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ABSTRACT

Introduction: Nearly half of organ transplants
occur annually in patients with Fitzpatrick skin
phototypes (Fitz type) III–VI. Organ transplant
recipients (OTRs) are at risk for sequelae of
chronic immunosuppression, of which skin
cancer is common. As literature regarding skin
cancer risk is largely conducted in OTRs with
Fitz types I and II, we aimed to further charac-
terize the incidence and risk factors for skin
cancer in OTRs with higher Fitz types.

Methods: We conducted a retrospective review
of OTRs with Fitz types III–VI evaluated by
dermatology between 1 January 2012 and 1
June 2022. The primary outcome of this study
was development of skin cancer post-trans-
plant. Secondary outcomes included risk factors
for skin cancer development. Data were ana-
lyzed using two-sample t-tests and Pearson’s
chi-squared.
Results: Of 530 OTRs, 193 had Fitz type III or
higher. Ten patients (5.18%) developed 87 skin
cancers and one recurrence at a mean of
5.17 years posttransplant. Patients with skin
cancer self-identified as Black (70%, p-value
B 0.001), male (70%, p-value B 0.001), and
kidney transplant recipients (70%, p-value
B 0.001), with a mean age of 58.20 years at
transplant (p-value B 0.001). Subjects with skin
cancer were more likely to be former smokers
(60%) and prescribed tacrolimus (p-value
B 0.001 each). Development of cutaneous
squamous cell carcinoma (66, 75.86%) was most
common, followed by basal cell carcinoma (17,
19.54%), and malignant melanoma (3, 3.45%).
Skin cancer most often occurred on the face or
scalp (60%, p-value = 0.027), though also
developed in sun-protected sites (30%, p-
value = 0.002). Verruca vulgaris was present in
10% of patients (p-value = 0.028).
Conclusions: Risk factors for skin cancer post-
transplant differ in OTRs with higher Fitz types.
Our results suggest that among OTRs who self-
identified as Black, kidney recipients are at
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increased risk for skin cancer in non-sun-ex-
posed regions. These cancers may be associated
with human papillomavirus (HPV). Education is
key for preventing morbidity and mortality
secondary to skin cancer.

Keywords: Immunosuppression; Transplant;
Cutaneous malignancy; Squamous cell
carcinoma; Basal cell carcinoma; Malignant
melanoma

Key Summary Points

Solid organ transplant recipients with
Fitzpatrick skin phototypes III–VI are at
risk for skin cancer post-transplant;
therefore, patients should be educated on
self-skin exams and referred to
dermatology for new or changing lesions.

Some risks for skin cancer are the same
among organ transplant recipients
regardless of race or ethnicity. However,
thoracic transplant (heart or lung)
increases risk for skin cancer in organ
transplant recipients with Fitzpatrick skin
phototypes I and II, while kidney
transplant increases risk for skin cancer in
organ transplant recipients with
Fitzpatrick skin phototypes III–VI.

Like organ transplant recipients with
Fitzpatrick skin phototypes I and II,
recipients with higher Fitzpatrick skin
phototypes are most frequently diagnosed
with cutaneous squamous cell carcinoma
of the head and neck. However, organ
transplant recipients are also at risk for
skin cancers in sun-protected sites such as
the groin and genitals.

INTRODUCTION

In 2021, more than 41,000 transplants were
performed in the USA, representing an annual
record for the ninth consecutive year [1]. As
transplants continue to increase and patients

survive longer, the sequelae of chronic
immunosuppression will become more preva-
lent [2]. Organ transplant recipients (OTRs) are
at increased risk for malignancies, the most
common of these being skin cancer [3]. OTRs
are at a 65–250-fold increased risk for cutaneous
squamous cell carcinoma (cSCC) [2], a tenfold
increased risk for basal cell carcinoma (BCC),
and a threefold increased risk for malignant
melanoma (MM), along with other rare cuta-
neous neoplasms [4]. However, literature sup-
porting these data is largely from kidney
transplant recipients with Fitzpatrick skin pho-
totypes (Fitz type) I and II [5]. While patients
with Fitz types III–VI are thought to have lower
risks of developing skin cancer as compared
with their lower Fitz types, they are at increased
risk of skin cancer compared with their
immunocompetent peers [6]. We sought to
describe the incidence of skin cancer in OTRs
with higher Fitz types at our institution and
identify associated risk factors. Improving
understanding of skin cancer incidence in this
group may contribute to improved screening
tools and post-transplant guidelines that assist
in the recognition of relevant racial healthcare
disparities.

METHODS

We conducted a retrospective review of OTRs
seen by dermatology at our institution between
1 January 2012 and 6 January 2022, which
represents the time our institution’s electronic
health recorded was implemented to the time
the study began. During the study period, our
institution performed a mean of 375 transplants
per year. Of these, 7.77% were seen by derma-
tology. Patients seen by dermatology either
reported dermatologic complaints or had
lesions of concern. We stratified OTRs on the
basis of self-identified race or ethnicity. Patients
who self-identified as white, representing Fitz
types I and II, were excluded. Data pertaining to
patient demographics, medical history, trans-
plant course, and dermatologic history were
collected. Patients were then stratified by
occurrence of skin cancer post-transplant.
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Data analysis was conducted using SPSS
Statistics 28 (IBM, Armonk, NY) for the primary
outcome of skin cancer development. Cohort
demographics were evaluated using descriptive
statistics. Data were analyzed using chi-squared
or paired t-tests.

IRB approval was provided by the Medical
University of South Carolina IRB I for
Pro00117311, on 10 January 2022. This article is
based on previously conducted studies and does
not contain any new studies with human par-
ticipants or animals performed by any of the
authors.

RESULTS

Of the 530 OTRs identified, 193 had Fitz type of
III or higher. Patients were most often male
(52.85%) and self-identified as Black (91.70%),
with a mean age at transplant of 47.04 years
(±15.88 years). Only one patient had a pre-
transplant history of skin cancer, and one
patient had a family history of skin cancer
(Table 1).

Ten patients (5.18%) developed 87 skin
cancers and one recurrence post-transplant.
Patients who developed skin cancer were more
often male (70%, p-value B 0.001), kidney
transplant recipients (70%, p-value B 0.001),
who self-identified as Black (70%, p-value
B 0.001), with a mean age of 58.20 years at
transplant. This is compared with a mean age of
46.43 years at transplant in OTRs who did not
develop skin cancer post-transplant (p-value
B 0.001). Liver transplant recipients were less
likely to develop posttransplant skin cancer
(20%, p-value = 0.010) (Table 1).

Pretransplant history of skin cancer was a
predictor for post-transplant skin cancer devel-
opment (10%, p-value = 0.002). OTRs who
developed skin cancer posttransplant were more
frequently former smokers (60%, p-value
B 0.001). They were also more likely to be pre-
scribed cyclosporine (30%, p-value = 0.007).
There was a trend toward significance for use of
tacrolimus (70%, p-value = 0.070) and azathio-
prine (10%, p-value = 0.071). Common comor-
bidities, such as hypertension, type 2 diabetes
mellitus, hyperlipidemia, and coronary artery

disease were not associated with skin cancer
development (Table 2).

Patients most often developed cSCC (66,
75.86%), followed by BCC (17, 19.54%), MM (3,
3.45%), and one spindle cell adenocarcinoma.
Skin cancer development occurred at a mean of
5.17 years post-transplant. Type of first skin
cancer was BCC (60%, p-value = 0.014) or cSCC
(40%, p-value = 0.045) most often occurring on
the face or scalp (60%, p-value = 0.027). Skin
cancers developed in sun-protected sites in 30%
of patients (p-value = 0.002), which includes
the buttocks and inguinal folds. There was a
tendency for skin cancer to recur in the same
location (10%, p-value B 0.001). A diagnosis of
verruca vulgaris (VV) was present in 10% of
patients with skin cancer (p-value = 0.028)
(Table 3).

DISCUSSION

The risk of skin cancer is considerably elevated
in OTRs, with reports indicating at least a
100-fold increased risk when compared with the
general population, without consideration of
Fitz type [7, 8]. Of the approximately 41,000
total OTRs in 2021, almost half were patients
with Fitz types III–VI [1]. However, OTRs with
higher Fitz types are underrepresented in stud-
ies of skin cancer post-organ transplant.

Risk factors for skin cancer development in
OTRs include male gender, age C 50 years, pre-
transplant history of skin cancer, and Fitz type I
or II [7]. Among OTRs with higher Fitz types in
our cohort, male gender, older age at transplant,
and pretransplant history of skin cancer
remained risk factors for post-transplant skin
cancer. However, patients who self-identified as
Black, as compared with American Indian/
Alaska Native and Hispanic or Latino patients,
were more likely to develop skin cancer in our
cohort. Smoking status was also a risk factor.

Type of organ transplant may confer variable
levels of risk for developing skin cancer in OTRs
[9], with the greatest reported risk associated
with thoracic organ transplants [3]. In our
cohort, however, risk was highest among kid-
ney recipients. Similar to reported literature, we
found risk for post-transplant skin cancer to be
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lowest among liver recipients. Notably, kidney
transplants comprised the overwhelming
majority of our SOC cohort, which is represen-
tative of trends in organ transplantation
nationwide [1].

Skin cancer risk is thought to stem from
long-term administration of posttransplant
immunosuppressive therapies that dampen
immune system surveillance, impair the repair
of UV-induced DNA damage, and increase the
potential for reactivation of certain oncogenic

Table 1 Patient demographics for solid organ transplant recipients with Fitzpatrick skin phototypes III–VI, stratified by
the presence or absence of skin cancer development posttransplant

All
transplant
recipients

Transplant recipients with
posttransplant skin cancer

Transplant recipients without
development of posttransplant skin
cancer

p-Value

Age at time of

transplant

(years)

47.04 58.20 46.43 B 0.001*

Self-identified race

(n, %)
B 0.001*

African

American

177 (91.7%) 7 (70.0%) 170 (92.9%)

American

Indian/Alaska

Native

2 (1.0%) 1 (10.0%) 1 (0.5%)

Asian 7 (3.6%) 0 (0.0%) 7 (3.8%)

Hispanic or

Latino

6 (3.1%) 2 (20.0%) 4 (2.2%)

Pacific Islander 1 (0.5%) 0 (0.0%) 1 (0.5%)

Gender (n, %) B 0.001*

Female 91 (47.1%) 3 (30.0%) 88 (48.1%)

Male 102 (52.9%) 7 (70.0%) 95 (51.9%)

Type of organ

transplanted (n,
%)a

B 0.001*

Kidney 163 (84.5%) 7 (70.0%) 156 (85.2%)

Liver 8 (4.1%) 2 (20.0%) 6 (3.3%)

Heart 19 (9.8%) 1 (10.0%) 18 (9.8%)

Lung 2 (1.0%) 0 (0.0%) 2 (1.1%)

Pancreas 19 (9.8%) 1 (10.0%) 18 (9.8%)

*Indicates statistically significant result (p-value B 0.05)
aPatients may have received more than one organ type, i.e., kidney and pancreas transplant
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viruses [10]. Specific immunosuppressive drugs
may positively or negatively influence the risk
of skin cancer development [7]. Similar trends
were noted in our cohort. Sun avoidance is
recommended for patients taking azathioprine
owing to drug-metabolite-induced UVA

photosensitivity and impaired nucleotide exci-
sion repair [7, 11]. Usage of calcineurin inhibi-
tors (CNIs), such as tacrolimus and cyclosporin,
may result in upregulation of the potentially
oncogenic activating transcription factor 3

Table 2 Risk factors for skin cancer development in organ transplant recipients with Fitzpatrick skin phototypes III–VI

Transplant recipients with
posttransplant skin cancer

Transplant recipients without
development of posttransplant skin cancer

p value

Smoking status (n, %)a B 0.001*

Never smoker 4 (40.0%) 113 (61.7%)

Current smoker 0 (0.0%) 8 (4.4%)

Former smoker 6 (60.0%) 62 (33.8%)

Personal history of

pretransplant skin cancer

(n, %)

0.002*

Yes 1 (10.0%) 0 (0.0%)

No 9 (90.0%) 183 (100.0%)

Family history of skin cancer

(n, %)
0.815

Yes 0 (0.0%) 1 (0.5%)

No 10 (100.0%) 182 (99.5%)

Transplant medicationsb

Tacrolimus 7 (70.0%) 163 (89.1%) 0.070

Azathioprine 1 (10.0%) 3 (1.6%) 0.071

Cyclosporine 3 (30.0%) 12 (6.6%) 0.007*

Comorbid conditions

Hypertension 8 (80.0%) 150 (82.0%) 0.875

Type 2 diabetes 3 (30.0%) 85 (46.4%) 0.309

Hyperlipidemia 6 (60.0%) 67 (36.6%) 0.138

Coronary artery disease 0 (0.0%) 49 (26.8%) 0.058

Chronic kidney disease 7 (70.0%) 109 (59.6%) 0.512

Other malignancy 1 (10.0%) 16 (8.7%) 0.891

*Indicates statistically significant result (p-value B 0.05)
aIndicates smoking status at time chart review was performed
bRefers to use of these medications at any point from time of transplant to time chart review was performed. Patients may
have been prescribed more than one of these medications
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(ATF3), increased UVA photosensitivity, and
altered nucleotide excision repair [7, 12].

It has been reported that in OTRs who self-
identify as Black with Fitz types V or VI, skin
cancer diagnoses are not uncommonly located
in sun-protected sites [13]. In our cohort, nearly
one-third of skin cancer occurred in sun-pro-
tected sites, including the groin and buttocks.
As skin cancer is less prevalent in Fitz types V or
VI, and not uncommonly occurs in sun-pro-
tected areas, Black OTRs are more likely to have
skin cancer diagnosed at advanced stages, thus
increasing their risk of morbidity and mortality
[6]. Additionally, HPV DNA is three times more
likely to be present in cSCCs arising in
immunocompromised versus immunocompe-
tent patients. The mechanism is complex and
proposed to be owing to a complex interplay
between HPV infection and impaired DNA

repair or apoptosis of UV-damaged cells, or
simply may underscore the susceptibility of
immunocompromised patients to develop HPV
infection and cutaneous malignancy [14, 15].
Nonetheless, in Black OTRs, skin cancer diag-
noses are frequently HPV positive, and/or asso-
ciated with a history of condyloma acuminata
or VV [6, 16]. Within our cohort, VV was pre-
sent in a number of patients who developed
posttransplant skin cancer, suggesting that
screening for and treating HPV infection pre-
transplant may be an important preventative
measure.

Limitations of our study include the retro-
spective nature, monocentric design, and small
sample size for patients developing skin cancer
posttransplant. Owing to the retrospective nat-
ure of this study, history of sunburn and sun
exposure were not available/collected, however,
as this may contribute to the formation of sec-
ondary cancers, future studies correlating sun-
burn/sun exposure history and skin cancer
posttransplant are warranted. No patients self-
identifying as Asian or Pacific Islander who
developed posttransplant skin cancer are inclu-
ded in our cohort. Additionally, we were unable
to include OTRs evaluated by dermatology
outside of our institution, or those without
dermatologic symptoms or lesions that promp-
ted referral to dermatology.

CONCLUSIONS

While skin cancer development post-transplant
may be lower in OTRs with higher Fitz types,
risk for skin cancer nonetheless exists. Similar to
prior studies, our study demonstrates that skin
cancer diagnosis in OTRs with higher Fitz types
differs from diagnosis in their counterparts with
Fitz types I or II. Skin cancer observed in OTRs
with higher Fitz types may be more aggressive
owing to later stage at diagnosis, which por-
tends a greater risk for recurrence and metastasis
[7]. OTRs who self-identify as Black may be at
particularly high risk as compared with other
patients with higher Fitz types. The results of
our study can inform improvements in skin
cancer education and screening in OTRs with

Table 3 First skin cancers posttransplant among trans-
plant recipients with Fitzpatrick skin phototypes III–VI

Type of skin cancer n (%)

Squamous cell carcinoma 4 (40.0%)

SCCis* 3 (30.0%)

Invasive? 1 (10.0%)

Basal cell carcinoma 6 (60.0%)

Melanoma in situ 0 (0.0%)

Location of skin cancer Count (%)

Scalp 3 (30.0%)

Face 3 (30.0%)

Chest or back 1 (10.0%)

Lower extremities 1 (10.0%)

Othera 2 (20.0%)

Additional skin cancers Count (%)

Yes 5 (50.0%)

No 5 (50.0%)

Recurrence 1 (10.0%)

*SCCis: Squamous cell carcinoma in situ
aGroin and buttocks
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Fitz types III–VI, as well as highlight the need
for provider education.
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