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Advances in immunosuppressive therapies have markedly improved short-term outcomes for
solid organ transplant recipients. However, the associated immunosuppression results in a
major increase in the risk of keratinocyte cancer. Solid organ transplant recipients have one
to 2 orders of magnitude higher risk and incidence ratio for developing squamous cell
carcinomas (SCC) and basal cell carcinomas (BCC) ¥2. This translates in solid organ recipients
reaching incredible incidence rates for SCC at 379/1000 patient-year for heart transplant
recipients 3 and current prevalence rate of 11% for SCC at any given time for kidney transplant
recipients #. Similarly, BCCs also occur at a much higher rate and represent an additional
burden. Similar observations can be made for early cancer such as Bowen’s disease and intra-
epidermal carcinoma as well as actinic keratosis. To a lesser degree solid organ transplant
recipients have an increase in melanoma and Merkel cell carcinoma rates. Most importantly,
BCCs and SCCs have a much more aggressive course. Aggressive cancers occur in 2% of heart
and lung transplant recipients over 2 years °. This translates in 66 to 83-fold higher
standardized mortality ratios regarding keratinocyte cancers as compared to the general
population ©. Overall it cannot be disputed that in solid organ transplant recipients,
keratinocyte carcinomas are a major burden in terms of morbidity, mortality and cost.

Currently upon diagnosis of a keratinocyte cancer, surgical excision with adequate margin is
the only treatment option. Unfortunately, additional preventive or adjuvant measures
adopted so far, have been suboptimal. Common field therapy of photodamaged skin or actinic
keratosis is often proposed to transplant patients. Photodynamic therapy has not shown a
clear preventative role in SCC development 78 unless performed in unrealistic 4 weekly cycles
°. Topical fluorouracil has similarly no benefit on SCC formation and prevention °. There is
some controversy whether imiquimod or other immunotherapies should be used in
transplant patients. Besides, their efficacy is essentially around actinic keratosis and basal cell
carcinoma rather than squamous cell carcinoma.

Specific to the context of solid organ transplantation, oral chemopreventive regimens have
also been trialled. Retinoid (acitretin) therapy is an additional adjuvant to prevent occurrence
of new SCCs . At doses reaching 25 to 30mg per day (0.3mg/kg) a benefit is noted with a
13% reduction in SCCs in treated groups as opposed to a 28% increase in placebo groups.
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However side effects and withdrawal from trials are important (52%) 2. In practical terms,
higher doses of acitretin are difficult to achieve in solid organ recipients. Similarly, oral
fluorouracil (capecitabine) has demonstrated its benefit in reducing SCC and BCC incidence
by 3-fold as compared to the pre-treatment period 34 However, 70% of patients
experienced significant side effects and dose adjustment with interrupted cycles of therapy.
More recently, nicotinamide has been proposed as a chemopreventive measure for
keratinocyte cancers 1°. Although it has not formally proven to be effective in solid organ
transplant recipients, given its innocuous nature it is widely prescribed.

Modulation of the immunosuppression was thought in the past as the best strategy to fight
skin cancers. This was demonstrated using mTOR pathway inhibitors such as rapamycin
(Sirolimus, Everolimus). Indeed, these molecules despite being immunosuppressive do not
induce an increase in SCC or BCC incidence 8. In patients with SCCs, changing calcineurin
inhibitors to Sirolimus resulted in a nearly two-fold reduction in the risk of SCC 719,
Unfortunately, tolerance of Sirolimus is poor and approximately 50% of patients withdrew
from the trial and 94% in the Sirolimus group reported at least one serious adverse event. In
routine practice, oral Sirolimus is associated with a diverse range of serious side effects (acne,
albuminuria, mouth ulceration, oedema, rash and pneumonitis) that remain difficult to
manage and often necessitate withdrawal of the drug. Nonetheless, the benefit in skin cancer
occurrence despite achieving significant levels of immunosuppression is intriguing leading to
suggestions that Sirolimus might have specific anticancer properties. Indeed, past studies
have shown the importance of the mTOR pathway activation in the keratinocyte proliferative
response to UVB irradiation 2°. This activation as part of the AKT pathway is one of the main
drivers of epidermal proliferation and is thought to have a cancer promotion effect on cells
carrying oncogenic mutations 2. In preclinical models of skin cancer, whether UV or
chemically induced, rapamycin whether systemic or topically delivered significantly reduces
SCC formation clearly demonstrating the anti-tumour effects of mTOR inhibitors outside the
context of organ transplantation. This resulted in a significant increase in the time to first SCC.
Importantly this remains true even if animals concomitantly receive cyclosporine 22, Overall,
there is good preclinical and clinical evidence that mTOR pathway inhibition is an excellent
way to prevent skin cancer in solid organ transplant recipients.

To circumvent the side effects of systemic Sirolimus therapy, topical rapamycin has recently
been adopted 23. Indeed, in multiple case reports and case series and in a phase 2 randomized
controlled trial that included a dose escalation, 0.2% Sirolimus applied topically has been
found to be effective in treating tuberous sclerosis (disease in which there is an upstream
mutation in the mTOR pathway) related angiofiboromas. The Sirolimus preparation was
applied twice daily for 12 weeks on the face. In terms of safety, half the randomized subjects
were children, there were no serious adverse events and only mild skin dryness (65%) and
mild irritation (50%) were noted as compared to placebo. These side effects were manageable
with emollients. Moreover, systemic levels of Sirolimus were below 0.25ng/mL, well below
the concentrations reached through oral delivery that can have toxicity (5-15ng/mL). A similar
approach has recently been reported using a 1% topical preparation once daily for up to 9
months without any safety concern in a pediatric population?*. In particular, blood
concentrations remained undetectable (below 0.2ng/mL).
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Keratinocyte carcinomas are a major burden and result in mortality and morbidity in organ
transplant recipients, particularly in Queensland with a high background skin cancer rate.
Rapamycin delivered orally has been proven to reduce the burden of skin cancer. It is however
accompanied by significant toxicity. Topical rapamycin has been proven to be effective in
reducing skin cancer burden in animal models. It is also proven in patients including children
with tuberous sclerosis to be safe and easy to apply but has never been attempted on the skin
of solid organ recipients to prevent skin cancer.

Hypothesis

In this study, we hypothesize that 1% topical Sirolimus is safe to use and effective in reducing
the burden of skin cancer. We propose to conduct a pilot phase 2 randomized controlled study
with paired observations to evaluate the use of topical Sirolimus in this indication.

Trial design

Eligible patients: we aim to recruit forty (40) solid organ transplant recipients during review
at the Transplant Skin Clinic of the Princess Alexandra Hospital (PAH). Patients will be
considered if (1) they received their transplanted organ more than 12 months previously and
(2) they have experienced at least 5 SCC/BCCs in the past 5 years and have at least 5 keratotic
lesions on the dorsum (back) of each forearm at inclusion. We will exclude patients who are
receiving or have received Sirolimus orally, those who have received a topical field therapy
(e.g. Efudex or Aldara) in the past 6 months or those who are medically unstable. We will also
exclude patients if any cancer lesion requiring treatment, or any open wound, is detected on
the areas to be treated and evaluated. In particular, the study will not exclude any other form
of systemic preventive treatment such as acitretin or nicotinamide.

Study design: randomized placebo controlled trial with a self-control design. Patients will
receive the intervention on the dorsum of one hand and wrist, and the placebo on the dorsum
of the contralateral (opposite) hand and wrist chosen randomly.

Intervention: Sirolimus 1% in a gel mixing ethanol and carboxyvinyl polymer will be applied
nightly for 12 weeks on the dorsum of one hand and wrist while the other hand and wrist
receives the vehicle only. Patients will be followed for a total of 24 weeks from initiation of
the intervention. Preparations, blinding and randomization will be performed within the PAH
pharmacy where the Sirolimus or placebo will be randomly assigned to the dorsum of the
right or left forearm. Gel tubes will be clearly labelled for right forearm and for left forearm
in order to avoid confusion.

Outcome measures: The primary outcome measure is the change in the surface and number
of keratotic lesions at each time-point, as compared to initiation day, on photographic
images®>. A secondary outcome measure is the development of a skin cancer requiring
intervention. Finally, we will also note safety, tolerability and potential adverse events.
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Evaluation will be performed at 0, 2, 4, 8 and 12 weeks of treatment and 24 weeks post
treatment when, at each time point, the dorsum of both forearms will be photographed.

At the 2 and 12-week time points peripheral blood will be collected to measure and monitor
(1) Sirolimus levels and (2) electrolytes and other blood components that may indicate
alterations of kidney or liver function. At the end of the 24-week treatment period all
participants will have two skin biopsies, one from the treated area of each forearm. This will
check for the activity of the drug.

Power calculation: To observe a 30% reduction in keratotic number/surface with a power of
80% and at a significance level of 0.05, 29 patients are required to be tested. Obviously, this
study is essentially a pilot to determine feasibility, tolerability and safety as a first step
towards a larger study.

References

1. Moloney FJ, Comber H, O'Lorcain P, O'Kelly P, Conlon PJ, Murphy GM. A population-
based study of skin cancer incidence and prevalence in renal transplant recipients. Br J
Dermatol. 2006;154(3):498-504.

2. Bouwes Bavinck JN, Hardie DR, Green A, et al. The risk of skin cancer in renal transplant
recipients in Queensland, Australia. A follow-up study. Transplantation. 1996;61(5):715-721.
3. Ong CS, Keogh AM, Kossard S, Macdonald PS, Spratt PM. Skin cancer in Australian
heart transplant recipients. J Am Acad Dermatol. 1999;40(1):27-34.

4, lannacone MR, Sinnya S, Pandeya N, et al. Prevalence of Skin Cancer and Related Skin
Tumors in High-Risk Kidney and Liver Transplant Recipients in Queensland, Australia. J Invest
Dermatol. 2016;136(7):1382-1386.

5. Veness MJ, Quinn DI, Ong CS, et al. Aggressive cutaneous malignancies following
cardiothoracic transplantation: the Australian experience. Cancer. 1999;85(8):1758-1764.
6. Na R, Grulich AE, Meagher NS, McCaughan GW, Keogh AM, Vajdic CM. De novo cancer-

related death in Australian liver and cardiothoracic transplant recipients. Am J Transplant.
2013;13(5):1296-1304.

7. Apalla Z, Sotiriou E, Chovarda E, Lefaki |, Devliotou-Panagiotidou D, loannides D. Skin
cancer: preventive photodynamic therapy in patients with face and scalp cancerization. A
randomized placebo-controlled study. Br J Dermatol. 2010;162(1):171-175.

8. de Graaf YG, Kennedy C, Wolterbeek R, Collen AF, Willemze R, Bouwes Bavinck JN.
Photodynamic therapy does not prevent cutaneous squamous-cell carcinoma in organ-
transplant recipients: results of a randomized-controlled trial. J Invest Dermatol.
2006;126(3):569-574.

9. Willey A, Mehta S, Lee PK. Reduction in the incidence of squamous cell carcinoma in
solid organ transplant recipients treated with cyclic photodynamic therapy. Dermatol Surg.
2010;36(5):652-658.

10. Perrett CM, McGregor JM, Warwick J, et al. Treatment of post-transplant
premalignant skin disease: a randomized intrapatient comparative study of 5-fluorouracil
cream and topical photodynamic therapy. BrJ Dermatol. 2007;156(2):320-328.

Project Description: Feasibility and safety of topical Sirolimus in the prevention of skin cancer in solid
organ transplant recipients Page 4 of 6
Version 2 3™ September 2018



11. Bavinck JN, Tieben LM, Van der Woude FJ, et al. Prevention of skin cancer and
reduction of keratotic skin lesions during acitretin therapy in renal transplant recipients: a
double-blind, placebo-controlled study. J Clin Oncol. 1995;13(8):1933-1938.

12. George R, Weightman W, Russ GR, Bannister KM, Mathew TH. Acitretin for
chemoprevention of non-melanoma skin cancers in renal transplant recipients. Australas J
Dermatol. 2002;43(4):269-273.

13. Jirakulaporn T, Endrizzi B, Lindgren B, Mathew J, Lee PK, Dudek AZ. Capecitabine for
skin cancer prevention in solid organ transplant recipients. Clin Transplant. 2011;25(4):541-
548.

14. Endrizzi B, Ahmed RL, Ray T, Dudek A, Lee P. Capecitabine to reduce nonmelanoma
skin carcinoma burden in solid organ transplant recipients. Dermatologic surgery : official
publication for American Society for Dermatologic Surgery [et al]. 2013;39(4):634-645.

15. Chen AC, Martin AJ, Choy B, et al. A Phase 3 Randomized Trial of Nicotinamide for Skin-
Cancer Chemoprevention. N Engl J Med. 2015;373(17):1618-1626.

16. Asgari MM, Arron ST, Warton EM, Quesenberry CP, Jr., Weisshaar D. Sirolimus use and
risk of cutaneous squamous cell carcinoma (SCC) in solid organ transplant recipients (SOTRs).
JAm Acad Dermatol. 2015;73(3):444-450.

17. Campbell SB, Walker R, Tai SS, Jiang Q, Russ GR. Randomized controlled trial of
sirolimus for renal transplant recipients at high risk for nonmelanoma skin cancer. Am J
Transplant. 2012;12(5):1146-1156.

18. Hoogendijk-van den Akker JM, Harden PN, Hoitsma AJ, et al. Two-year randomized
controlled prospective trial converting treatment of stable renal transplant recipients with
cutaneous invasive squamous cell carcinomas to sirolimus. J Clin Oncol. 2013;31(10):1317-
1323.

19. Euvrard S, Morelon E, Rostaing L, et al. Sirolimus and secondary skin-cancer
prevention in kidney transplantation. The New England journal of medicine. 2012;367(4):329-
339.

20. Huang C, Li J, Ke Q, et al. Ultraviolet-induced phosphorylation of p70(S6K) at Thr(389)
and Thr(421)/Ser(424) involves hydrogen peroxide and mammalian target of rapamycin but
not Akt and atypical protein kinase C. Cancer Res. 2002;62(20):5689-5697.

21. Carr TD, DiGiovanni J, Lynch CJ, Shantz LM. Inhibition of mTOR suppresses UVB-
induced keratinocyte proliferation and survival. Cancer Prev Res (Phila). 2012;5(12):1394-
1404.

22. Wulff BC, Kusewitt DF, VanBuskirk AM, Thomas-Ahner JM, Duncan FJ, Oberyszyn TM.
Sirolimus reduces the incidence and progression of UVB-induced skin cancer in SKH mice even
with co-administration of cyclosporine A. J Invest Dermatol. 2008;128(10):2467-2473.

23. Wataya-Kaneda M, Nakamura A, Tanaka M, et al. Efficacy and Safety of Topical
Sirolimus Therapy for Facial Angiofibromas in the Tuberous Sclerosis Complex : A Randomized
Clinical Trial. JAMA Dermatol. 2017;153(1):39-48.

24. Malissen N, Vergely L, Simon M, Roubertie A, Malinge MC, Bessis D. Long-term
treatment of cutaneous manifestations of tuberous sclerosis complex with topical 1%
sirolimus cream: A prospective study of 25 patients. J Am Acad Dermatol. 2017. In Press

Project Description: Feasibility and safety of topical Sirolimus in the prevention of skin cancer in solid
organ transplant recipients Page 5 of 6
Version 2 3™ September 2018



25. Jivad Z, O'Rourke P, Soyer HP, Green AC. Assessing the Concordance of Actinic
Keratosis Counts on Digital Photographs with Clinical Examination in Organ Transplant
Recipients. Acta Derm Venereol. 2017;97(3):351-353.

Project Description: Feasibility and safety of topical Sirolimus in the prevention of skin cancer in solid
organ transplant recipients Page 6 of 6
Version 2 3™ September 2018



