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Cutaneous squamous cell carcinoma (CSCC) is a major cause of morbidity and mortality after organ transplant. Many patients subsequently develop multiple CSCC following a first CSCC, and the risk of metastasis and death is significantly increased compared to the general population. Post-transplant CSCC represents a disease at the interface of dermatology and transplant medicine. Both systemic chemoprevention and modulation of immunosuppression are frequently employed in patients with multiple CSCC, yet there is little consensus on their use after first CSCC to reduce risk of subsequent tumors. While relatively few controlled trials have been undertaken, extrapolation of observational data suggests the most effective interventions may be at the time of first CSCC. We review the need for intervention after a first post-transplant CSCC and evidence for use of various approaches as secondary prevention, before discussing barriers preventing engagement with this approach and finally highlight areas for future research. Close collaboration between specialties to ensure prompt deployment of these interventions after a first CSCC may improve patient outcomes.
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A CLINICAL CASE
A 60 year old white male presents for kidney transplant follow-up, 21 years after a deceased donor transplant. Despite an early cellular rejection episode, he has maintained excellent allograft function (baseline creatinine 107 μmol/L) without humoral sensitization on a dual regimen of cyclosporine and azathioprine. He has a history of photodamage but no history of skin cancer or solid-organ malignancy. He has recently had a 1 cm tender keratotic nodule excised from his shin, confirmed histologically as invasive cutaneous squamous cell carcinoma (CSCC). The patient asks whether anything can be done to decrease his risk of cancer recurrence without putting their allograft at undue risk.
INTRODUCTION
Skin is the commonest site for post-transplant malignancy, with up to 200-fold increased incidence of keratinocyte carcinoma (KC) compared to immunocompetent populations (ICP) (1). CSCC accounts for 80% of KC in organ transplant recipients (OTR) (2). Half of OTR develop another CSCC within 3 years of their first (2–5). Metastatic risk from CSCC is doubled in OTR and those who develop multiple (>10) CSCC have up to 26% risk of metastasis (6, 7), with a 3 year median survival (8). CSCC represents a leading cause of cancer-related mortality for some OTR (2,8,9,10) and may be associated with increased risk of internal malignancies (11, 12), consistent with findings in ICP that are not fully explained by known cancer risk factors (13,14,15) and presumably relate to common susceptibility mechanisms. Treatment and surveillance for post-transplant CSCC creates significant economic burden for healthcare providers and patients (16). Interventions to reduce risk are desirable to improve OTR wellbeing, healthcare resource usage, and future cancer-related mortality.
At a population level, cumulative incidence of CSCC amongst OTR is dependent upon several factors, the most important being immunosuppression intensity and geographic latitude (reflecting cumulative ultraviolet radiation (UVR) exposure) (2). 25% of white European OTR may ultimately develop CSCC, rising to 75% with significant UVR exposure (such as Australasia) (2). Pre-transplant CSCC is a major risk factor for post-transplant CSCC and consensus recommendations regarding the management of such patients have been published elsewhere (17). Individual risk factors are summarized in Figure 1. While used to guide cohort surveillance strategies (4, 18), prognostication using these factors [recently reviewed (19)], particularly for prediction of recurrence, lacks resolution to guide individual patient management.
[image: Figure 1]FIGURE 1 | Clinical risk factors for (further) cSCC development, which may be useful in risk stratifying organ transplant recipients. Factors predictive of cSCC risk at a population level are indicated on the left. Factors relevant at an individual level (which are often interrelated—demonstrated by arrows) are shown on the right, with potentially modifiable factors at time of first cSCC shown in green. *indicates risk factors shown to be independently predictive of development of further KC or cSCC lesions in at least one study. cSCC, cutaneous squamous cell carcinoma. UVR; UV radiation; SPK, simultaneous kidney-pancreas; PTA, pancreas transplant alone. &time period during which cohort data is collected: generally more historical cohorts demonstrate greater cSCC risk. † including human papillomavirus (HPV)-related viral warts or dysplasia and UVR-related photodamage and pre-malignant lesions.
We summarize staging of disease prevention for post-transplant skin cancer in Table 1 (20, 21). Primary and secondary prevention strategies for CSCC in OTR include patient education, photoprotection, clinical skin surveillance and topical and oral chemoprevention (22), though data in transplant cohorts are limited with recommendations extrapolated from relatively small studies (23–25), expert opinion (26, 27), or studies in ICP (28–30).
TABLE 1 | Definition of stages of CSCC prevention used in this paper.
[image: Table 1]Uncertainty about optimal timing of these interventions led to formulation of expert consensus-based recommendations for management, including a recent international Delphi panel of transplant dermatologists (26). While consensus was reached regarding topical and systemic agents in primary and secondary prevention of CSCC, consensus was not reached for optimal interventions after a first low-risk CSCC (LRCSCC; defined in this study, and this paper, as Brigham and Women’s Hospital Stage T1 or T2a, or American Joint Committee on Cancer T1 or T2). Retrospective data suggest there is similar equipoise about optimal timing and nature of immunosuppressive regimen modification amongst transplant practitioners, particularly after first CSCC (3).
In the absence of definitive evidence, we provide an overview of potential interventions for secondary CSCC prevention after the first CSCC and suggest this timepoint as an optimal opportunity to consider initiation of such measures. We consider dermatology, transplant medicine and patient perspectives relevant to decision making and consider the current barriers to adoption of this practice. Finally, we propose a decision framework to guide management of after a first post-transplant CSCC.
DERMATOLOGICAL STRATEGIES
There is scant evidence to guide transplant dermatologists in predicting CSCC risk and employing secondary prevention measures in OTRs after their first LRCSCC. OTR with a history of CSCC should be counselled on skin self-examination and photoprotection and undergoing regular skin cancer surveillance (4, 18), though screening interval recommendations are not consistent across international guidelines. There is randomized controlled trial (RCT) evidence that regular use of sunscreen reduces the risk of first CSCC in ICP, but data for benefit in OTR are limited to case-control studies (32).
Actinic keratoses (AK) are clinically apparent hyperkeratotic papules and plaques representing epidermal dysplasia arising on sun-damaged skin; a small proportion proceed to invasive CSCC (0.01%–0.65% in ICP) (33). CSCC in situ (CSCCIS, Bowen disease) represents full-thickness epidermal dysplasia with a higher rate of transformation to CSCC (3%–5% in ICP) (34). AK and CSCCIS may become confluent in areas of ‘field cancerization’, with subclinical disease present in contiguous clinically normal photo-exposed skin. Management of premalignancy is an essential component of secondary prevention. Destructive therapies such as cryotherapy or surgical curettage and cautery tend to be favored for discrete lesions (24). In confluent areas of AK, topical “field directed” treatments are added (35). 5% 5-fluorouracil (5-FU) cream has demonstrated superiority in blinded trials over alternatives in ICP and has also been demonstrated to prevent CSCC (22, 35), with evidence of superiority in OTR limited but growing (29, 36, 37).
Dermatologists may consider oral chemoprevention for patients at high risk of subsequent CSCC, with options including oral retinoids (acitretin) or nicotinamide (26). Acitretin is effective with up to 42% reduction in rates of CSCC in kidney transplant recipients in RCTs (23, 25). However, reported rates of discontinuation due to side effects range from 19%–39% in RCTs of OTR, most commonly due to xerosis and alopecia (23, 25). “Rebound” CSCC formation 3–4 months after drug cessation is frequent, meaning acitretin should be regarded as a long-term strategy (38). These factors may account for part of the documented reluctance of dermatologists to start acitretin after a first CSCC, typically waiting until multiple/high-risk CSCC formation is evident (26). In Australian ICP with a history of multiple KC, oral nicotinamide (active vitamin B3) 500 mg twice daily was well tolerated and resulted in a 30% reduction in CSCC compared to placebo over 12 months, but also showed rebound effects upon discontinuation (24). Nicotinamide has been studied in two insufficiently powered RCTs in kidney transplant recipients (39), but concerns regarding lack of positive data has limited its broader use by dermatologists in OTR (26). Results from a larger Australian RCT are forthcoming. Neither nicotinamide nor acitretin have been associated with significant changes in kidney allograft function or risk of allosensitization.
MODIFICATION OF IMMUNOSUPPRESSION
There are two immunosuppression-based secondary prevention strategies that may reduce risk of subsequent CSCC after a first CSCC: change of immunosuppressive agent or reduction in immunosuppressive intensity.
Change of Agent
Switch to Newer Agents
The direct carcinogenicity of various immunosuppressive agents is well established, particularly with those used prior to the mid-2000s. Azathioprine promotes UVA absorption by DNA, leading to UVA photosensitivity, mutagenicity and a unique mutational signature within CSCC (40, 41). Whilst azathioprine use is largely historical, it is still used in cases of mycophenolate intolerance and in recipients planning pregnancy: furthermore, Furthermore, the lag effect of CSCC development after transplant means many OTR who develop CSCC are still on this agent. Previous studies suggest up to 10% of Australian and US kidney transplant recipients, and up to 69% of Spanish heart transplant recipients, are receiving azathioprine (42). Mycophenolate does not promote UVA sensitivity, though may inhibit DNA repair mechanisms (43). Cyclosporine, but not tacrolimus, impairs UVR-induced DNA damage repair and apoptotic mechanisms and promotes tumor growth in pre-clinical models (41, 44). A large retrospective analysis of OTR found increased skin cancer risk with both cyclosporine and azathioprine compared to tacrolimus and mycophenolate, respectively (45). More recent regimens of tacrolimus and mycophenolate may be associated with a significant reduction in skin cancer risk compared to historical regimens and transition from azathioprine to mycophenolate appears to reduce first CSCC risk (45, 46). A major limitation to evidence for efficacy of this approach for secondary prevention is that the previous studies have been observational only. Belatacept may be an alternative or adjunct to calcineurin inhibitors (CNI) in certain kidney transplant recipients. The impact of belatacept on skin cancer is still emerging with a small single-center study showing lower risk of additional skin cancers after conversion from CNI to belatacept maintenance (47).
Switch to mTOR Inhibitor
Mammalian target of rapamycin inhibitors (mTORi) are associated with anti-malignant effects through multiple pathways in vitro (41). Several small studies alongside two large multicenter randomized trials assessed the effect of switching from CNI to sirolimus for CSCC secondary prevention in kidney transplant recipients (48, 49). A 25%–40% reduction in further CSCC risk over 2-year was seen in those converted to sirolimus, though only one study achieved significance across the cohort, and this was seen only after the first but not subsequent CSCC (48). A single episode of borderline rejection was seen across both studies and 5-year follow-up suggested similar patient and graft survival, arguing immunosuppression transition is safe (50). However, sirolimus was generally poorly tolerated with discontinuation and crossover in around a third of recipients due to adverse effects and a CSCC rebound effect was observed. Adverse effects include significant proteinuria, pneumonitis, oedema, impaired wound healing, teratogenicity and hyperlipidaemia. A meta-analysis of 21 trials found mTORi therapy was associated with a significant 60% reduction in KC risk, but also an increased risk of mortality due to infection and cardiovascular disease, though this may be partly due to higher intensity mTORi regimens used in earlier studies (51). For these reasons, sirolimus has not become a mainstay of therapy for CSCC primary or secondary prevention. Recent data have suggested that an alternative mTORi, everolimus, may demonstrate comparable transplant outcomes in low and moderate-risk patients when used alongside low-dose calcineurin inhibition compared to standard immunosuppression (52), and this may reignite interest in the use of mTORi as an immunosuppressant. Analysis of long-term outcomes from earlier studies suggest everolimus is broadly similar to sirolimus in efficacy in reducing KC burden, though tolerability remains a concern (53, 54).
Reduction in Immunosuppression Intensity
When considering reduction in immunosuppression intensity, the transplant practitioner may consider factors including graft function, pre-existing sensitization and history of rejection episodes, and perceived balance between rejection and future malignancy risk (Figures 2, 3). A major limitation is the lack of methods to determine ‘optimal’ immunosuppression intensity at an individual level. Novel markers to stratify rejection risk are currently being developed, including circulating/urinary transcriptomics, HLA eplet mismatch profiling and donor-derived cell-free DNA [recently reviewed in (55)], but are not in widespread use and require validation regarding utility in guiding immunosuppression reduction.
[image: Figure 2]FIGURE 2 | Considerations in utilizing a hypothetical intervention for reduction of cSCC risk at various stages of disease. Top graph indicates relative risk of future cSCC at a patient level (approximate figures given on Y-axis) and unnecessary intervention, as well as relative benefit upon future malignancy risk from intervention at each stage of squamous carcinogenesis. This graph represents an extrapolation of trial and observational data. Bottom graph represents relative risk of morbidity and mortality from future cSCC and rejection with immunosuppression modulation. We postulate equipoise is greatest at time of first cSCC for most OTR, by which time the risk of further cSCC is high enough that more accurate methods of risk stratification are needed to delineate whether rejection upon immunosuppression modulation or future malignancy are more likely.
[image: Figure 3]FIGURE 3 | Approach to risk stratification and interventions after primary cSCC in an organ transplant recipient. Free-text indicates the important considerations by each member of the discussion (indicated by colour coding: red will be mostly guided by transplant practitioner, purple by the patient, and blue by the dermatologist. Those considerations in italics are not in widespread use but may become relevant in the future). Discussion between the recipient, dermatologist and transplant practitioner should lead to lifestyles changes and the treating dermatologist should offer topical therapy for other lesions, irrespective of perceived cSCC risk. The respective clinicians should subsequently consider cSCC risk alongside perceived risk of allograft rejection/sensitisation. The relative risks of these will guide the offer of immunosuppression modulation and/or systemic chemoprevention. Final discussion between the dermatologist and transplant practitioner will guide on the final interventions offered to the patient. cSCC; cutaneous squamous cell carcinoma; CNI, calcineurin inhibitor; PDT, photodynamic therapy; UVR, UV radiation.
Immunosuppression intensity is often related to clinical circumstances, including organ transplant type, and is correlated with first CSCC risk: for example, recipients on dual immunosuppression or with lower CNI trough levels exhibit reduced skin cancer risk compared to counterparts on triple immunosuppression or with greater trough levels (56, 57). Immunosuppression reduction or cessation (following graft failure) is associated with reduced risk and improved outcomes for virus-associated post-transplant malignancy such as lymphoma and Kaposi sarcoma (58), presumably by allowing greater immune control of cancer-associated viruses (59). However, data to support this approach for secondary prevention of CSCC is limited to retrospective cohort analyses, usually for advanced disease (3, 56). Immunosuppression modulation could synergize with chemopreventative approaches by permitting enhanced immune responses, but a combined approach has not been explored in either observational or trial settings.
TIMING OF INTERVENTIONS
In theory, the earlier the interventions are undertaken, the slower the accumulation of mutations developing, reducing risk of CSCC development.
A landmark trial showed reduction in CNI intensity at 1-year post-transplant was associated with reduced rates of malignancy over the following 5 years, of which two-thirds were skin cancer (57). While associated with an increased rate of acute rejection, this did not appear to compromise graft survival, possibly due to a relatively low event rate, and relatively high trough concentrations (by current standards) of cyclosporine in the intervention arm. Rates of de novo donor-specific antibodies, a marker of allosensitization that reflects under-immunosuppression, or of further CSCC were not assessed. Intensity of cyclosporine therapy in the intervention (low dose) arm was roughly equivalent to that currently used and so whether even further reduction would benefit CSCC risk without compromising graft outcomes is uncertain as is the benefit of reduced doses of tacrolimus.
The most effective intervention timepoint may be before the first CSCC and when premalignant lesions are diagnosed. However, the risk of destabilizing graft function or introducing side-effects with immunosuppression modulation is likely greater than the potential benefit and in most cases quaternary prevention is more relevant (Table 1; Figure 2). Specifically, refractory cellular rejection through excessive immunosuppression reduction may require use of lymphocyte depleting monoclonal antibodies; the use of these at time of transplant as induction therapy is associated with increased risk of subsequent malignancy and it is reasonable to assume the same untoward shift in risk when used as rescue therapy in rejection, though increased CSCC risk has not been demonstrated directly (60).
In contrast, OTRs with a first CSCC are at high risk of further CSCC, representing the optimal time to modulate immunosuppression in most cases. This benefit may extend beyond the skin by impacting common underlying mechanisms responsible for both CSCC and solid organ malignancy (11–15). However, the risks of immunosuppression modulation based upon skin malignancy should be weighed against the ‘number needed to treat’ to prevent future skin and internal malignancy (Figure 2).
As indicated above, RCTs investigating CNI to sirolimus transition demonstrated that OTR with a single CSCC versus multiple CSCC at randomization gained the greatest benefit from a switch to sirolimus, with a striking 90% reduction in CSCC risk over the following 2 years (48–50).
These data indirectly suggest that immunosuppression modulation could be the most effective secondary prevention strategy, if implemented in a timely fashion. We suggest that after a first SCC, OTRs should be considered for transition off older agents, particularly azathioprine. Reduction of CNI target levels may also be appropriate. Sirolimus may be an option for those perceived to be at high risk of multiple subsequent CSCC, but tolerance is a major barrier.
CONSIDERATIONS OF THE PATIENT
While the patient will rely on the dermatologist and transplant physician to counsel regarding relative risks, it is important to consider the patient’s perspective.
The median time to first CSCC is typically many years after transplant, unless they have a pre-transplant history of CSCC (2); therefore, any intervention will generally be undertaken in the context of relatively stable graft function. Many OTR harbor an ongoing fear of rejection (61). Studies have found differences in prioritization of graft survival above other outcomes, including cancer and death (61–63), indicating outcomes of importance vary at a patient level. Many of the prevention tools available from a dermatology perspective do not incur risk for rejection but do warrant counselling on side effects and rebound CSCC upon drug cessation. Changes in immunosuppression may pose a rejection risk. While treatment of acute cellular rejection has good outcomes if detected rapidly, under-immunosuppression leading to humoral allosensitization is associated with significantly poorer graft survival and there is no consensus regarding effective treatment (64). Transplant recipients may be reluctant to change immunosuppression without individualized counselling balancing risk and benefits of this approach (61). Such counselling is difficult at present without more accurate CSCC risk stratification tools. Where immunosuppression modulation could be helpful, patients should be counselled regarding the uncertainty of individually predicting future CSCC risk, whilst emphasizing that a first CSCC is frequently associated with development of further lesions. Immunosuppression modulation at this timepoint may represent the optimal time to intervene and may also reduce the risk for other cancers, albeit with limited data to support this. Immunosuppression adjustment should be cautious and stepwise with close monitoring for graft function and sensitization.
HOW DO WE OVERCOME EQUIPOISE?
Two barriers contribute to clinical equipoise regarding secondary prevention: the need for risk stratification and evidence to guide sequencing of preventative strategies.
Perhaps most important is the need for accurate risk stratification, both for further CSCC and rejection. Cohort studies demonstrate that the majority of OTRs with CSCC will form multiple tumors over a 10-year period (4, 6, 7). Risk stratification is critical for formulating secondary prevention interventions, especially as these must be balanced against allograft function. One approach would be to develop more accurate clinical prediction tools based on algorithms to prioritize skin cancer screening and interval surveillance following transplantation (4, 18). Increased intensity of dermatology follow-up in highest-risk cohorts would allow for earlier lesion detection but also an opportunity to initiate intervention with effective field therapies and discussion of chemoprevention agents.
Development of novel biomarkers to facilitate more accurate risk stratification after first CSCC as a complementary approach would serve two purposes: identification of those most likely to benefit from interventions and enrichment of trials with those at greatest risk. A full review of potential biomarkers is beyond the scope of this article. However, circulating immunological markers have been of interest as neoantigens that may drive immunological responses are common (especially in premalignancy) due to the high mutational burden in CSCC and the possible association with HPV (65). Other markers, including polygenic risk scores (66, 67), polymorphisms identified through genome-wide association studies (67–71), circulating (and tumoral) microRNA (72) and tumoral gene expression (73, 74) have been investigated for prognostic value in either OTR or ICP. Only a subset have been validated externally and/or for stratification of further CSCC risk (66, 67, 75, 76, 77). Synchronous stratification for rejection risk would reassure both practitioners and patients regarding immunosuppression reduction.
A second barrier is the lack of clarity regarding relative effectiveness of interventions to reduce secondary CSCC risk and how these should be sequenced. Several dermatological approaches are available to mitigate risk of second CSCC, but studies are limited. For immunosuppression, a single center retrospective study identified 24 different immunosuppression minimization strategies undertaken after first CSCC in kidney and heart transplant recipients (3). Since the sirolimus studies in the 2000s, interventional trials of immunosuppression modification for secondary CSCC risk reduction have been absent. What trial designs might address this? The “Randomised Evaluation of COVID-19 therapy (RECOVERY)’ trial offers some inspiration: utilizing a simple design, central randomization with broad inclusion criteria and an adaptive trial platform design facilitated rapid, multi-center enrolment with a hard (mortality) endpoint to compare a series of possible treatments with established best care (78). A similar approach could facilitate a coordinated platform study of dermatological interventions after a first CSCC alongside immunosuppression modulation with the endpoint of subsequent CSCC (or locoregional recurrence/distant metastasis) development. The majority of subsequent CSCC development and poor outcomes are within the first 3 years of the first (2, 4), allowing for a medium-term follow-up period. The historical variety of immunosuppressive regimens have reduced over the last 20 years, coalescing around the use of tacrolimus, mycophenolic acid and/or corticosteroids, reducing the number of combinations to consider, though novel agents such as belatacept, proteosome inhibitors, IL-6 blockade and others may lead to future diversification of regimens.
CONCLUSION
In summary, while CSCC management is often considered complete after excision, we propose that the first CSCC diagnosis should be regarded as a “red flag” heralding an increased risk of further skin cancers and possibly internal malignancies. It therefore represents a key opportunity to proactively consider secondary preventive strategies, although as optimal preventative interventions and their sequencing remain unclear, further research is needed.
As summarized in Figure 3, based on existing evidence, we recommend that dermatologists should routinely communicate with the transplant team after diagnosis of a first post-transplant CSCC. This event should spark a discussion regarding risk of further lesions, with review of immunosuppression burden and use of chemopreventative therapies. This dialogue between dermatologists, transplant practitioners and patients should be viewed as part of an ongoing shared decision-making process, with the ultimate aim of reducing skin cancer risk, ensuring optimal allograft function and ultimately improving survival and quality of life.
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Prevention stage Definition Example(s) relevant to

post-transplant CSCC
Primordial and Prevent disease onset in susceptiole individuals (.., with one  Education regarding UV exposure, promoting use of photoprotection (such as
primary or more risk factors) sunscreen)
Secondary Identify patients with early disease and prevent progression  Skin cancer screening, topical or systemic chemoprevention (including management of

premalignant lesions) or modulation of immunosuppression in patient with first CSCC to
prevent further CSCC.

Tertiary Decrease morbidity and mortality of individuals with Surgery or radiotherapy to locally advanced lesions to prevent metastatic spread;
advanced disease immunotherapy for treatment of metastatic lesions
Quaternary Protect individuals from medical interventions that may ~ Avoiding sensitization and rejection resulting from immunosuppression modulation

cause more harm than good

Staging of disease prevention iffers in post-transplant skin cancer compared o other diseases, where progression does not solely represent growth and metastasis of a single
malignancy, but also the development of further asynchronous primary lesions. Summarized from references (20, 21, 31).
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