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TO THE EDITOR

Cutaneous squamous cell carcinoma (cSCC) is the most common cancer in solid organ
transplant recipients (OTRs), with a U.S. incidence of 1,355 per 100,000 (Garrett et al.,
unpublished data) and a 65- to 100-fold increased risk over the general population (Hartevelt
et al., 1990; Jensen et al., 1999; Zwald and Brown, 2011). Primary risk factors for
posttransplantation cSCC are white race, male sex, older age at transplantation, and extent
and duration of immunosuppression (Gogia et al., 2013; Mansh et al., 2016; Singer et al.,
2012; Zwald and Brown, 2011). An additional risk factor is Fitzpatrick skin type, a scale that
describes patient ability to suntan versus sunburn (Fitzpatrick, 1988; Gogia et al., 2013).

Recently, a genome-wide association study (GWAS) was performed for cSCC (Asgari et al.,
2016). This study reported increased cSCC risk associated with polymorphisms in six
pigment-related loci and found that these influenced cSCC risk independent of pigment-
related phenotypes. In this study, we investigated the association between pigment-related
single-nucleotide polymorphisms (SNPs) and hazard for cSCC in organ transplant recipients
(OTRs), independent of Fitzpatrick skin type.

Methods

Subjects in this study were white OTRs drawn from a previously described cohort and
enrolled from patient-targeted outreach between 2004 and 2008 (Gogia et al., 2013).
Subjects consented for a cross-sectional survey and medical record review. Of the 694
subjects in the cohort, 639 (92%) were white; 453 gave blood for genotyping (71%).
Subjects provided written informed consent according the procedures approved by the
University of California, San Francisco Institutional Review Board.
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Samples were genotyped using the Axiom Genome-Wide Human Array system, with the
EUR array (Affymetrix, Santa Clara, California) used for the Kaiser Permanente Research
Program on Genes, Environment and Health (Asgari et al., 2016; Hoffmann et al., 2011). Of
453 subjects, 44 (9.7%) failed quality control checks based on a call rate of less than 97%;
13 were removed on the basis of chromosome X heterozygosity requiring males to be less
than 20% and females greater 10%; five were excluded for cSCC before transplantation
(left-censoring), leaving 388 for analysis. We excluded 8,529 SNPs with greater than 5%
missing geno-typing data, 4,154 SNPs with a minor allele frequency less than 1%, and
17,499 SNPs on the sex chromosomes, resulting in a total of 544,820. The potential for
population stratification was assessed via principle components analysis and the
EIGENSTRAT method (Price et al., 2006).

We screened our genotype dataset for previously reported genes of pigmentation associated
with cSCC development, based on systematic review of the literature (Binstock et al., 2014)
and the recently published GWAS for cSCC (Asgari et al., 2016). Eight candidate SNPs
were identified for investigation.

We conducted Cox proportional hazards models to assess the association of each SNP with
time to cSCC. We evaluated the effect of genotype by extending our previously reported Cox
regression model of male sex, age at transplantation older than 50 years, type of organ
transplanted (abdominal vs. thoracic), and Fitzpatrick skin type (Gogia et al., 2013). The
SNP variables were coded as a continuous count of the number of minor alleles based on the
additive genetic model. Per-allele hazard ratio (HR) and 95% confidence interval were
obtained for each SNP, adjusted for the described covariates. Statistical significance was
assessed with the Wald test, and proportional hazards assumption for these SNPs was tested
using the Schoenfeld residuals.

Of our previously reported OTR cohort, 388 subjects had genotype data, and 177 subjects
(59.8%) developed cSCC during the follow-up period (Table 1). Most subjects were male
and received abdominal transplants (kidney, liver, and pancreas), with a normal distribution
of Fitzpatrick skin types.

Eight candidate SNPs in genes of pigmentation were available for analysis (Table 2). In
univariate analysis, the /RF4rs12203592 Tallele was associated with a significantly
increased hazard for time to first cSCC (HR = 1.36, 2= 0.02); this association was
maintained when adjusted for sex, age, organ transplanted, and Fitzpatrick skin type (HR =
1.34, P=0.04). The SLC45A2rs16891982 C allele was associated with a decreased hazard
for cSCC in univariate analysis (HR = 0.58, £=0.04), and the effect was similar but not
significant in the multivariate model (HR = 0.74, £=0.06). None of these candidates
achieved a Bonferroni-adjusted P-value threshold for multiple tests (£ < 0.00625 for eight
SNPs).
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Six other SNPs did not show a significant association with hazard for cSCC by univariate or
multivariate regression. These included two that were identified in the prior GWAS, TYR
rs1126809 and HERC2rs12916300.

Discussion

This study investigates the association between genetic polymorphism in pigmentation genes
with ¢SCC risk in OTRs. We have confirmed a significant role for /RF4rs12203592 and
SLC45A21r316891982, with effect sizes similar to those observed by Asgari et al. (2016).
The modest effect sizes observed in the GWAS study for the TYR rs1126809 and HERCZ2
rs12916300 SNPs were similar to those observed in our OTR cohort; these may have
achieved significance with a larger sample size.

IRF4 is involved in activation of melanin synthesis via tyrosinase. rs12203592 falls within
an enhancer region of /RF4; the T allele impairs transcription factor binding, leading to
reduced expression of IRF4 and tyrosinase (Praetorius et al., 2013).

In a recent meta-analysis, the association between rs12203592 polymorphism and SCC was
significant in dominant, recessive, and codominant models (Wu et al., 2016). The additive
genetic model was selected a priori for our study, but exploration of the codominant model
confirmed the association between SCC risk and the TT versus CC genotype (HR = 2.24,
95% confidence interval = 1.22-4.09, £=0.009).

Previous studies investigating genetic risks for cSCC in OTRs have been limited by small
sample sizes and candidate gene approach; the recent GWAS for ¢cSCC has informed our
candidate gene selection in this cohort. Our study design enabled investigation of these
genes in the context of Fitzpatrick skin type, an important risk factor. Our data show that
genotype data can improve risk stratification for post-transplantation cSCC beyond the
clinical pigmentation phenotype.

Strengths of this study include a well-characterized cohort with Fitzpatrick type and
histopathologic confirmation of cSCC outcomes. The genotyping array is the same as that
used in Asgari et al. (2016), allowing direct validation of SNPs reported in that publication.
The primary limitation is small sample size, but this pilot data supports development of
cohort studies to generate genetic risk prediction models for posttransplantation cSCC.
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Table 1.

Demographics of genotyped patient cohort (N = 388)

Characteristic n (%)
Sex
Female 138 (35.6)
Male 250 (68.4)
Age at transplantation, years
<50 208 (54.0)
250 177 (46.0)
Organ transplanted
Kidney, liver, pancreas 319 (82.2)
Heart, lung (including heart-lung, heart-kidney) 69 (17.8)
Fitzpatrick skin type
I: Always burns easily 26 (6.9)
11: Always burns easily, tans a little 74 (19.7)
111: Burns moderately, tans gradually 122 (32.45)
1V: Burns a little, tans well 94 (25.0)
V: Rarely burns, tans profusely 49 (13.0)
VI: Never burns 11 (2.93)
Hair color
Brown/black 286 (75.1)
Red/blond 95 (24.9)
Eye color
Brown/hazel/green 187 (49.21)
Blue/gray 193 (59.79)
Developed posttransplantation cSCC
No 119 (40.2)
Yes 177 (59.8)
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