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Abstract

Background Conflicting data have been published on whether an association exists
between atopic dermatitis (AD) and nonmelanoma skin cancer. This study aimed to
determine whether individuals with AD had an increased risk of squamous cell carcinoma
(SCC) development.

Methods We conducted a retrospective, case—control study of patients residing in Olmsted
County, Minnesota. Cases were selected from patients seen at Mayo Clinic (Rochester,
Minnesota) who had an initial SCC diagnosis (either invasive SCC or SCC in situ) from
January 1, 1996, through December 23, 2010. Age- and sex-matched controls were
selected from patients seen at Mayo Clinic with no history of SCC before the case event
date.

Results Three hundred ninety-nine individuals with a documented history of SCC were
identified and matched with 780 controls who did not have a history of SCC. After
adjusting for race, smoking history, ionizing radiation exposure, corticosteroid and
cyclosporine use, and non-SCC skin cancers, the odds ratio for SCC development
between patients with history of AD versus patients without history of AD was 1.75 (95%
Cl, 1.05-2.93).

Conclusions Our findings support an increased risk of SCC development in the setting of
AD.
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Introduction

Limited studies have investigated the association between ato-
pic dermatitis (AD), also termed eczema, and squamous cell
carcinoma (SCC). A chronic, inflammatory disease, AD causes
scaly, pruritic patches and plaques on the skin' and affects up
to 20% of children and 3% of adults worldwide.? The prevalence
of AD has tripled since the 1960s, with new diagnoses of AD
occurring at about 11% per year in the United States.® Along-
side the rising incidence of AD, the incidence of nonmelanoma
skin cancer (NMSC) is also increasing worldwide.* SCC is the
second-most common type of NMSC® and typically manifests
on the head and upper limbs as a nonhealing, scaly, erythema-
tous patch.

Research from the past two decades has demonstrated that
AD is a disease arising from immunologic dysfunction and may
be associated with a loss-of-function mutation in FLG, the gene
encoding filaggrin, which is elemental in skin barrier function.68
Skin barrier defects are considered to be a key contributor to
the pathogenesis of AD. Treatments for AD target immunologic
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dysfunction of the skin, which may increase risk of melanoma
and NMSCs.® Corticosteroids, topical immunomodulators and
other immunosuppressive agents, and ultraviolet (UV) pho-
totherapy are specific therapeutic options that may increase the
risk of skin cancer development. In a 2012 Danish study, SCC
appeared on areas normally not exposed to the sun, which
raised suspicion that local or systemic immunosuppressants
and artificial UV therapy were implicated in the pathogenesis of
skin cancer development.’® Other possible risk factors include
smoking'® and occupations associated with increased UV light
exposure.

Previous studies have investigated the possible association
between AD and skin cancer. Two Swedish studies, involving
21,000 patients collectively, found an inverse but nonsignificant
association between AD and melanoma and no significant cor-
relation between AD and NMSC,'"'2 but a Danish study
showed that AD was positively correlated with NMSC.'® A
fourth study showed no association between AD and NMSC.'*
A 2012 study from the Danish National Patient Registry that
included more than 31,000 patients with AD showed an
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increased risk of basal cell carcinoma (BCC) and SCC'®; that
study analyzed patients in the inpatient and outpatient settings,
allowing a more comprehensive evaluation of the association
between AD and skin cancer. As evidenced by the literature,
the data regarding the association between AD and skin cancer,
particularly NMSC, are conflicting. Because of these inconsis-
tencies, we aimed to determine whether a history of AD
increased the risk of developing SCC.

Methods

The Mayo Clinic Institutional Review Board approved this study.

Study design and patient selection

We conducted a retrospective, 1:2 matched case—control
study. All data were obtained from the Mayo Clinic electronic
health records system.

The study population consisted of patients seen in any
department at Mayo Clinic (Rochester, Minnesota) from January
1, 1996, through December 23, 2010. All subjects provided
research authorization before the start of data abstraction for
this retrospective study. Patients were not surveyed for any
prospective information.

Selection of cases and controls

Four hundred cases were randomly selected from 5589 patients
who were seen at Mayo Clinic and were residents of Olmsted
County, Minnesota, when they received an initial diagnosis of
invasive SCC or SCC in situ. In addition to the health record
review and pathology confirmation of the SCC diagnosis, cases
were identified using the Hospital International Classification of
Diseases Adapted code 01790-65-0.

Eight hundred controls, seen at Mayo Clinic within 1 year of
the case’s diagnosis, were matched to cases by age and sex.
Controls were selected from the population of patients residing
in Olmsted County, Minnesota. During chart review, we verified
that controls did not have a history of SCC before the case
event date.

Exposure and confounders

The primary exposure variable was a history of AD. The inclu-
sion criteria were atopic dermatitis and eczema, as diagnosed
by a dermatologist or another provider; alternatively, a history of
the condition could be self-reported to the provider, even with-
out current evidence of dermatitis on examination. All diagnoses
of AD preceded the SCC diagnosis. Other potential conditions
such as nummular eczema, hand dermatitis, ear dermatitis, and
contact dermatitis were also included because their risk factors
and morphology are similar to those of AD.

Potential confounders included race, history of skin cancer,
history of smoking, exposure to medical ionizing radiation
(imaging or radiotherapy), and history of corticosteroid and
other immunosuppressant use. Patients whose race could not
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be determined by chart
“Unknown.”

review were categorized as

Method of analysis

Patient characteristics for cases and controls were summarized
and compared with the Pearson ;? test or Fishers exact test.
Odds ratios were used to test for associations and were calcu-
lated using conditional logistic regression to account for the
matched design. Randomized case selection and statistical
analyses were completed using SAS software version 9.4 (SAS
Institute Inc).

Results

Four hundred cases and 800 controls initially were selected.
Twenty controls declined research authorization and were
excluded. For one case, both matched controls were excluded,
and therefore the case was also excluded. In total, the study
included 399 individuals with a documented history of SCC and
780 matched controls who did not have a history of SCC
(Table 1). Compared with controls, a greater percentage of
cases had a history of AD (8% vs. 5%; P = 0.04), history of
smoking (37.1% vs. 31.2%; P = 0.04), prior phototherapy (2.3%
vs. 0.5%; P=0.01), cyclosporine use (1.3% vs. 0.1%;
P=0.02), and non-SCC skin cancer (26.8% vs. 10.0%;
P < 0.001).

As noted in Table 2, after adjusting for race, smoking history,
exposure to ionizing radiation, corticosteroid use, cyclosporine
use, and history of non-SCC skin cancers, we identified a statis-
tically significant association between SCC and AD (adjusted
odds ratio, 1.75; 95% Cl, 1.05-2.93). To account for other der-
matitides that share similar risk factors and morphologic charac-
teristics as AD, we performed a separate analysis to measure
the association of SCC with AD, nummular eczema, hand der-
matitis, ear dermatitis, and contact dermatitis (Table 3) and
observed a positive association (adjusted odds ratio, 1.72; 95%
Cl, 1.21-2.46).

When examining the possibility of surveillance bias, we noted
that patients with SCC had more dermatologic visits than
patients without SCC. However, we included patients with diag-
noses from nondermatologist providers and those who self-
reported AD if they had it in their younger years. We also noted
that patients with SCC also had more non-SCC cancers, which
increased dermatologic care. When we analyzed patients with
non-SCC cancers versus those without, the AD status was 7%
versus 5.9%; we concluded that AD did not appear to be asso-
ciated with non-SCC cancers.

Discussion

Our findings demonstrate that the odds of SCC development
are greater in patients with a history of AD. This finding has
also been supported by previous studies.'®'>'® Our study
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Table 1 Characteristics of controls and cases

Controls Cases
Characteristic (n =780) (n =399) P value
Age, years
Mean (SD) 69.6 (13.5) 69.5 (13.5)
Median (IQR) 72 (61, 79) 72 (61, 79)
Female sex, No. (%) 361 (46.3) 186 (46.6)
Race, No. (%)®
White 709 90.9) 387 (97.0) <0.001
Nonwhite 6.3) 4 (1.0)
Unknown 2.8) 8 (2.0)
Atopic dermatitis, No. (%)? 5.1) 32 (8.0) 0.0497

Smoking history, No. (%)?
Corticosteroids, No. (%)®

243 31.2)
170 (21.8)

148 (37.1) 0.04
94 (23.6) 0.49

(
9 (
2 (
0 (
(
(
(
Antihistamines, No. (%)? 165 (21.2)
(
(
(
(
(
(
(

Antibiotics, No. (%)2 157 (20.1) 115 (28.8)  <0.001
84 (21.1) 0.97
Tacrolimus, No. (%)° 2(0.3) 3(0.8) 0.34
Pimecrolimus, No. (%)° 0 (0) 1(0.3) 0.34
UV phototherapy, No. (%)° 4 (0.5) 9 (2.3) 0.01
Cyclosporine, No. (%)° 1(0.1) 5(1.3) 0.02
Azathioprine, No. (%)° 4 (0.5) 5(1.3) 0.18
Methotrexate, No. (%)° 5 (0.6) 6 (1.5) 0.20
Mycophenolate mofetil, No. 4 (0.5) 5(1.3) 0.18
(%)°
History of ionizing radiation, 609 (78.1) 283 (70.9) 0.007
No. (%)?
Family history of skin cancer, 75 (9.6) 41 (10.3) 0.72
No. (%)?
Personal history of non— 78 (10.0) 107 (26.8) <0.001
squamous cell skin cancer,
No. (%)?
Basal cell carcinoma 73 (9.4) 101 (25.3)
Melanoma 9(1.2) 6 (1.5)

IQR, interquartile range; UV, ultraviolet.
a,2 test.
PFisher exact test.

Table 2 Odds of squamous cell carcinoma comparing
patients with and without atopic dermatitis

Type Odds ratio (95% CI)

Unadjusted
Adjusted

1.56 (0.97-2.51)
1.75 (1.05-2.93)

population was mostly composed of white, elderly patients who
have elevated risk of skin cancer development.'® Medications
such as topical and systemic corticosteroids, antihistamines,
and various immunosuppressants did not increase risk of SCC
development;
cyclosporine, which was significantly associated with increased
SCC risk. The inability to measure the differences in effect of
corticosteroids and antihistamines on SCC risk may be due to
their ubiquitous use, broad scope, and ready availability.

the exception was the immunosuppressant

As previously discussed, filaggrin is a key protein in skin bar-
rier function, and skin barrier defects are associated with AD
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Table 3 Odds of squamous cell carcinoma comparing
patients with and without atopic dermatitis, nummular
eczema, hand dermatitis, ear dermatitis, and contact

dermatitis

Type Odds ratio (95% Cl)
Unadjusted 1.71 (1.23-2.37)
Adjusted 1.72 (1.21-2.46)

pathogenesis. In addition, filaggrin is degraded to trans-urocanic
acid, a chromophore that provides protection from UV radiation.
In one study, individuals with mutations in the filaggrin gene
also had an increased risk of SCC.'® Another case—control
study showed no elevated risk of BCC in FLG mutation carri-
ers,' but the study had low statistical power. Further studies
are needed to assess the association between filaggrin defi-
ciency and risk of NMSCs.

Studies have shown that actinic keratoses, the most common
precursor to SCC, may be associated with AD. In a Danish ques-
tionnaire study, a significant association was identified between
filaggrin mutation and actinic keratosis in patients with AD. Thir-
teen of 20 patients (65%) had a history of actinic keratosis and
AD. Patients with homozygote or compound heterozygote muta-
tions had an actinic keratosis prevalence of 16.7% versus
2.2%."® Yet a Dutch study showed no association between AD
and actinic keratosis and actually showed that a lower proportion
of patients with AD had actinic keratosis compared with those
without AD."® In our study, we did not specifically examine actinic
keratosis; however, we did observe a statistically significant posi-
tive association between AD and SCC.

We acknowledge several limitations to our study. As with all
retrospective studies, our observations were limited to the details
documented in the health record and could have been affected by
human error in the data abstraction process. We were unable to
determine the reliability of provider coding for AD and so included
other dermatitis diagnoses such as nummular eczema, hand der-
matitis, ear dermatitis, and contact dermatitis. Furthermore, most
of the eczema diagnoses were made using International Classifi-
cation of Diseases, ninth revision coding, which has poor predic-
tive value with regard to the outpatient setting.2° The time-frame
of first diagnosis of AD to SCC development was difficult to
ascertain because of inconsistent documentation. Patients often
self-reported AD to their provider without specifying the date of
diagnosis, and it is possible that a patient may have had an earlier
diagnosis of SCC that was not documented in the medical record.
Clinical assessment and documentation of AD can be difficult
because dermatologic manifestations of AD resemble other clo-
sely related skin conditions and thus may lead to inaccurate diag-
noses; in contrast, SCC diagnoses are less variable, and a
pathology report is considered conclusive. Not every patient in
our study had a final clinical diagnosis of AD rendered by a der-
matologist. Our analysis of time from AD to SCC development
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was also limited because the duration of follow-up for the cases
and controls was fixed. Also, our retrospective study design did
not allow us to accurately ascertain the initial date of onset of AD
in many patients; therefore, we were unable to perform statistical
analyses assessing the interval between AD and SCC. Moreover,
data regarding the location of SCC and the location of AD cuta-
neous manifestations were not collected; therefore, we were
unable to assess whether the development of SCC preferentially
occurred within areas of previous inflammation of AD skin lesions.
Medication dosing, frequency, and route of administration (i.e.,
topical or systemic) were not captured during data abstraction.
Finally, we were unable to quantify how much sun exposure
patients received, or which body areas typically received sunlight
exposure, and thus were unable to account for this risk factor in
our calculation of the odds ratio between AD and SCC.

Future studies should examine BCC and SCC development
in patients with AD. More expansive studies looking at all cases
of SCC and BCC at a single institution and determining the
prevalence of AD before any NMSC diagnosis would be highly
beneficial. Because AD is often first diagnosed in childhood,
perhaps prospective studies in the pediatric population, with
long-term follow-up, may capture more accurate statistical data,
although such a study would be time and cost intensive. It is
also prudent to note that visits to any health-care provider may
increase the likelihood of skin cancer detection, and the proba-
bility of detection may be further increased if the provider is a
dermatologist. Future studies may help address this potential
confounding variable. More studies assessing the effects of
topical therapy on risk of skin cancer development would be
beneficial because many patients with atopy use topical corti-
costeroids and topical calcineurin inhibitors for treatment and
symptomatic relief.

Our finding of an association between a history of AD and
SCC has clinical implications. As we continue to gather more
data on this possible relationship, we can begin to counsel
patients with AD on the importance of skin examinations and
sunscreen use at a young age. ldeally, awareness should
increase among other health-care providers who frequently see
patients with AD. This concise case-control study may be of
value to future studies investigating the possible association
between AD and skin cancer development.
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