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Solid Organ Transplantation and Skin Cancer

Puneet Singh Jolly, MD PhD

Professor of Dermatology 
University of North Carolina

Lineberger Cancer Center
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Learning Objectives

• Recognize the risk factors which cause aggressive 

keratinocyte malignancies in immunosuppressed patients 

• Modify factors that help reduce skin cancer risk 

• Understand potential treatment options in these patients. 

Kidney

(300,000)61%20%

10%

5%

3%

Liver
(100,000)

Heart
(48,000)

Lung
(25,000)

Kidney/Pancreas
(18,000)

Intestine/Pancreas/Heart-Lung
(5500)

Solid Organ Transplantation in the US

1

Garrett et al. JAAD. April 2016

History of Solid Organ Transplantation

1952
First Kidney 
Transplant

Early 60’s
Total Body 
Irradiation

Mid 60s
6MP/ Imuran

George Hitchens/Gertrude Elion

1990s
Tacrolimus

Linden et al. Critical Care Clinics.. 2009

Early 1980s
Cyclosporine

Jean Borel

Late 60’s
Prednisone 

Thomas Starzl

2000s
Sirolimus
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Epidemiology

• SCC/BCC account for >90% of skin CA in transplant patients

• Incidence increases with duration and extent of 

immunosuppression 

• > 50% of Caucasian transplant patients will develop skin CA

• SCC is between 65-250x more likely

•BCC is 10x more likely

• Melanoma is 3x more likely
Wheless et al. JAAD. August 2015

Sources: American Cancer Society and Skin Cancer Foundation

BCCMelanoma

Melanoma Awareness 
Ribbon

Skin Cancer Mortality

8,000

SCC

15,000

< 500

Staging of Cutaneous Squamous Cell 
Carcinoma
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T0

T1

T2

T3

< 2cm

>2cm but less than 4cm

In situ disease

AJCC Staging of SCC (8th edition)

> 4cm and/or

- Perineural invasion

- Invasion beyond fat

- Minor bone erosion

T4a

T4b

Local Recurrence Metastasis Death from cSCC

Depth

PNI

Diameter

Temple

Depth

Diameter

Poor Differentiation

PNI

Temple>Lip>Ear

Immunosuppression

Diameter

Poor Differentiation

Ear>Lip

Depth: 

invasion beyond fat

PNI

Morbidity and Mortality

Thompson et al. JAMA Derm. April 2016

Outcome T1 T2a T2b T3

0.6% 5% 21% 67%

0.1% 3-7% 21-29% 50-67%

0% 1% 10% 100%

Local Recurrence

Nodal Metastases

Mortality

Baum et al. JAAD. January 2018

Clinical Outcomes in High Risk cSCC

T1 – 0 factors

T2a – 1 factor

T2b – 2-3 factors

T3 – 4 factors or bone invasion

High Risk Features:

- Diameter > 2cm

- Poor differentiation
- Perineural invasion

- Invasion beyond fat 
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NMSC in Immunosuppressed Patients

Important Factors Determining Skin Cancer Risk

Duration and extent of immunosuppression

Age at transplantation

Gender

Fair skin

Smoking history

Duration of pre-transplant hemodialysis

Number of NMSC prior to transplantation

Zwald et al. JAAD. Aug 2011

Important Factors Determining Skin Cancer Risk

BCC:SCC is 4:1 in non-transplant but 

1:4 in transplant patients

SCC

BCC

#
 o

f 
C

a
n

c
e

rs

Time

Duration of Immunosuppression

Zwald et al. JAAD. Aug 2011
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100%

88%

11 mo

15 mo

of heart transplant patients will develop 2nd skin CA

of renal transplant patients will develop 2nd skin CA

Avg time between 1st and 2nd skin cancer

Avg time between 2nd and 3rd skin cancer

Duration of Immunosuppression

Important Factors Determining Skin Cancer Risk

Zwald et al. JAAD. Aug 2011

2016 2021

Important Factors Determining Skin Cancer Risk

Garrett et al. JAMA Derm. March 2017
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Before Age 40 After Age 60

omean is 8yrs 

to develop 

1st cancer

o 80% seen 

on upper 

extremities 

and trunk

omean is 3yrs 

to develop 

1st cancer

o 80% seen on 

head and 

neck

Epidemiology

Renal Tx 2009 (age 39) on 
Tacrolimus and Cellcept

1st skin cancer 2012 – BCC (age 42)

BCC on back, shoulder, lower back in 
2017, 2019, 2021

Epidemiology

• SCC in OTR are more 

aggressive -  

▪ 13% recurrence rate

▪  8-10% metastasize

• Poor prognosis – 

▪ SCC on head

▪ older age

▪ history of extensive sun 

exposure 

Garrett et al. JAMA Derm. March 2017
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RA on and off 
prednisone for > 

30 years

Around 2-3 NMSCs 
prior to transplant

Renal transplant in 
2000 – on 

prednisone, CsA, 
Imuran for > 10 yrs

>50 NMSCs 
treated since 

transplant

Presented October 
2019 to establish 

care

Photocarcinogenesis

Initiation

Pyrimidine dimers 

and photoproducts 
– p53 & PTCH1

Promotion
Inflammation, Prolif & 

immunosuppression 

(COX2/PGE2 & 

Ornithine Decarbox)

Progression

Proliferation, 

angiogenesis 
(COX2, TGFb)

Ratushny et al. JCI. Feb 2012

Trans 

urocanic 
acid

Cis 

urocanic 

acid
Cis 

urocanic 

acid

5HT2AR

Immunosuppression

Nucleus

Immune System:

Failure to recognize tumor antigents

Treg

effector 

T cell

IL10

Sun Exposure and Local Immunosuppression

Ratushny et al. JCI. Feb 2012
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• Decreased immune 

surveillance 

(decreased langerhans 

cells) - due to 

immunosuppressive 

medications and UV 

radiation

• Depressed NK cell 

function

Pathogenesis

Ratushny et al. JCI. Feb 2012

• UV induces DNA damage 

but may actually cause 

even more profound 

immunosuppression (LH 

cells, cis-urocainic acid)

• HPV 16/18 and 5/8 

(EDV) are expressed at 

significantly higher level in 

OTR patients than non-

OTR patients

• Medication-specific 

effects

Pathogenesis

Ratushny et al. JCI. Feb 2012
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Which of the following is the most common 
skin cancer in transplant patients?

A. Melanoma 

B. Basal Cell Carcinoma

C. Squamous Cell Carcinoma

43
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Which of the following is the most common 
skin cancer in transplant patients?

A. Melanoma 

B. Basal Cell Carcinoma

C. Squamous Cell Carcinoma

Immunosuppression Medications

T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

CD40

CD154

IL2R (CD25)

IL2

mTOR

calcineurin

IL2

T Cell Proliferation

Signal 1

Signal 3

Signal 2

NF-AT NF-kB
AP1
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T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

CD40

CD154

IL2R (CD25)

IL2

mTOR

calcineurin

NF-AT NF-kB

IL2

T Cell Proliferation

Signal 1

Signal 3

Signal 2

AP1

T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

IL2R (CD25)

IL2

mTOR
IL2

T Cell Proliferation

Signal 1

Signal 3

CD80/86

CD28/CTLA4

CD40

CD154

calcineurin

Signal 2

NF-AT NF-kB
AP1

T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

Signal 1

CD80/86

CD28/CTLA4

CD40

CD154

calcineurin

Signal 2

NF-AT NF-kB
AP1

IL2R (CD25)

IL2

mTOR
IL2

T Cell Proliferation

Signal 3
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T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

CD40

CD154

IL2R (CD25)

IL2

mTOR

calcineurin

NF-AT NF-kB

IL2

T Cell Proliferation

Signal 1

Signal 3

Signal 2

Abatacept/Belatacept

CsA/Tacrolimus

T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

CD40

CD154

IL2R (CD25)

IL2

calcineurin

NF-AT NF-kB

IL2

T Cell Proliferation

Signal 1

Signal 3

Signal 2

Sirolimus/Everolimus

mTOR

T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

CD40

CD154

IL2R (CD25)

IL2

calcineurin

NF-AT NF-kB

IL2Signal 1

Signal 3

Signal 2

Cellcept/Imuran

mTOR

T Cell Proliferation
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Approach to Immunosuppression

Class A Class B Class C Class D

Steroids Cyclosporine

Tacrolimus

Imuran

Cellcept

Sirolimus

Everolimus

• Class A and C had been used together for many years

• Class A and B used with less side effects

• In some patients need to use Class A/B/C together

• Class D and E now used to replace Class B and C

Class E

Belatacept

Abatacept

Calcineurin Inhibitors
Cyclosporine – binds cyclophillin 

and inhibits calcineurin and 

inhibits T cell activation

Nephrotoxicity, hirsutism, diabetes  

Tacrolimus – macrolide antibody 

that binds FKBP12 inhibits 

calcineurin and T cell activation

Similar side effects as CsA but less 

severe

• Mitochondrial permeability 

transition pore (MPTP) 

opening is caused by stress 

and leads to apoptosis

• CsA inhibits pore opening 

to prevent apoptosis

• Also inhibits nucleotide 

excision repair (XPA)
Lam et al. JAMA Derm. May 2021

Inhibitors of DNA Synthesis

Inhibits IMP 

Dehydrogenase and 

purine synthesis

Used in combination w/ 

Cyclosporine to allow for 

dose reduction and lower 

side effects

GI side effects

becomes 6-MP which inhibits 

purine synthesis.  Significantly 

increases risk of skin cancer 

and heme malignancies.  

Azathioprine

6-Mercaptopurine

Converted in RBC

6-thioguanine

HGPRTase

Inactive metab

TPMT

Inactive metab

Xanthine 

Oxidase

Imuran Cellcept

Jiyad et al. Am J Transplant. December 2016
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6-TG is converted into guanine-6-sulfonate (G-6-SO3) which blocks high-fidelity DNA 
Polymerase. 

Error-prone polymerase continues replication leading to mutations

Increased Carcinogenesis - Imuran

Jiyad et al. Am J Transplant. December 2016

Liver Tx at 50. 
Significant tanning 
bed use but no skin 

cancers

1st skin cancer 6 
months after 
starting Imuran

10 SCCis lesions 
over last year

Voriconazole

• 3rd Gen Triazole antifungal 

(approved in 2002) with activity 

against Aspergillus, 

Coccidiomycosis, Candida, 

Fusarium

• likely promotes phototoxicity 

and has been shown to promote 

aggressive SCC and melanoma

• ~ 10% of patients on 

voriconazole develop skin CA

• Avg time to develop ~ 25 

months 

D’Arcy et al. JAMA Derm. May 2020
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Progression of SCC after Voriconazole

1 year

TSC1 TSC2

Rheb

GTP GDP

mTORc1
Sirolimus/ 

Everolimus

mTOR Inhibitors

Transcription

• non-nephrotoxic 

immunosuppressant with 

antitumoral and 

antiangiogenic properties 

• reduced incidence of 

malignancy 

posttransplantation

• Antiangiogenic agent in the 

progression of Kaposi 

sarcoma (KS) offers an 

alternative therapeutic option 

for transplant-associated KS

Euvrard et al. NEJM. July 2012

TSC1 TSC2

Rheb

GTP GDP

mTORc1
Sirolimus/ 

Everolimus

mTOR Inhibitors

Transcription

•  SIDE EFFECTS -  

✓ impaired wound healing

✓Proteinuria

✓Edema

✓Pneumonitis

✓thrombotic microangiopathy

✓ Should not use together 

with CsA/Tacrolimus b/c of 

nephrotoxicity, HUS, 

significant hypertension

Euvrard et al. NEJM. July 2012
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Approach to Managing SOTR Patients

Always review immunosuppression options

Prevention – sun protection/niacinamide

Triage – urgent vs important (# and type of 

skin cancers)

Field Treatment

Involve Transplant Team

Radiation Oncology

Surgical Oncology

Medical Oncology 

Which of the following medications confers 
the lowest skin cancer risk?

A. Cyclosporine A 

B. Sirolimus

C. Azathioprine

D. Voriconazole 

64
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Which of the following medications confers 
the lowest skin cancer risk?

A. Cyclosporine A 

B. Sirolimus

C. Azathioprine

D. Voriconazole 

Reduce Immunosuppression
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Photoprotection

Nobel Prize in Chemistry – Aziz Sancar 

73
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Photolyase and DNA Repair
Photolyase isolated from the cyanobacterium Anacystis 

nidulans is specific for CPD photoproducts; this phytolyase 
breaks CPDs and restores the original monomeric state 

NER is more effective in recognizing and repairing pyrimidine 

pyrimidones and relatively inefficient in repairing CPDs 

Photolyase efficiently binds to CPDs and is activated by visible 

light to cleave CPD from DNA

Tan et al. Nature Communications. June 2015

- Niacinamide (aka Nicotinamide) is the amide form of Niacin 

(Nicotinic Acid, B3)

- Precursor to NADH/NADPH used as coenzymes in cell 

respiration and Poly-ADP Ribose Polymeration (detects DNA 

damage) 

- Inhibits CPD and 8oxoG formation

- Mean # of NMSCs – 1.8 (Nicotinamide)  vs 2.4 (Placebo) ~ 

23% reduction

- BCCs – 1.3 (NA) vs 1.7 (Placebo)

- SCCs  - 0.5 (NA) vs 0.7 (Placebo)

- Protective effect not maintained at 6 months

Niacinamide for Prevention

Mainville et al. J Cutan Med Surg. May 2022

76

77

78

UNC Lineberger Cancer Network Presented on December 6, 2023

For Educational Use Only



27

• Polypodium leucotomos extract (Fernblock)

• Enhances endogenous antioxidant system 

(effectively neutralizes superoxide)

• Anti-inflammatory – reduces TNF-alpha 

(AP1/NF-kb)

• Reduces CPD and 8oxoG

• Prevents trans->cis urocanic acid 

isomerization

Polypodium leucotomos

Nestor et al. J of Clin and Med Aesthetic Derm. Feb 2015

Field Treatment

2016 2021

79
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Field Treatment 

Cryotherapy

5-Fluorouracil

ED&C

Aldara

PDT
Laser, 

Dermabrasion, 
Peels

82
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- Promotes cell 

differentiation

- Cell cycle arrest at G1 

(block G1 cyclin 

expression)

- Retinoids block AP1     
(transcription factor – proliferation) 

expression

- Increase amount of 

langerhans cells

Chemoprevention - Retinoids

Ramchatesingh et al. Int Jrnal of Mol Sci. Oct 2022

Immunotherapy?
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T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

PD1 Ligand

PD1 Receptor

Immune Suppression

T Cell

Antigen Presenting Cell

CD3 (TCR)

MHC

Ag

CD80/86

CD28/CTLA4

PD1 Ligand

PD1 Receptor

Immune Activation

T Cell

Tumor Cell

CD3 (TCR)

Tumor

Ag

CD80/86

CD28/CTLA4

PD1 Ligand

PD1 Receptor

Immune Suppresion

Tumor Growth
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T Cell

Tumor Cell

CD3 (TCR)

Tumor

Ag

CD80/86

CD28/CTLA4

PD1 Ligand

PD1 Receptor

Immune Activation

Tumor Death

~ 46% ORR in SCC

PD1 Inhibitors in Transplant Patients

Meerhaeghe et al. Frontiers in Nephrology. Oct 2022

Small study showing safety of PD1 inhibitors for SCC in Kidney Transplant Patients:

7 patients with  advanced SCC

3/7 with overall response

3/7 progressed

1/7 stable disease

1/7 rejected kidney

Other studies have shown rejection rate between 40-50% in all types of tumors with 

response rate of ~15%

Less likely to experience rejection: - long duration since transplant, single agent 

immunosuppression, use of mTor inhibitors

Which of the following approaches help reduce skin 
cancer risk in transplant patients?

A. Niacinamide

B. Switch to mTOR inhibitor

C. Add a Retinoid

D. All of the above 
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Which of the following approaches help reduce skin 
cancer risk in transplant patients?

A. Niacinamide

B. Switch to mTOR inhibitor

C. Add a Retinoid

D. All of the above 

How can we prevent the following?
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9/19

9/19

3/20
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11/20

12/20

4/21
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Revision of Immunosuppression

1. Metastatic SCC 

2. > than 5-10 iSCC/year

3. New case of Merkel Cell 

Carcinoma

• Try to lower dose

• Move from triple drug to 

double drug

• Switch calcineurin inhib 

to mTOR inhib or CTLA4 

• Retinoid

• Hemodialysis (renal Tx)

Indication Strategy

T2b (>2cm, perineural, 

lesion within a year, poor 

differentiation) lesions in the 

context of field damage

Baum CL, Wright AC, Martinez JC, Arpey CJ, Brewer JD, Roenigk RK, Otley CC. A new evidence-based risk stratification 

system for cutaneous squamous cell carcinoma into low, intermediate, and high risk groups with implications for 
management. J Am Acad Dermatol. 2018 Jan;78(1):141-147. doi: 10.1016/j.jaad.2017.07.031. Epub 2017 Sep 13. Erratum 

in: J Am Acad Dermatol. 2018 Apr 4;: PMID: 28917382.

Thompson AK, Kelley BF, Prokop LJ, Murad MH, Baum CL. Risk Factors for Cutaneous Squamous Cell Carcinoma 

Recurrence, Metastasis, and Disease-Specific Death: A Systematic Review and Meta-analysis. JAMA Dermatol. 2016 
Apr;152(4):419-28. doi: 10.1001/jamadermatol.2015.4994. PMID: 26762219; PMCID: PMC4833641.

Linden, Peter. History of Solid Organ Transplantation and Organ Donation. Critical Care Clinics. Volume 25:1, p:165-184. 

January 2009. https://www.criticalcare.theclinics.com/article/S0749-0704(08)00078-X/fulltext 

Garrett NFMDS, da Costa ACC, Damiani G, Vasques CI. Patients with lung cancer undergoing immune checkpoint inhibitors: 

A meta-analysis of dermatological toxicities. Crit Rev Oncol Hematol. 2020 Aug;152:102983. doi: 

10.1016/j.critrevonc.2020.102983. Epub 2020 May 17. PMID: 32570149.

O'Reilly Zwald F, Brown M. Skin cancer in solid organ transplant recipients: advances in therapy and management: part II. 
Management of skin cancer in solid organ transplant recipients. J Am Acad Dermatol. 2011 Aug;65(2):263-279. doi: 

10.1016/j.jaad.2010.11.063. PMID: 21763562.

Garrett GL et al. Incidence of and Risk Factors for Skin Cancer in Organ Transplant Recipients in the United States. JAMA 

Dermatol. 2017 Mar 1;153(3):296-303. doi: 10.1001/jamadermatol.2016.4920. Erratum in: JAMA Dermatol. 2017 Mar 
1;153(3):357. PMID: 28097368.
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