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expressing PD-1 compared to a normal control. There was 
no difference in the activation and proliferation of CD4+ 
T cells compared to a normal control. Cardiac function 
improved following high-intensity immunosuppression and 
patient survived for up to 7 months after discontinuation of 
nivolumab.
Conclusions  Immune checkpoint inhibitors should be 
avoided in allograft recipients but high-intensity immu-
nosuppression is effective to salvage allograft rejection 
induced by these agents.

Keywords  Cancer · Immunotherapy · Rejection · 
Allotransplant · PD-1 · Antibody

Abbreviations
CAV	� Cardiac allograft vasculopathy
LAD	� Left anterior descending
EF	� Ejection fraction
irAE	� Immune-related adverse event
IRB	� Institutional review board

Introduction/case report

Patient is a 49-year-old Caucasian male, orthotopic heart 
transplant recipient in 1996 secondary to familial dilated 
cardiomyopathy. His post-transplant course over the ensu-
ing 18  years was complicated by grade IIIA (acute mod-
erate, diffuse) cellular rejection diagnosed on routine sur-
veillance endomyocardial biopsy during his sixth annual 
post-transplant. This was successfully treated with high-
dose oral prednisone tapered off over 3 weeks with resolu-
tion of cellular rejection on repeat endomyocardial biopsy. 
Patient continued on chronic low-dose prednisone mainte-
nance along with his original immunosuppressive regimen 

Abstract 
Introduction  The increased availability of immunothera-
peutic agents for the treatment of a wide array of cancer in 
the general oncology practice setting will reveal rare and 
unique toxicities.
Materials and methods  The mechanism of cardiac allo-
graft rejection in the context of PD-1 antibody therapy was 
explored in a patient with cutaneous squamous cell cancer 
complicating long-standing cardiac allograft. Immune cell 
infiltrate in the myocardium and peripheral blood lympho-
cyte repertoire were assessed using myocardial biopsy and 
temporal analysis of peripheral blood samples. The efficacy 
of high-intensity immunosuppression to reverse graft rejec-
tion was explored.
Results  Endomyocardial biopsy showed acute moder-
ate diffuse cellular rejection with a predominant popula-
tion of CD3+, CD8+ and CD4+ infiltrating lymphocytes; 
peripheral blood circulating lymphocytes showed a high 
frequency of proliferating and activated CD8+ T cells 
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of tacrolimus and mycophenolate mofetil without recur-
rence of cellular rejection and preserved cardiac allograft 
function. The patient was diagnosed with early cardiac 
allograft vasculopathy (CAV) during his eleventh annual 
post-transplant cardiac catheterization with distal tapering 
of coronary arteries. Mycophenolate mofetil was switched 
to sirolimus and repeat cardiac catheterization following 
adjustment of his immunosuppressive regimen showed no 
significant cellular rejection. He also developed grade 2 
cardiac allograft vasculopathy that was successfully treated 
with percutaneous coronary intervention with drug eluting 
stents to proximal and mid left anterior descending (LAD) 
artery during the thirteenth annual cardiac catheterization. 
Cardiac allograft vasculopathy was stable overall with nor-
mal systolic function and hemodynamics through the eight-
eenth annual surveillance catheterization.

In 2012, 16 years post-transplant, the patient was diag-
nosed with cutaneous squamous cell carcinoma involving 

the left upper chest and shoulder for which he underwent 
Mohs procedure and radiation therapy. Two years later, he 
had metastatic recurrence to the axillary lymph nodes and 
lungs, which was treated with local radiation to the axilla 
and systemic chemotherapy (carboplatin and docetaxel). In 
preparation for systemic chemotherapy for recurrent squa-
mous cell carcinoma, sirolimus was held while prednisone 
and tacrolimus were continued. A routine cardiac cath-
eterization 4 months after completion of chemotherapy was 
notable for a 70% proximal left anterior descending artery 
stenosis, which was bypassed with a drug eluting stent. 
Patient was asymptomatic and had normal cardiac systolic 
function. Sirolimus was subsequently restarted after com-
pletion of cytotoxic chemotherapy. Due to lack of response 
to frontline cytotoxic chemotherapy, he was treated off-
label with an anti-PD-1 antibody, nivolumab in May, 2015 
by his local oncologist. Five days after the administration 
of the first dose of nivolumab, the patient experienced 

Fig. 1   Cross sectional chest imaging. a CT scan of the chest show-
ing bilateral pulmonary metastatic nodules, new onset of moderate 
bilateral pleural effusion but no evidence of significant pericardial 
effusion 5 days after administration of nivolumab. b Coronary angi-
ography via left heart catheterization showing unchanged left main 
coronary artery, eccentric stenosis in the proximal LAD and patent 

stents in mid LAD and ramus intermedius. There was patency of the 
stents in the proximal-mid segments of LAD and ramus intermedius 
arteries but 70% stenosis in the distal right posterior descending 
artery consistent with findings on the most recent routine coronary 
angiography performed approximately 3 weeks prior to presentation
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progressively increasing dyspnea on exertion, decreased 
urine output, and generalized swelling and required thera-
peutic thoracentesis to drain approximately 1200  ml of 
pleural fluid (Fig. 1a). He was subsequently admitted to his 
local hospital in cardiogenic shock, 2 weeks after receiving 
nivolumab, and required immediate initiation of inotrope 
therapy with dobutamine. A transthoracic echocardiogram 
showed left ventricular ejection fraction (EF) of 25% com-
pared to a recent EF of 55% measured 3  weeks prior to 
his hospitalization. Coronary angiography showed no new 
stenosis in comparison with a recent surveillance angiogra-
phy 3 weeks previously (Fig. 1b). On the recommendation 
of his transplant team, patient was initiated on high-dose 
methylprednisolone along with sirolimus and tacrolimus 
and was subsequently transferred for further management 
by his primary transplant team at our institution with a 
working diagnosis of acute transplant rejection.

Hospital course

On admission to the Emory University Hospital coronary 
care unit, the patient was noted to have a blood pressure 
of 127/82 while on inotropes (dobutamine), heart rate 
105 and respiratory rate 18. Other pertinent physical find-
ings include moderate respiratory distress, generalized 
anasarca, pulmonary crackles, bilateral pitting edema and 
elevated jugular venous distension to 12 cm at 45°. Labo-
ratory evaluation revealed an elevated brain natriuretic 
peptide (3213 pg/ml) and troponin I (4.63 ng/mg; peaked 

at 7.1 ng/ml) along with poor renal function (serum creati-
nine of 5.38 mg/dl; recent historical baseline of 1.86 mg/
dl). Due to the rapid development of acute decompensated 
systolic heart failure in the context of receiving an immune-
modulating therapy, there was a high suspicion for acute 
allograft rejection precipitated by nivolumab therapy. The 
patient was continued on pulsed high-dose intravenous 
methylprednisolone (500  mg IV Q12  h) for 4  days along 
with sirolimus and increased dose of tacrolimus adjusted 
for kidney function. No donor-specific antibodies were 
identified. An endomyocardial biopsy was performed and 
showed a grade IIIA (acute moderate diffuse) cellular 
rejection with a predominant population of CD3+, CD8+ 
and CD4+ infiltrating lymphocytes (Fig.  2). As part of 
an IRB-approved immune checkpoint therapy biomarker 
profiling program, peripheral blood circulating lympho-
cytes were characterized by flow cytometry at presenta-
tion to the Emory coronary care unit and after 1 week of 
high-intensity immunosuppression. At the time of admis-
sion, there was a high frequency of proliferating CD8+ T 
cells expressing PD-1 (Fig. 3a), a significant proportion of 
which were highly activated as evidenced by expression 
of CD38 and HLA-DR (Fig.  3b). PD-1-expressing cells 
were identified by an anti-human IgG4 staining as previ-
ously described [1]. Repeat analysis 1 week later showed a 
greater than fivefold reduction in the proportion of prolifer-
ating CD8+ T cells expressing PD-1 to a level comparable 
to that of a healthy control (Fig. 3c). In contrast, there was 
no difference in the activation and proliferation of CD4+ T 

Fig. 2   Histopathology and 
immunohistochemistry for 
immune cells in myocardial 
biopsy: Hematoxylin/Eosin and 
immunohistochemistry stains 
(×200 magnification) for CD3, 
CD4, and CD8 on endomyo-
cardial biopsy showing acute 
moderate diffuse (grade IIIA) 
cellular rejection with a pre-
dominant population of CD3+, 
CD8+ and CD4+ infiltrating 
lymphocytes CD3

CD8CD4

H&E
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cells on presentation or following 1 week of high-intensity 
immunosuppression in comparison with a health control 
(Fig. 3c).

Hemodynamics improved by Day 5 of high-intensity 
immunosuppression confirmed on repeat transthoracic 
echocardiogram, which showed improved cardiac func-
tion with an EF of 40% (from 25% 2  weeks previously). 
The patient was subsequently weaned off hemodialysis and 
ionotropic support with stable renal function. He elected to 
pursue symptom-focused care support and was discharged 
home in stable clinical condition approximately 10  days 
after his initial transfer to our facility. The patient subse-
quently reestablished cardiac care closer to home and died 
8 months after discharge from our institution.

Discussion

Programmed cell death protein 1 (PD-1 and CD279) is a 
regulatory protein expressed by activated T cells and an 
established physiologic regulator of immune function. 
Aberrant expression of the PD-1 ligand (PD-L1) by tumor 
cells leading to evasion of antitumor immunity has been 
implicated in cancer development and progression [2–4]. 
Pharmacological blockade of the PD-1 pathway has been 
validated as a treatment strategy in multiple tumor types 
with regulatory approval of anti-PD-1 therapy as standard 
of care treatment for cancer patients [5–12]. Nivolumab 
and pembrolizumab (PD-1 receptor blocking antibodies) 

as well as atezolizumab (PD-1 ligand-blocking antibody) 
selectively block engagement between PD-1 receptor and 
its cognate ligands, PD-L1/PD-L2, leading to the restora-
tion of T cell-mediated anti-tumor immunity [1]. Follow-
ing efficacy demonstrated in clinical trials, these agents are 
now available for use in the general oncology clinic setting 
outside the restrictive monitoring required on clinical tri-
als. The increased use of these agents in various categories 
of patients who may not fit the profile of patients enrolled 
on clinical trials is bound to result in previously unreported 
complication and toxicity profile with this class of agents. 
The case presented in this report illustrates an example of 
unique toxicities to be anticipated, as this class of cancer 
therapies becomes standard treatment option in the general 
oncology community.

Immune checkpoint inhibitors confer meaningful 
clinical and survival benefit to a significant proportion of 
patients with advanced incurable cancer [5–12]. However, 
by enhancing the host’s anti-tumor response, this approach 
can also engender unwanted side effects. Immune-related 
adverse events (irAE) resulting from host immune response 
hyperactivation by these immune checkpoint inhibitors are 
generally mild to moderate in severity but can be severe and 
even fatal in occasional cases. Well-described irAE range 
from skin rash and arthralgia to immune-mediated colitis, 
endocrinopathies, pneumonitis, hepatitis and nephritis. In 
preclinical studies, ablation of the PD-1 encoding gene in 
BALB/c mice resulted in high titer of IgG autoantibod-
ies against cardiac troponin I, which was associated with 

Fig. 3   Peripheral blood circulating lymphocyte characterization 
by flow cytometry. a Dot plots show proliferation (Ki-67) and PD-1 
expression (PD-1 and anti-hIgG4) on peripheral blood CD8+ CD3+ 
T cells, from index patient and a control healthy volunteer. PD-
1-expressing cells were identified by an anti-human IgG4 staining as 
previously described [1]. b Dot plot shows activation (HLA-DR and 

CD38 expression) of PD-1 + Ki67 + CD8 T cells (red dots, gate as 
shown in a) compared to total CD8 T cells (black dots) from index 
patient 3 weeks after receiving nivolumab. c Dot plots show prolifera-
tion (Ki-67) and PD-1 expression (PD-1 and anti-hIgG4) on periph-
eral blood CD4+ CD3+ T cells, from index patient and a control 
healthy volunteer
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a phenotype akin to dilated cardiomyopathy [13, 14]. 
In addition, PD-1 ablation in MRL mice resulted in fatal 
myocarditis with increased infiltration of the myocardium 
by CD4, CD8 T cells and myeloid cells along with a high 
titer of autoantibodies against cardiac myosin [15]. These 
observations suggest an important role of PD-1 in limiting 
T cell-mediated inflammatory responses in the heart [16]. 
Other cases of myocarditis and acute heart failure have 
been reported in cancer patients treated with PD-1 inhibi-
tors [17–19]. However, cardiac toxicity is not a common 
adverse event associated with this class of agents. To our 
knowledge, there has not been a prior report of a cardiac 
transplant patient suffering allograft organ rejection as a 
complication of PD-1—targeted therapy. However, PD-1 
blockade led to early rejection of renal allograft in a patient 
with cutaneous squamous cell carcinoma treated with 
nivolumab [20]. Contrarily, the use of CTLA-4 inhibitors in 
renal allograft recipients seemed to be better tolerated and 
did not result in renal graft rejection [21]. The differences 
in outcome in the limited number of graft recipients treated 
with CTLA-4 and PD-1 inhibitors may be related to the 
important role of PD-1 in the induction and maintenance of 
transplantation tolerance [22, 23].

The rarity to date of allograft rejection as a complication 
of PD-1 inhibitor therapy is due to the fact that allograft 
patients were ineligible to participate in the pivotal trials 
that established the efficacy of these agents. However, these 
agents have now become available for routine treatment of 
cancer patients outside the controlled clinical trial setting. 
Off-label use of these agents is likely to increase especially 
in patient populations where the safety of these agents have 
not been established but for which where there are no spe-
cific contraindications based on the official prescribing 
information from the US Food and Drug Administration 
[24, 25].

Our case highlighted the challenges of immunotherapy 
for managing cancers in allograft recipients with a predict-
able toxicity of graft rejection resulting from increased 
immune activation. It also demonstrated the efficacy of 
high-intensity immunosuppression regimen for graft sal-
vage in situations where graft rejection complicates the use 
of this class of agents and the need to manage such com-
plex cases at tertiary centers with needed expertise.
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