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Background: Immune checkpoint inhibitors (ICI) are standard of care therapy for patients with cutaneous malignancies, the most frequently diagnosed cancers in solid organ transplant (SOT) recipients. The activity and rate of allograft rejection in SOT recipients with advanced skin cancers treated with ICI is understudied.



Methods: We conducted a retrospective analysis of SOT recipients with advanced melanoma, cutaneous squamous cell carcinoma (cSCC), and merkel cell carcinoma (MCC) who were treated with ICI. Unpublished cases from our institution and published cases from the literature were aggregated. Demographics, type of immunosuppressive therapy, type of ICI(s) administered, prior systemic therapies, tumor response to ICI, and evidence of organ rejection and/or failure were recorded. Objective response rates (ORR) and rates of graft rejection and failure are reported.



Results: Ninety patients were identified; four patients from our institution and 86 unique patients from a literature review. ORR to first-line ICI for the entire cohort was 41.1% (37/90). ORR by tumor type was 31% (18/58), 64.3% (18/28), and 25.0% (1/4) for melanoma, cSCC, and MCC, respectively. The rate of graft rejection was 37.8% (34/90) with 61.8% (21/34) of these cases progressing to graft failure. Number of immunosuppressive agents (0, 1, 2, or 3) was inversely associated with rate of graft failure.



Conclusions: In this retrospective analysis, ICIs demonstrate clinical activity in SOT recipients with cutaneous malignancies; however, the rate of graft rejection is high. Treatment plans should be individualized through thorough interdisciplinary discussion. Immunosuppressive modifications may be considered prior to starting treatment, but when feasible, enrollment on clinical trials is preferred.



KEYWORDS
immune checkpoint inhibitor, solid organ transplant, melanoma, cutaneous squamous cell carcinoma, merkel cell carcinoma





Introduction

Cancer is one of the leading causes of death in patients who are solid organ transplant (SOT) recipients. In 2022, over 42,000 solid organ transplants were performed in the United States and the total number of transplants recorded surpassed 1 million (1). Over 100,000 patients are now on the transplant waiting list each year (2). SOT recipients have a 2- to 4- fold increased risk of developing cancer compared to the general population (3, 4). This risk is partially attributed to lifelong immunosuppressive drugs that are required to prevent graft rejection as well as infection with oncogenic viruses (5, 6). Skin cancers are the most frequent malignancy among SOT recipients, accounting for almost 40% of post-transplant malignancies (7, 8). When compared to the general population and depending partially on geography, SOT recipients have a 65- to 250- fold increased risk of developing cutaneous squamous cell carcinoma (cSCC), a 2- to 8- fold increased risk of developing melanoma and a threefold increased risk of developing Merkel cell carcinoma (MCC) (6, 9). Identifiable risk factors for development of post-transplant skin cancers may include a history of pre-transplant skin cancer, male sex, white race, ultraviolet radiation exposure, type and dosing of immunosuppression, age greater than 50 at time of transplant, and recipients of thoracic transplants (8, 10).

Immune checkpoint inhibitors (ICIs) have revolutionized cancer therapy, particularly in the management of advanced cutaneous malignancies. Monoclonal antibodies against cytotoxic T-lymphocyte antigen 4 (CTLA-4), programmed cell death 1 (PD-1), and programmed cell death ligand-1 (PD-L1) are approved by the Food and Drug Administration (FDA) for treatment of cSCC, melanoma, and/or MCC (11). ICIs function by blocking the negative regulation of effector T-lymphocytes, allowing for potentiation of anti-tumor immune responses (12). ICIs are standard of care for the management of advanced skin cancers, however the same co-inhibitory signals that ICIs suppress are implicated in maintaining organ tolerance, which has been demonstrated in several pre-clinical studies (13–19). As a result, ICIs have historically been avoided in patients with a history of SOT due to concerns of causing severe, life-threatening graft rejection (20). Furthermore, the impact of immunosuppressive therapies on the efficacy of concurrent ICI therapy is understudied (21). SOT recipients are typically excluded from clinical trials using ICIs, resulting in limited knowledge of their safety and efficacy in this patient population.

While there have been multiple case reports and several retrospective reviews investigating the use of ICIs in SOT recipients (22–69), results are variable regarding antitumor efficacy and rates of graft rejection (70). No reports to our knowledge have solely focused on the experience of SOT patients with advanced skin cancers treated with ICI. The aim of this study is to document the clinical outcomes of SOT patients with advanced skin cancer treated with ICI at our institution and to aggregate it with the available retrospective literature on this population, which we comprehensively compile here. We also aim to identify clinical factors that may be associated with increased risk of allograft rejection.



Materials and methods


Single institution retrospective case series

We searched the Rutgers Cancer Institute of New Jersey (CINJ) electronic medical record (EMR) for SOT recipients who developed an advanced cutaneous malignancy and were treated with ICI by the CINJ Cutaneous Oncology group between January 2019 and May 2022. This retrospective study was approved by the Rutgers Institutional Review Board (#2022000836). Information collected on each patient included: demographics including age and sex, type of SOT, type of immunosuppressive therapy for SOT, type of cutaneous malignancy, type of ICI(s) administered, prior systemic therapies, interval time from transplant to ICI administration, tumor response to ICI, and evidence of organ rejection and/or failure.



Literature review

A systematic search of PubMed and Google Scholar was manually conducted to identify relevant publications up until April 2022, without any date restrictions. Search terms included “checkpoint inhibitor”, “transplant”, “PD-1 inhibitor”, “CTLA-4 inhibitor”, “nivolumab”, “pembrolizumab”, “ipilimumab”, and “cemiplimab”. All types of publications were reviewed, including case reports and case series if they were written in English and reported on the use of ICI in SOT recipients who developed advanced skin cancer. To be included in this study, the articles were required to provide patient-specific information regarding age, sex, tumor type, type of immunosuppression, allograft status after ICI treatment, and the cancer response to ICI treatment. Article titles and abstracts were evaluated for relevance. Eligible articles were reviewed in their entirety to ensure that all inclusion criteria were met. The same data collected from patients in the CINJ EMR were also extracted from the existing publications.

Graft response to ICI treatment was considered to either be “acute rejection,” “graft failure”, or “no rejection”. For the patients who experienced acute rejection, if the allograft was not rescued and no longer functioned according to the author of the paper (i.e., the patient subsequently became reliant on dialysis or experienced liver failure), then the patient was deemed to have graft failure.

Cancer response to first-line ICI was separated into 4 categories: progressive disease (PD), stable disease (SD), partial response (PR), and complete response (CR). Objective response rates (ORR) were calculated as the proportion of patients who had a CR or PR. While the majority of papers explicitly stated the tumor response, there were four patients in which tumor response was determined by the authors based on the paper's descriptions of the patient and one patient in which the tumor response was non-evaluable due to death from graft rejection. Cancer response was determined based on response achieved with first-line ICI.

Data from the published cases were compiled with our previously unpublished single institution retrospective case series of SOT skin cancer patients treated with ICI. Data were stratified based on tumor type, number of immunosuppressive drugs, and tumor response to ICI. Descriptive statistics were used to report tumor response to ICI and rates of graft rejection or failure. Fisher's exact test was used to compare ORR between tumor types, transplant types, rejection rates between number of immunosuppressants and type of ICI, and rejection rates depending on if there was a change in immunosuppression time of ICI initiation.




Results


Baseline patient characteristics

Four patients who met inclusion criteria were identified in the CINJ EMR. The literature search yielded 973 articles. Forty-five of the publications described 86 unique patients who met all inclusion criteria. Thus, 90 total SOT patients treated with ICI for advanced skin cancer were included in our final analysis (Supplementary Table S1). Patient characteristics are shown in Table 1. Median age at time of skin cancer treatment with an ICI was 67 years and there were more men (n = 68, 75.6%) than women (n = 22, 24.4%). Of these 90 cases, most had melanoma (n = 58, 64.4%) followed by cSCC (n = 28, 31.1%) and MCC (n = 4, 4.44%). The most common SOT was kidney (n = 67, 74.4%), followed by liver (n = 14, 15.6%), heart (n = 7, 7.8%), and lung (n = 1, 1.1%). One patient had a heart and kidney transplant (1.1%).


TABLE 1 Patient characteristics.
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Type of ICI for entire cohort

Of the 90 patients, 33 (36.7%) received prior non-ICI systemic therapy, 37 (41.1%) were treatment-naive, and the remaining 20 cases did not specify. The first-line immunotherapy most commonly consisted of anti-PD-1 monotherapy (n = 63, 70.0%) including pembrolizumab (n = 37, 41.1%), nivolumab (n = 15, 16.7%), and cemiplimab (n = 11, 12.2%). One patient received avelumab (n = 1, 1.1%). Twenty-one patients initially received single agent ipilimumab (23.3%). Five patients were initially treated with a combination of ipilimumab and a PD-1 inhibitor. Additionally, 14 patients (15.5%) were treated with second-line immunotherapy with an alternative ICI regimen due to disease progression on the initial ICI regimen. Median time from transplantation to initiation of ICI was 9 years (ranging from 0.2 to 32 years) in the 70 cases that reported it.



Response to ICI for entire cohort

Objective responses to any ICI regimen for the entire cohort were: 17.8% CR (n = 16), 23.3% PR (n = 21), 7.8% SD (n = 7), and 48.9% PD (n = 44) for an objective response rate (ORR) (CR + PR) of 41.1%. One patient had a mixed response and one patient was considered unevaluable due to the patient expiring from graft failure before disease response could be evaluated. The majority of patients were treated with PD-1 inhibitors as first line ICI as opposed to ipilimumab monotherapy or ipilimumab plus nivolumab, with ORRs of 46%, 28.6%, and 40.0%, respectively. There were no significant differences in ORR between patients treated first-line with PD-1inhibitor vs. ipilimumab, PD-1 inhibitor monotherapy vs. ipilimumab plus nivolumab and ipilimumab monotherapy vs. ipilimumab plus a PD-1 inhibitor (p = 0.20, p = 1 and p = 0.63, respectively). Of note, there were 9 patients who had disease progression on ipilimumab and were started on a second-line PD-1 inhibitor, with an ORR of 44.4% (4/9) on the second-line agent. Of the patients who received a first-line PD-1 inhibitor, 4 were treated with second-line combination ipilimumab and nivolumab (ORR 25%, 1/4) while 1 was treated with second-line ipilimumab (ORR 0%, 0/1).

By tumor type, ORRs were 64.3% (18/28) for cSCC, 31% (18/58) for melanoma, and 25.0% (1/4) for MCC (Table 2). By type of SOT, ORRs were 57.1% for liver, 41.8% for kidney, and 0% for heart. The difference in ORR between patients with kidney and liver transplants was not significant (p = 0.38). However, as there was no tumor response in patients with heart transplants, the ORR was significantly higher when compared to patients with kidney (p = 0.04) and liver (p = 0.02) transplants.


TABLE 2 Response rate for tumor types.
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SOT recipients with melanoma

The most common type of SOT in patients with melanoma was kidney (n = 42, 72.4%), followed by liver (n = 10, 17.2%), heart (n = 5, 8.6%), then heart and kidney (n = 1, 1.7%). The first line ICI regimen for melanoma patients was either ipilimumab (n = 21, 36.2%), a PD-1 inhibitor (n = 33, 56.9%), or a combination of ipilimumab and anti-PD-1 (n = 4, 6.9%). There were 9 patients who had disease progression on ipilimumab and were then treated with a second-line PD-1 inhibitor. Tumor responses were CR (n = 5, 8.6%), PR (n = 13, 22.4%), SD (n = 5, 8.6%), PD (n = 33, 56.9%), or mixed response (n = 1, 1.7%) for an ORR of 31%. There were 24 cases (41.4%) of acute graft rejection and 14 of those cases (58.3%) resulted in graft failure while the other 10 allografts were rescued with temporary discontinuation of ICI and immunosuppression.



SOT recipients with cSCC

Twenty-eight patients (31.1%) had cSCC and the vast majority had a renal transplant (n = 22, 78.6%) followed by liver (n = 4, 14.3%), heart (n = 1, 3.6%), and lung (n = 1, 3.6%) transplants. All patients received frontline PD-1 inhibition except for one patient who received ipilimumab and nivolumab which was administered after disease progression on carboplatin and taxol, and then cetuximab. Tumor responses were CR (n = 10, 35.7%), PR (n = 8, 28.6%), SD (n = 2, 7.1%), or PD (n = 8, 28.6%) for an ORR of 64.3%. There were 9 cases (32.1%) of acute graft rejection and 6 of those cases (66.7%) resulted in graft failure.



SOT recipients with MCC

Three patients with MCC were treated with a PD-1 inhibitor and one received a PD-L1 inhibitor. Tumor responses were CR (n = 1, 25%) or PD (n = 3, 75%) with an ORR of 25%. There was 1 case of acute kidney rejection that eventually progressed to graft failure.



Impact of ICI on graft in the entire cohort

There were 34 cases (37.8%) of acute graft rejection of which 21 resulted in graft failure (61.8%). In the overall cohort, 21/90 (23.3%) patients had graft failure. On average, graft rejection occurred 49 days after ICI initiation (ranging from 4 to 240 days), with a median of 28.5 days. Patients treated with a combination of CTLA-4 and PD-1 inhibitors (4/5) had the highest rate of graft rejection at 80%, followed by graft rejection rates of 36.5% (23/63) for first-line PD-1 inhibitors, and 14.3% (3/21) for first-line ipilimumab (Table 3). In addition, of the 9 patients who were treated with ipilimumab then a PD-1 inhibitor for second-line treatment, 4 of them experienced graft rejection after the first dose of the PD-1 inhibitor while 1 experienced graft rejection after the 4th cycle of ipilimumab prior to starting the PD-1 inhibitor. There was 1 patient who was treated with a PD-1 inhibitor followed by second line ipilimumab and 3 patients who were treated with a PD-1 inhibitor followed by second line ipilimumab and nivolumab. None of those 4 patients experienced graft rejection. Graft rejection rates were higher with combination ipilimumab plus nivolumab compared to first-line ipilimumab monotherapy (p = 0.01). There was no difference in rates of rejection for patients treated with anti-PD-1 vs. ipilimumab (p = 0.06) or ipilimumab plus nivolumab vs. anti-PD-1 monotherapy (p = 0.08). The one patient treated with a PD-L1 inhibitor did not have a graft rejection. Rates of acute graft rejection and failure were 41.8% (n = 28) and 26.9% (n = 18) for kidney transplants, 28.6% (n = 4) and 21.4% (n = 3) for liver transplant, and 14.3% (n = 1) and 0% for heart transplant, respectively. There were no significant differences between graft rejection rates by transplant type (kidney vs. liver p = 0.55, kidney vs. heart p = 0.23, and liver vs. heart p = 0.62). Mean time from transplant to ICI initiation for patients with no acute graft rejection vs. acute rejection was 9.3 years and 11.7 years respectively.


TABLE 3 Rates of graft rejection and failure by ICI.
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Number and type of immunosuppressive agents for SOT

At the time of ICI initiation, patients were maintained on either 0 (n = 3), 1 (n = 35), 2 (n = 40), or 3 (n = 12) of the following immunosuppressive agents for their SOT: corticosteroids (prednisone), calcineurin inhibitors (tacrolimus, cyclosporine), mTOR inhibitors (sirolimus, everolimus), mycophenolic acid, and azathioprine.

The three patients who were not on any immunosuppressive agents at the time of ICI initiation all experienced graft rejection and two of those patients then experienced graft failure. Patients treated with 1, 2, and 3 immunosuppressive agent(s) had a graft rejection rate of 45.7% (16/35), 30% (12/40), and 25% (3/12), respectively and a graft failure rate of 31.4% (11/35), 17.5% (7/40), and 8.3% (1/12), respectively (Table 4). Patients on 2 or 3 immunosuppressive agents had lower rates of graft rejection compared to patients on 0 immunosuppressants (p = 0.04 and 0.04, respectively). There were no statistically significant differences in graft rejection rates when comparing patients treated with 1 vs. 2 (p = 0.23), 1 vs. 3 (p = 0.31), or 2 vs. 3 (p = 1.0) immunosuppressive agents, nor any differences in graft failure rates (p = 0.18, 0.15, and 0.66 respectively).


TABLE 4 Rates of graft rejection and failure by immunosuppressants.
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In patients treated with only a single immunosuppressive agent, those on prednisone monotherapy had the best response to ICI (ORR 58.8%), but also had a higher graft rejection rate of 52.9% and a graft failure rate of 41.2%. When comparing monotherapies, calcineurin inhibitors had the lowest rate of graft rejection (27.3%) and graft failure (18.2%). In patients receiving two or more immunosuppressive agents, those on an mTOR inhibitor and mycophenolic acid had the highest ORR at 75% (3/4), and the lowest rate of graft failure at 0%. Patients treated with both prednisone and an mTOR inhibitor also had lower rates of graft rejection (21.4%, 3/14) and failure (7.1%, 1/14) (Table 4).

In this series, it is difficult to evaluate whether a modification to the immunosuppressive regimen affected risk of graft rejection. Thirty-nine patients underwent a change in their immunosuppressive regimen prior to starting ICI therapy and 19 (48.7%) developed graft rejection. However, out of the 29 patients who had no change in their immunosuppressive regimen, 7 (24.1%) developed graft rejection in comparison. There was a statistically significant difference in rate of graft rejection between these two groups (p = 0.047).

Patients with melanoma were numerically more likely to have acute graft rejection than those with cSCC, while patients with cSCC were more likely to have their acute graft rejection progress to graft failure but the differences were not significant (p = 0.48 and p = 1). Liver transplant recipients tend to have lower rates of graft rejection and clinically, and it is possible that the selection of the type of and number of immunosuppressive agents may differ by type of transplant (71). In this series, patients with liver transplants received single agent immunosuppression (64.3%) at a numerically higher rate than patients with kidney transplants (31.3%), who were more commonly on 2 immunosuppressive agents at ICI initiation (50.7%). By type of SOT, rates of rejection were 41.8% (28/67), 28.6% (4/14), and 14.3% (1/7) for kidney, liver, and heart respectively and proceeded to graft failure in 64.3% (18/28), 75% (3/4), and 0% (0/1), respectively. Despite the difference in number of immunosuppressive agents, there were no significant differences in rate of graft rejection or graft failure when comparing liver to kidney transplants (p = 0.55 and p = 1, respectively).

The most common cause of death was disease progression, not graft failure, as has been commented on in another study (72). Of the 49 patients who died, 41 patients died due to progression of their underlying disease whereas 6/49 died from graft failure alone or a combination of graft failure and progression of disease. Of note, since the majority of patients received kidney transplants, if the allograft failed, patients underwent dialysis, which bias these results, and long term follow-up is not available. The two patients who declined dialysis passed away.




Discussion

Use of ICI in SOT with cancer is a clinical challenge due to the risks of life-threatening graft rejection. This retrospective review represents one of the largest collections of SOT patients with advanced skin cancer treated with an ICI, mostly anti-PD-1 monotherapy. It also adds an additional 4 cases to the literature from our single institution experience. Tumor stabilization or regression was noted in 48.9% of cases and the ORR was 41.1% for the entire cohort. Responses to anti-PD-1 in SOT patients with cSCC (ORR 60.7%) were higher than that reported in clinical trials of non-SOT patients (ORR 35%–50%) and higher than in other case series of SOT patients with cSCC (73–75). Patient or tumor-based characteristics of individual cSCC patients included here that may have accounted for this discrepancy are not available. SOT patients with melanoma had similar response rates to anti-PD-1 compared with responses in non-SOT patients treated with nivolumab or pembrolizumab (76, 77). There were too few cases of SOT patients with MCC to draw conclusions regarding response rates. The durability of responses and long-term overall survival is unable to be assessed due to the retrospective nature of the study and because the data was available only through published case series, with the exception of 4 patients from our institution. However, this study confirms the efficacy of ICI for advanced skin cancers in the SOT population, which has been highlighted in several other series (48, 70).

Despite the relatively preserved activity of ICI in skin cancer patients with SOT, graft rejection occurred in 37.8% of patients and more than half of those (61.8%) progressed to graft failure and either became reliant on hemodialysis, in the setting of kidney transplant failure, or passed away (48). There were no differences in rejection rates by type of transplant, but 4 out of 5 (80%) patients who were treated with a combination of ipilimumab and nivolumab experienced acute rejection and 2 out of 5 (40%) had graft failure. However, there were three SOT patients who were first treated with a PD-1 inhibitor and then followed by a combination of ipilimumab and nivolumab who did not develop graft rejection. The sample size in this study is too small to draw conclusions regarding impact of dual checkpoint inhibition on graft function (59). Only one patient was treated with a PD-L1 inhibitor in our cohort which limits our assessment of whether rates of graft rejection differ between PD-1 and PD-L1 inhibitors. One retrospective study included 6 kidney transplant patients, who did not fit our inclusion criteria, treated with anti-PD-L1 and report a graft rejection rate of 0% (75). Graft rejection in our series occurred in a numerically higher proportion of patients who received anti-PD-1 monotherapy compared to ipilimumab monotherapy, but the difference was not statistically significant and there have been conflicting reports in other retrospective series (56, 75, 78). Prior series have similarly and consistently shown that graft rejection for SOT patients occurs in about 40% of cases, however rates of graft failure are more variable (48, 56, 70, 72, 79). Despite high rates of graft rejection, cause of death was most commonly from disease progression. This may be impacted by the ability of patients with renal transplant rejection to be rescued with dialysis (70, 72, 80). Finally, there was no significant difference in time from transplant and initiation of ICI in patients who had graft rejection and those who did not. While some studies show higher rejection rates if ICI is administered earlier after a transplant, other studies have not verified that correlation (21, 75, 81).

The optimal approach to immunosuppressive regimens in SOT receiving ICI is unknown but being studied in several clinical trials. Although our study found that rates of graft rejection were higher in patients who had modifications to their immunosuppressive regimen prior to starting ICI therapy compared to those who did not have a change in their immunosuppressive regimen, not all cases reported on whether changes were made. Additionally, there are multiple confounding factors that need to be accounted for to better evaluate this question. Interestingly, in a phase I clinical trial studying pembrolizumab in kidney transplant recipients, it was also noted that maintaining baseline immunosuppression before ICI may reduce the risk of graft rejection (82). However, this requires further study. Tailoring the immunosuppression for SOT patients receiving ICI should be carefully discussed between the oncology and transplant teams to modify risks and clinical trial participation, where able, is encouraged. In our series, patients receiving no immunosuppression had the best tumor responses whereas patients on three immunosuppressive agents were poorly responsive to ICI, consistent with other studies (83, 84). Rates of graft failure were clearly inversely correlated with number of immunosuppressive agents, ranging from only 8.3% with 3 agents to 31.4% with one agent.

Type and/or combination of immunosuppressive agent(s) likely also matters. In patients treated with a single immunosuppressive agent, calcineurin inhibitors were associated with the lowest proportion of graft rejection (27.3%) and graft failure (18.2%), as previously reported, however tumor responses were also lower (ORR 27.3%) (70, 84). A clinical trial (NCT03816332) studied the efficacy of an ipilimumab, nivolumab, prednisone and tacrolimus regimen in patients with kidney transplants and advanced skin cancers, although in the small sample size, tacrolimus and prednisone did not prevent rejection in 2/8 patients (85). In our series, while tumor responses were highest in patients receiving prednisone only (ORR 58.8%), rates of graft rejection (52.9%) and failure (41.2%) were much higher. In patients receiving dual agent immunosuppression, the regimen that suggested the best balanced tumor response with lower risk of graft rejection or failure was prednisone plus an mTOR inhibitor. This finding is supported by results of CONTRAC-1 (NCT04339062), a clinical trial in which SOT patients with cSCC were treated with cemiplimab. The immunosuppressive regimen was standardized and involved administration of mTOR inhibition with a prednisone taper surrounding each cycle of cemiplimab (40 mg on days 1–3, 20 mg on days 4–6, and 10 mg on days 7–20). Preliminary results from the study showed ORR 50% in 8 evaluable patients and no kidney allograft rejection or loss (86).

The potential benefit of immunosuppressive regimens that contain mTOR inhibitors has been explored in another multi-center retrospective cohort study in which mTOR inhibitors were associated with lower rates of kidney graft rejection for SOT recipients treated with ICIs (75). In addition, mTOR inhibitors may have potential anti-tumor properties for post-transplant patients with cSCC, which may partially explain the improved ORR for patients with cSCC compared to melanoma in our study (87). Two case reports have further delved into the role of mTOR inhibitors in uncoupling the efficacy and toxicity of PD-1 inhibition, but the results appear inconclusive due to the limited sample size. Although one study notes that mTOR inhibitors may abate pembrolizumab associated T-cell activation, another notes that alloreactive T-cells may still be present despite persistent mTOR immunosuppression and may be induced by PD-1 inhibitors (49, 88). Future studies should focus on strategies to optimize immunosuppression for the allograft so that T-cell responses are directed towards tumor rather than both tumor and allograft.

This study has multiple limitations. This was a retrospective review of published cases from the literature in addition to cases reported from our own institution. The effect of publication bias here cannot be understated and may underestimate the incidence of graft rejection on ICI initiation. Cases in the literature that documented graft rejection but did not report on ICI responses were excluded. Differences in survival cannot be determined as the follow-up for each study was variable or not reported. Although we adhered to standard inclusion criteria for selection of published articles studied here, the actual treatment approaches and diagnosis and management of graft rejection or failure were individualized. Due to the overall small sample size, although Fisher's exact test was used, statistical analysis was largely descriptive and multivariable analysis was not performed. Prospective controlled studies are needed to confirm any trends observed here.

Overall, the use of ICI in SOT patients with skin cancer requires thorough multidisciplinary discussion, consideration of other available treatment options, if effective, and possible modification of the patient's immunosuppressive regimen to decrease risk of graft rejection and/or failure, however this requires further study. Risks and benefits including the possibility of fatal graft failure must be discussed at length with each patient. ICI remains the standard of care for advanced skin cancers and has the highest potential for long-term durable responses. In many cases, risks of administration of ICI in SOT patients may be necessary when balancing the risks of death from progressive skin cancer. Clinical trials are ongoing to better understand how to optimize immunomodulation in this population. The number of immunosuppressants and the biology of each type of organ transplant could affect rates of rejection and further research must be done to understand the impact of ICIs in an organ-specific manner as well. Strategies to prevent and manage graft rejection should also be studied, for example, with use of IL-6 antibodies or other agents. Donor-derived cell-free DNA (dd-cfDNA) may be a useful biomarker in cancer patients treated with ICI to detect acute rejection (50, 64). Although this was a population typically excluded from clinical trials, as the numbers of SOT patients increase, more research is needed to address this unique population.
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