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ABSTRACT
Purpose of review: Checkpoint inhibitors (CPIs) provide impressive response rates among immunocompetent patients with various solid tumors. So far, organ transplant recipients have been excluded from clinical studies due to the putative risk of allograft rejection however 48 cases of liver and renal transplant patients treated with CPI were already described in literature. 
Recent findings: Here we discuss 19 cases of liver and 29 cases of renal transplant patients who received CPI for advanced cancer.  Disease control rate (stable disease, complete response and partial response together) was 35% (21% for liver and 45% for kidney transplant patients). Graft rejection was seen in 37% of liver and 45% and kidney transplant patients. Interestingly, our analysis shows that an ‘ideal’ response occurs in 21% of all patients (anti-tumor response accompanied with durable graft tolerance). 
Summary: We believe that transplant patients can be treated with CPI in a controlled setting and for well informed patients. In order to obtain a durable anti-tumor immune response while avoiding rejection, to be able to adjust immunosuppression and to have the opportunity to develop biomarkers for tumor response and transplant rejection, these patients should be treated according to a clinical care path or a prospective clinical trial.
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Introduction
Although the numbers of clinical trials are exploding [1] and the efficacy of checkpoint inhibitors (CPIs) has been demonstrated in more than 20 different types of cancer [2] organ transplant recipients (OTRs) have systematically been excluded from those trials [3]. In these patients longer survival, prolonged immunosuppression and aging lead to even more immunosuppression and to an increased risk of developing metastatic cancer [4,5]. For example, in patients that were liver-transplanted due to recurrent HCC, after excluding early HCC relapse, a 2-fold increase in liver cancer has been observed [6]. Additionally, the transplant population is expanding as surgical techniques have improved, management of immunosuppression has been refined and indications for transplantation have progressively widened. Indeed, the total organ transplant number worldwide has almost doubled between 2003 and 2017 from 56.263 to 102.664 (data based on the Global Observatory on Donation and Transplantation (GODT) data, WHO-ONT collaboration). As response rates of CPIs can be up to 50% for some tumor types and as other treatment options are often limited, the discussion of using CPI in transplant patients with metastatic cancer becomes more urgent. Transplanted patients represent a large part of the metastatic non-melanoma skin cancer population. More than 90% of all skin cancer in OTRs are cutaneous squamous cel carcinoma (cSCC) [7] which have higher morbidity ratio compared to non-immunosuppressed cSCC patients [8]. Recently, a novel anti-PD1 molecule, cemiplimab, showed response rates of about 50% in advanced cSCC patients [9], however as no transplant patients were included, the outcome in this population is unknown. For obvious reasons, the fear of organ rejection has excluded transplant patients from clinical trials with anti-CTLA4 and anti-PD(L)1. The role of CTLA4 in organ tolerance is somewhat controversial in preclinical models, as CTLA4-Ig can both enhance rejection and tolerance depending on the preclinical model used [10,11]. Nevertheless CTLA4-Ig (belatacept) is being developed for prevention of organ rejection [12]. Additionally, the PD-1/PD-L1 interaction within peripheral tissues has a critical role for maintaining allograft tolerance [13,14]. Hence, inhibition by CPIs may stimulate T-cell activation against cells from the graft expressing allo-antigens [15] (Figure 1). 
Nevertheless, because the lack of other treatment alternatives for advanced cancer, some OTRs were treated with CPI. In order to better analyse risk factors, cancer outcome and graft rejection, we have summarized all available clinical case reports of liver and kidney OTRs treated with CPIs for metastasized malignancies. We did not include heart and lung transplant recipients because of their rarity and high risk of lethality upon graft rejection. Bone marrow transplantation will not be discussed either as this is mostly a consequence of a haematological malignancy and as the subsequent solid tumor development is less frequent than a relapse of the primary tumor [16]. Nevertheless the lack of biomarkers measuring the activity of the immune system against cancer, (opportunistic) infections, etc…, block personalized adaptations of immunosuppression before and during treatment with CPI in OTRs.

Methods
Case reports have been found through PubMed, Medscape Oncology, ResearchGate and Ascopubs search and the keywords included checkpoint inhibitors, organ transplant recipients, liver transplantation, kidney transplantation, allograft, rejection, melanoma, hepatocellular carcinoma, nivolumab, pembrolizumab, ipilimumab, atezolizumab, durvalumab, avelumab. We also checked for available clinical trials on clinical trials.gov. Date of last search was 11th of novembre 2018.

Results
A total of 48 cases of OTR treated with CPIs for a metastasized malignancy have been identified in 29 articles from the period 2014 to 2018. Main patient characteristics and outcome are summarized in Table 1. A detailed overview of the individual cases of liver and kidney transplant recipients is presented in separate tables (Table 2A+B and Table 3A+B, respectively). Time to presentation of the malignancy varied from one to twenty-three years post-transplant and the age at the time of treatment with CPIs ranges from 14 to 77 years-old. Thirthy patients were treated with monotherapy of anti-PD1 (18 nivolumab, 12 pembrolizumab), 11 with monotherapy of anti-CTLA4, 7 with anti-CTLA4 followed by anti-PD1; no reports were found for anti-PDL1. 

Liver transplant patients
Outcome in liver transplant patients will be analyzed according to the reason for CPI and transplantation: a first group of patients that underwent transplantation for recurrent hepatocellular carcinoma (HCC) followed by HCC recurrence (Table 2B) and a second group who developed cancer (mainly melanoma) after transplantation (among which 3 patients were transplanted for HCC, one for cholangiocarcinoma and one due to liver metastasis of ocular melanoma, others had a non malignant liver disease) (Table 2A). 
None of the patients that underwent transplantation for recurrent HCC (n=11) benefited from CPI (Table 2B), nevertheless one patient had a dissociated response with regression of a few metastatic lesions lasting a few months followed by disease progression [17]. Of the non-HCC group, three melanoma patients were treated with ipilimumab: 2 had a partial response (PR) and one progressive disease (PD). One patient with PR progressed again and was treated with pembrolizumab hereafter. Anti-PD1 induced 1PR, 2CR, 1 unknown (UK), and 1 PD (Table 2A). The clear difference in response rate in HCC vs melanoma patients might be explained by sensibility to CPI of HCC vs melanoma. Early data (phase I/II trial) of HCC patients treated with nivolumab show a response rate of 15% [18] while the response rate with anti-PD-1 for melanoma patients was around 40% in a phase III trial [19]. 
For the HCCs, 4 out of 10 patients had biopsy proven organ rejection and 3 died of organ failure, the fate of the fourth patient was not described (Table 2B). At least 3 out 4 organ rejections happened during the first month after start of CPI. No other immune related adverse events (irAEs) were described. In the non-HCC group, two melanoma patients receiving anti-PD1 (2/6) and one receiving anti-CTLA4 (1/4) experienced organ rejection. Only one anti-PD1 patient died from organ failure, the other one died from PD and for one patient it was not described. For the total group of 19 cases of liver transplant, at least 4 died of organ failure which all happened during the first month of treatment. There was no history of donor specific antibodies or previous rejection, all patients were transplanted once. 
Interestingly, two melanoma patients, both treated with pembrolizumab, showed a CR without liver transplant rejection. One of them started CPI treatment 18 years after liver transplantation (for biliary atresia) and his immunosuppression was continued (tacrolimus monotherapy) during CPI treatment . This complete response maintained at least 6 months after stop of pembrolizumab which was discontinued after two doses because of biological hepatitis of uncertain cause (Hepatitis C virus vs immune-mediated hepatitis, no biopsy reported) [20]. The other CR melanoma patient was immunosuppressed with a bi-therapy comprising everolimus and mycophenolate mofetil (MMF) during CPI and discontinued pembrolizumab after 9 month because of the CR. At the time of the publication of the report (21 months later) he was still in remission without further adaptation of immunosuppression [21]. 

Kidney transplant patients
Among the 29 kidney-transplant recipients 22 developed melanoma (20 cutaneous and 2 uveal), 2 NSCLC, 3 cutaneous squamous cell carcinoma (cSCC), one patient had an adenocarcinoma of the duodenum (ADCD) and one patient had urothelial carcinoma (UR) (Table 1). For cutaneous melanoma patients disease control rate (including PR, CR and SD) with anti-PD1 monotherapy was 37%, with anti-CTLA4 monotherapy 57% and was surpringly low (20%) with the combination treatment. No patient had a CR, 7 had a PR, 1 experienced SD, 11 had PD, and 1 had unknown outcome (Table 3A). Disease control rate in cSCC was 100% and the urothelial carcinoma patient had a PR (Table 3B). 
Thirteen out of 29 kidney transplant recipients (45%) experienced rejection. Six of them had cutaneous melanoma (one had anti-CTLA4, 2 had a combination of anti-CTLA4 with anti-PD1 and 4 had anti-PD1), two had NSCLC, and all three cSCC patients experienced organ rejection. Interestingly, almost all of them received only prednisolone monotherapy as concomitant immunosuppression, nevertheless in most cases immunosuppression was also diminished just before starting CPI. Despite organ rejection, the cSCC responses were very interesting (1CR and 2PR). Three cutaneous melanoma patients had PR, one had SD and only one had PD (one UK) bringing disease control rate for these 5 patients to 80%. Still some patients obtained disease control (4/13 cutaneous melanoma patients) without organ rejection meaning that tumor response and allograft rejection can coexist. 

Combination of CPI treatment
Melanoma patients may benefit from a combination (concomitantly or consecutively) of both anti-PD1 and anti-CTLA4 [22]. However, since the PD-1 and the CTLA-4 pathway both play a significant role in allograft tolerance acceptance (Figure 1), the risk of rejection might theoretically be higher. In this review, seven patients (6 kidney – 1 liver) have been treated with ipilimumab (anti-CTLA-4) combined or followed by anti-PD-1. Three of them experienced kidney rejection during the anti-PD1 treatment: one received the first dose of pembrolizumab only 2 weeks after the last dose of ipilimumab and his outcome is unknown [23], the other received a first dose of nivolumab 4 weeks after the last dose of ipilimumab and had tumor shrinkage under nivolumab [24]. Both of them had prednisolone monotherapy for immunosuppression. The third patient had stopped all immunosuppressive medication just before the start of nivolumab-ipilimumab combination treatment (and was the only one who received both CPI concomitantly). The liver transplant recipient experienced no allograft rejection and showed a PR (after 4 cycles of pembrolizumab) which continued until 17 months after initiation of CPI (time of writing). There has been a minimum 3-months period between the administration of ipilimumab and pembrolizumab in the latter patient and the immunosuppression was maintained during treatment with low dose sirolimus combined with MMF [25]. The three kidney transplant patients who did not have transplant rejection all received more than 2 immunosuppressants and experienced disease progression [26–28].

Discussion
Our analysis reveals two melanoma patients with the most ideal response (complete and durable tumor response without organ rejection). One patient had MMF and everolimus as immunosuppressive treatment [21] and the other patient had tacrolimus monotherapy [20]. Another 8 patients had a anti-tumor response (PR and SD) without rejection. It might be counterintuitive from an immunological point of view to reject cancer cells and not the graft but 21% (10/48) of the patients reported here experienced it. We might thus speculate that immune quiescence is PD1-dependent for the tumor and not for the transplant and vice versa for others. Many preclinical cancer models are also (syngeneic) graft models which are therefore not suited to analyse this. To better understand this ‘ideal’ situation, transplant patients with advanced cancer should be treated in clinical care paths or in study protocols. Ideally, we should find biomarkers to determine a ‘cancer immune set-point’ for every individual patient in order to personalize both type and intensity of immunosuppression to preserve the graft and to adapt the immunotherapy to get rid of the tumor [29]. Although this is out of the scope of this review, opportunistic infections are another sign of over-immunosuppression in this population, therefore ideally we should strive towards a cancer – opportunistic infection -immune setpoint. Immune monitoring of peripheral blood samples with e.g. the help of CyTOF mass cytometer analysis might be of interest in this context. Nevertheless the immune microenvironment of the tumor or the organ transplant might not always be reflected in the peripheral blood. 
Our case report analysis shows that a wide variety of immunosuppressive medication is used in transplantpatients during CPI treatment. On top of this, for most patients immunosuppressive medication was diminished when metastatic disease occurred, which was impossible to summarize here due to the heterogeneity of these strategies. In general it is still unclear if and which immunosuppressive medication is preventing CPI to induce a tumor response. In the context of autoimmunity, patients being treated with corticoids either for pre-existing autoimmune syndrome [30] or for irAE, tumor responses were still possible [31–33]. Interestingly, from the ten patients with the ‘ideal’ response (anti-tumor immunity without graft rejection) (Table 4) 3 were treated with only low dose prednisone, two were treated with mTOR inhibitor monotherapy (everolimus and sirolumus) and 3 with a combination therapy containing an mTOR inhibitor and two with tacrolimus (one monotherapy and another in combination with MMF). No responses were seen in patients being treated with azathioprine and 3 of the responding patients had MMF in their combination regimen. Interestingly, mTOR inhibitors have anti-proliferative and anti-angiogenic effects and have been associated with increased survival of patients that underwent liver transplantation for HCC [34]. Because immunosuppressive treatments reported here are very diverse and immunosuppression was usually diminished before start of CPI treatment it is impossible to draw conclusions about the best immunosuppression strategy. Of course this might differ between liver and renal transplant patients as the latter have hemodialysis as an alternative.

Potential strategies to diminish CPI exposure
Some patients reported here were stopped early on with CPI and still experienced tumor response [20,35] which indicates that a few CPI doses might be enough to induce an anti-cancer response without affecting graft tolerance (in analogy of ipilimumab where 4 doses have very durable effects [36–38]). Local immunomodulatory strategies might also increase the anti-cancer response without theoretically affecting the risk of rejection. The immune-modulating effect of radiotherapy has been highlighted by multiple preclinical and clinical studies. Radiation can trigger the release of tumor-derived antigens, inducing an anti-tumor immune response even outside the radiation field called the “abscopal effect” [39]. More recently, several studies have documented that immunotherapy might boost this effect [40–43] and recent phase I studies confirm that this combination shows interesting clinical results without safety issues [44]. If this synergy between radiotherapy and CPIs is confirmed for several malignancies, it might offer more durable responses for transplant patients with advanced cancer as well. Moreover, this “vaccine-like” mechanism might allow a shorter duration of CPI.
In order to correctly treat transplant patients with CPI, a close collaboration between a multidisciplinary team including medical oncologists, dermatologists, surgeons, radiotherapists, transplant specialists but also scientists as biologists; full discussion with the patient and his family regarding the risks and benefits, and a close clinical and biochemical follow-up are necessary. Ideally this would be part of a study protocol or a clinical care path in order to find biomarkers indicative of rejection risk and cancer response and to better understand the capacity to dissociate anti-graft responses from anti-tumor responses which is possible as attested by some patients here reported. 

Conclusion
Very limited treatment options are available for OTRs who present with advanced or recurrent cancers under immunosuppressive therapy. In this review CPI showed an encouraging global tumor control rate of 35% (0% for reccurent HCC patient and 44% for non recurrent HCC liver transplant patients and 45% for kidney transplant patients). Interestingly almost two third of the patients experienced allograft preservation. At the moment, there are not enough cases to discuss the relation between graft rejection and tumor response, neither do we have predictive biomarkers to adapt immunosuppresion. Therefore, a thorough understanding the activation level of the immune system in this patient population is required.

Key bullet phrases
· Disease control rate (stable disease, complete response and partial response together) for advanced cancer patients with renal or liver transplant is 35% (21% for liver and 45% for kidney transplant patients).
·  The ideal response (anti-tumor response accompanied with durable graft tolerance) occurs in 21% of all patients.
· No tumor responses were seen in liver transplantpatients (n=10) that received anti-PD1 for recurrent hepatocellular carcinoma.
· Among the reported and evaluable cases, the response rate for cutaneous melanoma patients treated with either anti-CTLA4 (4/10 had PR or CR) or anti-PD1 (5/10 had PR or CR) monotherapy is at least as good compared to the non transplant population.


Figures 

Figure Legends
Figure 1: Role of CTLA4 and PD(L)1 in tumor and organ rejection
Allograft tolerance and anticancer immunity is subject to a multitude of factors that contribute to the inhibition or activation of T-cell immunity. T cells are able to recognize both tumor cells and cells of the donor transplant. Tolerance of donor transplanted cells is achieved when T cells are inhibited due to (1) binding of its PD1 receptor with the ligand PD-L1/2 (expressed by donor cell), (2) targeting of CTLA4 with CTLA4-Ig prevents the costimulatory signal between  CD28 and CD80/86 and (3) other immunosuppressive therapies that dimish T cell activation (MMF, azathioprine, calcineurin inhibitors, mTOR inhibitors). In order for T cells to induce tumor cell killing, inhibitory receptors on T cell such as CTLA4 and PD1 need to be silenced which can be achieved by checkpoint-blocking therapies such as anti-PD1/PDL1 and anti-CLTA4. 
Abbreviations: APC: antigen presenting cell; MHC I: major histocompatibility complex; TCR: T cell receptor; PDL ½: programmed death-ligand 1; PD1: programmed death 1; IL2: interleukine-2; IL2R: inteleukine-2 receptor; CTLA4: cytotoxic T-lymphocyte-associated protein 4; mTOR-I: mammalian target of rapamycin; MMF: mofetil mycophenolate.


Table legends

Table 1: Patient characteristics
NSCLC: Non-Small Cell Lung Cancer; HCC: Hepatocellular carcinoma; cSCC: cutaneous squamous-cell carcinoma; ADCD: adenocarcinoma of the duodenum; UC: Urothelial carcinoma; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; UK: unknown 

Table 2: Immune checkpoint antibodies for treatment of solid tumor in liver transplant recipients 
CPI: Checkpoint Inhibitor; OT: Organ transplant; IST: Immunosuppressive therapy; TTR: Time to response; PFS: Progression free survival; NA: Non-available; UK: Unknown; MMF: Mycophenolate Mofetil; HCC: Hepatocellular carcinoma; NSCLC: Non-small cell lung cancer; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; LE: liver enzymes; 0R: Organ rejection
*ongoing at time of publication of case report ;**discontinuation before restaging

Table 3: Immune checkpoint antibodies for treatment of solid tumor in kidney transplant recipients 
CPI: Checkpoint Inhibitor; OT: Organ transplant; IST: Immunosuppressive therapy; TTR: Time to response; PFS: Progression free survival; NA: Non-available; UK: Unknown; MMF: Mycophenolate Mofetil; ADC: adenocarcinoma; NSCLC: Non-Small Cell Lung Cancer; cSCC: cutaneous squamous-cell carcinoma; PD: Progressive disease; PR: Partial response; SD: Stable disease; KF: Kidney function; 0R: Organ rejection
*OR happened after 1cycle, 3 months after treatment of OR, Nivolumab was restarted. 6 cycles were given and is ongoing at time of writing manuscript; **ongoing at time of publication of case report

Table 4: Immunosuppression and tumor response in patients with the ideal tumor respons (SD, PR, CR and no graft rejection)
PFS: Progression free survival; OR: Organ rejection; MMF: Mycophenolate Mofetil; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; UK: unknown; NSCLC: Non-Small Cell Lung Cancer; HCC: Hepatocellular carcinoma; cSCC: cutaneous squamous-cell carcinoma; ADCD: adenocarcinoma of the duodenum; UC: Urothelial carcinoma. 
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