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Abstract

Purpose of Review In the general population, the incidence

of cutaneous malignancies has been rising. However, a

particular high-risk population—transplant recipients—

suffer at an alarming rate from the incidence of aggressive

cutaneous malignancies. The purpose of this review is to

examine the latest literature on the epidemiology, risk

factors, pathogenesis, prognosis, prevention, and manage-

ment of highly aggressive cutaneous cancers in the trans-

plant population.

Recent Findings With innovations in immunosuppression,

surgical technique, and perioperative care, organ transplant

recipients are now living longer but now suffer from

increasing morbidity secondary to the rising incidence of

these aggressive cutaneous cancers. Currently, the three

most common causes of delayed mortality following organ

transplantation are complications associated with infec-

tious diseases, cardiovascular disease and malignancy.

Summary Cutaneous malignancies have now become the

most common malignancy in this unique population.

Keywords Cutaneous Malignancies � Immunosuppression �
Transplantation

Introduction

Since the first kidney transplantation was performed in

1954, significant strides have been made in the care of

organ transplantation patients [1]. Life expectancies have

dramatically risen with new innovations in surgical tech-

nique, perioperative care, and immunosuppression [2].

Recent reports show that five-year survival rates are as high

as 85% and as low as 43% in kidney and lung transplan-

tation recipients, respectively [3–6]. Although there con-

tinues to exist an organ donation shortage, over 100,000

organ transplantation recipients currently live in the United

States with an estimated 30,000 additional organ trans-

plantations performed annually. While, organ transplanta-

tion dramatically improves the survival of patients with

organ failure, the survival benefits of organ transplantation

are hampered by the morbidity and, at times, mortality

from cancer [7].

Organ transplant recipients have a 3- to 4-fold higher

risk of developing cancer than the general population

(Fig. 1). The most common malignancy after organ trans-

plantation is skin cancer [8]. In fact, approximately

50–70% of all organ transplantation patients are diagnosed

with cutaneous malignancies. Although cutaneous malig-

nancies are largely manageable, a subset of patients

develop highly aggressive tumors that can cause substantial
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morbidity and mortality. For example, it is not uncommon

for high-risk transplant patients to develop over several

dozen cutaneous malignancies in a single year with

resulting high risk of metastasis and death [9]. While the

vast majority of these malignancies are squamous cell

cancers, we also see an alarming increase in Merkel cell

carcinoma, melanoma and cutaneous lymphoma [10].

Interestingly, we also see squamous cell cancers appear

more commonly than basal cell carcinomas, which is the

opposite of what we normally see in the general popula-

tion. Additionally, the incidence of cutaneous squamous

cell carcinoma is 250 times higher in transplant recipients

as compared to non-transplant patients. This review dis-

cusses the rising incidence of these aggressive cutaneous

malignancies in the transplantation population. Further-

more, we include an in-depth discussion of the pathogen-

esis, epidemiology, prevention and management of these

malignancies.

Epidemiology

Classically, two population based cohort studies out of

Norway and Australia provided much of the current

knowledge regarding the incidences of cutaneous malig-

nancies in organ transplantation recipients [11, 12]. In the

Australian study, Ong et al. documented a 45% incidence of

skin cancers within 10 years of transplantation [11]. In the

Norwegian study of heart and kidney transplant recipients,

the incidence was estimated to be 65 times greater in trans-

plant recipients when compared to the general population

[12]. A smaller but similar study out of Oregon documented a

35% incidence rate after 10 years in patients with heart

transplants [13]. Other more recent population-based studies

performed over the last decade have found a 2- to 4-fold

increase risk of skin cancers [14, 15]. Because of these and

other cohort studies, the high risk of skin cancer after solid

organ transplantation is now well documented and accepted.

More recent studies have focused on examining whether

the risk of cutaneous malignancies has changed during the

last few decades [16, 17]. A recent Norwegian study

examined a large cohort of over 8000 organ transplantation

recipients with long-term follow-up (over 6.5 years) and

underwent transplantation in the 1970s–2010s. This study

suggested that the rate of cutaneous malignancies was

actually declining in Norway due to more individualized

immunosuppression therapy. However, another recent

large study from the Netherlands found contradicting

results [16]. Krynitz et al. examined the incidence of all

skin cancers in over 10,000 kidney, liver, heart, and lung

transplant recipients from 1970s to 2000s, and found that

the rate of squamous cell carcinoma increased 100-fold,

overall during that period, while the risk of other cancers

only doubled. Interestingly, the risk for patients with kid-

ney and lung transplantation after 10–20 years was

200-fold. The authors argued that this finding was largely

explained by the accelerating rate of squamous cell carci-

noma in a smaller, high-risk group of patients. For

Fig. 1 Clinical examples of aggressive cutaneous malignancies in

transplant patients. Complex case of a squamous cell carcinoma in the

periorbital region in a liver transplant patient (top left). Complex case

of squamous cell carcinoma that invaded frontal sinus, orbit, and dura

in a kidney transplant patient (Bottom left). Complex case of a

squamous cell carcinoma that invaded the parotid gland in a kidney

transplant patient (far right)
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example, in patients who had developed a fifth squamous

cell carcinoma, the rate of developing another squamous

cell increased to over 80%. This study also found an

extremely high relative risk for a number of rare, aggres-

sive cutaneous cancers including Merkel cell carcinoma

and Kaposi’s sarcoma. Engels et al. similarly found a

61-fold increase in the risk of Kaposi’s sarcoma in the

United States [17]. Lastly, it is estimated that transplant

recipients have a 2- to 4-fold increase risk of developing

melanoma [18, 19]. The Oxford—United Kingdom trans-

plant center found that melanomas were diagnosed in

transplant recipients at 8 times the rate than that of the

general population [20]. Even though many of these cuta-

neous malignancies are widely considered benign, some

studies have found a 50-fold increase mortality rate when

compared to the general non-transplanted population [21].

Overall, these results suggest that vigilance is necessary in

this unique and vulnerable population.

Risk Factors

A recent nationwide multicenter cohort study examined the

risk factors associated with the development of post-

transplant skin cancer including SCC, MM, and Merkel

cell carcinoma (MCC) [22]. As one of the most compre-

hensive studies to date, Garrett et al. found that increasing

age, white race, male gender, and thoracic organ trans-

plantation elevated the risk of post-transplantation skin

cancer. More specifically, the rate of skin cancer was 1.5

times higher in male versus females, * 8 times higher in

whites versus non-whites, and 1.5 times higher in those

with thoracic versus the abdominal transplants. In addition,

congruent to the results previously discussed above by

Krynitz et al., Garrett et al. found that those receiving

transplants after 2008 had 1.5 times higher risk for cuta-

neous malignancies [16, 22]. Other studies have found that

both older age at transplantation and a longer time interval

following transplantation increases the risk for cutaneous

malignancies. The bimodal distribution in the incidence of

skin cancers in transplant patients seems to provide evi-

dence for this (Fig. 2) [17, 23]. Patients over the age of 50

experience a steady increase in risk after just 2 years post

transplantation. While younger patients, experience a sig-

nificant increase in their relative risk for skin cancers at

10–12 years post-transplant. On average, this occurs typi-

cally at 26–28 years of age. Similarly, patients over the age

of 40 tend to present with lesions on the head and neck

region, while patients younger than 40 years of age mainly

present with lesions on the upper extremities or trunk.

Fig. 2 Bimodal incidence rate of skin cancers by duration of

immunosuppression therapy.* The incidence of non-melanoma skin

cancer increases 2–6 years post-transplantation and then 10–12 years

post-transplantation (bimodal distribution) (top left graph). *Obtained

by permission from Moloney et al. [23]
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Immunosuppresion Therapy

In the post-transplantation period, immunosuppression

therapy is administered to prevent acute and chronic allo-

graft rejection. Multiple immunosuppressive regimens are

utilized (Table 1). The selection of which immunosup-

pression therapy to use is based on allograft type and

transplant center preferences. Early protocols in the 1970s

and 1980s mainly used steroids, azathioprine, and

cyclophosphamide. However, more recently, agents such

as tacrolimus (FK-506, Prograf), sirolimus, and mycophe-

nolate mofetil (Cellcept) are used [24].

Sirolimus has recently received considerable interest, not

only for its immunosuppressive effects, but also for its anti-

neoplastic capabilities [25]. Through inhibition of the mTOR

(mammalian target of rapamycin) pathway, sirolimus pre-

vents B and T cell activation through IL-2 release, impaired

VEGF production, and inhibition of IL-10. Additionally,

sirolimus enhances E-Cadherin inhibition of mesenchymal–

epithelial transformation, therefore, preventing metastasis.

Several recent studies have examined the anti-neoplastic

effects of sirolimus. Sago et al. examined the rate of skin

cancer in transplant recipients who were switched from

standard therapy to sirolimus and found that sirolimus sig-

nificantly regressed pre-existing lesions and reduced the rate

of skin cancers at 12 months [26]. Others have similarly

found that conversion from calcineurin inhibitors (e.g.,

cyclosporine) to mTOR drugs, such as sirolimus, reduced the

rate of new cutaneous malignancies (Fig. 3) [27–29].

Overall, the results of these studies suggest that sirolimus

may be a more optimal immunosuppressive agent that could

be utilized in high-risk organ transplant patients.

Pathogenesis

Organ transplantation patients develop cutaneous malig-

nancies due to immunosuppression therapy. In fact, the

incidence of skin cancer is directly associated with the

level of immunosuppression [30]. Organ transplant patients

with cutaneous malignancies have been found to have

significantly lower CD4 ? T cell counts than organ

transplant recipients without skin cancer [17, 21]. It is

hypothesized that immunosuppression agents augment the

risk of skin cancer through three mechanisms: (1) impaired

immune surveillance; (2) impaired immunity against co-

pathogenic viruses; and (3) direct carcinogenesis.

Immune surveillance is largely mediated by both the

innate and adaptive immune system—more specifically,

dendritic cells, T cells, and macrophages [31]. Since most

immunosuppressive drugs work by inhibiting the prolifer-

ation of highly metabolic immune cells, surveillance of

malignant cells is impaired. One such affected immune cell

type is the CD1 ? Langerhans cell. A type of dendritic

antigen presenting cell (APC), Langerhans cells exist in

high numbers in the epidermis. These APCs migrate to

draining lymph nodes and facilitate the induction and

presentation of antigen to T cells—the primary cell

involved in tumor suppression. Unfortunately, immuno-

suppression therapy impairs dendritic cell function via the

regulation of cytokine pathways, such as IL-10 and TGF-b.

When upregulated, these cytokines decrease T cell-medi-

ated cytotoxicity and augment tumor-permissive activity.

Immunosuppressive agents also suppress the activation

of T cells directly [32]. T cells play an instrumental role in

tumor rejection through T cell-mediated apoptosis of tumor

cells. T cells infiltrate tumors after proper antigen presen-

tation, and thereafter engage tumor cells via the Fas ligand

initiating tumor cell destruction [33]. However, the

majority of immunosuppression agents target T cells and

inhibit their function, and hindering their usual anti-tumor

activities. For example, Muromonab is an anti-T-cell

immunoglobulin that works as an antagonist of CD3, a co-

receptor essential for T cell proliferation and activation.

Macrophages have also been shown to play a central

role in regulating tumor proliferation. Previous studies

have shown M1 macrophages promote tumor elimination

through production of IL-12 and nitric oxide synthase [34].

Table 1 Mechanisms of action for commonly used immunosup-

pression medications

Immunosuppression

medication

Mechanism of action

Cyclosporin A Inhibits transcription of IL-2

Sirolimus Binds to immunophilins and inhibits

cytokine activation;

Tacrolimus Inhibits transcription of IL-2

Mycophenolate mofetil Inhibits nucleotide synthesis of both T and

B cells

Azathioprine Inhibits nucleotide synthesis of both T and

B cells

Prednisone Inhibits proliferation of T cells

Muromonab Anti-T cell immunoglobulin

Calcineurin
Inhibitors

Tumour Growth

VEGFMDRTGFβIL-6

Transplant
rejection

Viral Oncogene
Tumor 
Invasion Angiogenesis

Lymphocyte
Response

Immunosuppression

Fig. 3 Induction of skin cancers by calcineurin-based immunosup-

pressant medications. Enhanced TGFb-effects on tumor growth.

Induced invasiveness via a direct & cell autonomous mechanism
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While tumors have been shown to skew tumor-associated

macrophages to a more M2 phenotype (i.e., tumor-favor-

able type of macrophage), immunosuppression can dra-

matically alter the effectiveness and capabilities of all

macrophages, altering their effectiveness and anti-tumor

capabilities. To further compound the issue, macrophages

have been shown to be deleteriously affected by UVB

radiation. In response to UV radiation, neutrophils secrete

IL-4 and IL-10 and convert macrophages towards a more

tumor-favorable phenotype [35].

Immunosuppression can also impair the immune sys-

tem’s ability to fight off pathogenic viruses. Recently, there

has been great interest in exploring the role of human

papilloma virus (HPV) in cutaneous malignancies. HPV E6

and E7 are both potent oncoproteins associated with the

malignant transformation of virally infected cells [36]. The

E6 oncoprotein inhibits UV-induced apoptosis of cells.

Although the exact mechanisms delineating HPV carcino-

genesis in immunocompromised individuals is still being

studied, the higher incidence of HPV DNA in skin cancers

(up to 90%) from transplant recipients than in immuno-

competent individuals suggests that HPV may play a key

role.

Lastly, immunosuppression agents may be directly car-

cinogenic. Studies performed in rodents have demonstrated

that one agent, cyclosporine, can enhance tumor progres-

sion independent of its immunosuppressive effects [37, 38].

Using severe combined immunodeficiency (SCID) mice as

a model, these investigators found that cyclosporine’s

carcinogenic effects were TGF-b mediated. Additionally,

cancer cells were found to develop invasive characteristics

when exposed to cyclosporine [37]. Similarly, other

researchers have found that another agent, azathioprine,

can act as a mutagen and photosensitizer [39–41]. Previous

clinical studies have attempted to quantify the relative risk

of various immunosuppression agents on the incidence of

skin cancers [42–44]. Unfortunately, there exists conflict-

ing evidence on whether some agents are more deleterious

than others. Furthermore, many of the studies are retro-

spective in nature and provide low level-of-evidence sup-

port. Several more well-designed studies have found that

dual or mono-therapy immunosuppression decreases the

risk of cutaneous malignancies when compared to triple

immunosuppression [45, 46]. As a result, some transplant

centers today try to utilize low-dose immunosuppressive

protocols or newer therapies (i.e., sirolimus) to reduce the

incidence of skin cancers. Abou Ayache et al. published

their results using a calcineurin inhibitor monotherapy after

kidney transplantation and found similar rates of graft

survival when compared to standard triple therapy [47].

But equally important, these investigators found that

monotherapy reduced the risk of squamous cell carcinoma

[47]. Despite the results of these studies and others, triple

therapy remains the most commonly utilized immunosup-

pression regimen globally.

Prognosis/Survival

Previous studies have attempted to examine the aggres-

siveness of skin cancer in the organ transplantation popu-

lation. As defined by several previous studies, aggressive

cutaneous malignancies associated with solid organ trans-

plant recipients have a higher rate of recurrence, regional

and distant metastasis and mortality [48, 49]. For example,

melanomas in transplant patients have been shown to be of

higher pathologic grade, more invasive, and of higher

mortality risk when controlling for confounding factors

[50]. In the general population, mortality risk from mela-

noma is approximately 15% at 5 years but among trans-

plant recipients, it reaches 30% [19]. Similarly, transplant

patients with Merkel cell carcinoma may have a more

aggressive disease with 68% having lymph node metastasis

and associated with a 56% mortality [51]. Other studies

have documented that metastatic skin cancer in organ

transplant recipients can have a poor 3-year disease-free

survival of only 50% [52, 53]. Overall, disease-related

mortality from cutaneous malignancies in the transplanted

population is much higher than the general population [54].

In the pediatric population, patients who received organs

before 18 years of age, have a higher rate of melanoma and

squamous cell carcinoma than adult transplant recipients

[55]. More alarming, these studies have documented a

higher metastatic and mortality rate for children with organ

transplants [56]. Since the pediatric population will need

life-long immunosuppression, the risk of morbidity and

mortality from aggressive cutaneous lesions in this popu-

lation is disturbing.

Prevention and Surveillance

Patient education regarding the importance of avoiding UV

light exposure and smoking cessation is extremely impor-

tant to reduce the risk of developing cutaneous malignan-

cies. Regular sunscreen use has been found to reduce the

incidence of pre-invasive cutaneous lesions in organ

transplant recipients [57]. Unfortunately, previous studies

have raised concerns regarding the education that trans-

plant patients receive regarding their higher risk for skin

cancer [58]. For example, studies have shown that trans-

plant recipients demonstrate poor compliance with sun

protection and sunscreen use techniques even though they

are provided educational instruction [59, 60]. Educational

initiatives that are innovative and aimed at improving

patient compliance are still necessary and warrant
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exploration to reduce the hazard associated with these

modifiable risk factors. Until these initiatives are fully

incorporated into the clinical care of all transplant patients,

we advocate for close follow-up of transplant patients with

a dermatologist for an annual full body skin examination.

Early skin cancer detection is also important in all organ

transplant recipients. Regular screening examinations also

play a crucial role in decreasing the morbidity and mor-

tality secondary to cutaneous malignancies [61]. Currently,

the American Cancer Society and American Society of

Transplantation recommend monthly self-examinations for

all transplant recipients [62]. Most transplant centers also

advocate that transplant recipients be evaluated regularly in

inter-disciplinary clinics that include dermatologist, plastic

surgeons, surgical oncologist, medical oncologist, and

radiation oncologist [63]. Some of these centers have built

skin cancer screening protocols for prevention purposes.

For the first time, a nationwide skin cancer screening

program was initiated in Germany recently [64–66].

Although the efficacy of this national screening program is

still being evaluated, the results of this initiative will be

closely monitored by international transplant programs to

determine whether screening methods are essential to

combat post-transplant skin cancer.

Management

The management of suspicious cutaneous lesions begins

with an early, skin biopsy. Tumor pathology and biology

dictates treatment. However, the treatment of cutaneous

malignancies almost always necessitates surgical

treatment.

Surgical management of melanoma and non-melanoma

cutaneous cancers is managed similarly to traditional

principles. Surgical excision with 4–7 mm margins is

recommended for primary and recurrent non-melanoma

skin malignancies [67]. In the case of aggressive squamous

cell carcinoma, emerging data suggest that sentinel lymph

node biopsy (SLNB) may be warranted [68, 69]. Most of

the current evidence stems from several case series and

lower level-of-evidence studies which argue that SLNB

may improve discovery of latent lymphatic metastasis and

prognosis. Takahashi et al. recently found in a series of 26

patients that the 3-year survival of SLNB-negative and -

positive cases was 100% and 20%, respectively [70].

Although another recent study out of Japan has found

similar results, a large-scale multicenter, prospective study

has not yet been conducted, and will be necessary to fully

explore the benefit of SLNBs in setting of high-risk squa-

mous cell carcinoma, especially in the setting of

immunosuppresion [71].

Other adjuvant therapies may also be necessary for high-

risk non-melanoma skin cancers such as chemotherapy or

radiotherapy. Radiotherapy has been used as an adjuvant

therapy after incomplete resection and nodal/perineural

involvement. The role of radiotherapy in eliminating all

residual microscopic tumor cells to prevent recurrence is

well documented. For example, Veness et al. demonstrated

in the largest series to date that surgical therapy followed

by radiotherapy lowered the rate of recurrence and

improved 5-year survival in metastatic squamous cell car-

cinoma when compared to surgery alone [49].

Melanoma and Merkel cell carcinoma is similarly

managed as compared to immunocompetent patients. Sur-

gical margins for melanoma are determined by Breslow

thickness. In Merkel cell carcinoma, wide local excision

with 1–2 cm margins is recommended [72]. Additionally,

SLNBs should be performed for staging in both melanoma

and Merkel cell carcinoma. Similar to metastatic squamous

cell carcinoma, adjuvant radiotherapy offers a decrease

recurrence benefit in Merkel cell carcinoma and melanoma

[65].

Chemoprophylaxis and management of precancerous

lesions is equally important in organ transplant recipients.

Imiquimod, 5-fluorouracil (5-FU), and PDT (photodynamic

therapy) are all non-surgical treatment options. In fact, it is

recommended to treat warts, actinic keratoses, and papil-

lomas aggressively as possible with either excision or

topical agents [73]. Imiquimod is a topical immunomodu-

lator that has been approved for the treatment of warts,

actinic keratoses, and basal cell carcinoma [74]. A recent

study by Brown et al. found that it was a safe and effica-

cious agent for recipients of organ transplantation [75].

Photodynamic therapy has also been investigated in the

organ recipient population [76]. PDT involves the use of

exogenously administered precursor of photosentizer pro-

porphyrin IX synthesis which upon activation by light, can

destroy tumor cells. It has been previously shown to be

effective for actinic keratoses [76]. In a study by Piaserico

et al., PDT was found to be highly efficacious in treating

actinic keratoses in organ transplant recipients, especially

in the scalp and face (72% response) [77]. Lastly, systemic

retinoic acid therapy should be considered in organ trans-

plant recipients with a history of multiple cutaneous

malignancies or aggressive squamous cell carcinoma since

it has been shown to be an effective chemoprevention

modality [78, 79]. In summary, chemoprevention of pre-

cancerous skin lesions should be optimized in the

immunosuppressed population. Although it should never

be considered a replacement for surgical management,

optimal prevention protocols should be offered to reduce

the risk of significant mortality or morbidity from aggres-

sive skin cancers. Prevention protocols complemented with

low-dose immunosuppressive protocols or newer therapies
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(i.e., sirolimus) may assist in hampering the aggressiveness

of cutaneous malignant lesions that are highly deleterious

in the transplant population.

Conclusion

Aggressive skin cancers can be debilitating and cause

significant morbidity and mortality in patients on

immunosuppression. It is the most common malignancy in

the organ transplantation population and can negatively

impact the quality of life of organ transplantation recipi-

ents. Vigilance and routine surveillance is necessary after

transplantation to prevent mortality. Furthermore, proper

patient education is important to raise awareness of the risk

associated with immunosuppression use. Prospective

studies are still warranted to determine the optimal man-

agement and risk stratification of this vulnerable

population.
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