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ABSTRACT

Background. It is well known that the state of immune tol-
erance induced by broad immunosuppression to prevent
allograft rejection leads to an increased risk of the develop-
ment of cancer. One of the most promising new areas of
cancer treatment has been the development of immune
checkpoint inhibitors that target the cytotoxic T-lympho-
cyte-associated antigen 4 and programmed cell death pro-
tein 1/programmed death-ligand 1 (PD-L1) pathways. As a
logical consequence, growing interest in these agents
translated into their implementation in patients with
transplant-related malignancies. Because of overlapping
and perhaps mutually exclusive mechanisms of action of
transplant immunosuppression and cancer immunomodula-
tion, it is critical to examine these interactions.
Materials and Methods. We carried out a systematic
search for review articles and case reports published

between July 2014 and November 2017 using three
engines: Usearch, PubMed, and Up-to-date.
Results. Overall, there were 20 cases with 12 allograft rejec-
tions. The rejection rate associated with nivolumab was 73%
(8/11) and with pembrolizumab it was 100% (2/2). The use
of ipilimumab did not lead to rejection in any instance (0/4,
0%). Of the two patients treated with the sequential use of
ipilimumab/nivolumab, one lost his allograft, yielding a
rejection rate of 50%. The sequential use of ipilimumab/
pembrolizumab led to a rejection rate of 100% (1/1, 100%).
Conclusion. The use of agents that act on the PD-L1 path-
way are contraindicated in the face of solid organ allografts
because of unacceptably high rates of irreversible allograft
rejection. It appears that the use of ipilimumab may be tol-
erated as the mechanism is different from that of the PD-
L1 agents. The Oncologist 2019;24:394–401

Implications for Practice: Transplant rejection is a complex process that puts stress on patients and their families and can
lead to tragic results. Significant advancements in the field of immunosuppression have led to the engenderment of agents
devised to extend the survival of transplant recipients. The advent of immunomodulators in cancer therapy has been para-
digm-shifting; however, because of their mechanism of action, their use must be carefully considered in patients with allo-
grafts and concomitant cancer. It appears that ipilimumab can be administered safely in these patients but that agents
acting on the programmed death-ligand 1 pathway are contraindicated because of high rates of irreversible rejection.

INTRODUCTION

A 59-year-old Hispanic male with a history of long-standing
type 2 diabetes mellitus, essential hypertension, and a
45 pack-year history of smoking with stage IV lung cancer
and end-stage renal disease s/p living-donor kidney trans-
plant (LDKT) in 2011 was transferred to the Jackson Memo-
rial Hospital (JMH) renal transplant unit for evaluation of
worsening renal function.

The patient had undergone LDKT surgery in October
2011. He received induction therapy with basiliximab
(Simulect; Novartis) and thymoglobulin and was started on
tacrolimus (Prograf; Astellas Pharma) and mycophenolate
mofetil (Myfortic; Novartis) for maintenance immunosup-
pression. In March 2017, he was diagnosed with a T2N1M0
squamous cell carcinoma of the lung due to cough,
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reduced exercise tolerance, and orthopnea. The patient
underwent left lower lobectomy later that month. Immu-
nosuppression was stopped.

Two months after surgery, he was admitted because of
worsening cough, shortness of breath, reduced exercise
capacity, and orthopnea. Work-up documented new metas-
tasis to the ribs, heart, lung, and diaphragm. He received
one cycle of carboplatin and paclitaxel in June 2017. His dis-
ease progressed after the first dose of chemotherapy, and
he was given one dose of nivolumab on July 15, 2017.
Nine days later, he was admitted with fever, generalized
malaise, myalgia, and acute kidney injury with a creatinine
of 7.39. He was transferred to JMH on June 27 for further
investigation and management of suspected renal allograft
rejection.

A computed tomography scan of the abdomen revealed
a significantly edematous kidney. A renal ultrasound
showed increased echogenicity of the parenchyma of the
transplanted kidney without any accompanying perirenal
collections or signs of hydronephrosis consistent with acute
allograft rejection. He was treated with a high dose of ste-
roids, but he remained oliguric. The patient refused dialysis
and died of renal failure and progressive lung cancer
4 weeks after receiving one dose of nivolumab.

Background
According to the Organ Procurement and Transplantation
Network, a total of 33,610 transplants were allocated in
the U.S. in the calendar year 2016, 56.7% of which were
kidney allografts, 23.3% liver, 9.5% heart, 6.9% lung, 2.4%
dual kidney/pancreas, 0.6% pancreas alone, and 0.5% cor-
responding to other organs (dual heart/lung, intestine, cra-
niofacial, and uterus) [1]. At a glance, there are 114,930
candidates in the national waiting list to receive a trans-
plant as of March 16, 2018. Every 10 minutes, someone is
added to the waiting list. On average, 20 people die each
day while waiting for a transplant [2]. In the course of
2016 alone, more than 7,000 registered patients died while
on the waiting list [2]. It is thus a misfortune when cases
of imminent and unrecoverable allograft loss occur. The
most common cause of loss is rejection of the allograft.

Immunosuppression has been extensively studied and
implemented to prevent allograft rejection. It is well
known that this induced state of immune tolerance leads
to an increase risk in the development of malignant neo-
plasms, particularly non-Hodgkin lymphomas and cancers
of the lung, liver, and kidney [3]. Certain other malignan-
cies are also seen at a higher rate, such as colorectal can-
cers and cancers of the urinary bladder, thyroid, skin
(melanoma and nonmelanoma), and gastrointestinal tract
(pancreas, esophagus, intrahepatic bile duct, small intes-
tine), as well as hematologic malignancies (plasma cell dys-
crasias, acute myelogenous leukemia, chronic myelogenous
leukemia) [3]. The mechanisms behind this heightened inci-
dence are believed to be multifactorial in nature and
include infection, reactivation and proliferation of onco-
genic viruses, and loss of immune surveillance in the set-
ting of chronic immunosuppression [3].

One of the most promising new areas of cancer treat-
ment has been the development of immunotherapy with

the cytotoxic T-lymphocyte-associated antigen 4 (CTLA4) and
the programmed cell death protein 1 (PD1)/programmed
death-ligand 1 (PD-L1) pathways as the primary targets. The
approval of ipilimumab (Yervoy; Bristol-Myers Squibb,
New York City, NY), pembrolizumab (Keytruda; Merck, Kenil-
worth, NJ), nivolumab (Opdivo; Bristol-Myers Squibb), atezo-
lizumab (Tecentriq; Genentech Oncology, San Francisco, CA),
and durvalumab (Imfinzi; AstraZeneca UK Limited, Cam-
bridge, U.K.) by the U.S. Food and Drug Administration
(FDA) has added a potent weapon to the cancer treatment
armamentarium.

Given the two- to threefold increase in cancer inci-
dence in transplant recipients, it is not surprising that
these immunomodulatory agents would come to be used
in patients with transplant-related malignancies. Because
of overlapping and perhaps mutually exclusive mechanisms
of action of transplant immunosuppression and cancer
treatment immunomodulation, it is critical to examine
these interactions.

MATERIALS AND METHODS

We carried out a comprehensive systematic search for
potential review articles and case reports using three main
search engines: Usearch (proprietary software of the Uni-
versity of Miami Miller School of Medicine), PubMed, and
Up-to-date. The search was restricted to publication dates
between March 2011, the date of approval of the first
licensed immune checkpoint inhibitor for cancer therapy
by the FDA, and November 2017. Key words included
immunotherapy, immune checkpoint inhibitors, PD-L1,
PD1, CTLA-4, allograft, rejection, organ transplant, anti-PD1
therapy, ipilimumab, nivolumab, and pembrolizumab.

RESULTS

As of November 2017, there are 19 reported cases describ-
ing the use of targeted cancer immunotherapies in the set-
ting of metastatic solid tumors in transplanted patients
undergoing chronic immunosuppression in the literature
(Table 1). With the addition of our case, we examined
20 instances of patients with solid organ transplants who
underwent anticancer therapy with targeted immune mod-
ulators. All reported cases involved the use of nivolumab,
pembrolizumab, or ipilimumab either alone or used
sequentially. There are no data on the use of the newer
agents atezolizumab or durvalumab.

The most common allograft was kidney. Sixty-five percent
of the patients had renal allografts (n = 13), followed by liver
(20%, n = 4), heart (10%, n = 2), and cornea (5%, n = 1).

All patients had stage IV cancer at the time of imple-
mentation of targeted immunotherapy. The most common
type of malignant neoplasm was melanoma, which was
seen in 40% of the patients. This was followed by five
cases of non-small cell lung cancer (NSCLC; 25%, four squa-
mous histology, one epidermoid), three cases of cutaneous
squamous cell carcinoma (15%), two instances of hepato-
cellular carcinoma (10%), one case of adenocarcinoma of
the duodenum (5%), and one report of squamous cell car-
cinoma of unknown origin (5%).
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Table 1. Summary of all cases included in this report

Authors Year Cases Allograft Malignancy Rejection Therapy Immunosuppression

Aguirre LE,
Guzman M,
Lopes G et al.

2018 1 Kidney Stage IV

non-small cell
lung cancer

Yes Nivolumab
(1 dose)

Mycophenolic acid, tacrolimus

(A)

Barnett R, Barta V,
Jhaveri K [34]

2017 1 Kidney Stage IV
adenocarcinoma
of the duodenum

No Nivolumab not
specified
(16 doses?)

Mycophenolate mofetil,
prednisone, and tacrolimus. (A)
to prednisone and sirolimus

Friend B, Venick R,
Naini B et al. [38]

2017 2 Liver Hepatocellular
carcinoma

Yes Nivolumab
1- 2 doses
2- 1 dose

1. Sirolimus (M)

2. Tacrolimus (M)

Kittai A, Oldham H,
Cetnar J et al. [39]

2017 2 Kidney

Heart

Cutaneous
squamous
cell carcinoma

Non-small cell
lung cancer

No

No

Nivolumab
1. 11 doses
2. 12 doses

1. Tacrolimus, mycophenolate
mofetil, prednisone (A) to
sirolimus and prednisone

2. Cyclosporine, mycophenolate
mofetil, prednisone (A) to
mycophenolate and cyclosporine

Kwatra V,
Karanth N,
Priyadarshana K
et al. [44]

2017 1 Kidney Stage IV
melanoma

Yes Pembrolizumab
(2 doses)

Tacrolimus and mycophenolate
(A) to azathioprine

and everolimus

Boils C, Aljadir D,
Cantafio A [30]

2016 1 Kidney Stage IV
squamous
non-small
cell lung
cancer

Yes Nivolumab
(3 doses)

Cyclosporine and prednisone (A)
to prednisone alone

Herz S, Hofer T,
Papapanagiotou M
et al. [31]

2016 1 Kidney Stage IV
melanoma

No Ipilimumab
(3 doses)
Nivolumab
(7 doses)

Prednisone and tacrolimus (M)

Alhamad T,
Venkatachalam K,
Linette G et al. [32]

2016 1 Kidney Stage IV
squamous cell
carcinoma of
unknown primary

Yes Ipilimumab
(4 doses)
Pembrolizumab
(1 dose)

Cyclosporine, azathioprine, and
prednisone (A) to prednisone
alone

Ong M, Ibrahim A,
Bourassa S et al. [36]

2016 1 Kidney Stage IV
melanoma

Yes Nivolumab
(1 dose)

Mycophenolate mofetil,
prednisone, and tacrolimus (A)
to prednisone alone

Le Fournis S, Gohier P,
Urban T et al. [35]

2016 1 Cornea Squamous
non-small
cell lung cancer

Yes Nivolumab
(9 doses)

None
(M)

Lipson E, Bagnasco S,
Moore J et al. [33]

2016 1 Kidney Stage IV
cutaneous
squamous cell
carcinoma

Yes Pembrolizumab
(2 doses)

Cyclosporine + prednisone

(A) to prednisone alone

Owonikoko TK,
Kumar M, Yang S
et al. [37]

2016 1 Heart Cutaneous
squamous
cell carcinoma

Yes Nivolumab
(1 dose)

Tacrolimus, mycophenolate mofetil,
and prednisone (A) to tacrolimus,
sirolimus, and prednisone

Spain L, Higgins R,
Gopalakrishnan K
et al. [43]

2016 1 Kidney Stage IV
melanoma

Yes Ipilimumab
(2 doses)
Nivolumab
(1 dose)

Tacrolimus + prednisolone
(A) to prednisolone

Tamain M,
Garrouste C,
Aguilera D
et al. [45]

2016 1 Kidney Stage IV lung
epidermoid
carcinoma

Yes Nivolumab
(9 cycles)

Tacrolimus, mycophenolate
mofetil, and prednisone (A)
(after dx doses were reduced)

Ranganath H,
Panella T [41]

2015 1 Liver Stage IV
melanoma

No Ipilimumab Tacrolimus

Morales R,
Shoushtari A,
Walsh M et al. [42]

2015 1 Liver Stage IV
melanoma

No Ipilimumab

(4 doses)

Tacrolimus + mycophenolate
mofetil (A) to sirolimus alone

Lipson E, Bodell M,
Kraus E et al. [40]

2014 2 Kidney Stage IV
melanoma

No Ipilimumab 1. Prednisone and tacrolimus
(A) to prednisone alone
2. Prednisone, tacrolimus and
mycophenolate mofetil (A) to
prednisone alone

Cases are depicted by author, year of publication, number of cases reported, type of allograft, induction of rejection, type of malig-
nancy, type of immunosuppressive therapy, and choice of cancer immunotherapy agent.
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The agent most commonly used was nivolumab as a
single agent (55%, n = 11), followed by ipilimumab as a sin-
gle agent (20%, n = 4), pembrolizumab as a single agent
(10%, n = 2), the sequential use of ipilimumab/nivolumab
(10%, n = 2), and the sequential use of ipilimumab/pem-
brolizumab (5%, n = 1).

There were a total of 12 allograft rejections in the
20 reported cases. There were only eight cases in which
the allograft was successfully maintained. Permanent and
irreversible allograft loss occurred in 60% of all cases com-
pared with 40% in which the allograft survived.

Choice of Immune Modulatory Agent and Associated
Rate of Allograft Rejection
The use of nivolumab as a single agent in 11 patients
yielded eight instances of allograft rejection, whereas in
3 patients, the allograft remained intact and no rejection
occurred. Thus, the overall rejection rate associated with
the use of nivolumab as a single agent was 73% (8/11).
The majority of cases of rejection occurred in kidney allo-
graft recipients (4/8, 50%), three of whom were on immu-
notherapy to treat stage IV NSCLC and one in the setting
of metastatic melanoma. Two cases (2/8, 25%) of rejection
were reported in liver allograft recipients who were being
treated for hepatocellular carcinoma, one case (1/8, 12.5%)
of rejection occurred in a heart transplant recipient receiv-
ing nivolumab for metastatic cutaneous squamous cell car-
cinoma, and one case of transplanted cornea rejection
occurred in a patient receiving immunotherapy to treat
stage IV NSCLC (1/8, 12.5%).

Two patients were treated with pembrolizumab as a
single agent, and both lost their allografts (2/2, 100%).
Both patients had renal allografts. One patient had

metastatic melanoma and the other had stage IV cutane-
ous squamous cell carcinoma.

The use of ipilimumab as a single agent was not associ-
ated with the loss of allografts in four patients reported in
the literature (0/4, 0%). Two patients had kidney allografts
and two had liver allografts. All four patients were treated
for stage IV melanoma.

There were two patients treated with the sequential
use of ipilimumab and nivolumab for stage IV melanoma.
One patient lost their allograft whereas the second
patient‘s allograft was successfully maintained, yielding a
rejection rate in this setting of 50%.

There is only one case report of the sequential use of
ipilimumab followed by pembrolizumab. This patient, who
was being treated for metastatic squamous cell carcinoma
of unknown origin, lost their renal allograft (1/1, 100%)
(Table 2).

Type of Cancer and Rate of Allograft Rejection
Melanoma was the most commonly occurring tumor in our
series, constituting 40% of the tumors. Of the eight
patients with melanoma, five did not reject their allograft
(63%) and three allografts were lost (37%).

There were five patients with lung cancer (NSCLC). Four
of the patients with lung cancer lost their allograft (80%).
Two of the three patients with metastatic squamous cell
carcinoma of the skin lost their allografts (66%), and both
patients with hepatocellular carcinoma lost their liver allo-
grafts (100%). Regarding the two other cases, one of ade-
nocarcinoma of the duodenum and another squamous cell
carcinoma of unknown origin, both were associated with
loss of the allograft (Table 3).

Table 2. Outcomes classified by choice of immunotherapy agent

Therapy Cases Type of response Immunosuppression during cancer immunotherapy Graft Rejection rate

Nivolumab 11 Rejection: 8 1 on prednisone + cyclosporine
1 on mycophenolic acid + tacrolimus
3 on mycophenolate + tacrolimus + prednisone
None
1 on sirolimus (M)
1 on tacrolimus (M)

Kidney

Kidney
2 x Kidney, Heart
Cornea
Liver
Liver

73%

Tolerance: 3 2 on prednisone + sirolimus (A)

1 on mycophenolate + cyclosporine (A)

2 x Kidney
Heart

Ipilimumab 4 Rejection: 0 0%

Tolerance: 4 2 on prednisone
1 on tacrolimus

1 on rapamycin

2 x Kidney
Liver

Liver
Ipilimumab +

nivolumab

2 Rejection: 1 1 on prednisolone + tacrolimus Kidney 50%

Tolerance: 1 1 on prednisone + tacrolimus Kidney

Pembrolizumab 2 Rejection: 2 1 on prednisone (A)
1 on azathioprine + everolimus (A)

Kidney

Kidney

100%

Tolerance: 0

Ipilimumab +

pembrolizumab

1 Rejection: 1 1 on cyclosporine + azathioprine + prednisone Kidney 100%

Tolerance: 0

Total 20 Rejections: 12 60%

Tolerance: 8

M: Maintained. No changes to immunosuppression protocol were implemented after starting cancer immunotherapy.
A: Altered. New protocol is the result of change in immunosuppressive strategy after implementation of cancer immunotherapy.
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Type of Allograft and the Rate of Allograft Rejection
The most common type of allograft found in our series was
renal, making up 65% of the allografts. Of the 13 patients
with renal allografts, 8 experienced rejection (62%). One
half of the four liver allografts were permanently
rejected (50%). One of the two heart transplants was
rejected (50%), and the one cornea transplant was rejected
(100%) (Table 4).

DISCUSSION

Immunosuppressant drugs and immune checkpoint inhibi-
tors have opposing effects on the immune system. In trans-
plant recipients, immunosuppressants are used to induce
tolerance to the allograft by dampening the immune
response. On the other hand, in cancer therapy, immune
checkpoint inhibitors are implemented to enhance cell-

mediated immunity and antigen recognition. Coadministra-
tion of these agents is fraught with peril.

According to figures obtained from the Transplant
Cancer Match study conducted by Engels and colleagues
and published in JAMA in 2011 using data on 175,732
out of 442,629 solid organ transplant recipients from the
U.S. Scientific Registry of Transplant Recipients over a
21-year period (1987–2008), the incidence of cancer
among allograft recipients is increased by a factor of two
when compared with the general population [3]. Data
showed that 10,656 patients out of a total of 175,732
transplant recipients developed cancer during follow-up
(6.06%). Overall cancer incidence among transplant recip-
ients was estimated at 1,375 cases per 100,000 person-
years [3].

Transplant rejection is a complex process that involves
humoral and cell-mediated immune responses. Antibody-
mediated rejection can occur in hyperacute, acute, or
chronic settings and involves production of antibodies that
target human leukocyte antigen molecules, ABO antigens
on endothelial cells and erythrocytes, and other
antigens expressed on the surface of endothelial cells [4].
T-cell-mediated rejection, on the other hand, is the most
common form of acute rejection, and it involves the recog-
nition of alloantigens expressed in the transplanted organ
by the recipient’s T cells once antigen presentation by
antigen-presenting cells (APCs) has occurred in lymphoid
structures [4]. Primed T cells will subsequently differentiate
in a process orchestrated by pro-inflammatory cytokines
arising from receptor-ligand interactions between APCs and
naïve T cells and invade the graft, leading to its destruc-
tion. Allograft rejection can thus be averted by disrupting
this mechanism with agents that target critical intracellular
effectors.

Table 3. Rejection by type of tumor

Primary tumor Cases Type of response Graft Agent Rejection rate

Melanoma 8 Rejection: 3 3 x kidney 1 x nivolumab,
1 x pembrolizumab,
1 x ipilimumab/nivolumab

37.5%

Tolerance: 5 3 x kidney, 2 x liver 1 x ipilimumab/nivolumab,

4x ipilimumab
NSCLC 5 Rejection: 4 3 x kidney, cornea 4 x nivolumab 80%

Tolerance: 1 Heart 1 x nivolumab

Cutaneous
squamous cell
carcinoma

3 Rejection: 2 Kidney, heart 1 x pembrolizumab,
1 x nivolumab

66.7%

Tolerance: 1 Kidney 1 x nivolumab

Hepatocellular
carcinoma

2 Rejection: 2 2 x liver 2 x nivolumab 100%

Tolerance: 0

Duodenal
adenocarcinoma

1 Rejection: 0 0%

Tolerance: 1 Kidney 1 x nivolumab

Squamous cell
carcinoma of
unknown primary

1 Rejection: 1 Kidney 1 x ipilimumab/pembrolizumab 100%

Tolerance: 0

Total 20 Rejection: 12 60%

Tolerance: 8

Table illustrates the rate of rejection per tumor type and depicts the type of allograft rejected.
Abbreviation: NSCLC, non-small cell lung cancer.

Table 4. Rejection by type of allograft

Allograft Cases Type of response Rejection rate

Kidney 13 Rejection: 8 61.5%

Tolerance: 5

Liver 4 Rejection: 2 50%

Tolerance: 2

Heart 2 Rejection: 1 50%

Tolerance: 1

Cornea 1 Rejection: 1 100%

Tolerance: 0

Total 20 Rejection: 12 60%

Tolerance: 8
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Immunosuppressive agents such as azathioprine and
mycophenolate mofetil inhibit cell proliferation by arresting
DNA replication in T and B cells [5]. Calcineurin inhibitors
such as tacrolimus and cyclosporine act by blocking activa-
tion of nuclear factor of activated T cell (NFAT) via
calcineurin-mediated dephosphorylation and thus prevent
its translocation to the nucleus where it would bind to
DNA promoter sequences and lead to heightened expres-
sion of interleukin-2 [6]. Reduced expression of this pro-
inflammatory cytokine results in inhibition of T-cell growth
and differentiation—a trait that is critical in the induction
and maintenance of cell-mediated immunity. In the context
of transplant medicine, this effect is induced pharmacologi-
cally to safeguard the integrity of the allograft.

Malignant neoplastic clones establish an immunosup-
pressive microenvironment in which they thrive by success-
fully evading immunological eradication via different
mechanisms that are deeply intertwined with the host’s
prototypical immune response [7]. To provide better
understanding of this phenomenon, it is of paramount
importance to illustrate the salient intricacies and overall
significance of the PD1 pathway.

Not long ago, the interplay between B7-CD28-CTLA4
was considered to be the main mechanism orchestrating
cell-mediated immunity [8, 9]. The discovery of negative
costimulatory signals (inhibitory signals) as regulatory com-
ponents of said response helped elucidate things further
and has led to a paradigm shift in the management of a
variety of cancers. These signals act as immune check-
points, providing an additional mechanism to safeguard
peripheral tolerance by inducing a state of quiescence
among self-reactive T cells and in those immune effectors
that remain active for prolonged periods of time [10]. The
paramount example is the interaction between the PD1
receptor and its ligands PD-L1/PD-L2 [10–12].

Natively, the PD1 receptor is expressed on the surface
of multiple immune mediators, particularly on activated
mature T cells as well as B cells, primed natural killer
(NK) cells, monocytes, and immature dendritic cells [10].
PD1 expression on effector T cells occurs as a consequence
of NFAT translocation to the nucleus precipitated by T-cell
activation following exposure to pro-inflammatory cyto-
kines [13]. Consequently, expression of PD1 will always be
seen in inflammatory states.

PD1 binds namely to three ligands on the surface of
immune mediators: PD-L1, PD-L2, and B7 [12, 14]. PD-L1 is
expressed constitutively at low concentrations on the sur-
face of professional and nonprofessional APCs. However
PD-L1 is also expressed on multiple noninflammatory cells
such as in the pancreas, endothelial cells, and in immune
privileged sites such as testes, eye, and placenta [12, 14].
The expression of these ligands is amplified significantly by
exposure to inflammatory cytokines such as interferons,
tumor necrosis factor alpha, and vascular endothelial
growth factor [7].

Exhaustion of effector T cells occurs as a consequence
of prolonged antigenic exposure and is characterized by a
significantly damped cell-mediated immune response due
to expression of coinhibitory molecules and PD1, which act

as a regulatory mechanism to suppress inflammation [15].
More importantly, PD1 expression is not exclusively associ-
ated with cell-mediated immune exhaustion but can also
occur in a pathological context where the PD1 pathway
and its anti-inflammatory properties serve as vulnerabilities
that can be exploited by disease, such as cancer trying
to elude recognition [11, 16]. Upregulation of PD-L1
expression in the tumor microenvironment can also be a
consequence of aberrant activation of signaling pathways
driven by overactive epidermal growth factor receptor,
mitogen-activated protein kinase, and PI3K-AKT as well as
heightened production of transcription factors such as
hypoxia-inducible factor-1 (HIF-1) [17–19].

Cancer cells are capable of exploiting vulnerabilities in
this pathway to evade cell-mediated immunity by expres-
sing PD-L1 selectively. The binding of PD-L1 ligands on
cancer cells to PD1 receptors on the surface of effector T
cells and activated NK cells leads to efficient blockade of
cell-mediated immunity, terminating it and perpetuating
the survival of neoplastic clones. As a result of this, it is
logical to understand how the implementation of therapeu-
tic agents that evade this immune blockade is of particular
interest in oncology and provides an invaluable tool in the
fight against cancer.

The juxtaposition of seemingly antagonistic mecha-
nisms of action associated with the concomitant use of
immunosuppression and immune checkpoint blockade in
the context of de novo malignancies in transplant recipi-
ents seems paradoxical—and at first glance detrimental—
for the purpose of negatively impacting tumor biology and
ensuring transplant survival. Immunosuppression can fuel
tumor growth and development, whereas enhanced acti-
vation of immunity can invariably lead to rejection. Thus,
maximum therapeutic benefit from these antagonistic
agents cannot possibly be attained for their intended pur-
poses without compromising one another, which would
result in potential rejection or, alternatively, disease
progression.

In our series, the lowest probability of allograft rejection
was seen among patients receiving ipilimumab as monother-
apy. All patients on ipilimumab were being treated for mela-
noma. Of the four patients treated with ipilimumab as
monotherapy, none developed allograft rejection. Two of
these cases were on maintenance immunosuppression with
prednisone alone, one on tacrolimus and one on sirolimus. It
appears that the use of anti-CTLA4 antibodies in the setting of
chronically induced immunosuppression does not lead to allo-
graft rejection in transplanted patients, regardless of the
immunosuppressive regimen pursued.

Ipilimumab acts by binding to CTLA-4, a molecule
expressed on the surface of activated T cells, which leads
to transduction of an inhibitory signal that dampens T-cell
activation. By doing so, ipilimumab guarantees the interac-
tion between the CD28 molecule expressed on primed T
cells and the B7 antigen expressed on the surface of APCs
leading to transduction of a costimulatory signal that is
needed to drive and perpetuate cell-mediated immunity.
Ipilimumab appears to be safe in the context of immuno-
suppression because of characteristics inherent to the
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CTLA4 pathway. CTLA-4 expression seems to play a critical
role in peripheral effector T-cell quiescence and as such in
the induction of peripheral tolerance to solid organ allo-
grafts [20]. From what has been observed in experimental
models, even though early blockade of CTLA-4 signaling fol-
lowing transplantation leads to acute organ rejection, late-
stage CTLA-4 signal disruption taking place once induction
of tolerance has been achieved does not appear to affect
allograft survival [21, 22]. Extrapolation of these results to
a clinical context seems to corroborate these findings given
that patients in this series were on chronic immunosup-
pression long before developing cancer and that subse-
quent disruption of CTLA-4 signaling enacted by
ipilimumab did not lead to rejection.

In our series, rates of allograft rejection were high among
patients treated with PD-L1 inhibitors. In patients treated with
nivolumab alone or in combination with ipilimumab, 73% of
allografts were rejected. All patients on pembrolizumab lost
their allograft. It appears that use of anti-PD1 agents is not
safe in patients with solid organ allografts.

The PD1 pathway acts as a negative costimulatory signal
(immune checkpoint), providing a mechanism to safeguard
peripheral tolerance by inducing a state of quiescence
among self-reactive T cells. The anti-PD-L1 agents bind to
the PD1 receptor on the surface of primed immune effec-
tors, counteracting the damping of the immune response
exerted by the PD1/PD-L1 interaction and thus leading to
induction of a pro-inflammatory state, potentiation, and sus-
tained activation of cell-mediated immunity. The PD-L1/PD1
pathway appears to play a major and critical role in the
maintenance of immune tolerance to solid organ allografts
[23]. Lack of PD1 expression is associated with a state of
persistent systemic inflammation akin to what is seen in
autoimmune conditions [24]. In an animal model, the early
infusion of anti-PD1-targeted agents precluded the induction
of peripheral tolerance, whereas infusion at a later stage fol-
lowing transplantation (i.e., once induction of self-tolerance
had been achieved) led to complete loss of the allograft
[23]. Thus, it appears that the mechanism of action of the
PD-L1 agents in cancer therapy is diametrically opposed to
their use in allograft maintenance.

Given these findings, we encourage the use of agents
other than PD1 inhibitors in the setting of de novo
malignant neoplasms in transplant recipients for the pur-
pose of cancer therapy. Prospective studies analyzing the
impact of these agents in solid transplants should not be
conducted.

On the other hand, health care providers should insti-
tute enhanced cancer prevention strategies as part of the
framework of proper patient care when dealing with trans-
plant recipients. There are a number of widely-known and
certified guidelines on cancer screening recommendations
for solid organ transplant individuals classified by type of
allograft, such as Kidney Disease: Improving Global Out-
comes (KIDGO) for kidney, American Association for the
Study of Liver Diseases-Adult and pediatric for liver, and

the International Society for Heart and Lung Transplanta-
tion for dual heart/lung among others [25–28]. According
to a systematic review of clinical practice guidelines for
post-transplant care conducted by Acuna et al. in 2017,
most of the recommendations available are targeted
toward kidney recipients, with a smaller number targeted
toward other transplant recipients [29]. Yearly clinical skin
examination for melanoma and nonmelanoma skin cancer
by either a primary care physician or dermatologist is uni-
formly recommended. Screening for breast, cervical, pros-
tate, and colon cancer were noted to be often the same as
for the general population, with some variation seen
according to the clinical practice guideline [29]. Screening
for renal and lung cancer is not actively encouraged among
kidney recipients [29]. Other recommendations are too
specific and vary by guideline and target allograft and as
such exceed the scope of this article.

CONCLUSION

Transplant rejection is a complex, costly, and onerous pro-
cess that puts stress on patients and their families and can
lead to tragic results. Significant advancements in the field
of immunosuppression over the decades have led to the
engenderment of valuable and novel agents and protocols
of immunosuppression devised to extend the survival of a
donor allograft while preserving quality of life. The advent
of immunomodulators in cancer therapy has been para-
digm shifting; however, because of their mechanism of
action, it appears that their use must be carefully consid-
ered in patients with allografts and concomitant cancer. It
would appear that the use of ipilimumab in the face of
solid organ allografts might be safely administered but that
agents that act on the PD-L1 pathway are contraindicated
in this setting because of the high rate of irreversible rejec-
tion and allograft loss. Counseling patients on potential
risks and benefits in this context as well as on other safer
alternatives needs to be pursued. Alternatively, the institu-
tion of prevention strategies using established clinical prac-
tice guidelines for post-transplant cancer screening should
be an integral component of a framework of proper patient
care and as such should be actively encouraged by the
health care provider.
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