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INTRODUCTION

Immune checkpoint inhibitors (ICIs) have revolutionized 
cancer therapy and increasingly become a standard of 
care for many cancer types. The binding of ICIs to either 
immune checkpoint molecules or their ligands inhibits the 
transmission of co-inhibitory signals, enabling T cell acti-
vation against cancer cells. Since the first Food and Drug 
Administration (FDA) approval in 2011, eight ICIs have 

been approved in the United States (US), and this number 
continues to grow [1]. It is currently estimated that 44% of 
newly diagnosed cancer patients are eligible for ICIs [2]. 
Solid-organ transplant (SOT) recipients were initially ex-
cluded from clinical trials of ICIs due to concerns for their 
safety, yielding little initial data for this patient population. 
The demonstrated efficacy of ICIs in non-transplant pa-
tients with cancer has motivated a gradual assessment 
of the efficacy and safety of ICI therapies in patients 
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with SOT. Herein, we review the potential mechanisms 
of ICI-associated rejection of transplanted organs and 
the literature on reported cases where ICIs were used in 
transplant recipients, and we discuss the outcomes.

MECHANISMS OF ACTION OF IMMUNE 
CHECKPOINT INHIBITORS TOWARD TUMOR CELLS

Tumor immunity is elicited through the cancer immunity 
cycle. First, when cancer cells release tumor-associated 
neoantigens, antigen-presenting cells (APCs) recognize 
and uptake the antigens. APCs then present the captured 
antigens on major histocompatibility complex (MHC) 
class I and MHC class II to T cells, resulting in their acti-
vation. Activated T cells can kill cancer cells by specifi-
cally recognizing and infiltrating the tumor microenviron-
ment through interactions with T cell receptors and MHC 
I-bound cognate antigens. Repetition of this cycle occurs 
through the release of additional tumor-associated neo-
antigens upon T cell-induced cancer cell death, resulting 
in an increased response amplitude.

Co-inhibitory molecules, such as programmed cell 
death protein 1 (PD-1), programmed cell death ligand 1/2 
(PD-L1/2) and lymphocyte activation gene 3 (LAG-3), play 
critical roles in modulating the cancer immunity cycle 
(Fig. 1A). When PD-1 on T cells binds to PD-L1 or PD-L2 
on cancer cells or APCs, T cell activation is suppressed, 
causing immune escape of cancer cells. Anti-PD-1 an-
tibodies bind to PD-1 on T cells and inhibit the binding 
of PD-1 to PD-L1/2, thereby blocking the transmission 
of inhibitory signals and restoring the anti-tumor effect. 
Anti-PD-L1 antibodies inhibit PD-1 interactions with T 
cells by binding to PD-L1 expressed on cancer and APCs. 

As a result, inhibitory signaling to T cells is blocked, and 
T cell activation is maintained. Another ICI target includes 
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), 
which is expressed on activated T cells and regulatory T 
cells (Tregs). CTLA-4 inhibits T cell activation by binding 
to B7 (CD80/CD86) on APCs. By inhibiting the binding of 
CTLA-4 to B7, the anti-CTLA-4 antibody enables the bind-
ing of CD28 (a co-stimulatory molecule on T cells) to B7, 
thereby reactivating T cells. Additionally, LAG-3 is a cell 
surface molecule expressed on effector T cells and Tregs. 
Inhibition of LAG-3 may restore the effector function of 
exhausted T cells and promote anti-tumor responses. In 
particular, it started to be clinically used in combination 
with anti-PD-1 antibodies (Fig. 1A) [3,4].

CURRENT INDICATIONS OF IMMUNE CHECKPOINT 
INHIBITORS AND RESPONSE RATE

The FDA approval of ipilimumab (2011), an anti-CTLA-4 
antibody was followed by the emergence of anti-PD-1 an-
tibodies, which include pembrolizumab (2014), nivolumab 
(2014), durvalumab (2017), avelumab (2017), cemiplimab 
(2018), and dostarlimab (2021). With the inclusion of 
atezolizumab, an anti-PD-L1 antibody, eight ICI therapies 
have been approved for use in the US. The number of can-
cer types that received FDA approval for ICIs continues to 
increase every year, from advanced melanoma in 2011 to 
22 types of cancer at present [1,5].

In 2011, only 1.5% of cancer patients were eligible for 
ICIs in the US. However, ICIs are now indicated in more 
than 40% of cancer patients as of 2022. The percentage of 
patients estimated to respond to ICIs was 0.14% in 2011 
and increased to 12.5% in 2018 [2]. According to global 
statistics from 2020, there were 19.3 million new cancer 
cases worldwide. Adapting this percentage, roughly 7.72 
million people are eligible for ICIs each year, and 2.4 mil-
lion people have the potential to benefit from ICIs [6].

POSTTRANSPLANT CANCER AND IMMUNE 
CHECKPOINT INHIBITORS: A LITERATURE REVIEW

Kidney, liver, heart, and lung transplants are the most 
commonly performed SOTs. Progress in surgical tech-
niques and advances in immunosuppressants have 

HIGHLIGHTS

•	Immunotherapy for cancer in transplant patients is be-
coming more common, as immunotherapy has received 
Food and Drug Administration approval for more can-
cers.

•	Immunotherapy for solid organ transplant recipients is 
challenging due to a higher risk of rejection.

•	Prospective clinical studies investigating the optimal 
adjustment of immunosuppressants are awaited.
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improved the survival of transplant recipients. As a re-
sult, the number of patients who develop cancer post-
transplant is increasing over time. Importantly, the risk 
of cancer is much higher in transplant patients than in 
non-transplant patients due to their long-standing im-
munosuppressed state [7]. Suppression of the immune 
system against carcinogenic viruses and the inhibition of 
cancer immune surveillance can lead to the development 
of a variety of cancers. While most cancers posttrans-
plant occur de novo after transplantation, rare causes of 
posttransplant cancer include the recurrence of (micro-
scopic) cancer that was present in patients prior to trans-
plantation or donor-derived cancer transmission [8-10]. 

Additionally, virus-associated cancers, most commonly 
caused by the Epstein-Barr virus and human herpes virus, 
frequently arise from the immunological suppression of 
many patients on allograft rejection prevention therapies. 
Vajdic et al. [11] reported that the standardized incidence 
ratio of cancer was 3.27 in post-kidney transplant pa-
tients compared to non-transplant patients. ICI use in 
transplant patients was first reported by Lipson et al. 
[12] in 2014. Since then, the number of case reports of 
ICI therapies in kidney and liver transplant recipients has 
gradually increased, and there are scattered case reports 
of ICI use in patients after heart and lung transplantation.

A B immuneimmune
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i

Fig. 1. (A) Mechanism of action of immune checkpoint inhibitors (ICIs). When programmed cell death protein 1 (PD-1) on T cells binds to programmed 
cell death ligand 1 (PD-L1) or 2 on cancer cells or antigen-presenting cells, T cell activation is suppressed, causing immune escape of cancer cells. 
Anti-PD-1 antibodies bind to PD-1 on T cells and inhibit the binding of PD-1 to PD-L1/PD-L2, thereby blocking the transmission of inhibitory signals, 
maintaining T cell activation and restoring the anti-tumor effect. Cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) is expressed on activated T cells 
and Treg cells, and inhibits T cell activation by binding to B7 on antigen-presenting cells. By inhibiting the binding of CTLA-4 to B7, the anti-CTLA-4 anti-
body enables the binding of CD28 to B7, thereby reactivating T cells. (B) Mechanism of rejection caused by ICIs. In posttransplant patients, donor cells 
produce donor antigens, and immunosuppressants are used to suppress T cell activation and regulate immunological tolerance. In patients with cancer 
after organ transplant, a reduction in the dose of immunosuppressants is often considered to avoid overimmunosuppression and to recover adequate 
tumor immunity. In addition, ICIs have the potential to disrupt the equilibrium of immunological tolerance and lead to acute rejection. MHC, major histo-
compatibility complex; TCR, T-cell receptor; LAG3, lymphocyte activation gene 3; CNI, calcineurin inhibitor; MMF, mycophenolate mofetil; mTORi, mamma-
lian target of rapamycin inhibitor. 
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Mechanisms of ICI-Induced Rejection of Transplanted 
Organs
In transplant recipients, the donor cells release donor 
antigens and provoke an alloantigen-directed immune re-
sponse. Immunosuppressants such as calcineurin inhib-
itors (CNIs), mycophenolate mofetil (MMF), mammalian 
target of rapamycin (mTOR) inhibitors, and steroids are 
the mainstay for suppressing T cell activation and regu-
lating immunological tolerance. In patients with cancer 
after organ transplantation, the dose of immunosuppres-
sants is often reduced to avoid over-immunosuppression 
and to recover adequate tumor immunity, based on their 
cancer type and severity. ICIs have the potential to dis-
rupt the equilibrium of immunological tolerance and lead 
to acute rejection, with the frequency depending on the 
transplant organ type (Fig. 1B) [13].

Kidney Transplantation
Kidney transplant recipients survive for more than 15 
years on average [14], and cancers associated with long-
term immunosuppression are common. Although ICI use 
is undoubtedly challenging because of the increased risk 
of rejection, the largest number of ICI-treated cases was 
reported in kidney transplant recipients among all SOT 
recipients, because hemodialysis is available as a back-
up therapy even if rejection occurs. The most commonly 
reported types of cancer are cutaneous squamous cell 
carcinoma (cSCC) and melanoma, and there are also re-
ports of non-small cell lung cancer (NSCLC) and renal cell 
carcinoma (Table 1). Our group recently conducted the 
largest multi-center retrospective study to understand the 
safety and efficacy of ICIs in kidney transplant recipients. 
Out of 69 patients, 29 patients (42%) experienced rejec-
tion, of whom 19 patients (66%) developed allograft fail-
ure and needed dialysis. The use of an mTOR inhibitor, a 
three-immunosuppressant regimen, and deceased-donor 
kidney transplant status were associated with a lower risk 
of rejection [15]. Among a subgroup analysis of a cSCC 
cohort (n=47), both overall survival (OS) and disease-spe-
cific survival were slightly longer in patients receiving ICI 
therapies than in their non-ICI recipient counterparts. In 
an updated literature review, 96 cases with patient-level 
granular data were available, of whom 46 (48%) had acute 
allograft rejection and 33 (72%) needed dialysis. Thir-
ty-two patients (34%) had tumor response to treatment 
(partial response [PR] or complete response [CR]) (Table 
1). Interestingly, Lipson et al. [16,17] reported a success-
ful kidney retransplantation for a patient who had lost an 

allograft after pembrolizumab therapy. The patient experi-
enced severe allograft rejection 2 months after pembroli-
zumab therapy for cSCC. Nine months after the initiation 
of pembrolizumab, the patient achieved CR and pembroli-
zumab was discontinued. The patient maintained CR for 
4.5 years and underwent a kidney retransplantation from 
an unrelated living donor, with one DR human leukocyte 
antigen mismatch. The patient received reduced thymo-
globulin induction (3.0 mg/kg) and was maintained with 
CNI, MMF, and prednisone. The patient did not experience 
a rejection episode for more than 10 months post-re-
transplant at the time of the publication [16,17]. Phar-
macovigilance studies have also reported a higher risk 
of allograft rejection based on Vigibase, the World Health 
Organizationʼs global database of reported potential side 
effects of medical products. Sixty-five cases of acute al-
lograft rejection were associated with nivolumab (the in-
formation component 025; the lower limit of a 95% credi-
bility interval for the information component (IC025=1.32), 
pembrolizumab (IC025=1.17) and ipilimumab (IC025=0.33). 
According to these reports, biopsy-proven rejections 
were mostly T-cell-mediated, whereas antibody-mediated 
rejection was less common [18,19]. This pharmacovigi-
lance study approach is useful for accumulating a larger 
number of cases, but we should be aware of an inherent 
reporting bias and a high level of missing data. Therefore, 
prospective studies with granular patient-level data will 
be key to understanding the precise risk factors and im-
mune modulation strategy. 

Donor-derived cell-free DNA (dd-cfDNA) has been 
established as a non-invasive biomarker to assess acute 
rejection after a kidney transplant. dd-cfDNA has also 
previously been reported to have the potential for utiliza-
tion in the assessment of acute rejection in patients re-
ceiving ICI therapies posttransplant [20]. Hurkmans et al. 
[21] reported that after initiation of nivolumab treatment 
for cSCC after kidney transplant, dd-cfDNA increased to 
23%, which coincided with renal function deterioration 
and biopsy-proven acute rejection of the allograft. In con-
trast, Lakhani et al. [22] reported that after 10 months of 
treatment with pembrolizumab for melanoma, dd-cfDNA 
increased slightly (<0.7%) from below the detection limit 
(<0.19%), but did not exceed the 1% threshold suggestive 
of acute rejection. These findings suggest that the treat-
ment of melanoma with pembrolizumab can be success-
ful without evidence of allograft dysfunction or rejection. 
While these findings are promising, further cases are 
expected to be accumulated to elucidate the utility and 
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mechanistic behavior of dd-cfDNA in transplant rejection.

Liver Transplantation
The use of ICIs in liver transplant recipients has been 
reported mainly in cases of patients with melanoma and 
cSCC (Table 2). Particularly notable in liver transplanta-
tion is the use of ICIs in the treatment of hepatocellular 
carcinoma (HCC) prior to and subsequent to transplan-
tation. The most common indication for liver transplan-
tation was hepatitis C virus (HCV)-associated cirrhosis 
at many European and American centers [38,39]. With 
advances in antiviral agents, the proportion of individuals 
on the waiting list due to HCV has declined dramatically. 
Alcohol-associated liver disease and other/unknown di-
agnoses (often representing liver disease due to non-al-
coholic steatohepatitis) are now the leading indications 
for liver transplant listing. Candidates with a primary 
diagnosis of HCC compose 10.9% of new waiting list reg-
istrations, which has nearly doubled over the past decade 
in the US [40]. The number of liver transplants for HCC is 
rapidly increasing, with more than 1,000 liver transplants 
for HCC performed in the US every year [41]. The indica-
tions for transplantation in patients with HCC are based 
on the Milan criteria, which have been modified to expand 
the indication metrics over the years [42]. 

In 2017, the FDA approved nivolumab as an adjunctive 
treatment for patients whose treatment with sorafenib 
was unsuccessful. This was followed by the approval 
of pembrolizumab. The objective response rate (ORR) 
of nivolumab in patients with advanced HCC previously 
treated with sorafenib was 15% (CR, 6%; PR, 9%) [43]. The 
OS was 15% (CR, 6%; PR, 9%), with a median OS of 28.6 
months for the first line of treatment and 15.6 months for 
the second line [44]. The ORR of pembrolizumab was re-
ported as 17% (CR, 1%; PR, 16%) [45]. The options of drug 
combination therapy for HCC have also expanded, with 
FDA approval of the combination therapy of ipilimumab 
and nivolumab for HCC in 2019 [46]. 

In a recent report, the combination of atezolizumab 
and bevacizumab prolonged overall and progression-free 
survival (PFS) compared to sorafenib in patients with 
unresectable HCC [47]. Moreover, the combination of 
durvalumab and tremelimumab also significantly im-
proved OS in patients with advanced, unresectable HCC 
compared to patients who received sorafenib (HIMALAYA 
study; NCT03298451) [48]. Thus, the combination of ICIs, 
or ICIs and molecular-targeted therapies is becoming the 
mainstream for HCC treatment. Accordingly, there has 

been an increasing number of case reports of ICI use in 
patients experiencing posttransplant HCC recurrence. In 
addition, cases of ICI use before transplant registration 
and during the waiting period have been reported (Table 
2). 

Based on a review of the current literature, a total of 42 
patients were reported, of which 22 cases were posttrans-
plant and 20 were pretransplant. In the posttransplant 
cases, rejection was reported in five cases (22.7%). How-
ever, six patients (27.3%) showed response to treatment 
(PR or CR). Among the cases that had received ICI pre-
transplant, five patients (25.0%) had acute rejection rela-
tively early posttransplant, whereas six patients (30.0%) 
had a response to treatment (PR or CR). The lower inci-
dence of acute rejection caused by ICIs compared to kid-
ney transplant recipients may be related to the inherent 
tolerogenicity of liver transplants [49]. Our review iden-
tified no cases in which immunotherapy was performed 
both pre- and posttransplant.

“Liquid biopsy” using circulating tumor DNA (ctDNA) 
has been demonstrated as an excellent method of min-
imal residual disease (MRD) surveillance of primary he-
patic malignancies in patients who have undergone liver 
transplants for HCC. ctDNA measures and analyzes DNA 
fragments derived from tumors that are excreted into the 
bloodstream. ctDNA provides a non-invasive approach 
to tracking MRD without the need for repeated tissue bi-
opsies [42]. Ono et al. [50] analyzed ctDNA in 46 patients 
with HCC, including liver transplant recipients, and found 
that the cumulative incidence of recurrence and extrahe-
patic metastasis in the ctDNA-positive group was statis-
tically significantly worse than that in the ctDNA-negative 
group (P=0.0102 and P=0.0386, respectively). Multivariate 
analysis identified ctDNA (P=0.038) as an independent 
predictor of microscopic vascular invasion into the portal 
vein [50]. 

Observational studies are also underway to use ctD-
NA to identify MRD after liver transplant and to correlate 
the presence of ctDNA with the risk of recurrence [51,52]. 
Similarly, the usefulness of ctDNA in the setting of ICI 
therapy has also been reported. A study in which pem-
brolizumab was used in five different groups of patients 
with advanced solid tumors showed that both baseline 
and changes in ctDNA levels from baseline were cor-
related with OS and PFS [53]. A cohort of 48 patients with 
unresectable HCC who received atezolizumab and beva-
cizumab showed that higher baseline ctDNA levels were 
associated with a greater tumor burden and that dynamic 



89www.ekjt.org

Kawashima S et al. Immunotherapy for cancer in transplant patients

Ta
bl

e 
2.

 L
ive

r t
ra

ns
pl

an
ta

tio
n 

ca
se

s 

St
ud

y
Ty

pe
 o

f 
ca

nc
er

Be
fo

re
/

af
te

r
Al

lo
gr

af
t o

ut
co

m
e

Ch
ec

kp
oi

nt
 

in
hi

bi
to

r

Ye
ar

 
fro

m
 tx

 
to

 IC
I

IS
 re

gi
m

en
Ca

nc
er

 
re

sp
on

se

In
te

rv
al

 
be

tw
ee

n 
IS

 
re

du
ct

io
n 

an
d 

IC
I in

iti
at

io
n

IC
I t

o 
re

je
ct

io
n 

tim
e

Ts
un

g 
et

 a
l. 

(2
02

1)
 [2

4]
cS

CC
Af

te
r

No
 re

je
ct

io
n

Ce
m

ip
lim

ab
×2

NA
Ta

c 
1 

m
g

PD
NA

cS
CC

Af
te

r
No

 re
je

ct
io

n
Ce

m
ip

lim
ab

×1
2

NA
Ta

c 
0.

5 
m

g
NA

NA
Qi

u 
et

 a
l. 

(2
02

0)
 [5

5]
HC

C 
Re

c
Af

te
r

No
 re

je
ct

io
n

Ca
m

re
liz

um
ab

4
Ta

c 
→

 s
iro

lim
us

PR
2 

yr
Zh

ua
ng

 e
t a

l. 
(2

02
0)

 [5
6]

HC
C 

Re
c

Af
te

r
No

 re
je

ct
io

n
Ni

vo
lu

m
ab

2.
7

Ta
c

SD
NA

Bi
on

da
ni

 e
t a

l. 
(2

01
8)

 [5
7]

LU
SC

Af
te

r
No

 re
je

ct
io

n
Ni

vo
lu

m
ab

13
Ta

c+
M

M
F+

Pr
ed

 →
 

Ta
c+

ev
er

ol
im

us
+P

re
d

SD
4 

yr

De
Le

on
 e

t a
l. 

(2
01

8)
 [5

8]
HC

C 
Re

c
Af

te
r

No
 re

je
ct

io
n

Ni
vo

lu
m

ab
×3

2.
7

Ta
c

PD
NA

M
el

an
om

a
Af

te
r

No
 re

je
ct

io
n

Pe
m

br
ol

iz
um

ab
×2

5.
5

Ev
er

ol
im

us
, M

M
F

CR
NA

HC
C 

Re
c

Af
te

r
No

 re
je

ct
io

n
Ni

vo
lu

m
ab

×4
7.

8
Si

ro
lim

us
, M

M
F

PD
NA

HC
C 

Re
c

Af
te

r
No

 re
je

ct
io

n
Ni

vo
lu

m
ab

×5
3.

7
Ta

c
PD

NA
HC

C 
Re

c
Af

te
r

No
 re

je
ct

io
n

Ni
vo

lu
m

ab
×2

1.
2

Ta
c

NA
NA

M
el

an
om

a
Af

te
r

Ac
ut

e 
re

je
ct

io
n

Ni
vo

lu
m

ab
×2

1.
1

Si
ro

lim
us

NA
NA

27
 d

ay
HC

C 
Re

c
Af

te
r

Ac
ut

e 
re

je
ct

io
n

Pe
m

br
ol

iz
um

ab
×2

3.
1

M
M

F, 
Pr

ed
NA

NA
21

 d
ay

Ga
ss

m
an

n 
et

 a
l. 

(2
01

8)
 [5

9]
HC

C
Af

te
r

Ce
llu

la
r r

ej
ec

tio
n

Ni
vo

lu
m

ab
3

Ev
er

ol
im

us
PD

No
ne

7 
da

y
Ku

o 
et

 a
l. 

(2
01

8)
 [6

0]
M

el
an

om
a

Af
te

r
No

 re
je

ct
io

n
Ip

ili
m

um
ab

 th
en

 
pe

m
br

ol
iz

um
ab

5
Ta

c+
M

M
F+

Pr
ed

 →
 s

iro
lim

us
+M

M
F

PR
1 

yr

Ra
m

m
oh

an
 e

t a
l. 

(2
01

8)
 [6

1]
HC

C
Af

te
r

No
 re

je
ct

io
n

Pe
m

br
ol

iz
um

ab
3

Ta
c/

si
ro

lim
us

CR
NA

De
 T

on
i e

t a
l. 

(2
01

7)
 [6

2]
HC

C 
Re

c
Af

te
r

No
 re

je
ct

io
n

Ni
vo

lu
m

ab
×1

5
1

Ta
c

SD
NA

Fr
ie

nd
 e

t a
l. 

(2
01

7)
 [6

3]
HC

C 
Re

c
Af

te
r

Ce
llu

la
r r

ej
ec

tio
n

Ni
vo

lu
m

ab
4

Si
ro

lim
us

 2
 m

g
NA

NA
17

 d
ay

HC
C 

Re
c

Af
te

r
Ce

llu
la

r r
ej

ec
tio

n
Ni

vo
lu

m
ab

3
Ta

c 
4 

m
g

NA
NA

7 
da

y
Sc

hv
ar

ts
m

an
 e

t a
l. 

(2
01

7)
 [6

4]
M

el
an

om
a

Af
te

r
No

 re
je

ct
io

n
Pe

m
br

ol
iz

um
ab

20
Ta

c
CR

NA
Va

rk
ar

is
 e

t a
l. 

(2
01

7)
 [6

5]
HC

C 
Re

c
Af

te
r

No
 re

je
ct

io
n

Pe
m

br
ol

iz
um

ab
8

Ta
c 

→
 5

0%
 re

du
ct

io
n 

do
se

PD
NA

M
or

al
es

 e
t a

l. 
(2

01
5)

 [6
6]

M
el

an
om

a
Af

te
r

No
 re

je
ct

io
n

Ip
ili

m
um

ab
×4

8
Si

ro
lim

us
 3

 m
g 

→
 1

 m
g,

 M
M

F 
→

 o
ff

PR
3 

m
o

Ra
ng

an
at

h 
et

 a
l. 

(2
01

5)
 [6

7]
M

el
an

om
a

Af
te

r
No

 re
je

ct
io

n
Ip

ili
m

um
ab

8
Ta

c
SD

NA
Ch

en
 e

t a
l. 

(2
02

1)
 [6

8]
HC

C
Be

fo
re

Ac
ut

e 
re

je
ct

io
n

To
rip

al
im

ab
×1

0
Ta

c, 
m

et
hy

lp
re

dn
is

ol
on

e
PD

No
ne

10
 h

r
De

hg
ha

n 
et

 a
l. 

(2
02

1)
 [6

9]
HC

C
Be

fo
re

Ac
ut

e 
re

je
ct

io
n

Ni
vo

lu
m

ab
Ta

c, 
M

M
F, 

Pr
ed

Ne
ar

 C
R

No
ne

PO
D 

10
Qi

ao
 e

t a
l. 

(2
02

1)
 [7

0]
HC

C
Be

fo
re

Re
je

ct
io

n 
in

 1
/7

Pe
m

br
ol

iz
um

ab
 o

r 
ca

m
re

liz
um

ab
Ta

c, 
M

M
F, 

m
et

hy
lp

re
dn

is
ol

on
e,

  
Pr

ed
, e

tc
.

PR
 in

 7
1%

No
ne

PO
D 

12
 in

 
on

e 
ca

se
Ta

br
iz

ia
n 

et
 a

l. 
(2

02
1)

 [7
1]

HC
C

Be
fo

re
Re

je
ct

io
n 

in
 1

/9
  

(m
ild

, lo
w 

Ta
c 

le
ve

l)
Ni

vo
lu

m
ab

Ta
c, 

M
M

F, 
Pr

ed
Ne

ar
 C

R 
in

 3
/9

No
ne

NA

No
rd

ne
ss

 e
t a

l. 
(2

02
0)

 [7
2]

HC
C

Be
fo

re
Ac

ut
e 

re
je

ct
io

n
Ni

vo
lu

m
ab

Ta
c, 

M
M

F, 
Pr

ed
CR

No
ne

PO
D 

5
Sc

hw
ac

ha
-E

ip
pe

r e
t a

l. 
(2

02
0)

 [7
3]

HC
C

Be
fo

re
No

 re
je

ct
io

n
Ni

vo
lu

m
ab

NA
PR

No
ne

tx
, t

ra
ns

pl
an

ta
tio

n;
 IC

I, 
im

m
un

e 
ch

ec
kp

oi
nt

 in
hi

bi
to

r; 
IS

, i
m

m
un

os
up

pr
es

sa
nt

; c
SC

C,
 c

ut
an

eo
us

 s
qu

am
ou

s 
ce

ll 
ca

rc
in

om
a;

 N
A,

 n
ot

 a
pp

lic
ab

le
; T

ac
, t

ac
ro

lim
us

; P
D,

 p
ro

gr
es

si
ve

 d
is

ea
se

; 
HC

C,
 h

ep
at

oc
el

lu
la

r c
ar

ci
no

m
a 

re
cu

rre
nc

e;
 R

ec
, r

ec
ur

re
nc

e;
 P

R,
 p

ar
tia

l r
es

po
ns

e;
 S

D,
 s

ta
bl

e 
di

se
as

e;
 L

US
C,

 lu
ng

 s
qu

am
ou

s 
ce

ll 
ca

rc
in

om
a;

 M
M

F, 
m

yc
op

he
no

la
te

 m
of

et
il; 

Pr
ed

, p
re

dn
is

on
e;

 
CR

, c
om

pl
et

e 
re

sp
on

se
; P

OD
, p

os
to

pe
ra

tiv
e 

da
y.



 https://doi.org/10.4285/kjt.22.001390

Korean J Transplant · June  2022 · Volume 36 · Issue 2

changes in ctDNA levels after treatment were associ-
ated with response. Patients with undetectable ctDNA 
after treatment had a longer PFS [54]. Based on these 
results, it is expected that ctDNA will also be introduced 
as an efficacy indicator for ICI used before and after liv-
er transplantation for HCC. Similar to kidney transplant 
acute rejection, dd-cfDNA can also be used to evaluate 
allograft tolerance in liver transplant recipients [74,75]. 
Levitsky et al. [75] reported that the area under the curve 
of dd-cfDNA in the acute rejection group (n=57) compared 
to the normal function group (n=94) was as high as 0.95, 
and dd-cfDNA decreased alongside normalization after 
treatment for acute rejection. Therefore, dd-cfDNA may 
become a biomarker for evaluating rejection in liver trans-
plant patients who receive ICI treatment.

Heart Transplantation
Studies on heart transplant recipients treated with ICIs 
remain limited. Rejection and myocarditis can be fatal, 
and therefore more caution is being taken with the admin-
istration of ICIs in this patient group. ICI-induced severe 
myocarditis in non-transplant patients is rare (0.09%) but 
can be associated with a high rate of mortality [76]. For 
heart transplant recipients, ICI treatments for melanoma, 
cSCC, and NSCLC have been reported (Table 3). The mor-
tality attributed to ICI-associated myocarditis, as reported 
in the World Health Organization database, ranges from 
36% to 67% [77]. Alemtuzumab (an anti-CD52 antibody) 
and abatacept (CTLA-4 immunoglobulin) might be effec-
tive for treating severe myocarditis. Both alemtuzumab 
and abatacept are potent immunosuppressants used in 
SOT. Alemtuzumab is a monoclonal antibody that binds 
to CD52, a protein present on the surface of immune cells, 
such as mature lymphocytes, monocytes, and macro-
phages, but not on hematopoietic stem cells. Abatacept 
competes for CD28 occupancy with B7 on APCs, thereby 
inhibiting the co-stimulatory signaling in T cells [78,79]. 
ICI-associated rejection is often much more severe than 
immune-related adverse events in non-transplant pa-
tients in general, but these potent immunosuppressants 
may be able to treat allograft injury caused by ICIs in 
post-heart transplant patients.

Lung Transplantation
The lung is one of the most immunogenic organs among 
all SOTs [80], and the recipient requires higher doses 
of immunosuppressants [81]. As survival improves, the 
number of patients who develop cancer has been increas- Ta
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ing, and potential ICI candidates exist in patients after 
lung transplants as well. ICI treatment for lung transplant 
recipients is the least reported among the various types of 
SOT. This is likely because, as with the heart, severe acute 
rejection of the lung allograft is directly linked to mortal-
ity. In the scope of our review, we found reports of one 
melanoma case and two cSCC cases treated with ICIs in 
lung transplant recipients (Table 4). Although acute rejec-
tion was not evident in any of the three patients, Tsung et 
al. [24] reported that the patient developed immune-me-
diated pneumonitis after two courses of cemiplimab but 
was discharged home and maintained CR. Daud et al. [82] 
reported that one of the patients had acute graft dysfunc-
tion and the other died within 1 year of ICI treatment due 
to chronic lung allograft dysfunction. They suggested that 
ICIs for lung transplant recipients have a higher risk of 
allograft rejection and/or dysfunction, but might provide 
therapeutic benefits for their cancer.

RISK FACTORS AND MECHANISTIC INSIGHTS ON 
ICI-ASSOCIATED REJECTION

The Number of Immunosuppressants in Combination and 
Steroid Mini-Pulses
Posttransplant cancer is often managed with the reduc-
tion or discontinuation of immunosuppressants [87]. Our 
multi-center study suggested that a higher number of 
immunosuppressants used in a given patient at the time 
of ICI initiation was associated with a lower risk of acute 
rejection. Meanwhile, the ORR to ICIs for both melanoma 
and cSCC did not differ when stratified by the number 
of immunosuppressants [15]. Peri-infusion prednisone 
mini-pulses (40–20 mg over 1–2 weeks, beginning the 
day of or prior to ICI infusion) followed by 10 mg of pred-
nisone daily for maintenance have also been reported to 
be effective in the prevention of acute rejection [29,88].

mTOR Inhibitors
mTOR inhibitors have been shown to be effective in can-
cer prevention and treatment [89]. The TUMORAPA study 
[90] demonstrated that kidney transplant recipients with 
a history of cSCC who switched from CNI to sirolimus af-
ter the first diagnosis of cSCC had a significant reduction 
in the recurrence of skin cancer compared to the group 
that continued CNI. These findings indicate the benefit 
of mTOR inhibitors in the immune system and for cancer Ta
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control. In the multi-center study described above, the 
rejection-free graft survival and overall graft survival were 
both longer in mTOR inhibitor-treated patients than in 
non-mTOR inhibitor-treated patients with cSCC [15]. 

Several reports have suggested that mTOR inhibitors 
may be useful in reducing rejection and controlling cancer 
[29]. In our multi-center study evaluating ICIs in kidney 
transplant recipients with cancer, the use of mTOR inhib-
itors was associated with a lower risk of rejection in mul-
tivariate analyses [15]. One case report suggested that 
sirolimus treatment abated cytotoxic T cell numbers and 
eosinophilia, while a higher number of Treg cells in the 
peripheral blood was maintained [91]. 

Based on the above, Table 5 shows our suggestions 
on immunosuppression modifications for practical use.

TOLERANCE

Long-term transplant recipients are thought to have es-
tablished immunological tolerance to some degree and 
often require fewer immunosuppressants. d'Izarny-Gar-
gas et al. [92] reported that the risk of rejection by ICIs 
was significantly lower in patients who were more than 8 
years posttransplant. They also showed that the use of 
at least one immunosuppressant in addition to steroids 
reduced the risk of rejection, while a previous history of 
rejection significantly increased the likelihood of rejection 
with ICI treatment.

Table 5. Our recommended potential immunosuppression modifications for practical use
Modification Detail

Dynamic steroid regimen Pred 40 mg daily for 3 days (starting from day 1), 20 mg for 3 days, then 10 mg for the rest of the cycle
mTORi conversion mTORi with a target trough level of 4–6 ng/mL

Pred, prednisone; mTORi, mammalian target of rapamycin inhibitor.

Table 6. Ongoing clinical trials of immunotherapy for cancer in transplant patients

Organ Study title Registration Cancer Interventions Phase
Start 
date

Kidney Nivolumab in renal transplant recipients with 
poor prognosis cancers - a safety study [93]

ANZCTR Registration No. 
ACTRN12617000741381

cSCC, head & neck 
SCC, melanoma, MCC, 

NSCLC, urothelial 
cancer, colorectal 

cancer, breast cancer, 
etc.

Nivolumab I May 22, 
2017

Kidney Tacrolimus, nivolumab, and ipilimumab in 
treating kidney transplant recipients with 
selected unresectable or metastatic  
cancers [94]

ClinicalTrials.gov Identifier 
NCT03816332

Melanoma, MCC, BCC, 
cSCC

Tacrolimus, nivolumab, 
ipilimumab

I Feb 1, 
2019

Kidney Cemiplimab in AlloSCT/SOT recipients with 
cSCC (CONTRAC) [94]

ClinicalTrials.gov Identifier 
NCT04339062

cSCC Cemiplimab, everolimus, 
sirolimus, prednisone

I/II Jul 15, 
2020

Liver Safety and efficacy of PD-1 inhibitors in 
patients with liver transplant [94]

ClinicalTrials.gov Identifier 
NCT03966209

HCC JS001 (PD-1 inhibitor) I May 1, 
2019

Liver Atezolizumab and bevacizumab before 
surgery for the treatment of resectable  
liver cancer

ClinicalTrials.gov Identifier 
NCT04721132

HCC Atezolizumab, 
bevacizumab

II Feb 10, 
2021

ANZCTR, Australian New Zealand Clinical Trials Registry; cSCC, cutaneous squamous cell carcinoma; MCC, Merkel cell carcinoma; NSCLC, non-small cell 
lung cancer; BCC, basal cell carcinoma; AlloSCT, allogeneic stem cell transplant; SOT, solid-organ transplant; PD-1, programmed cell death protein 1; HCC, 
hepatocellular carcinoma recurrence.
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GENE EXPRESSION ANALYSIS OF ICI-ASSOCIATED 
REJECTION IN KIDNEY TRANSPLANT RECIPIENTS

ICI-associated acute allograft rejection is histopatho-
logically indistinguishable from other T cell-mediated 
rejection or acute tubulointerstitial nephritis. Our group 
recently studied the gene expression signature of kidney 
biopsies using the Nanostring platform, which enabled 
us to analyze ~700 immune-related target gene profiles. 
This study found that the expression level of IFI27, an in-
terferon alpha-induced transcript, was higher in cases of 
T-cell-mediated rejection after ICI use in kidney allograft 
than in acute interstitial nephritis [95]. Thus biopsy-based 
measurement of IFI27 gene expression represents a po-
tential biomarker for distinguishing these entities, and it is 
expected that a risk assessment based on a genetic diag-
nosis will be possible through biopsy before treatment.

ONGOING CLINICAL TRIALS

There are five ongoing clinical trials for ICI use in trans-
plant patients: three for kidney and two for liver transplant 
patients. Table 6 provides an overview of the trials. The 
first one is “Nivolumab in renal transplant recipients with 
poor prognosis cancers - a safety study” (ANZCTR regis-
tration number ACTRN12617000741381) [93]. This study 
investigates the safety and efficacy of nivolumab for all 
types of cancer in kidney transplant recipients. Partici-
pants receive nivolumab (3 mg/kg) intravenously every 2 
weeks, and the study treatment will continue as long as 
there is a clinical benefit for up to 2 years. The second 
study is “Tacrolimus, Nivolumab, and Ipilimumab in Treat-
ing Kidney Transplant Recipients With Selected Unresect-
able or Metastatic Cancers” (NCT03816332), a prospec-
tive study comparing existing therapies with tacrolimus, 
nivolumab, and ipilimumab for treating kidney transplant 
recipients with advanced melanoma, Merkel cell carcino-
ma, basal cell carcinoma, and cSCC. 

The third is “Cemiplimab in AlloSCT/SOT Recipients 
with CSCC (CONTRAC)” (NCT04339062), which evaluates 
the safety and efficacy of cemiplimab as a treatment for 
advanced cSCC in participants who have previously re-
ceived a kidney transplant or an allogeneic hematopoietic 
stem cell transplant. Kidney transplant recipients receive 
the study treatment drug of cemiplimab along with evero-
limus, sirolimus, and/or prednisone to prevent kidney re-

jection. The fourth one is “Safety and Efficacy of PD-1 In-
hibitors in Patients With Liver Transplant” (NCT03966209), 
which assesses the safety and efficacy of PD-1 inhibitors 
such as JS001 in patients with liver transplants. The el-
igible patients in this study have recurrent or metastatic 
HCC after liver transplantation and have previously been 
treated with sorafenib or other targeted therapy. A biopsy 
is needed to exclude patients with positive allograft PD-
L1 expression [94]. 

The last one is “Atezolizumab and Bevacizumab Be-
fore Surgery for the Treatment of Resectable Liver Cancer” 
(NCT04721132), which is a phase II trial assessing the 
efficacy of atezolizumab and bevacizumab before surgery 
in treating patients with liver cancer that can be removed 
by surgery (hepatectomy or liver transplant). This will be 
the first international trial that evaluates the utility and 
safety of atezolizumab and bevacizumab as a bridging 
therapy to liver transplant for patients beyond the Milan 
criteria [96]. As the number of cases increases, more clin-
ical studies are anticipated to be conducted to establish 
a safer and more effective way to use ICIs in transplant 
recipients.

PATIENT PERSPECTIVES ON  
POSTTRANSPLANT CANCERS

Cancer is a feared outcome for patients posttransplant. 
Interviews conducted with 14 post-kidney transplant re-
cipients performed by Williams et al. [97] elucidated pa-
tientsʼ beliefs and attitudes towards posttransplant can-
cers; patients had limited awareness of posttransplant 
cancers, and even if they did, it was skin cancer-focused. 
Patients tended to prioritize their current health issues 
over cancer screening and prevention, although they felt 
fear of cancer development. In a larger survey of 1,808 
patients posttransplant, the possibility of cancer after 
transplant was considered to be of critical importance by 
patients, caregivers, and health professionals [98]. Sim-
ilarly, a high percentage of recipients have strong hopes 
for graft survival [99]. These studies highlight the impor-
tance of understanding patientsʼ and caregiversʼ values, 
while demonstrating the necessity of a multi-disciplinary 
shared decision-making process for cancer treatment 
options among patients, caregivers, and clinicians. This is 
particularly important because ICI therapy is associated 
with a high risk of rejection, and the treatment risk versus 
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benefit may be perceived differently on a case-by-case 
basis. To help guide the difficult decision-making, it is 
crucial to find ways to make ICI treatment more effective 
and safer for treating transplant recipients with cancer.

CONCLUSIONS

ICI therapy for cancer in transplant patients is still chal-
lenging. However, the number of cases is gradually in-
creasing, especially in kidney and liver transplant recip-
ients. The patient populations that can benefit from ICI 
therapy are gradually becoming clear, depending on the 
length of time after transplant and the adjustment of im-
munosuppressants. Prospective studies to better under-
stand the risk factors of rejection and therapeutic targets 
are underway.
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