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ABSTRACT

Limited data exist on safety and efficacy of immune check-
point inhibitors (ICIs) among organ transplant recipients. The
objective of this study was to report a case series of two
patients with renal transplant who received treatment with
an ICI and to conduct a pooled analysis of published cases to
describe the safety and efficacy of ICIs in organ transplant
patients. A systematic search in the Google Scholar and
PubMed databases was carried out to include all the publi-
shed cases of organ transplant patients who received treat-
ment with ICIs including programmed cell death protein 1
(PD-1), programmed death-ligand 1, or cytotoxic lymphocyte
antigen-4 inhibitors since their inscription to January 31, 2019.
In the present series of two cases with renal allografts who
received pembrolizumab, one patient with squamous cell car-
cinoma of the skin experienced complete response (CR),
whereas another patient with melanoma had a mixed
response. Both patients experienced allograft rejection, but
graft was salvaged. The pooled analysis of 64 patients publi-
shed in literature showed that overall allograft rejection rate
is 41% in organ transplant recipients following ICI therapy. The

graft rejection rate was 44% (17/39) for renal, 39% (7/19) for
liver, and 20% (1/5) for cardiac allografts. The highest risk was
seen among patients who were treated with PD-1 inhibitors,
20/42 (48%)—13/24 (54%) on nivolumab and 7/18 (39%) on
pembrolizumab. The risk was lowest with ipilimumab, 23%
(3/13). The overall response rate (CR + partial response [PR])
was 20% with ipilimumab, 26% with nivolumab, and 53% with
pembrolizumab, whereas disease control rate
(CR + PR + stable disease) was 35% with ipilimumab, 37% with
nivolumab, and 53% with pembrolizumab. None of the vari-
ables including age, gender, type of cancer, type of allograft,
type of immunosuppression, time since transplantation to ini-
tiation of ICI, and prior history of rejection were significantly
associated with the transplant rejection on univariate analysis.
The efficacy of ICI among patients with organ transplant
appears promising, warranting testing in prospective clinical
trials. The risk of rejection and allograft loss is considerable;
therefore, the risk and alternative form of therapies should be
thoroughly discussed with the transplant patients prior to ini-
tiating ICI therapy. The Oncologist 2020;25:505–514

Implications for Practice: Transplant recipients are at higher risk of developing cancers. Although immune checkpoint inhib-
itors have been shown to improve the outcome in more than one cancer type, transplant recipients were excluded from
these trials. Most of the data on the safety and efficacy of immune checkpoint inhibitors in transplant patients are based
upon case series and case reports. The pooled data from these reports suggest that anti-programmed death-ligand 1 inhibi-
tors have reasonable safety and efficacy among organ transplant patients, which warrants testing in clinical trials.

INTRODUCTION

Immune checkpoint inhibitors (ICIs) have drastically chan-
ged the landscape of cancer therapy [1–4], and the spec-
trum of their indications is set to increase [5]. However, the
safety and efficacy of ICIs in patients with cancer who
received organ transplants is largely unknown.

The two clinically most relevant immune checkpoints are
the inhibitory receptors cytotoxic T-lymphocyte-associated
antigen-4 (CTLA-4), which modulates T-cell activation during
the antigen priming phase, and the programmed death
1/programmed cell death protein 1 (PD-1/PD-L1) axis, which
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functions during the effector phase of tumor-specific T-cell
response [6, 7]. By blocking these inhibitory receptors, ICIs
stimulate the host immune response marked by restoration of
antigen priming, proliferation, migration, and effector func-
tions of T cells. Although this can initiate or restore host
immunity against the tumor cells, its consequences could be
catastrophic for patients with organ transplants. Because
immune checkpoints are also involved in the immune toler-
ance required for allograft survival, ICIs can lead to allograft
rejection as shown in several animal studies [8, 9]. Conversely,
organ transplant patients receive immunosuppressive therapy,
which may counteract the effect of ICIs.

As compared with the general population, the risk of
developing cancer is higher in organ transplanted patients,
with cancer being the second most common cause of death.
For example, the risk for developing non-Hodgkin lymphoma
is 7.5 times greater compared with the general population,
whereas for lung, kidney, and liver cancer, the risk is increased
by 2, 4.7, and 11.6 times, respectively [10]. The increased risk
has been attributed to chronic immunosuppression (IS) and
infection with oncogenic viruses [10, 11].

Patients with organ transplants are routinely excluded
from ICIs clinical trials, resulting in a lack of data on their
safety and efficacy in this patient population. Nevertheless,
ICIs have been used off label among patients with cancer
with organ transplant, leading to an emerging literature
based on case reports and small case series [12–50]. Herein,
we report on two renal transplant patients from our own
experience (one with metastatic squamous cell carcinoma
[SCC] and another with melanoma). We also carried out a
systematic search of the available literature to identify the
factors that could predict the risk of allograft rejection.

CASE REPORTS

Case 1
Case 1 was a 66-year-old patient with a past medical history of
live donor renal transplant (in October 2003) for end-stage
renal disease (ESRD) secondary to polycystic kidney disease,
hypertension, and multiple recurrent facial cutaneous SCC, sta-
tus post left orbital exenteration followed by rectus sheath flap
reconstruction and several courses of radiation therapy
(in 2010, 2013, and 2016; Fig. 1). His post-transplant course
was unremarkable. For IS, he initially received mycophenolate
mofetil (MMF) 1,000 mg b.i.d., tacrolimus 4 mg b.i.d., and pred-
nisone 20 mg daily. The IS regimen was changed from cal-
cineurin inhibitor (CNI; tacrolimus) to mammalian target of
rapamycin (mTOR) inhibitors (sirolimus) following a skin cancer
diagnosis as mTOR inhibitors have been shown to be associated
with risk of cutaneous malignancies among renal transplant
patients [11]. His IS regimen was further modified multiple
times owing to the recurrent cancers, but he continued to
develop recurrent SCCs over his scalp and facial region. These
lesions were resected surgically with flap repair. In the year
2017, the sirolimus was switched over to tacrolimus because of
the concerns for sirolimus affecting the wound healing. In
January 2018, a surveillance positron emission tomography
(PET)/computed tomography (CT) showed nodal and distant
recurrence of SCC as evident by fluorodeoxyglucose avid lesions

in the local lymph node and liver despite absence of new skin
disease (Fig. 2A, 2B). Given the extent of recurrent disease,
treatment with ICIs was reviewed, including detailed discus-
sion of the risks and benefits about the use of ICIs in the
setting of organ transplant. Subsequently, he was started on
pembrolizumab 200 mg every 3 weeks in February 2018. The IS
regimen was changed from tacrolimus 1 mg b.i.d. and MMF
750 mg in the morning and 500 mg in the evening to MMF
500 b.i.d. and sirolimus 2 mg daily. The patient tolerated
pembrolizumabwell, without clinically significant adverse events.
Restaging magnetic resonance imaging (MRI and CT scan) per-
formed 2 months after the initiation of pembrolizumab showed
a complete response (CR; Fig. 2C). However, there were
multifocal infiltrates and ground glass opacities concerning for
pneumonitis. Treatment with pembrolizumab was continued
given the absence of clinical symptoms. Repeat CT imaging
3 months later in June 2018 (5 months after starting
pembrolizumab) showed continued CR. After 8 months of treat-
ment with pembrolizumab, in September 2018, a rise in creati-
nine to 2.5 mg/dL (from a baseline of 1.7–1.9 mg/dL) was noted
on routine laboratory studies. Computed tomography of the
abdomen and pelvis demonstrated new mild enlargement and
fullness of the right pelvicalyceal system of the transplanted right
kidney. No new metastatic lesions were seen. Urinalysis was
unremarkable. A biopsy of the renal allograft was performed,
demonstrating acute cell-mediated rejection of Banff grade IIA.
The patient was treated with methylprednisolone pulse (250 mg
daily × three doses) and intravenous immunoglobulin (IVIG;
2 g/kg), leading to improvement of serum creatinine to 2. He
was then continued on prednisone taper and sirolimus (2 mg
daily). Given the graft rejection in the setting of complete tumor
response, pembrolizumab was discontinued. Two months later,
in November 2018, he was again readmitted because of an ele-
vated serum creatinine (to 2.8 mg/dL) on routine follow-up.
Another biopsy of the kidney graft was performed in December
2018, which was again consistent with acute cell-mediated rejec-
tion. He was re-treated with IVIG (2 g/kg) and methylpredniso-
lone (500 mg × 3 days) and was later discharged on sirolimus,
prednisone taper, andMMFwith stable renal function.

Case 2
Case 2 was a 78-year-old man with past medical history of
allogenic renal transplant in 2006 for ESRD due to Alport syn-
drome, diabetes mellitus, atrial fibrillation, and hypertension
who was initially maintained on tacrolimus (1 mg [a.m.] and
2 mg [p.m.]), mycophenolate (1000 mg b.i.d. and later titrated
down to 500 mg b.i.d.) and prednisone 5 mg. He was diag-
nosed with stage T2bN0M0 cutaneous melanoma arising from
the nasal skin, BRAF/NRAS/c-KIT wild type, and underwent a
wide local excision in 2015. His IS regimen was changed to
sirolimus 1 mg daily, MMF 750 mg b.i.d., and prednisone
5 mg daily. In June 2017, he was diagnosed with nodal recur-
rence and underwent a left neck dissection followed by adju-
vant radiation to the left neck and was subsequently
monitored closely with cross-sectional imaging. In July 2018,
disease progression in the left neck and metastases to bones
were noted on PET/CT (Fig. 3A, 3B). After extensive discussion
with the patient, he was started on pembrolizumab 200 mg
every 3 weeks. Prednisone was stopped while sirolimus and
MMF were continued on the same doses. His other
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medications included apixaban, insulin, furosemide, and
losartan. His kidney function was monitored weekly. After the
first dose, he developed diarrhea and his creatinine showed
mild elevation from 1.24 mg/dL to 1.39 mg/dL. The diarrhea
resolved after supportive treatment before the second cycle.
After the second dose, a gradual increase in creatinine levels
was noticed. After 5 weeks since initiation of pembrolizumab,
he was hospitalized because of a rise in creatinine to 2.85
mg/dL. His urine output was normal, and he did not have any
signs or symptoms of acute renal failure. Workup revealed nor-
mal urinalysis and fractional excretion of sodium of 1. A renal
ultrasound was normal with normal resistive indices. The
patient underwent renal biopsy, which demonstrated

active cell-mediated rejection of Banff grade IA. He was
treated with pulse methylprednisolone 500 mg for 3 days
followed by a prednisone taper starting from 50 mg daily.
The MMF dose was increased to 1 g twice a day, and
sirolimus was increased to 2 mg daily. Treatment with
pembrolizumab was discontinued permanently. On follow-
up after 2 weeks, serum creatinine was again found to be
increased to 2.85 mg/dL. The patient received another
course of pulse methylprednisolone. Serum creatinine
eventually plateaued at 2.5 mg/dL and ultimately
decreased to baseline of 1.4 mg/dL. Repeat staging scans
performed 3 months after initiation of pembrolizumab
showed a mixed response (Fig. 4A, 4B).

CASE 2
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Figure 1. Timeline illustration of clinical courses of two cases.

Figure 2. Radiological course of lesion in the first case. Axial unenhanced computed tomography (CT) image at baseline (A) shows a
left cervical superficial soft tissue nodule that was fluorodeoxyglucose-avid on subsequent positron emission tomography/CT (B).
This nodule resolved on follow-up CT (C).
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METHODS

A systematic search in Google Scholar and PubMed databases
was carried out using the following key words: immunotherapy,
immune checkpoint inhibitors, checkpoint inhibitors, PD-1, PD-
L1, CTLA-4, anti-PD-1 therapy, anti-PD-L1 therapy, anti-CTLA-4
therapy, nivolumab, pembrolizumab, ipilimumab, avelumab,
durvalumab, atezolizumab, allograft rejection, organ transplant
rejection, transplant rejection, and solid organ transplant rejec-
tion. We included all published cases of organ transplant
patients who received ICI treatment. The chi-square and t tests
were used to calculate the p values to analyze the difference
between categorical and continuous variables, respectively. All
p values were two sided and p < .05 was considered statistically
significant. For estimation of disease control rates (DCRs) and

overall response rates (ORRs), the best responses to ICI that
were reported in the case reports or case series were used.

RESULTS

As of January 2019, 64 cases (including the present 2 cases)
from 36 case series and case reports were found eligible for
the present analysis (Table 1) [13–50, 55]. The median age
was 63.8 years (range 14–85) and 75% were males. Most
patients had renal allograft (n = 39, 61%), followed by liver
(n = 19, 30%) and heart transplant (n = 5, 8%). One patient
had a corneal transplant.

Forty-two of the 64 patients (66%) received monotherapy
with a PD-1 inhibitor. Twenty patients were initially treated

Figure 3. Radiological course of lesion in the second case in axial view. Axial fused positron emission tomography/computed tomog-
raphy image at baseline (A) shows a fluorodeoxyglucose-avid focus in the right neck (arrow), which has resolved on follow-up (B).

Figure 4. Radiological course of lesion in the second case in coronal view. Coronal maximum-intensity projection image from base-
line (A) and follow-up (B) positron emission tomography/computed tomography show an overall decrease in multiple
fluorodeoxyglucose-avid lesions.
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with ipilimumab; seven of these were switched to a PD-1
inhibitor after progression on ipilimumab. One patient was
treated with combined ipilimumab and nivolumab [35],
whereas another one was treated with a PD-L1 inhibitor,
avelumab (Table 1). The median time from transplant to
treatment with an ICI was 8 years (0.75–32). The patients
received a median of 4 cycles (1–4) of ipilimumab or 3 cycles
(1–25) of PD-1 inhibitors.

Antitumor Responses by ICI Regimen
The antitumor response to ICI therapy was reported for
56 (88%) patients. The ORR (CR + partial response [PR]) was
36% (20/56) with a DCR (CR + PR + stable disease [SD]) of 45%
(25/56), although 55% of patients (n = 31) did not respond to
ICIs. Overall, 7 out of 20 patients on ipilimumab responded to
therapy, resulting in an ORR of 20% (4/20) and a DCR of 35%
(7/20) for ipilimumab. Among seven patients who received an
anti-PD-1 inhibitor as second-line ICI (received after ipilimumab
failure), two experienced PR, resulting in an ORR and DCR of
29% (2/7). Nivolumab was used as the first-line ICI in 24 patients,
whereas 1 patient received nivolumab in combination with
ipilimumab. Response was evaluable in 19 patients who
received nivolumab as the first-line ICI (either not reported or
nonevaluable in 5 patients). The ORR was 26% (5/19) and DCR
was 37% (7/19). The single patient who received combination of
ipilimumab and nivolumab experienced a CR. After combining
patients who received nivolumab as the first- or second-line ICI,
ORR was 27% (6/22) and DCR was 36% (8/22). Of 18 patients
who received pembrolizumab as first-line ICI, response was not
evaluable in 2 patients and was not reported for 1 other case.
CR was reported in 5 and PR was reported in 3 patients out of
15 evaluable patients. Therefore, ORR and DCR were similar and
were 53% (8/15) among patients who received pembrolizumab
as the first-line ICI. The ORR and DCR among patients who
received pembrolizumab as first- or second-line ICI were 47%
(9/19). Of 56 patients, CR was observed in 6, 3 with melanoma
and 3 with SCC.

Antitumor Responses by Immunosuppressive
Regimen
At the time of initiation of ICIs, all but one patient (with cor-
neal transplant) were on some type of IS. Of the remaining
63 patients, 29 (46%) received IS with a single agent including
prednisone (n = 12, 19%), tacrolimus (n = 10, 16%), sirolimus
(n = 4, 6%), or cyclosporine (n = 3, 5%). The response to ICI
was reported in 24 of 29 (83%) patients who received a
single-agent IS and 31 of 34 patients (91%) who received
combination IS. The ORR in patients who received a single-
agent IS was 46% (11/24) as compared with an ORR of 29%
(9/31) among patients who received combined IS (p = .2). The
DCR was 54% (13/24) for patients who received single-agent
IS as compared with 35% (11/31) among patients who
received combined IS (p = .24). Prednisone alone or in combi-
nation was used in 32 (51%) patients. Antitumor responses to
ICI were reported in 29 of the 32 (91%) patients who received
prednisone and 26 of the 31 patients (84 %) who did not
receive prednisone at the time of ICI initiation. The ORR
among the patients who received prednisone either as a sin-
gle agent or in combination versus no prednisone was 41%
(12/29) and 27% (7/26), respectively, whereas corresponding

DCRs were 48% (14/29) and 38% (10/26), respectively (p = .5
for ORR and p = .3 for DCR).

Incidence of Allograft Rejection
Twenty-six (including corneal transplant) of 64 patients (41%)
experienced graft rejection after a median of 2 (range 1–11)
doses of a PD-1 inhibitor or a median of 1 (1–2) dose of
ipilimumab. There were no differences in the demographic and
clinical characteristics of the patients who experienced an epi-
sode of allograft rejection as compared with those who did not
(Tables 1, 2). Seventeen of 39 (44%) patients with renal allo-
graft experienced graft rejection, whereas 7/19 (39%) with liver
allograft and 1/5 (20%) patients with cardiac transplants had
rejection of their graft. The highest risk of allograft rejection
was seen with PD-1 inhibitors, in which 20/42 (48%) patients
experienced graft rejection (13/24 [54%] on nivolumab and
7/18 [39%] on pembrolizumab), followed by patients who
received sequential ICIs, 3/7 (43%; Table 2). The risk of rejec-
tion was lowest with ipilimumab, in which only 3 of 13 (23%)
suffered rejection. The only patient who received combined
ipilimumab and nivolumab did not experience rejection of their
allograft. Eight (13%) of 64 patients had a history of previous
graft rejection. Five of these eight (62.5%) patients had prior
allograft rejection following treatment with an ICI. The allograft
could be salvaged in 8 of 26 (29%) patients who experienced
graft rejection; the remainder of the patients had permanent
graft failure (Table 2). The single patient with cornea transplant
suffered permanent graft failure after receiving nivolumab. Of
the 25 patients who experienced any response to therapy or
had stable disease (CR, PR, or SD), 9 (36%) experienced rejec-
tion. On the other hand, among 31 patients who did not expe-
rience any response to therapy, 11 (35%) experienced
rejection. Among 29 patients who received IS with a single
agent, 14 (48%) suffered rejection, whereas among 34 patients
who received combination IS regimen, only 11 (32%) experi-
enced rejection. Nine of 12 (75%) patients who received only
prednisone for IS suffered allograft rejection. In comparison, of
10 patients who received only tacrolimus, 1 (10%) experienced
allograft rejection.

None of the variables including age, gender, type of can-
cer, type of allograft, type of IS, time since transplantation
to initiation of ICI, and prior history of rejection were signifi-
cantly correlated with the transplant rejection on univariate
analysis (Table 1).

DISCUSSION

The present two cases add to the existing literature on the
experience of ICIs in the solid organ transplant patients. Both
patients had renal allografts and both were on combination of
IS and received pembrolizumab. Our first case is one of the rel-
atively few patients reported in the literature who had a CR
following treatment with pembrolizumab concomitant with IS
of tacrolimus and MMF. Whereas our first patient experienced
organ rejection after 11 doses of pembrolizumab, the second
patient suffered rejection after only 2 doses of pembrolizumab.
Both patients underwent kidney biopsy at the time of worsen-
ing kidney function, confirming graft rejection, and although
both patients witnessed a secondary elevation in their creati-
nine, only the first patient underwent another kidney biopsy,
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Table 1. Characteristics of patients with organ transplant who received treatment with an ICI

Characteristics
Total,
n = 64 (100%)

No rejection,
n = 38 (59%)

Rejection,
n = 26 (41%) p value

Gender

Female 16 10 (63) 6 (37) .74

Male 48 28 (58) 20 (42)

Median age (range), years 63.8 (14–85) 65.5 (35–77) 63 (14–85) .48

Time to immunotherapy since transplant,
median (range), years

8 (0.75–32) 8 (0.75–32) 6 (0.75–27.6) .74

Solid organs

Kidneys 39 21 (54) 18 (46) .34

Liver 19 13 (68) 6 (32)

Heart 5 4 (80) 1 (20)

Cornea 1 0 (0) 1 (100)

Type of immunotherapy

CTLA-4 inhibitor 13 10 (77) 3 (23) .45

PD-1/PD-L1 inhibitors 43 23 (53) 20 (47)

Sequential ICIs 8 5 (62.5) 3 (37.5)

Number of doses, median (range)

CTLA-4 inhibitors 4 (1–4) 4 (4–4) 1 (1–2) .88

PD-1 inhibitors 3 (1–25) 4 (1–25) 2 (1–11) .5

Prior history of significant rejection

Yes 8 3 (37.5) 5 (62.5) .36

No 33 19 (57) 14 (43)

Response to therapy

Yes 25 16 (62.5) 9 (37.5) .8

CTLA-4 inhibitors 7 6 (86) 1 (14)

PD-1/PD-L1 inhibitors 15 9 (60) 6 (40)

Both 3 1 (33) 2 (66)

No 31 20 (64.5) 11 (35.5)

CTLA-4 inhibitors 6 4 (67) 2 (33)

PD-1/PD-L1 inhibitors 20 12 (60) 8 (40)

Both 5 4 (80) 1 (20)

Type of cancer

Malignant melanoma 37 24 (65) 13(35) 0.23

HCC 10 7 (70) 3 (30)

Lungs 7 4 (57) 3 (43)

Others 10 7 (70) 3 (30)

Type of immunosuppression

Single agent 29 15 (52) 14 (48) 0.2

Prednisone alone 12 3 (25) 9 (75)

Tacrolimus alone 10 9 (90) 1 (10)

Cyclosporine 3 1 (33) 2 (67)

Sirolimus 4 2 (50) 2 (50)

Combination 34 23 (68) 11 (32)

2 drugs combination 28 18 (64) 10 (36)

3 drugs combination 6 5 (83) 1 (17)

Tacrolimus alone or in combination 23 15 (65) 8 (35)

Prednisone alone or in combination 32 20 (62.5) 12 (37.5)

Abbreviations: CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; HCC, hepatocellular carcinoma; ICIs, immune checkpoint inhibitors; PD-1,
programmed death 1; PD-L1, programmed cell death protein 1.
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which again showed pembrolizumab induced allograft cellular
rejection. Fortunately, the allograft could be salvaged in both
the patients.

Our pooled analysis reaffirms previous observations of high
rates (�40%) of allograft rejection in patients with cancer who
were treated with an ICI leading to organ failure in 71% of the
patients who experienced rejection. This should be discussed
with patients clearly before the initiation of treatment, and these
patients should bemonitored closely for signs of rejection.

Our pooled analysis reaffirms previous observations
of high rates (�40%) of allograft rejection in
patients with cancer who were treated with an ICI
leading to organ failure in 71% of the patients who
experienced rejection. This should be discussed
with patients clearly before the initiation of
treatment, and these patients should be monitored
closely for signs of rejection.

Both CTLA-4 and PD-1/PD-L1 play a key role in immuno-
tolerance required for allograft survival [8, 9]. In a mouse
model, the injection of anti-CTLA-4 immunoglobulin in the
perioperative period led to acute rejection of liver allograft
but did not have any effect on graft survival when it was
injected after the establishment of peripheral tolerance [8].
On the contrary, the early infusion of anti PD-1 antibodies
prevented induction of peripheral tolerance, and infusion at
a later stage led to complete loss of allograft [51]. Although
this has not been proved in humans, these findings are con-
sistent with the observation of a higher risk of graft rejec-
tion with anti PD-1 antibodies, which has also been found
in prior reports [13].

Despite the fact that none of the variables we analyzed
were associated with allograft rejection (this could be due to
small sample size), several findings from the present analysis
are notable. The choice of IS was associated with graft rejec-
tion. Four classes of drugs are available for the maintenance of
IS after renal transplant, including corticosteroids; antimetabo-
lites (azathioprine and MMF/mycophenolate sodium), which
inhibit DNA synthesis, thereby preventing cell replication; CNIs

Table 2. Differences in the profile (for rejection) of immune checkpoint inhibitors among patients with organ transplant

Characteristics
Ipilimumab,
23% (n = 13)

Nivolumab,
54.2% (n = 24)

Pembrolizumab,
44% (n = 18)

Sequential/combination,
37.5% (n = 8)

Rate of rejection

Liver 12.5 (8) 33 (9) 25 (5) 50 (6)

Kidney 50 (4) 67 (12) 55 (12) 0 (1)

Heart 0 (1) 50 (2) 0 (1) 0 (1)

Cornea 0 (0) 100 (1) 0 (0) 0 (0)

Tumor type

Melanoma 30 (13) 75 (4) 38 (13) 28.5 (7)

NSCLC 0 (0) 57 (7) 0 (0) 0 (0)

HCC 0 (0) 37.5 (8) 0 (2) 0 (0)

Others 0 (0) 60 (5) 100 (3) 100 (1)

Median doses to rejection, median
(range)

1 (1–2) 1.5 (1–9) 2 (1–11) 1 (1–7)

Time since transplant to
immunotherapy, median (range),
years

16 (1.5–26) 5 (0.75–19) 14 (1–27.6) 14 (4–15)

Age, median (range), years 44 (40–67) 59 (14–74) 63.2 (57–85) 68 (48–72)

Type of immunosuppression

Single agent 37.5 (8) 60 (10) 43 (7) 50 (4)

Prednisone 60 (5) 100 (3) 50 (2) 100 (2)

Tacrolimus 0 (2) 20 (5) 0 (2) 0 (1)

Cyclosporine 0 (0) 0 (0) 67 (3) 0 (0)

Sirolimus 0 (1) 100 (2) 0 (0) 0 (1)

Combination 0 (5) 56 (13) 44 (11) 25 (4)

2 drugs combination 0 (3) 42 (12) 50 (9) 50 (2)

3 drugs combination 0 (2) 100 (1) 0 (2) 0 (2)

Tacrolimus alone or in
combination

0 (2) 56 (11) 17 (6) 33 (3)

Prednisone alone or in
combination

30 (10) 56 (9) 33 (8) 40 (5)

Data are presented as % of rejection (total patients received) unless otherwise indicated.
Abbreviations: HCC, hepatocellular carcinoma; NSCLC, non-small cell lung cancer.
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(cyclosporine and tacrolimus) that halt the progression of T
cells from the G0 to G1 phase; and mTOR inhibitors (sirolimus
and everolimus), which inhibit progression of late activation to
synthesis phase of cell cycle. As these agents act at different
steps in the cell cycle, they are frequently combined to achieve
optimal IS [52]. In most of the patients in our analysis, the IS
regimen was further altered at the time of initiation of treat-
ment with an ICI. Many patients received only low-dose pred-
nisone when they were initiated on an ICI. The majority of
these patients had graft rejection, consistent with previous
reports [19]. Therefore, IS with low-dose prednisone alone
seems to be insufficient in transplant patients who require treat-
ment with an ICI. Patients who received tacrolimus-based regi-
mens or combinations of IS agents had lower rates of allograft
rejection. Although there is a concern about compromising the
efficacy of ICI against the cancer with IS, it is noteworthy that
many patients, including the two cases we report here, who
received combination immunosuppression at the time of ICI ini-
tiation responded to immunotherapy. Importantly, patients with
cardiac or liver allografts were mostly maintained on tacrolimus
either as standalone or as a combination IS because of the lack
of an alternative treatment in cases of allograft failures. These
patients also experienced response to ICIs.

The majority of patients received only high-dose steroids
without any other agent for treatment of acute graft rejection.
The treatment of acute rejection in kidney transplant patients
is based upon the severity on Banff grading [12]. Although
high-dose steroids alone may be adequate for Banff grade I,
grade II and III require additional IS with antithymocyte globu-
lin or alemtuzumab [53]. The most common form of rejection
was cellular; however, a mixed (cellular and humoral) form of
rejection was also reported in some cases [14, 21], which war-
rants a different class of IS treatment against the humoral
rejection including IVIG and plasmapheresis [53].

The other factor that was observed to be associated with
allograft rejection based on the current analysis is prior his-
tory of significant allograft rejection with at least 2/3 of
those patients suffering allograft rejection after treatment
with ICIs. Therefore, patients with previous allograft rejection
may require more robust IS with tacrolimus-based regimens
or combination regimen and should be followed closely.

PDL-1 expression on the allograft lymphocytes has been
suggested as a marker of rejection after treatment with ICIs
[19, 21]. The small number of liver transplant patients (n = 3)
without expression of PD-L1 on allograft lymphocytes did not
experience graft rejection, whereas all four patients with PD-
L1 expression on allograft lymphocytes suffered rejection
[19]. Although this approach may have value, it needs to be
validated in larger studies. Moreover, PD-L1 expression was
analyzed only after treatment with ICI, which could have
been driven by immune activation, and more information is
needed on pre-ICI PD-L1 expression.

Although the majority of graft rejections happened after
1–2 doses of ICIs, we did not find any association between
number of doses of ICIs or time from transplant to com-
mencement of ICI treatment and rate of rejection. This could
be due to small number of patients, but it is also possible
that the loss of immunotolerance secondary to ICI is dose
and time independent. Therefore, providers should remain
vigilant throughout the ICI treatment for early detection and

treatment of graft rejection. The treatment in our first case
was continued for much longer after achieving CR. This was
done after weighing the risk of transplant rejection over
recurrence of a life-threatening malignancy. However, in light
of present analysis, another approach could be to stop ICs in
patients who achieve a response and rechallenge up on pro-
gression of disease.

Although the majority of graft rejections happened
after 1–2 doses of ICIs, we did not find any
association between number of doses of ICIs or
time from transplant to commencement of ICI
treatment and rate of rejection. This could be due
to small number of patients, but it is also possible
that the loss of immunotolerance secondary to ICI
is dose and time independent.

The observations from this analysis should be interpreted
in light of the following limitations: the small sample size, lim-
iting meaningful multivariate statistical analysis; the data were
obtained from published individual case reports and therefore
are heterogeneous and raise the possibility of selection bias;
and the retrospective nature of the analysis did not allow for
the testing of predictive immune biomarkers.

Accordingly, prospective studies using ICIs in organ trans-
planted patients with cancer are needed. The only prospective
study reported to date is a small phase I clinical trial [54] testing
the safety of nivolumab in four renal transplant recipients with
multiple myeloma, head and neck SCC, renal cell carcinoma,
and bladder cancer. The patients were required to have a serum
creatinine of <180 μmol/L and absence of human leukocyte
antigen donor-specific antibodies (DSAs). Patients received one,
two, three, and nine doses of nivolumab, respectively. None of
the patients had a graft rejection, and only one patient (who
received nine doses) experienced a partial response. Although
the study was small, the safety profile of nivolumab among
selected patients of renal transplant without DSA appears to be
encouraging and warrants testing on a larger-scale trial.
Another phase I trial [56] is open and accruing patients with
renal transplant diagnosed with unresectable or metastatic
cutaneous melanoma orMerkle cell carcinoma to receive pred-
nisone, tacrolimus, and nivolumab with the addition of
ipilimumab up on progression of disease. The primary endpoint
of the study is response rate at 16 weeks among patients with-
out allograft loss [NCT03816332].

Further studies should focus on identifying an optimal IS reg-
imen, which could be given effectively with ICIs without blunting
their therapeutic effects. The role of prior history of allograft
transplant, presence of DSA, and PD-L1 expression on allograft
lymphocytes in addition to novel biomarkers in predicting rejec-
tion should be explored further. Long-term data on recurrent
malignancies among patients who could maintain residual organ
function following immunosuppression for rejection should be
collected and reported. Transplant registries and Medicare-
linked Surveillance, Epidemiology, and End Results database
could be useful sources of data for such analyses.
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CONCLUSION

The efficacy of ICI among patients with organ transplant
appears promising, which warrants testing in prospective
clinical trials. However, the risk of rejection and allograft
loss is considerable; therefore, the risk and alternative form
of therapies should be thoroughly discussed with the trans-
plant patients prior to initiating ICI therapy. Although none
of the clinical factors could predict the risk of rejection, the
role of concomitant immunosuppression and a prior history
of transplant rejection warrants further testing. Importantly,
the loss of allograft is idiosyncratic, and therefore, a high
index of suspicion is required throughout the course of ICI.
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