo

 e
t a

l. 
[1

]
62

F
5/

5
Pr

ed
ni

so
ne

 +
 ta

cr
ol

im
us

 
(4

 m
g)

 +
 M

M
F

Lo
w

-d
os

e 
si

ro
lim

us
 

(1
 m

g)
 +

 M
M

F 
(5

00
 m

g 
2x

pd
)

M
PN

ST
 li

ke
 

m
el

an
om

a
–

Ip
ili

m
um

ab
(4

)
PR

 (3
 m

on
th

s)
N

o
–

H
C

C
–

Pe
m

br
ol

iz
um

ab
 

(2
5)

(1
7 

m
on

th
sa )

Sc
hv

ar
ts

m
an

 
et

 a
l. 

[5
4]

35
M

15
/1

8
Ta

cr
ol

im
us

Ta
cr

ol
im

us
M

el
an

om
a

C
he

m
ot

he
ra

py
 (c

ar
bo

pl
at

in
 +

 pa
cl

i-
ta

xe
l)

Pe
m

br
ol

iz
um

ab
 

(2
)

C
R

 (U
K

) (
6 

m
on

th
sa )

N
o

–
B

ili
ar

y 
at

re
si

a
–

Ti
o 

et
 a

l. 
[4

8]
63

F
U

K
U

K
C

yc
lo

sp
or

in
e

M
el

an
om

a
U

K
Pe

m
br

ol
iz

um
ab

 
(1

)
D

ea
th

 d
ue

 to
 O

F 
(3

 w
ee

ks
 a

fte
r 

st
ar

t I
C

Is
)

Ye
s

Ye
s

N
S

O
F 

(1
8 

da
ys

 
af

te
r s

ta
rt 

IC
Is

)
D

ue
la

nd
 

et
 a

l. 
[6

1]
67

F
1.

5/
1.

5
Si

ro
lim

us
 +

 M
M

F
Pr

ed
ni

so
ne

 (1
0 

m
g)

O
cu

la
r m

el
a-

no
m

a
U

K
Pe

m
br

ol
iz

um
ab

 
(1

 m
g/

kg
)

PD
Ye

s
N

o
Li

ve
r m

et
as

-
ta

si
s

PD

B
io

nd
an

i 
et

 a
l. 

[5
5]

54
M

12
/1

3
Ta

cr
ol

im
us

 +
 pr

ed
-

ni
so

ne
 +

 M
M

F
Ev

er
ol

im
us

 +
 ta

cr
ol

i-
m

us
+

N
SC

LC
Su

rg
er

y 
+

 a
dj

uv
an

t c
he

m
ot

he
ra

py
 

(c
is

pl
at

in
–v

in
or

el
bi

ne
)

N
iv

ol
um

ab
PD

N
o

–
H

ep
at

iti
s C

PD

pr
ed

ni
so

ne
(6

0–
5 

m
g)

D
eL

eo
n 

et
 a

l. 
[5

0]
54

M
5/

U
K

U
K

M
M

F 
+

 ev
er

ol
im

us
M

el
an

om
a

U
K

Pe
m

br
ol

iz
um

ab
 

(9
.5

 m
on

th
s)

C
R

 (2
1 

m
on

th
sa )

N
o

–
H

C
C

–

D
eL

eo
n 

et
 a

l. 
[5

0]
63

M
3/

U
K

U
K

M
M

F 
+

 pr
ed

ni
so

ne
M

el
an

om
a

U
K

Pe
m

br
ol

iz
um

ab
 

(1
)

U
K

Ye
s

N
o

H
C

C
–

D
eL

eo
n 

et
 a

l. 
[5

0]
56

M
2/

U
K

U
K

Ta
cr

ol
im

us
H

C
C

U
K

N
iv

ol
um

ab
 (6

)
PD

N
o

–
H

C
C

Pr
ob

ab
ly

 P
D

D
eL

eo
n 

et
 a

l. 
[5

0]
55

M
7/

U
K

U
K

Si
ro

lim
us

 +
 M

M
F

H
C

C
U

K
N

iv
ol

um
ab

 (5
)

PD
N

o
–

H
C

C
Pr

ob
ab

ly
 P

D

D
eL

eo
n 

et
 a

l. 
[5

0]
34

F
3/

U
K

U
K

Ta
cr

ol
im

us
H

C
C

U
K

N
iv

ol
um

ab
PD

N
o

–
H

C
C

Pr
ob

ab
ly

 P
D

D
eL

eo
n 

et
 a

l. 
[5

0]
63

M
1/

U
K

U
K

Ta
cr

ol
im

us
H

C
C

U
K

N
iv

ol
um

ab
U

K
b

N
o

–
H

C
C

M
O

F

D
eL

eo
n 

et
 a

l. 
[5

0]
68

M
1/

U
K

U
K

Si
ro

lim
us

H
C

C
U

K
N

iv
ol

um
ab

U
K

b
Ye

s
U

K
H

C
C

PD

D
e 

To
ni

 
et

 a
l. 

[6
3]

41
M

1/
U

K
U

K
Ta

cr
ol

im
us

 (1
 m

g)
H

C
C

TA
C

E 
+

 m
ic

ro
w

av
e 

ab
la

tio
n

N
iv

ol
um

ab
 (1

5)
D

is
so

ci
at

ed
 

re
sp

on
se

 
(7

 m
on

th
s)

 P
D

 
he

re
af

te
r

N
o

–
H

C
C

PD

Va
rk

ar
is

 
et

 a
l. 

[6
2]

70
M

6/
8

Ta
cr

ol
im

us
Lo

w
-d

os
e 

(5
0%

) 
ta

cr
ol

im
us

H
C

C
So

ra
fe

ni
b

Pe
m

br
ol

iz
um

ab
PD

N
o

–
H

C
C

PD



	 Medical Oncology (2019) 36:94

1 3

94  Page 4 of 11

Ta
bl

e 
2  

(c
on

tin
ue

d)

A
ge

Se
x

Tr
an

s-
pl

an
t t

o 
m

al
ig

-
na

nc
y/

IC
Is

 
(y

ea
rs

)

IS
T 

be
fo

re
 IC

Is
IS

T 
du

rin
g 

IC
Is

M
al

ig
na

nc
y

Tr
ea

tm
en

t b
ef

or
e 

in
iti

at
io

n 
of

 IC
Is

IC
Is

 (c
yc

le
s)

O
ut

co
m

es
 (T

TR
) 

(P
FS

)
O

R
O

F
Re

as
on

s f
or

 
tra

ns
pl

an
ta

tio
n

C
au

se
 o

f 
de

at
h

G
as

sm
an

n 
et

 a
l. 

[4
1]

53
F

2/
2

Pr
ed

ni
so

ne
 +

 M
M

F(
1 

to
 

2 
g/

d)
 +

 ev
er

ol
im

us
 

1 
m

g/
d

Ev
er

ol
im

us
 +

 M
M

F
H

C
C

 
re

cu
rr

ed
 

w
ith

 p
ul

-
m

on
ar

y

So
ra

fe
ni

b
N

iv
ol

um
ab

(1
)

D
ea

th
 d

ue
 to

 O
F 

(2
 w

ee
ks

 a
fte

r 
st

ar
t I

C
Is

)

Ye
s

Ye
s

H
C

C
O

F 
(2

 w
ee

ks
 

af
te

r s
ta

rt 
IC

Is
)

Fr
ie

nd
 e

t a
l.,

 
[4

2]
14

M
1/

U
K

U
K

Ta
cr

ol
im

us
 (4

 m
g)

Fi
br

ol
am

el
-

la
r H

C
C

So
ra

fe
ni

b +
 ge

m
ci

ta
bi

ne
 +

 ox
al

i-
pl

at
in

N
iv

ol
um

ab
(1

)
D

ea
th

 d
ue

 to
 O

F 
(5

 w
ee

ks
 a

fte
r 

st
ar

t I
C

Is
)

Ye
s

Ye
s

H
C

C
O

F 
(5

 w
ee

ks
 

af
te

r s
ta

rt 
IC

Is
)

Fr
ie

nd
 e

t a
l.,

 
[4

2]
20

M
3/

U
K

U
K

Si
ro

lim
us

 (2
 m

g)
Fi

br
ol

am
el

-
la

r H
C

C
So

ra
fe

ni
b +

 ca
pe

ci
ta

bi
ne

 m
on

o-
th

er
ap

y
N

iv
ol

um
ab

 (2
)

D
ea

th
 d

ue
 to

 O
F 

(4
 w

ee
ks

 a
fte

r 
st

ar
t I

C
Is

)

Ye
s

Ye
s

H
C

C
O

F 
(4

 w
ee

ks
 

af
te

r s
ta

rt 
IC

Is
)

R
am

m
oh

an
 

et
 a

l. 
[5

6]
57

M
4/

5
Ta

cr
ol

i-
m

us
 +

 M
M

F 
+

 st
er

oi
d

Ta
cr

ol
im

us
 +

 M
M

F 
+

 st
er

oi
d +

 m
TO

R
 

in
hi

bi
to

r

H
C

C
 

re
cu

rr
ed

 
w

ith
 p

ul
-

m
on

ar
y

So
ra

fe
ni

b
Pe

m
br

ol
iz

um
ab

C
om

pl
et

e 
ra

di
ol

og
ic

al
 

re
so

lu
tio

n

N
o

–
H

C
C

–

IC
Is

 im
m

un
e 

ch
ec

kp
oi

nt
 in

hi
bi

to
rs

, C
R 

co
m

pl
et

e 
re

sp
on

se
, H

C
C

 h
ep

at
oc

el
lu

la
r c

ar
ci

no
m

a,
 IS

T 
im

m
un

os
up

pr
es

si
ve

 th
er

ap
y,

 M
M

F 
m

yc
op

he
no

la
te

 m
of

et
il,

 M
PN

ST
 m

al
ig

na
nt

 p
er

ip
he

ra
l n

er
ve

 
sh

ea
th

 tu
m

or
, m

TO
R 

m
am

m
al

ia
n 

ta
rg

et
 o

f r
ap

am
yc

in
, N

SC
LC

 n
on

-s
m

al
l c

el
l l

un
g 

ca
nc

er
, O

F 
or

ga
n 

fa
ilu

re
, O

R 
or

ga
n 

re
je

ct
io

n,
 P

D
 p

ro
gr

es
si

ve
 d

is
ea

se
, P

FS
 p

ro
gr

es
si

on
-f

re
e 

su
rv

iv
al

, P
R 

pa
r-

tia
l r

es
po

ns
e,

 T
AC

E 
tra

ns
ar

te
ria

l c
he

m
oe

m
bo

liz
at

io
n,

 T
TR

​ ti
m

e 
to

 re
sp

on
se

, U
K

 u
nk

no
w

n
a  O

ng
oi

ng
 a

t t
im

e 
of

 p
ub

lic
at

io
n 

of
 c

as
e 

re
po

rt
b  D

is
co

nt
in

ua
tio

n 
be

fo
re

 re
st

ag
in

g



Medical Oncology (2019) 36:94	

1 3

Page 5 of 11  94

allograft tolerance, meanwhile, CTLA-4 also exerts a crucial 
role in graft tolerance (Fig. 1), which may at least partially 
account for less application of ICIs in patients with recur-
rence following LT.

The occurrence of ICIs‑related graft rejection 
in the transplant recipients

With regard to the incidence of rejection among the trans-
plant recipients treated by ICIs, Ijaz et al. reported that 
about 23% and 14% cases were reported with acute rejec-
tion, while 9% would suffer from chronic rejection [40]. In 
another study by Gassmann et al. on liver allograft failure 
following nivolumab treatment, graft loss or acute rejection 
was described in 13 (45%) out of 29 patients undergoing 
transplantation across all checkpoint inhibitors, as well as in 
3 (37%) of 11 patients receiving LT specifically [41]. At the 
same time, nivolumab had been recognized to increase the 
risk of rejection compared with ipilimumab and pembroli-
zumab [41]. Overall, the risk of ICI-related graft rejection 
was reported to be 25% after LT and 29–54% following solid 
organ transportation (SOT) [40, 41].

Of the 20 patients discussed in this review, 7 patients 
(35%) experienced graft rejection when treated with ICIs. 
It is worth mentioning that 4 of 10 (40%) patients receiving 
nivolumab experienced liver graft rejection, in contrast with 
3 of 9 (33%) receiving pembrolizumab, while none of the 
patients receiving ipilimumab suffered graft rejection. Inter-
estingly, no rejection occurred in patients treated with two 
kinds of ICIs. Graft rejection is potentially life-threatening, 
and there were 5 (38%) cases of death secondary to graft 
failure.

The occurrence time of ICIs‑related graft 
rejection

Graft rejection appears to be an early ICIs adverse event, 
which occurs earlier than most other autoimmune adverse 
events that typically peak at 6–14 weeks after the initiation 
of therapy, and the median time to rejection mentioned in 
previous case reports is 8 days (range 5–63 days) [42–47]. 
In this review, patients usually develop liver graft rejection 
2 to 3 weeks after ICIs treatment.

The mechanism of ICIs treatment in inducing 
graft rejection

At present, the mechanism of graft rejection resulted from 
B7/CTLA-4 and PD1/PD-L1 blockade remains largely 
unclear. Some scholars believe that rejection following 
PD-1/PD-L1 blockade is related to the activation of cellular 
immunity via the CD8+ effector cells, as well as the down-
regulation of regulatory T cells [30]. On the flip side, Li 
et al. stated based on the murine model that, the allospecific 
proliferative responses, anti‐donor CTL and natural killer 
(NK) cell activities in the graft‐infiltrating cells (GICs) 
and spleen cells(SCs), together with the serum levels of 
interferon-γ (IFN‐γ) and interleukin-2 (IL‐2) in recipients 
treated with anti‐CTLA-4 mAb, were markedly increased 
compared with those in control mice; therefore, they con-
cluded that CTLA-4 blockade could promote the donor-spe-
cific T‐cell activation, cytotoxicity, and Th1 polarization; 
protect alloreactive T cells from apoptotic death; and induce 
acute rejection of liver allograft [30].

In addition to T-cell-mediated rejection, some scholars 
have also provided the evidence of T-cell- and antibody-
mediated rejection, and further explain that the latter may 
have been a secondary phenomenon, since the former is 
known to activate the costimulatory ligands and cytokines 
to trigger the humoral response [44].

Fig. 1   Role of cytotoxic T-lym-
phocyte-associated protein 4 
and programmed death ligand 1 
in tumor and organ rejection
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Factors affecting the occurrence 
of ICIs‑related graft rejection following LT

PD‑1 inhibitors versus CTLA‑4 inhibitors

Compared with PD-1 inhibitors, CTLA-4 inhibitors are 
associated with lower risks of rejection and graft loss in 
patients undergoing LT [39, 48]. For instance, Kittai et al. 
had reviewed the existing literature and pointed out that 
graft rejection developed in four out of the eight patients 
receiving anti-PD-1 therapy, but it was not detected in the 
four patients treated with anti-CTLA-4 therapy, which had 
further corroborated data obtained from the mouse model 
data suggesting that the PD-1 pathway played a more domi-
nant role in allograft immune tolerance than the CTLA-4 
pathway [49]. In addition, Friend et al. demonstrated that the 
anti-PD-1 antibody would lead to increased graft versus host 
disease (GVHD) compared with that of anti-CTLA-4, and 
that combining these two antibodies would result in more 
severe GVHD than anti-PD-1 antibody treatment alone, thus 
supporting this theory [44]. However, DeLeon et al. reported 
that one out of the four patients receiving CTLA-4 inhibi-
tors treatment alone had suffered from graft rejection, which 
might be ascribed to the inadequate immune suppression, 
since only prednisone was administered to the patient [50]. 
Consequently, it remains unclear so far about whether anti-
PD-1 or anti-CTLA-4 therapy will lead to an increased risk 
of graft rejection, and the detailed mechanisms should be 
explored in more research.

Recurrent tumor type after LT

Various tumor types can occur following LT, including 
HCC, melanoma, non-small cell lung carcinoma, and cuta-
neous squamous-cell carcinoma. Among them, malignant 
melanoma, which is more commonly seen in organ trans-
plant recipients than in general population, may be associ-
ated with immunosuppressive therapy [54]. Compared with 
HCC, melanoma patients after LT seem to have favorable 
outcomes and reduced graft rejection after ICIs treatment. 
Bruyn et al. had described in their paper that, of the 7 mela-
noma patients treated with ICIs following OLT, 3 had partial 
response (PR), 2 had complete response (CR), and 2 had 
progressive disease (PD); notably, no significant graft rejec-
tion was observed in all patients [52]. Meanwhile, several 
reports have mentioned the absence of graft rejection in mel-
anoma patients undergoing ICIs treatment after LT [51, 53, 
54]. Such distinct difference in treatment outcomes and graft 
rejection rate between HCC and melanoma patients might be 
attributed to the sensibility of HCC and Melanoma to ICIs 
[52]. As a result, it is advisable that melanoma patients may 
be more suitable for ICIs treatment after LT, who would 

develop less graft rejection during treatment than that in 
recurrent HCC patients.

Detailed report on the effects of various pathological 
subtypes on graft rejection in recurrent HCC patients that 
receive LT is lacking at present. Friend et al. reported two 
patients with fibrolamellar HCC after LT, and found that 
both of them had developed graft rejection, which might 
potentially speculate that graft rejection was more common 
in such tumor type than in typical HCC [44]. At the moment, 
no enough cases are available to discuss the relation between 
graft rejection and the type of recurrent liver tumor, mean-
while, the specific mechanism remains unclear.

Assessment of immune checkpoint regulators 
in liver biopsies

Another relevant point is whether immune checkpoint regu-
lators expressed in liver biopsies are related to the occur-
rence of graft rejection. Specifically, Munker et al. had eval-
uated three available biopsies from liver transplant recipients 
with acute graft rejection, and their results suggested that 
each of them had elevated PD-L1 expression, whereas all 
the four biopsies from patients without rejection were not 
positive in PD-L1 staining, which had strongly supported 
that PD-L1 expression might predict graft rejection [2]. In 
another study, the authors had investigated patients with suf-
ficient pathological specimens of liver allograft tissues and 
tumor tissues that underwent PD-L1 staining, and evalu-
ated the tumor-infiltrating lymphocytes (TILs), the results 
of which suggested that PD-L1 expression could be detected 
in allograft lymphocytes among all cases with graft rejec-
tion in the cohort, thus further speculating that the com-
bined expression of TILs and PD-L1 might be a more reli-
able predictor of the response to PD-1 inhibitors compared 
with PD-L1 expression alone [50]. However, biopsies from 
transplant patients with rejection were obtained after ICIs 
exposure, which could not be debarred that positive PD-L1 
staining might reflect a consequence of liver graft rejection 
[2]. In summary, it is recommended that graft liver biopsies 
should be performed routinely prior to initiating ICIs treat-
ment in liver transplant recipients, and that PD-L1 stain-
ing and TILs evaluation ought to be taken into considera-
tion, especially for determining whether a PD1/PD-L1- or a 
CTLA4-blocking agent should be employed.

The dose and administration time of ICIs

It remains to be investigated about the relationship between 
the dose of ICIs and liver graft rejection. As suggested in 
the currently available articles, most patients receiving LT 
have received ICIs at a dose of 3 mg/kg, and some of them 
have experienced graft rejection while others have not [44, 
55, 56]. Ipilimumab at a dose of 5 mg/kg was once applied 
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to 15 patients, in whom the objective response rate (ORR) 
was reported as 23%, and liver graft rejection was seen in 
6 patients (including 1 acute and 5 chronic), indicating that 
increasing the antibody dose could enhance the efficacy, but 
more patients were susceptible to the risk of GVHD [57]. On 
the other hand, the influence of dose on liver graft rejection 
remains unclear at present. Davids et al. as well as Bashey 
et al. proposed in their studies that, the observed lower inci-
dence of graft rejection at a lower dose (3 mg/kg) might be 
related to the long interval between transplantation and ICIs 
administration [58, 59]. Consequently, it is suggested that the 
interval between ICIs administration and transplantation can 
also affect the occurrence of liver graft rejection. Moreover, 
some researchers report that patients receiving nivolumab 
at a relatively early stage after LT with the median interval 
of 8.5 months have experienced graft rejection. In contrast, 
patients who do not develop graft rejection after ICIs expo-
sure are then administered nivolumab at a later stage after 
LT, with the median time interval of 28.5 months [60]. In 
another study by DeLeon et al., liver graft rejection occurred 
in patients receiving ICIs at an interval of 1.1 years follow-
ing LT, but it was not observed in patients receiving ICIs 
at an interval of 7.8 years, which was also consistent with 
the above theory [50]. Additionally, it is also suggested that 
clinicians should be cautious when considering ipilimumab 
treatment during the first few years after LT [61]. Existing 
evidence has suggested that the risk of ICIs-induced graft 
rejection can be minimized in patients with a longer interval 
from LT to the initiation of ICIs treatment, and that such an 
interval may be extended through administrating reasonable 
immunosuppressive medication and appropriately applying 
the approved first-line conventional medicine. Noteworthily, 
a close follow-up should be performed during the first-line 
conventional treatment period, so as to recognize the signs 
of disease progression early. Moreover, once the disease has 
progressed, the decision to initiate ICIs treatment should be 
made in a timely manner, so that the efficacy of ICIs can be 
extended as soon as possible.

Immunosuppressive therapy

According to some researchers, immunosuppression may 
potentially exert a detrimental part in determining the effi-
cacy of ICIs, since the intact T-cell response is required for 
their effects [2, 62]. In recurrent patients following trans-
plantation, the dose of immunosuppressive agents is usually 
reduced before initiating the ICIs treatment, so as to avoid 
the potential interference of immunosuppressants with the 
anti-tumor effects of ICIs, but it may also increase the risk 
of graft rejection [1, 63]. Previous case reports indicate that 
patients can respond to cancer immunotherapy irrespective 
of the immunosuppression [50]. Nevertheless, it remains 
unsatisfactory that neither the significant ICIs treatment 

effect nor the graft rejection exist in recurrent patients after 
transplantation [63]. Thereby, it is unknown about whether 
immunosuppressive therapy will dampen the effectiveness 
of cancer immunotherapy; besides, immunosuppressive 
therapy seems to exert two-way regulation between graft 
rejection and tumor response.

In particular, no standard is available currently to select 
and administrate immunosuppressive agents for patients 
receiving ICIs treatment after LT. The existing limited cases 
show that a wide variety of immunosuppressive medications 
have been applied in transplant recipients during ICIs treat-
ment. Consequently, it is difficult to ascertain the precise 
contribution of each individual immunosuppressive agent 
to preventing graft rejection. In the cases reported so far, the 
immune status of patients prior to the administration of ICIs 
has not been described in detail yet. We recommended that 
patients scheduled to receive ICIs treatment after LT should 
be routinely performed tests, such as the count of NK cells, 
B cells, memory T cells, regulatory T cells and the sub-
sets by flow cytometry. The CD4/CD8 ratio should also be 
assessed to determine the ideal state that is the most condu-
cive to the effect of ICIs without affecting the graft function.

After receiving ICIs treatment, the immunosuppressive 
regimen in most transplant patients is not changed, but the 
dose will be adjusted. Nevertheless, it remains unclear about 
which combination of immunosuppressive agents can better 
preserve graft function and adapt the immunotherapy to get 
rid of tumor. Biondani et al. had reported a patient receiv-
ing LT that developed no adverse events after employing 
ICIs, and it was deduced that pre-emptive corticosteroids, 
together with the combination of tacrolimus and everoli-
mus, might have prevented from the hepatic immune-related 
adverse events [55]. Meanwhile, whether prophylactic use 
of steroids alone can reduce the risk of rejection also repre-
sents a source of controversy. Some investigators reckon that 
pre-treatment with steroids can be attempted in the absence 
of contraindications, but others believe that glucocorticoids 
themselves do not appear to be effective on preventing from 
the graft rejection when receiving ICIs. It has been reported 
that the use of a single immunosuppressive medication in 
patients during ICIs treatment will not cause graft rejection. 
It is supposed from the scant cases that low doses of multi-
ple immunosuppressants can contribute to preventing rejec-
tion; meanwhile, mammalian target of rapamycin (mTOR) 
inhibitors, which have antiproliferative and antiangiogenic 
effects and are associated with increased survival for patients 
receiving LT for HCC, are often one of the combinations 
[52, 64].

Immunosuppression is usually diminished before the 
initiation of ICIs treatment, due to the diversity of the pre-
viously reported immunosuppressants. Nonetheless, it can 
hardly come up with the best immunosuppression strategy. 
As a result, more comprehensive studies should be carried 
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out to seek a more optimal immunosuppressive regimen that 
can benefit the transplant patients with relapse during ICIs 
treatment.

A prior history of GVHD

A prior history of GVHD appears to be positively correlated 
with an increased risk of graft rejection for patients treated 
with PD-1 blockers for the recurrent disease. In the studies 
reported by Herbaux et al. and Haverkos et al., respectively, 
a majority of (6/6 and 12/17, respectively) patients who 
developed ICIs-related graft rejection had a prior history of 
GVHD, which had strongly supported the above points [60, 
65]. Consequently, the initiation of ICIs should be carefully 
considered for liver transplant recipients with a history of 
GVHD.

To sum up, it has been found by investigators that, a 
higher drug dose, a shorter interval between ICIs exposure 
and LT, and a prior history of GVHD are positively cor-
related with the response to and the risk of graft rejection. 
However, the effects of other factors on ICIs-related graft 
rejection in LT recipients remain to be further examined, 
such as the gender and age of patients, the pathological type 
of primary liver tumor, the number of metastatic sites, prior 
sorafenib therapy, donor type, type and time of ischemia 
during LT, and the hepatitis virus infection status of the 
transplanted liver postoperatively.

Identification of the immune‑related 
hepatitis and ICIs‑related liver graft 
rejection

Checkpoint inhibition-related hepatitis is a kind of immune-
related side effect, which will result in the mildly elevated 
levels of aspartate transaminase (AST) and alanine transami-
nase (ALT), as well as bilirubin on occasion [4, 66–68]. As 
a result, for patients treated with ICIs after LT, attention 
should be paid to identify hepatitis and graft rejection once 
an increasing trend is noted in liver function tests. Unlike 
rejection caused by ICIs, immune-mediated hepatitis will 
occur at a later stage, mostly 6–14 weeks after treatment ini-
tiation, which is rarely related to the life-threatening hepatic 
injury. Meanwhile, immune-related hepatitis is usually 
asymptomatic and detected through routine blood tests [26]. 
In addition, the immune-related hepatotoxic effects are fre-
quently reported in patients treated with CTLA-4 inhibitors 
relative to those under PD-1 inhibitors treatment, while graft 
rejection is more commonly seen in liver transplant recipi-
ents treated with PD-1 inhibitors [66]. With regard to the 
pathological features, the former is characterized by acute 
lobular hepatitis, accompanying with isolated or confluent 
necrosis and the predominantly lymphocyte infiltration, 

while the latter mainly manifests as portal tract inflammation 
dominated by a mixed infiltrate with interface activity, bile 
duct injury and endotheliitis, along with acute cellular rejec-
tion [41]. Taken together, the possibility of immune-induced 
hepatitis should be considered in transplant patients with 
abnormal liver functions after ICIs exposure, and a liver 
biopsy may help to identify these two, regardless of the dif-
ferences between hepatitis and graft rejection.

Management of ICIs‑related liver graft 
rejection

More discussion is required to manage the ICIs-related liver 
graft rejection. Acute graft rejection can be alleviated after 
the application of high-dose steroids in 70–80% cases [41]. 
In addition, increasing the dose of oral immunosuppres-
sive agents should also be taken into consideration [41]. 
However, for most patients that have already been reported, 
the above treatment cannot result in clinical improvement, 
and most of these patients end up with death due to graft 
failure [41, 42]. Besides, infliximab, together with the anti-
thymocyte globulin, has also been employed to treat liver 
transplant recipients who suffer from ICIs-induced graft 
rejection, but high-dose steroid treatment cannot achieve 
satisfactory efficacy; besides, alternative treatments are often 
not allowed in view of the rapid clinical deterioration of such 
patients [26, 69]. Plasmapheresis has been reported to be 
utilized to treat acute humoral rejection after LT, but it may 
not relieve the T-cell-mediated immune rejection following 
ICIs treatment. Nevertheless, plasmapheresis, which can 
remove the checkpoint inhibitors from the circulation, may 
be potentially beneficial and can thereby be recommended 
for eligible patients [41, 70]. There is still no relevant report 
about whether there are differences in the treatment method 
and therapeutic effect between ICIs-mediated rejection and 
non-ICIs-mediated rejection for patients with rejection fol-
lowing LT. In other words, it remains unclear about whether 
the administration of ICIs can affect the treatment for graft 
rejection.

Conclusions/expectations

Typically, it is still challenging to determine the optimal ICIs 
treatment and immunosuppressive therapy for liver trans-
plant recipients. Notably, the administration of ICIs after LT 
can potentially induce the risk of graft rejection, neverthe-
less, such risk can be reduced through pre-assessment and 
rational application, so that patients under such situation 
can get the most benefit. However, one important limita-
tion of this review is that the sample size of clinical reports 
is very small and most studies are case reports, which can 
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be explained that most solid organ transplant recipients are 
routinely excluded from immunotherapy clinical trials. More 
researches should be carried out to make the results more 
convincing.

It is crucial to define the biomarkers to predict therapeutic 
effects and graft rejection, which is highlighted by a grow-
ing number of recent studies focusing on ICIs treatment in 
recurrent patients after transplantation. As mentioned above, 
assessing PD-L1 expression and TILs in liver biopsies may 
predict the risk of graft rejection; besides, additional intra-
tumoral factors, including tumor mutational burden and 
CD8+T-cell density that are functionally related to PD-L1 
expression and to each other, have also been identified as 
the biomarkers to predict the outcomes of anti-PD1 therapy, 
which may be beneficial to predict the risk of graft rejec-
tion [71]. Genetic sequencing can be performed on patients 
discussed in this study if further research is available, in 
which oncogenic mutations or mutational load are used as 
the potential biomarkers to predict the response to check-
point blockade and graft rejection [72–74].

CTLA-4 and PD-1 blockades have attracted extensive 
attention, a growing list of additional checkpoint recep-
tors and ligands has been targeted clinically, and recurrent 
patients after transplantation may gain better therapeutic 
effects and less graft rejection through adjusting such check-
point receptors and ligands. For instance, T-cell immuno-
globulin mucin receptor 3 (TIM3), B7H3, CD39, CD73, 
lymphocyte activation gene 3(LAG3) and the adenosine A2a 
receptor, are mostly targeted in conjunction with the PD-1 
pathway blocking antibodies [75–78]. However, such clini-
cal trials are in the early stage, and no validated biomarkers 
are available at present to predict which LT recipients will 
benefit most from the dual blockade of these molecules.

On the other hand, in liver transplant recipients that 
receive ICIs treatment, graft failure can hardly be avoided 
in the event of graft rejection. Therefore, it should be further 
investigated about the way to treat liver transplant patients 
with ICIs-induced graft rejection under emergency situation 
and to prevent the rejection-induced graft failure.
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