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Introduction

Immune checkpoint therapy, targeting regulatory pathways in
T cells, has led to important clinical advances and improved
outcomes in patients with malignant diseases [1]. Ipilimumab,
a monoclonal human antibody, binds to cytotoxic T lympho-
cyte-associated antigen-4 (CTLA-4) and blocks inhibitory T cell
signals. Treatment with ipilimumab has resulted in durable
clinical response in patients with metastatic malignant melan-
oma [2]. Antibodies, e.g., nivolumab and pembrolizumab, tar-
geting the programmed cell death-1 (PD-1) receptor, increase
the activity of cytotoxic T cells by blocking inhibitory signals
engaged by its two known ligands, PD-L1 and PD-L2.
Treatment with anti PD-1 antibodies as monotherapy or in
combination with ipilimumab, have also shown substantial
and durable responses in several tumor types, including malig-
nant melanoma [3,4]. Immunotherapy with ipilimumab and/or
PD-1/PD-1 ligand inhibitors have been approved by FDA/
EMEA for treatment of several malignant diseases including
renal cancer, lymphoma, non-small cell lung cancer, head and
neck cancer, bladder cancer and malignant melanoma.
Immunotherapy of these malignancies is now considered
standard of care in many countries.

Long-term survival after solid organ transplantation has
increased during the last decades. Organ-transplanted
patients require lifelong immunosuppression to control the
balance between risk of allograft rejection and adverse side
effects such as infection. The required level of immunosup-
pression vary between different organ transplant types with
the liver being the organ transplant needing the lowest level
[5]. The specific protocols also vary between organ types and
centers, but the general principle is to combine 2-3 drugs,
thereby minimizing dose-related side effects of any particular
agent. Most patients receive corticosteroids. Due to the side
effect profile of chronic steroid use, they are either tapered
gradually off in the first months or maintained at a low main-
tenance dose. Calcineurin inhibitors (CNI) like cyclosporine
and tacrolimus block the signal-2 of T-cell activation, and
these agents are the mainstay of immunosuppression in
almost all protocols. Agents that interact with the cell cycle,
like mycophenolate mofetil are often added. Due to the
nephrotoxicity associated with CNI, agents interacting with
the mTOR pathway like sirolimus and everolimus are

increasingly used. Chronic immunosuppressive treatment in
organ transplant recipients is associated with an increased
incidence of de novo malignancies, including non-melanoma
skin cancer, malignant melanoma, lymphoma, kidney, head
and neck cancer, colorectal cancer and lung cancer [6-9].
Organ transplant recipients have been excluded from

clinical trials with immune checkpoint inhibitors and
the benefit and risks of such treatment have not been
evaluated systematically in organ transplant recipients;

however, several case reports on outcome have been pub-
lished [10-32] with acute graft failure or rejection
[10,12,15,17,18,20,25,27,28,30,31] as well as unchanged graft
function [11,13,14,16,19,21-24,26,29,32]. Immunosuppressive
drugs like sirolimus and/or mycophenolate mofetil, which
routinely are used after organ transplantation, have also
been used to treat serious immune-related side effects of
immune checkpoint inhibitor therapy [33]. It is unclear
whether these drugs interfere with the antitumor effect,
and therefore, the intensity of immunosuppression has
often been reduced in patients with an organ graft receiv-
ing immune checkpoint inhibitor treatment.

Methods

A literature review was completed on Ovid MEDLINE(R) Epub
Ahead of Print, In-Process & Other Non-Indexed Citations,
Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) 1946 to Present:
(Organ Transplantation/or (organ and transplant®).tw kf.
or Liver Transplantation/or (liver and transplant®).tw,kf. or
Pancreas Transplantation/or (pancreas and transplant™®).tw,kf.
or heart transplantation/or heart-lung transplantation/or
((heart and transplant*) or (cardiac and transplant®)).tw kf.
or Lung Transplantation/or (lung and transplant*).twkf. or
Transplant Recipients/or (transplant® and recipient™®).tw,kf.
or Kidney Transplantation/or ((kidney and transplant*) or
(renal and transplant®)).twkf) and (Ipilimumab/or (ipilimu-
mab or pembrolizumab or nivolumab or immune
checkpoint® or checkpoint™ inhibit* or pd 1 or pd I1 or ctla
4).tw,kf) and (exp neoplasms/or (neoplasm or neoplasm or
neoplasms or neoplastic or cancer or cancers or carcinom* or
adenocarcinom* or melanoma or tumor or tumors or tumor
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or tumors or oncol* or malign* or metastasis or metastatic
or metastases).tw,kf.)

A similar search was also performed on EMBASE (OVID).
After removing doublets, these searches yielded a total of
235 published articles. Cutoff date for inclusion was set to 1
January 2018, and articles published in non-English language
or involving pediatric patients were excluded.

Results

Twenty-three case reports including a total of 26 organ
transplant recipients which have received ipilimumab or/
and PD-1 inhibitors were identified (Table 1). The majority
of these patients were treated with immune checkpoint
inhibitors due to metastatic disease from malignant melan-
oma. Fourteen of the 26 patients had a kidney transplant.
The immunosuppressive regimen utilized during immuno-
therapy varied in the cohort (Table 1).

Ipilimumab

Six case reports including seven patients have been pub-
lished on immunotherapy with ipilimumab: three kidney
transplanted patients [16,28], three liver-transplanted patients
[17,19,27] and one patient with a heart transplant [13]. Three
patients experienced graft rejection. Two of these patients
had a liver graft and metastases in the donor graft. The last
patient with rejection on ipilimumab treatment was a patient
with a kidney transplant.

The first signs of liver graft rejection will often be elevated
levels of ALT/AST as sign of cellular damage before functional
impairment with significant elevation in INR and bilirubin
values [34]. Elevated transaminases are therefore usually
detected before clinical liver dysfunction is observed. Early
interventions with steroids and/or anti-thymocyte globulin
(ATG) treatment will in most instances halt the rejection pro-
cess thereby preventing liver graft loss.

The liver-transplanted patient with a biopsy-confirmed
rejection received only one dose of ipilimumab resulting in
high serum levels of ALT (750U/L, CTCAE grade 3 toxicity)
week 6 [27]. The diagnosis of acute rejection was biopsy con-
firmed (RAI score 6). In the two other case reports on liver-
transplanted patients treated by ipilimumab, one patient
[19] had no increase in serum AST/ALT during ipilimumab
treatment, whereas the other patient had no elevation of
ALT during the four ipilimumab treatments, but a serum ALT
level of about 230 U/L was observed at week 16 [17]. No liver
biopsy was obtained to confirm rejection histologically in this
patient with a transient elevation of ALT [17]. These
two patients with no or only late and moderately elevated
ALT levels received tacrolimus or sirolimus as immunosup-
pressive treatment during ipilimumab administration whereas
the liver-transplanted patient and the kidney transplanted
patient with acute rejection were on prednisolone monother-
apy. Two of the liver-transplanted patients had metastatic
disease in the liver graft, whereas the liver-
transplanted patient with no elevation of ALT [19] had only
extra-hepatic metastases. In patients with metastases in the
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liver graft, increased serum levels of AST and ALT may repre-
sent progression of the metastatic disease as well as graft
rejection, and this can constitute a diagnostic problem. It is
therefore important to obtain a liver biopsy to confirm liver
graft rejection in these cases. Furthermore, ipilimumab has
also been reported to induce hepatitis in non-transplant liv-
ers [35].

The cardiac-transplanted patients treated with ipilimumab
and receiving tacrolimus as immune suppressive treatment
did not develop rejection [13,22]. Also the two kidney trans-
planted patients reported by Lipson et al. [16] had
unchanged creatinine levels after ipilimumab treatment and
prednisolone as immunosuppressive treatment.

PD-1 inhibitors

Eight kidney transplanted patients were treated with PD-1
antibodies [11,12,15,18,24,29,30]. Four of these patients
developed graft rejections requiring dialysis. Three of these
patients received prednisolone or prednisolone and cyclo-
sporine as immunosuppressive treatment and one patient
received azathioprine and everolimus. In the four patients
who did not develop kidney graft rejection two
patients received sirolimus and prednisolone, one received
prednisolone and mycophenolate mofetil, and the last
patient received cyclosporine only [11,24,29]. Five liver recipi-
ents [21,23,25,26,32] and two patients with heart transplants
[29,31] also received PD-1 inhibitor treatment. Of these
seven patients, two recipients developed graft rejection
[25,31]. One of the liver-transplanted patients treated with
PD-1 inhibitor had increase in ALT levels to about 700 U/L
after start of immune checkpoint inhibitor treatment [32].
Liver biopsy did not show signs of rejection. The patient
had relapse of hepatitis C virus infection with marked ele-
vated hepatitis C RNA levels and responded with normaliza-
tion of ALT levels on anti-viral treatment. This observation
underlines the importance of obtaining a liver biopsy in
patients with elevated liver enzymes after start of immuno-
therapy, particularly in patients with preexisting liver disease
that may be re-activated as a consequence of
immunotherapy.

Ipilimumab + PD-1 inhibitor

A sequential treatment of ipilimumab and PD-1 inhibitor
were administered to three kidney transplant recipients, as
well as one heart transplant recipient [10,14,20,22]. Two of
these developed kidney graft rejection resulting in dialysis
requirement [10,20]. In contrast, one patient had unchanged
kidney function, and the heart transplant recipient did not
experience any signs of rejection after immune checkpoint
inhibitor treatment [14,22]. The latter two patients received
tacrolimus alone or combined with prednisolone as immuno-
suppressive treatment whereas the two other kidney recipi-
ents both received prednisolone and cyclosporine or
prednisolone alone after starting sequential immune check-
point inhibitor therapy.
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Discussion

Of the 26 solid organ recipients treated with immune check-
point inhibitors reported in the present review three out of
seven had graft rejection on ipilimumab, six of 15 on PD-1
inhibitor and two of the four patients treated with sequential
ipilimumab and PD-1 inhibitor administration. Graft rejection
was observed in seven of 10 patients receiving prednisolone
with or without cyclosporine, and four of 16 patients treated
with different immunosuppressive regimens containing any of
the following drugs: tacrolimus, everolimus, sirolimus or myco-
phenolate mofetil. This may suggest that solid organ transplant
recipients considered for immune checkpoint inhibitors may
need a more intensive immunosuppressive treatment than
prednisolone monotherapy. Tumor response was reported in
three out of 11 (27%) patients receiving ipilimumab treatment
and six out of 19 patients (32%) treated with PD-1 inhibitors
(Table 1). These numbers are very small, but are somewhat not
in accordance to studies were it is reported that PD-1 inhibitor
treatment may have a higher response rate compared to ipili-
mumab treatment [3]. Of the nine patients obtaining complete
response or partial response on immune checkpoint inhibitors,
four patients were immunosuppressed with tacrolimus or siroli-
mus whereas the other five were treated by prednisolone. This
might suggest that immunosuppressive regimens containing
tacrolimus or sirolimus may be continued when immune check-
point inhibitors are administered in organ transplant recipients.

Median time from transplantation to start of immune check-
point inhibitor treatment was 12.5 years (range 1.5-32 years).
The two patients with shortest time (1.5 and 3 years) experi-
enced graft rejection. The risk of acute rejection generally
tends to diminish with time from transplant and recipients
require a lower maintenance immunosuppressive treatment
than in the initial post-transplant phase. The incidence of
and consequence in terms of functional impact and chronic
allograft rejection also varies among organ types [36,37].
Thus, one might therefore be more reluctant to introduce
immune checkpoint inhibitor treatment during the first years
after solid organ transplantation and particularly in patients
that have experienced repeated episodes of acute rejection in
their medical history.

Graft loss is a devastating event in organ recipients where
no other lifesaving treatment is available. The case reports
reviewed in this article showed that graft rejection was
observed in seven of fourteen kidney recipients resulting in
graft loss. Rejection was also observed in three of eight liver-
transplanted patients and one of four heart-transplanted
patients. However, there was only one graft loss among these
patients. A liver-transplanted patient receiving PD-1-inhibitor
experienced elevated transaminases a few days after the second
dose of nivolumab developed liver graft loss. The patient died
3 weeks after liver rejection [25]. Furthermore, another patient
(14 years old at time of liver transplantation) had relapse of
hepatocellular carcinoma about 1 year after receiving a liver
transplant. He was treated with nivolumab and passed away
4 weeks after initiation of PD-1 inhibitor treatment [25].

This review is based on published results, we cannot exclude
that there are other transplant recipients that may have died
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due to graft loss after immune checkpoint inhibitor treatment
that has not been reported in the medical literature.

Based on these case reports, we suggest that clinicians should
be cautious when considering immune checkpoint inhibitor
treatment in transplant recipients. If immune checkpoint inhibi-
tor administration is started, careful monitoring of graft function
and integrity is required to detect acute rejection early. Graft loss
is a life threatening event in recipients of heart, lung and liver,
since they will not be eligible for re-transplant, thus probably
resulting in a shorter survival compared to the outcome from
the metastatic disease, including metastatic malignant melan-
oma. In contrast, kidney recipients who experience graft loss
may be maintained on dialysis and have prolonged survival.
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Melanoma metastases occuring 40 years after primary melanoma
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Late recurrence of cutaneous melanoma is defined as the
onset of metastases more than 10 years after primary melan-
oma diagnosis [1]. Although its incidence is low, this event is
not so rare, even after many years [1,2].

Cutaneous melanoma can develop loco-regional and/or
distant metastases in 20% of cases [1,2]. Although most of
melanoma recurrences (65-81%) will occur within 3 years
after treatment, metastases can also occur after 10 years [3].
The frequency of this event varies from 1.1 to 6.9% of

melanoma patients [1,4,5]. Recurrence rates using actuarial
analysis were reported to be 6.8 and 11.3%, after 15 and
25 vyears, respectively, for those patients disease-free for
10 years or more [4]. Instead, late metastases are more com-
mon for uveal melanoma, with relapse disease rates of 34%
[5].

About 70% of newly diagnosed melanoma today are thin
tumors which present a good prognosis [6-8]. However, thin
melanoma patients, particularly with high risk factors
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