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Practice points

e Three groups that were excluded or under-represented in major clinical trials involving immune checkpoint
inhibitors were patients with autoimmune disease, solid and hematopoietic stem cell transplants, and chronic
viral infections.

e Retrospective studies on patients with autoimmune disease treated with immune checkpoint inhibitors show that
about 50% of patients will experience either a flare of their pre-existing autoimmune disease or immune-related
adverse event that is grade 3 or higher.

e Most autoimmune disease flares were well-controlled with corticosteroids and rates of checkpoint inhibitor
discontinuation and mortality rates were very low in the studies.

e Checkpoint inhibitor therapy seems to be associated with a decrease or at least a stable suppression of viral
load/viral antigens in patients with chronic hepatitis B virus and hepatitis C virus infection and this may be
related to abrogation of an ‘exhaustive’ T-cell phenotype associated with these infections.

e Emerging data on patients with HIV infection and malignancy allude to a promising safety profile in these
patients as well as the possible beneficial effect of diminishing HIV reservoirs.

e In the solid organ transplant population, inhibitors of PD-1 and sequential treatment with PD-1 and CTLA-4
inhibitors seem to be more prone to cause rejection.

e Case reports support the use of sirolimus for immunosuppression in transplant patients with malignancy (usually
in conjunction with low-dose prednisone) and this is further supported by literature on the drug’s mechanistic
properties.

e Patients from all populations discussed in this review should be closely monitored for both disease- and immune
checkpoint inhibitor-specific complications that may arise.

o It will be crucial to involve respective specialists in treating these patients including, but not limited to,
neurologists, dermatologists, rheumatologists, infectious disease and transplant physicians among many others.
A multidisciplinary approach will be invaluable.

e Patients should be made aware of possible, even if rare, complications related to therapy and their respective
comorbidities. Treatment should only ensue after proper education, and discussions have taken place.

e There is a need for larger retrospective analyses, prospective cohort studies and randomized controlled trials to
study the safety and efficacy of immune checkpoint inhibitor use in these populations.

Due to the unique side-effect profile of immune checkpoint inhibitors (ICls), groups of patients deemed
to be at high risk of complications were excluded from trials that proved the efficacy and safety of these
agents in patients with various malignancies. Among these excluded patients were those with prior solid
organ transplantation, chronic viral infections and pre-existing autoimmune diseases including parane-
oplastic syndromes. We present follow-up on a patient from a previously published case report with an
orthotopic heart transplantation who was treated with both cytotoxic T-lymphocyte antigen 4 and PD-1
inhibition safely, without organ rejection. Additionally, we describe the case of a patient with a cardiac
allograft who also did not experience organ rejection after treatment with pembrolizumab. Through
smaller trials, retrospective analyses, case series and individual case reports, we are accumulating initial
data on how these agents are tolerated by the aforementioned groups. Our survey of the literature has
found more evidence of organ transplant rejection in patients treated with PD-1 inhibitors than those
treated with inhibitors of cytotoxic T-lymphocyte antigen 4. Patients with chronic viral infections, espe-
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cially hepatitis C, seem to have little to no risk of treatment-related increase in serum RNA levels. The
literature contains few documented cases of devastating exacerbations of pre-existing autoimmune dis-
ease during treatment with ICls, and flares seem to be easily controlled by immunosuppression in the
vast majority of cases. Last, several cases allude to a promising role for disease-specific antibodies and
other serum biomarkers in identifying patients at high risk of developing certain immune-related adverse
events, detecting subclinical immune-related adverse event onset, and monitoring treatment response
to immunosuppressive therapy in patients treated with ICls. Though these excluded populations have not
been well studied in randomized placebo-controlled trials, we may be able to learn and derive hypotheses
from the existing observational data in the literature.

First draft submitted: 15 February 2018; Accepted for publication: 3 August 2018; Published online:
26 October 2018
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Immune checkpoint inhibitors, including inhibitors of CTLA-4, PD-1 and the ligand to PD-1 (PD-L1) comprise a
class of immunotherapeutic agents that have become widely used in the treatment of several common malignancies.
These medications work by inhibiting negative regulators (checkpoints) of T-cell function that exist in both
immune and tumor cells to enhance antitumor activity of the immune system [1]. Three immune checkpoint
inhibitors that are currently US FDA-approved and indicated in the treatment of metastatic melanoma are
ipilimumab (anti-CTLA-4), nivolumab and pembrolizumab (anti-PD-1) (85,86,87]. Ipilimumab has been FDA
approved for the treatment of metastatic melanoma, and in the adjuvant setting to reduce the risk of recurrence
after melanoma resection (85]. In addition to melanoma, nivolumab has been approved for metastatic non-small-cell
lung cancer (NSCLC), renal cell carcinoma, classical Hodgkin lymphoma, squamous cell carcinoma of the head
and neck, and microsatellite instability high or mismatch repair deficient metastatic colorectal cancer (86]. Likewise,
pembrolizumab is currently also FDA-approved for recurrent or metastatic head and neck cancer and NSCLC
as well as unresectable or metastatic, microsatellite instability high or mismatch repair deficient solid tumors [87].
This class of agents has a unique side-effect profile that is directly related to the immune-modulating mechanisms
of action. Side effects are often referred to as ‘immune-related adverse events (irAE)’, which result from blocking
negative regulators of immunity. This mimics autoreactivity by inciting inflammatory reactions in certain tissues
through unchecked immune activation [1]. Several groups have been excluded or under-represented in major clinical
trials that demonstrated the efficacy and safety of these agents. This includes patients with autoimmune disease,
solid and hematopoietic stem cell transplantation, chronic viral infections (hepatitis C virus [HCV], hepatitis B
virus [HBV], HIV), elderly patients, pregnant patients, patients on immune suppression for other reasons, and
patients who have developed irAEs with another immune checkpoint inhibitor (ICI). Thus, when clinicians are
presented with a patient who has one of these comorbid conditions, only small trials and case reports can assist in
directing management. We previously presented a patient with a history of orthotopic heart transplantation who
developed metastatic melanoma and was treated with ipilimumab followed by pembrolizumab (4]. In this report, we
present follow-up on this case, a new case of a similar patient, and a review of the literature of ICIs in a subset of less
well-studied populations: those with previously diagnosed autoimmune disease, chronic viral infections and prior
solid organ transplants. Due to the paucity of clinical trial data in patients with cancer and certain immune-related
co-morbidities, further study is needed to evaluate the safety of immune checkpoint blockade in these populations.

Case 1: follow-up

We previously reported a 62-year-old male patient, who had undergone orthotopic heart transplantation, was main-
tained on chronic immunosuppression, and subsequently developed BRAF wild-type, NRAS wild-type metastatic
melanoma. He was treated with ipilimumab for four cycles with interval increase in size of a fluorodeoxyglucose-avid
left subpectoral lymph node as well as two new pulmonary metastases. A repeat PET/CT scan 2 months later
showed further increase in size of several subpectoral nodes as well as the pulmonary nodules. At this time, he was
initiated on pembrolizumab. After three cycles of pembrolizumab, he had slight enlargement of existing nodes and
interval appearance of one subpectoral lymph node. He also had enlargement of previously documented pulmonary
nodules. He received an additional four cycles of pembrolizumab, with continued disease progression. During this
time, he had no significant adverse events and no signs or symptoms of organ rejection. He then received two cycles
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of temozolomide; however, scans again showed progressive disease. Because of concern of local symptoms in the
axilla, he received a course of radiation therapy to the right axilla, followed by re-initiation of pembrolizumab for
four cycles. Scans continued to demonstrate progression, and his overall performance status continued to decline.
He ultimately succumbed to metastatic melanoma with pulmonary involvement nearly 2 years after initiation of
pembrolizumab. Throughout his melanoma treatment, he was continued on tacrolimus for chronic immunosup-
pression with no evidence of transplant rejection or impaired cardiac function. An echocardiogram shortly before
the patient expired showed only mild left ventricular dysfunction with ejection fraction of 45% with normal right
ventricular function consistent with pre-ipilimumab cardiac function. Ultimately, this patient did not have a clinical
response to either ipilimumab or pembrolizumab, but demonstrated tolerance to both agents without evidence of
significant allograft compromise.

Case 2: new report

Our second patient is a 67-year-old male who underwent an orthotopic heart transplant in 2008 for ischemic
cardiomyopathy who was maintained on tacrolimus and mycophenolate mofetil with a single episode of acute graft
rejection in 2011. At this time he was treated with high-dose steroids and antithymocyte globulin with resolution
of rejection and preservation of cardiac transplant function. He presented to our institution in 2016 for evaluation
of metastatic melanoma.

The patient was initially diagnosed with melanoma of his right scalp in October 2013 and underwent a wide
excision and sentinel lymph node biopsy with 0/7 nodes positive. Three years later, during routine follow-up
for his cardiac transplant, he was found to have a new pulmonary nodule on x-ray. He underwent computed
tomography (CT) imaging which showed multiple pulmonary nodules and bilateral hilar lymphadenopathy. A
lung biopsy was performed in April 2016 and pathology was consistent with metastatic melanoma. PET/CT
imaging showed multifocal metastatic disease with both pulmonary and osseous involvement. He presented to
the Duke Melanoma Clinic in May 2016 to discuss treatment options. Mutational analysis revealed the presence
of an NRASQG6IL mutation. Trametinib was initiated, but treatment was complicated by severe rash and the
patient was found to have progressive disease on imaging after one cycle. After discussion of the risks and benefits,
the patient was initiated on therapy with pembrolizumab. His previous immunosuppression regimen, tacrolimus
and mycophenolate mofetil, was maintained throughout the pembrolizumab treatment course. After three cycles,
PET/CT showed evidence of progressive disease. Shortly thereafter, the patient’s clinical status deteriorated due to
disease progression with mediastinal, hilar and pulmonary metastatic disease leading to admission for postobstructive
pneumonia. He was ultimately transitioned to comfort care and passed away approximately 5 months after his
presentation with metastatic disease. He did not have evidence of cardiac allograft rejection, and echocardiography
demonstrated a normal ejection fraction after two cycles of pembrolizumab.

Discussion
Checkpoint inhibitor therapy in patients with autoimmune diseases
Systemic autoimmune disease

Patients with malignancy and previously diagnosed autoimmune disease were excluded from trials leading to
the approval of CTLA-4 and PD-1-inhibiting agents. The case for excluding these patients was based on the
theoretical risk of causing an exacerbation of an existing autoimmune disease by blocking innate negative regulators
of immunity [1]. Based on the mechanisms of action of these medications, it is not surprising that the clinical
presentation of many irAEs mirrors that of common autoimmune syndromes. Polymorphisms of PD-1 and
CTLA-4 are associated with various autoimmune conditions (5. Autoimmune conditions are common in the
general population, but also comprise a significant proportion of patients with malignancy. More than a quarter
of patients diagnosed with lung and renal cancer were found to have a comorbid autoimmune condition (25 and
30%, respectively) [¢]. There is also observational evidence that patients with chronic inflammation from systemic
autoimmune conditions are at risk for subsequent development of malignancy [71. As immune checkpoint inhibitors
continue to define cancer treatment algorithms in an increasing number of tumor types, there will undoubtedly be
a substantial number of patients with autoimmune disease and malignancy who are considered for immunotherapy.

At the time of writing this review, there were three larger retrospective analyses and a number of other case
reports/case series describing outcomes of patients with known autoimmunity treated with ICls for metastatic
melanoma. Johnson ez 4/l. conducted a retrospective analysis of 30 patients with pre-existing autoimmune conditions
diagnosed prior to ipilimumab initiation for advanced melanoma (8]. 43% of these patients were being actively
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Table 1. Summary of key findings from retrospective analyses of patients with pre-existing autoimmune conditions

treated with checkpoint inhibitors for advanced melanoma.
Study

Johnson et al.
Menzies et al.

Gutzmer et al.

Number of Type of checkpoint % patients % patients % patients with % patients with % patients with
patients inhibitor experiencing AD experiencing irAE  AD flare or death associated discontinuation of
flare (grade >3) grade >3 irAE with AD flare or therapy due to
irAE flare /irAE
30 Anti-CTLA-4 27 33 50 3 not reported
52 Anti-PD-1 38 10 48 0 12
19 Anti-PD-1 42 5 47 0 0

AD: Autoimmune disease; CTLA: Cytotoxic T-lymphocyte antigen; irAE: Immune-related adverse event; PD-1: Programmed cell death 1.

treated for their conditions with immunosuppressive therapy at the time of ipilimumab treatment. 27% experienced
exacerbations of their autoimmune condition, 33% experienced grades 3-5 irAEs and 40% experienced either
outcome (10% experienced both outcomes). The 33% grade >3 irAE rate seen in this study is similar to the
overall 20-30% incidence of grades 3-5 irAEs quoted in ipilimumab monotherapy trials conducted on the
general population [1,9]. However, it is important to note that exacerbations of pre-existing conditions experienced
in this patient group were treated successfully with corticosteroids or infliximab (8. 20% of the patients who
received ipilimumab in this study experienced a partial or complete response. With respect to more high-risk
autoimmune conditions, six patients in this review had inflammatory bowel disease, two had multiple sclerosis,
two had systemic lupus erythematosus and two had sarcoidosis. In another retrospective analysis, 119 patients
treated with pembrolizumab or nivolumab for advanced melanoma were reviewed [10]. 52 of these 119 patients had
pre-existing autoimmune diseases and 67 had experienced an irAE from previous ipilimumab treatment. Of the 52
patients with autoimmune diseases at baseline, 29% had active symptoms from these conditions and 38% were on
immunosuppressive therapy before receiving nivolumab. 38% of patients had symptoms consistent with a flare of
their autoimmune condition, which required immunosuppression. Most flares tended to be recurrence/worsening
of symptoms they had previously experienced as opposed to new manifestations of an existing condition (i.e., joint
manifestations if they had already experienced this rather than new pulmonary disease in a patient with rheumatoid
arthritis). The vast majority (85%) of patients who experienced a flare had symptoms consistent with a mild flare
(grades 1-2). Only 4% of patients had to discontinue therapy as a direct result of severity of a flare. Of these
52 patients, 29% experienced conventional irAEs, 10% experienced >grade 3 toxicities and 8% discontinued
treatment due to irAEs (Table 1). Clinical responses of melanoma to nivolumab therapy occurred in 17 of 52
patients (33%). The patients with flares of autoimmune disease (AD) were equally likely to respond to therapy as
patients who did not experience a flare of AD. Of note, the majority of patients in this review had clinically inactive
autoimmune disease prior to anti-PD-1 therapy. The authors conclude that although these cohorts may have a
selection bias toward patients with less severe autoimmune disease, ICIs can be used cautiously in patients with pre-
existing autoimmune disease. A third retrospective analysis by Gutzmer ez /. looked at 19 patients with pre-existing
autoimmune disease treated with PD-1 inhibitor therapy for advanced melanoma [11]. These patients had a wide
variety of autoimmune diseases including Churg—Strauss vasculitis, sarcoidosis, ulcerative colitis and Guillain—Barré
syndrome and 64% of patients were on baseline hormone supplementation or immunosuppressive therapy for their
conditions. 42% of patients suffered from a flare of their disease and 16% of patients experienced an irAE unrelated
to their autoimmune disorder. These numbers are comparable to the retrospective analyses discussed above [s,10].
16% of these flares or new irAEs were grade >3 and all of these events were controlled by immunosuppression and
symptomatic therapy, and no patients terminated therapy as a result [11]. Use of immunosuppressive medications at
baseline, exacerbation of pre-existing AD, and whether or not the patient experienced an irAE all did not correlate
with disease response outcomes. This is in contrast to the findings of Menzies ez al. [10].

These analyses lacked a significant percentage of patients with autoimmune conditions associated with higher risk
for potentially devastating exacerbations. Case reports demonstrate examples of patients with high-risk autoimmune
conditions treated with ICI therapy. In contrast, two patients with metastatic melanoma and autoimmune disease,
Behcet’s disease and ulcerative colitis, treated with ipilimumab and IL-2 experienced an improvement in symptoms
related to autoimmune disease [12]. The patient with ulcerative colistis achieved partial remission of metastatic
melanoma while the patient with Behcet’s disease achieved a complete remission. One patient with Churg—
Strauss syndrome with stage 3 involvement (vasculitis) and metastatic melanoma was treated with ipilimumab
with progression of disease and development of immunotherapy-induced colitis. Ipilimumab was switched to
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pembrolizumab and after 16 cycles the patient had sustained partial response with no increase in Churg—Strauss
disease activity or colitis [13]. In the literature, there are clear examples of all outcomes, from devastating irAEs
to apparent autoimmune disease mitigation and from no treatment response to complete and sustained responses
in some patients. Prospective data are needed to confirm that these medications are safe and effective in the
autoimmune disease population.

Paraneoplastic autoimmune conditions

Certain malignancies with high rates of paraneoplastic autoimmune complications such as small-cell lung cancer
(SCLC) may theoretically see these complications triggered or enhanced by treatment with immunotherapy agents.
Recent case reports allude to this phenomenon in patients who experienced treatment-related syndromes suspected
to be paraneoplastic in nature. In one case, a patient with squamous NSCLC developed anti-Hu antibody-
associated encephalitis when treated with nivolumab [14]. Another patient with melanoma treated with ipilimumab
and nivolumab combination therapy developed paraneoplastic acral vascular syndrome [15]. In a preliminary analysis
of an ongoing phase II study (NCT01331525) of ipilimumab with carboplatin and etoposide in SCLC, 61% of
patients experienced grade 3 or higher adverse effects, 42% of which were deemed possibly ipilimumab related [16].
This is higher than the 31% rate of greater than or equal to grade 3 toxicity determined by a recent meta-analysis
of 48 trials [17). Two patients in the prelim analysis had ipilimumab-related neurological events. One of these
was fatal, presenting like an anti-Hu-mediated paraneoplastic syndrome [16]. A phase I/II multicenter, open-label
trial, Checkmate-032, demonstrated a durable response in patients with relapsed SCLC treated with nivolumab
=+ ipilimumab [18]. However, 8% of patients discontinued therapy due to treatment-related adverse events and
there were three immune-related deaths in patients who experienced severe pneumonitis, myasthenia gravis and
renal failure. Of note, all three deaths were in the combined checkpoint inhibitor arms where patients received
combination ipilimumab and nivolumab therapy at variable doses. These findings lend credence to the theoretical
concern that life-threatening paraneoplastic syndromes, such as immune-related encephalitis or myasthenia gravis,
can be provoked by treatment with checkpoint inhibitors in patients with SCLC. Another phase II trial examined
patients with extensive stage SCLC treated with ipilimumab and paclitaxel/carboplatin or paclitaxel/carboplatin
alone [19]. Although treatment-related grade 3—4 adverse events were more frequent in the ipilimumab-containing
arms than in the control arm, rates of discontinuation due to adverse events were similar across treatment arms.
In this trial, patients treated with ipilimumab experienced only mild immune-related adverse events including
rash, pruritus and diarrhea. Similarly, the phase Ib KEYNOTE-028 trial, which included 24 patients with PD-L1-
expressing SCLC treated with pembrolizumab, showed a safety profile similar to that of other tumor types treated
with ICIs [20]. Both the rate and severity of irAEs have implications for treatment tolerance if immunotherapy agents
are proven efficacious for SCLC and other malignancies associated with paraneoplastic complications. These trials
demonstrate that paraneoplastic complications can be particularly devastating and may be more likely to occur in
patients on combination ICI therapy.

Patients with chronic lymphocytic leukemia (CLL) tend to be older and sometimes have comorbid melanoma,
renal cell carcinoma, or NSCLC malignancies that may make them candidates for immune checkpoint inhibitors.
However, CLL is frequently complicated by secondary autoimmune cytopenias; namely autoimmune hemolytic
anemia, immune thrombocytopenia, pure red cell aplasia and autoimmune granulocytopenia. To our knowledge,
there are no reports of worsening autoimmune cytopenias in patients with CLL undergoing ICI therapy for a
co-existing malignancy. The small and limited trials that have been done on patients treated with checkpoint
inhibitors for CLL itself reported no increased rate of irAEs compared with trials in other cancer types [21,22]. The
adverse events reported were most commonly immune-related liver enzyme elevation and thyroiditis with no cases
of autoimmune cytopenias noted.

Checkpoint inhibitor therapy in patients with chronic viral infections

Patients with chronic viral infections, namely HCV, HBV and HIV, were another important group excluded from
many immune checkpoint inhibitor trials to date. The role of immune checkpoints in patients with chronic viral
infections is incompletely understood, and there is concern that checkpoint inhibitors could potentially cause viral
reactivation of latent infection or contribute to ongoing hepatitis in these patients. This could be an important
consideration in patients with underlying liver disease from chronic hepatitis. Traditional chemotherapy regimens
are associated with a significant rate of HCV reactivation. This has an impact on viral-induced end-organ damage,
and is associated with chemotherapy regimen modifications or interruptions in therapy, which can negatively affect
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clinical outcomes [23]. Reactivation has also been reported in patients treated with targeted tyrosine kinase inhibitors
such as imatinib [24]. With respect to irAEs, we know that the gastrointestinal system is significantly impacted, with
sequelae including diarrhea, colitis or hepatitis [25]. The incidence of immune-related hepatic adverse events with
ICI therapy varies, and can be as high as 15-20% with dual ICI treatment. These usually manifest as asymptomatic
elevations of aspartate aminotransferase & alanine aminotransferase. Rarely, symptomatic adverse effects related to
the liver also arise and these include fulminant hepatitis and death. Many 7% vitro studies allude to viral manipulation
of the CTLA-4 and PD-1 pathways to promote unchecked replication. For instance, chronic hepatitis B and C
infections are associated with an ‘exhaustive’ CD8% T-cell phenotype mediated by upregulation of CTLA-4 and
PD-1. Exhausted T-cells exhibit a loss of IL-2 production, reduced proliferative capacity, reduced cytotoxic capacity
and impaired production of proinflammatory cytokines [26]. In theory, this effector T-cell exhaustion may be
abrogated by immune checkpoint inhibition, and this is supported by ex vivo and in vitro studies [27-33]. Similarly,
in addition to CD4" T-cell depletion in HIV, increased PD-1 expression has been demonstrated on HIV-specific
CD8™ T-cells leading to a similar ‘exhaustive’ effect and this correlates with disease progression [34]. There may be
a promising role for PD-1 inhibition in restoring normal immune mechanisms in these chronic viral infections;
however, additional studies are needed to establish this.

With these theoretical sequelae in mind, large-scale data in patients with chronic viral infections undergoing
ICI therapy are lacking. Patients with HCV and no underlying malignancy who were treated with nivolumab and
tremelimumab have exhibited a decrease in viral load (VL) (35,36]. In a phase II, noncontrolled trial of patients
with inoperable hepatocellular carcinoma (HCC) and chronic HCV infection, 20 patients were treated with a
maximum of four cycles of tremelimumab (a CTLA-4 inhibitor) [37]. At baseline, 43% of these patients had some
degree of liver dysfunction. No patients received systemic steroids and there were no treatment-related deaths;
however, 45% of patients experienced transient grade 3 or higher transaminitis without associated decline in liver
function. Interestingly, treatment with tremelimumab was associated with a significant decrease in average VL and
three patients had a complete viral response during follow-up. A recent trial including 32 patients with advanced
HCC treated with tremelimumab and radiofrequency ablation or chemoablation demonstrated an approximately
25% partial response rate [38]. Because HCC is often associated with chronic viral infection (namely HBV and
HCV), this study can shed some light on the safety of immune checkpoint inhibition in chronically infected
individuals. 12 of 14 patients with evaluable HCV VL achieved a VL reduction. The two patients who did not
experience a VL reduction derived no antitumor benefit from ICI treatment. Similarly, three of the patients who
initially responded had a concurrent reduction in VL until their malignancy progressed, at which point their VL
also increased. These elevations clearly coincided with the time of disease progression. In the five patients with
HBYV infection who were enrolled in this trial, quantitative hepatitis B antigen, a reflection of the number of cells
infected, decreased over time in all patients. Overall, this study demonstrated the safety and potential benefit of
checkpoint inhibitor treatment in patients with HCC with HBV or HCV infection. Moreover, it alludes to the
interesting correlation between HCV VL and HCC disease response. In a case series of nine patients with chronic
HBV or HCV and metastatic melanoma (five with HBV, four with HCV) treated with ipilimumab, two out of
nine patients experienced elevated transaminase levels during follow-up. The majority of patients had their VLs
decrease or remain suppressed throughout the course of therapy although one patient had an increased VL after
treatment with IL-2, ipilimumab and temozolomide [39]. Interim analysis from the Phase I/II trial of nivolumab in
patients with advanced HCC (CA209-040 trial) showed that monotherapy with nivolumab had a favorable safety
profile in patients with HCC compared with patients with other types of cancer [40,41]. Although this is an interim
analysis, it alludes to the safety of nivolumab in patients with HBV and HCV infection. One patient with untreated
HCV and metastatic merkel cell carcinoma was treated with pembrolizumab and saw a marked tumor response as
well as HCV VL reduction (42]. Sharma ez al. described a patient with chronic hepatitis B (patient 1) and one with
chronic hepatitis C (patient 2) who were treated with ipilimumab for advanced melanoma. Patient 1 was treated
with ipilimumab and tenofovir, and achieved reduction in VL to undetectable levels; unfortunately, this patient also
had progression of melanoma and expired after receiving only one cycle of ipilimumab. Patient 2 was treated with
four cycles of ipilimumab with overall progression of disease and transaminitis, and subsequently had a significant
increase in VL months after discontinuing ipilimumab, corresponding with progression of metastatic melanoma.
Based on the time course, it was not clear what role ipilimumab played in HCV control or transaminitis, but
the elevated transaminase levels were ultimately attributed to an immune-related process [43]. There are currently
several ongoing trials and analyses investigating patients with chronic HIV/HCV/HBYV infection with and without
malignancy being treated with immune checkpoint inhibitors 40]. Davar ez al. reported on two patients, one with
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HCV and one with HIV/HCV coinfection, who were treated with pembrolizumab for metastatic melanoma [44].
The patient with HIV/HCV coinfection progressed after two doses of pembrolizumab but had no increase in
HIV or HCV VL, and the patient with HCV infection remained with a stable VL throughout nine cycles of
pembrolizumab.

Recently, there has been more literature alluding to the safe treatment of HIV-infected patients. One case report
demonstrates a decrease in the HIV reservoir in an HIV-positive patient with NSCLC treated with nivolumab and
discusses the mechanisms that may be playing a role [45. In short, checkpoint inhibitors may transiently reverse
the blockade of HIV transcription in memory T-cells serving as reservoirs for chronic infection [46). Similar to
that postulated for chronic infectious hepatitides, checkpoint inhibitors might restore function in ‘exhausted” HIV-
specific T-cells ultimately leading to a ‘drastic and durable diminution of the reservoir’. So far, there are several case
reports demonstrating successful viral control and tumor response in HIV-infected patients with malignancies 47-
s1]. Future considerations should focus on risk of Immune Reconstitution Inflammatory Syndrome in these patients
and ICI efficacy in treating malignancy in patients with disease-related defects in T-cell activity. In conclusion, a
review of the existing literature of patients treated with HIV, HBV or HCV reveals that there has been no reported
direct toxicity from these medications relating to their chronic viral infections.

Checkpoint inhibitor therapy in patients with solid organ transplants

Skin cancers are the most common malignancies to affect patients who are chronically immunosuppressed in the
setting of organ transplantation. There is a 3.6 relative risk for developing melanoma in this population compared
with age-matched controls [52]. Similar to some of the other specific populations also discussed, patients with prior
solid organ transplantation were excluded from the safety and efficacy trials on immune checkpoint inhibitors. The
PD-1/PDL-1 and CTLA-4 pathways are essential for graft acceptance and their blockade results in accelerated
organ rejection [53-61]. The mechanisms by which PD-1 blockade leads to graft rejection have been demonstrated in
an elegant series of experiments by Thangavelu ez al. (61]. Overall, PD-1 was shown to be important for induction
and maintenance of tolerance. PD-1 -/- mice had an increase in donor-specific cytotoxic T-cells when compared
with wild-type mice after islet cell transplantation. The authors hypothesized that this increase in CD8% T-cells
could be due to reduced PD-1 signals in these cytotoxic T-cells themselves, reduced PD-1 signals in antidonor T-
helper cells that lead to expansion of cytotoxic T-cells, or a reduced ability to generate Tregs. Additionally, blocking
the PD-1/PD-L1 interaction on the target of rejection, the transplanted organ, may promote anti donor T-cell
activity. Both of these mechanisms lead to loss of spontaneous tolerance. Thangavelu ez a/. did not identify an effect
whereby CTLA-4 blockade-mediated rejection but concluded that their studies using CTLA-4 were too limited to
completely exclude a role for this pathway in graft acceptance. However, it has been shown that in murine cardiac
allografts, CTLA-4 plays a vital role in promoting graft acceptance, peripheral tolerance and intragraft Foxp3™t
Tregs (53]. Blazar er al. showed in a murine model that blockade of PD-1 led to severe acute graft-versus-host
disease (GvHD) while blockade of CTLA-4 did not. There exists a theory that blockade of PD-1 pathway may
lead to increased graft rejection and stronger T-cell alloreactivation than blockade of the CTLA-4 pathway [62].
Though both molecules function as immune checkpoints, their precise mechanisms of action differ and therefore
it is entirely plausible that they have differential roles in allograft acceptance and tolerance. With respect to solid
organ transplantation, the literature only consists of case reports of patients with a history of renal, hepatic and
cardiac transplantation that underwent treatment with ICls primarily for metastatic melanoma.

CTLA-4 inhibitors in patients with solid organ transplants

There have been several case reports of patients treated with ipilimumab that experienced preservation of engrafted
organs [63-65] (summarized in Table 2). Lipson described two patients with renal transplants treated with ipilimumab
for metastatic melanoma who had partial responses to therapy and no evidence of rejection [66]. We presented a
patient with an orthotopic heart transplant who was treated with ipilimumab for metastatic melanoma who also did
not have evidence of rejection, although he had no response to therapy [41. To our knowledge, there is one reported
case of acute rejection after treatment with ipilimumab. One patient with a renal allograft for IgA nephropathy
developed metastatic choroidal melanoma and was treated with two cycles of ipilimumab before having failure of
his graft [67). Interestingly, a biopsy of the renal transplant showed evidence of T-cell-mediated rejection but also
showed evidence of recurrent IgA nephropathy, which the authors speculated may have been a complication of
ipilimumab therapy. Therefore, it is unclear what role acute rejection played in graft failure. Case reports comprise
the body of evidence for the safety of ipilimumab treatment in patients with organ transplantation and malignancy.
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Nine such patients have been reported including kidney (n = 6), liver (n = 2) and heart (n = 1) transplant recipients.
Eight out of these nine patients demonstrated no rejection during their ipilimumab treatment course and three out
of nine had initial response of their respective malignancies, either metastatic melanoma or metastatic cutaneous
squamous cell carcinoma. One patient who had an initial response to therapy went on to have progression of
disease [66].

PD-1 inhibitors in patients with solid organ transplants

The body of existing case reports suggests a less promising safety profile for anti-PD-1 antibody therapy (Table 2),
though our patients received anti-PD-1 therapy without evidence of rejection. Our review of the literature revealed
13 solid organ transplant patients treated with PD-1 inhibitors, 4 of whom had already been treated and experienced
progression of disease with ipilimumab [4,63,69,70). Pembrolizumab was used in three cases while nivolumab was
used in ten patients. Transplanted organs included kidney (n = 9) and heart (n = 4). Malignancies for which PD-1
inhibitor treatment was used included stage IV NSCLC, metastatic melanoma, squamous cell carcinoma of the
skin and metastatic adenocarcinoma of the duodenum. Seven out of 13 patients experienced organ rejection and
six out of 13 patients had disease response to PD-1 inhibitor therapy. Two patients with renal transplantation
underwent treatment with nivolumab for metastatic squamous cell carcinoma and shortly thereafter developed
acute rejection and graft failure [71,72). One of these patients had their graft explanted and was maintained on
hemodialysis with continued nivolumab treatment after experiencing a marked response to therapy. This patient
had a substantial improvement in performance status and quality of life [71). A patient with cardiac allograft for
familial dilated cardiomyopathy, who suffered from chronic cardiac allograft vasculopathy, was diagnosed with
metastatic cutaneous squamous cell carcinoma 16 years post-transplant. The patient was treated with nivolumab
after failure of frontline cytotoxic chemotherapy and developed acute rejection precipitating cardiogenic shock.
This improved with high doses of immunosuppression. He was ultimately not retreated with nivolumab and
passed away 8 months later [73]. Another patient with a renal allograft was treated with nivolumab for metastatic
melanoma [74]. She had graft failure and had to be transitioned to hemodialysis, but, due to the response of her
disease to nivolumab, treatment was reinitiated. At the time of publication she maintained a response 8 months
after restarting nivolumab (74]. There are two examples of patients with solid organ transplants and malignancy
who progressed but did not experience rejection on ipilimumab, and were subsequently treated with anti-PD-1
antibodies, and experienced graft failure shortly after [69,70. However, our patient is an example of one who did not
experience rejection with PD-1 inhibition. Last, one patient with a renal allograft who was treated with ipilimumab
then nivolumab for metastatic melanoma showed no evidence of rejection or graft failure but ultimately did not
respond to either form of immunotherapy (63]. It is difficult to draw conclusions with the limited number of organ
transplant patients treated with ICI therapy; however, there have been more reported cases of organ rejection with
PD-1 inhibitors than with CTLA-4 inhibitors. As more patients are treated with these agents, different classes of
ICIs may demonstrate a better safety profile in patients with transplanted organs and this may have implications
for first-line management. Although they admit their analyses are limited, one particular study alludes to a more
profound role of PD-1 blockade than CTLA-4 blockade in transplant rejection [611. Our review of the existing case
report literature agrees with this and may suggest a more important role of the PD-1 pathway in allograft tolerance.
This will need to be explored in a more controlled setting.

Other considerations

There have been several patients reported with prior kidney transplants that have had rejection and were transitioned
to hemodialysis, but have had long-term survival attributed to ICI therapy [71,74. Considering that metastatic
melanoma is a life-limiting condition, the possible survival benefit associated with ICI treatment may be worth
the risk of graft rejection in certain patients. Of course, this will depend on the organ transplanted. For instance,
considering transplant rejection in the face of impending malignancy-related mortality, renal transplant patients
may choose to be treated with ICls and accept the risk of organ failure and transition to dialysis [75]. Unfortunately,
liver transplant patients do not have an analogous option for emergent replacement of organ function. These
scenarios will undoubtedly require expert communication between the patient, oncologist and multidisciplinary
transplant team. Last, as more physicians consider using these agents in transplant patients with malignancy, they
will be faced with decisions regarding the handling of immunosuppression for transplant tolerance.

There is a large difference between the immunosuppression used in patients with active autoimmune disease
and that used in patients with organ transplants. In a systematic review of all reported cases of immune checkpoint
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inhibitor use in patients with cancer and pre-existing autoimmune disease, it was found that 27% (27/107) of
patients with autoimmune disease were on immunosuppressive medications for their condition prior to initiation
of a checkpoint inhibitor [76]. 21% of these patients were on corticosteroids and 14% were on disease-modifying
antitheumatic drugs including methotrexate, hydroxychloroquine, sulfasalazine, azathioprine, leflunomide and
mycophenolate mofetil. A report on whether or not patients responded to immunotherapy is lacking in this study,
but a smaller percentage of patients on immunosuppressive therapy suffered exacerbations of existing autoimmune
disease or de novo irAEs than patients with autoimmune disease not on immunosuppressive therapy. In terms of
whether concomitant systemic corticosteroids attenuate the anticancer response of immune checkpoint inhibitors,
the verdict is still out but there is little evidence to suggest this. Several studies conclude that corticosteroid use,
when the indication is treatment of irAEs, has no effect on overall survival or time to treatment failure (77-79].

Unlike in patients being treated for autoimmune disease, calcineurin inhibitor therapy is a mainstay of main-
tainance immunosuppression regimens for transplant patients. Calcineurin inhibitors (CNIs) prevent synthesis of
IL-2 and other cytokines that would otherwise be produced by T-cells activated by allografts [so). Just as there is a
theoretical concern for attenuation of anticancer response to checkpoint inhibition with concomitant corticosteroid
use, this concern is even greater for T-cell-specific immunosuppression such as calcineurin inhibitors. Unfortunately,
what we know about patients being treated simultaneously with ICIs and CNIs is solely from isolated case reports.
In these reports, treatment with ICI in the setting of immunosuppression with a calcineurin inhibitor was only
associated with malignancy response in one out of nine cases. This includes both of our cases, patients who were
left on a calcineurin inhibitor and neither had rejection nor tumor response when treated with an ICI. In the one
responder, reduced dose cyclosporine (compared with pre-ICI treatment immunosuppression regimen) was used
in addition to reduced-dose mycophenolate mofetil [68]. Two patients who remained on CNI therapy still had the
undesired outcome of allograft rejection. They received a PD-1 inhibitor, nivolumab, and malignancy response
was either not seen or not reported [72,73]. It is possible that treatment with checkpoint inhibitors cannot overcome
the potent suppression of T-cell cytokine production resulting from calcineurin inhibition. PD-1 and CTLA-4
inhibitors in essence ‘remove the brakes’ on the adaptive immune system, but T-cell function is still required for
these drugs to work. These complex interactions need to be further investigated in the lab and in a larger cohort
before firm conclusions are drawn.

Interestingly, several transplant patients have had tumor response without rejection when their immunosuppres-
sive regimen contains sirolimus [65,68,81]. Sirolimus, an mTOR inhibitor, exerts its immunosuppressive effects by
blocking signal transduction from many cell surface cytokine receptors including IL-2 [80]. Moreover, the antitumor
activity of sirolimus is well described [s2]. This agent has also been shown to selectively preserve the development
of Tregs, which are important for graft tolerance (83]. This is particularly relevant in the setting of PD-1 pathway
inhibitor use as blockade of the PD-1/PD-LI interaction has been shown to impair Treg cells in the renal allo-
graft (84]. An ideal immunosuppression regimen in the transplant patient with malignancy has two main features:
it preserves graft tolerance in the transplant patient while allowing the immune antitumor effects promoted by
checkpoint inhibitors. With case reports alluding to success in this arena, sirolimus may be an agent uniquely
poised to mediate the battle between immune suppression and activation [65,68,81].

Conclusion

This review touches on only a subset of the challenging, poorly studied populations treated with immunotherapy
agents. Other populations that need to be better studied in the context of ICIs before subjected to widespread use
are elderly patients, pregnant patients, patients on immune suppression for other reasons than those mentioned, and
patients who have developed serious irAEs with other class of immunotherapy agents. The use of these medications
in certain patient populations raises concerns based on immunological mechanisms related to immune checkpoint
inhibition and limited clinical trial experience. However, with the successful treatment of many patients with
otherwise terminal disease, these medications need to be explored clinically in challenging patients as well before
excluding them based on theoretical mechanisms. So far, based on limited clinical evidence, it seems that cautious
use in patients with certain autoimmune diseases can be considered, while acknowledging that there is a risk of
disease exacerbation. Overall, the risk of severe or treatment-refractory exacerbations appears to be low, but further
study is needed. It will be important to weigh the risks and benefits of treatment with immune checkpoint inhibitors
in these patients and involve patients in decision making. When considering the care of these patients, it will be
essential to involve consultants from rheumatology, endocrinology, neurology, and all other possible intersecting
subspecialties for extended risk/benefit discussions. We will need to study differential responses and side-effect
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profiles with different classes (PD-1 vs PD-L1 vs CTLA-4) of checkpoint inhibitors in each of the high-risk groups
that were excluded from the initial clinical trials. In patients with chronic hepatitis, ICIs have been well tolerated
with very few accounts of increased viral activity, fulminant hepatitis or death. While patients with HCV seem
to be more susceptible to immune-related elevations in transaminases than the general population, these generally
are self limited, asymptomatic and unrelated to viral activity [37]. There is also mounting clinical evidence that
ICI treatment causes VL suppression in HCV and that response of malignancy to ICI therapy corresponds with
HCV VL reduction [35,37,38]. These are very promising findings which need further investigation. The transplant
community represents arguably the most complex group of patients to be considered for use of immunotherapy
agents. From the data collected to date, it seems that CTLA-4 inhibitors have been better tolerated in transplant
patients treated with ICls, demonstrating less risk of rejection than PD-1/PD-LI inhibitors. Our review of the
existing case report literature agrees with this and may suggest a more important role of the PD-1 pathway in
allograft tolerance. There is a need for larger retrospective analyses, prospective cohort studies, as well as RCTs to
study the safety and efficacy of ICI use in patients with autoimmune disease, chronic viral infections and solid
organ transplants. Until then, we must extract what we can from anecdotal evidence, knowing the limitations of
utilizing this information to draw conclusions and direct management.

Future perspective

Immunotherapy, especially checkpoint inhibitor therapy, is a subset of cancer treatment that is advancing on a daily
basis making it difficult to foresee changes in standard practice. Although excluded from most of the clinical trials
demonstrating the efficacy of ICIs in certain malignancies, patients with chronic viral infections including HIV,
HCV and HBV will benefit from inclusion in upcoming trials. Similarly, although at risk for flares or significant
irAEs, most patients with autoimmune disease with sensitive malignancies can be safely treated with ICIs and
may also be included in future clinical trials. On the other hand, the intricate immune interactions involving
checkpoint inhibitors and patients with transplanted organs will need to be further studied before physicians are
comfortable treating them on a larger scale. Until then, it will be interesting to see if sirolimus and low-dose
prednisone for immunosuppression in transplant patients are used effectively as immunosuppression to prevent
rejection but permit anticumor activity of ICIs. In the future, prospective and retrospective trials will both be useful
to identify risk factors and other patient characteristics that will predict low adverse event profiles (such as irAEs,
autoimmune flares, other irAEs) in patients treated with ICIs. Moreover, isolated cases suggest a promising role
for disease-specific antibodies and other serum biomarkers for this purpose. Last, we will hopefully identify other
interventions that can augment antitumor effects of ICIs while preventing the adverse effects. Some ideas on the
horizon to boost the cancer-specific T-cell repertoire are the clinical use of tumor infiltrating lymphocytes, vaccines,
adoptive T-cells, and adjunctive radiation, cytotoxic chemotherapy, or targeted therapy.
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