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Introduction

Immunosuppressive medications are common in the management of numerous conditions,
such as organ transplantation, allergies, and respiratory disorders [1]. In some patients with
conditions, such as organ transplantation, that require long-term, high-dose
immunosuppression, immunosuppressives increase risk for squamous cell carcinoma of the
skin (SCC) (60-250 fold increase), and to a lesser extent for basal cell carcinoma (BCC) (10
fold increase) [2-10]. An increased risk of non-melanoma skin cancer (NMSC) has also
been associated with immunosuppressives among rheumatoid arthritis and inflammatory
bowel disease patients [11-13].

With widespread use of low-potency, low-dose immunosuppressives, particularly
glucocorticoids, for allergic and inflammatory conditions, there is interest in whether these
low-level exposures increase NMSC risk. Glucocorticoids and NMSC have been evaluated
in three studies [14-17]. A US case-control study found a two-fold increased risk of SCC
with oral glucocorticoids, but only a suggestive non-significant association for BCC [16]. A
Danish cohort study using national prescription data found a 16% increase in BCC with
injected or oral glucocorticoids, with greater risk with more prescriptions [17]. A case-
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control study in the same Danish population found a 15% increase in BCC with oral
glucocorticoids and increased risk with longer duration [15]. There was one positive [17]
and one null finding [15] for SCC in the Danish studies. Finally, a US prospective study
found no association between oral prednisone and BCC or SCC in adults with prior NMSC
[14].

While short-term steroid use is not known to have any lasting impact on immune function,
transient immune suppression from systemic steroid use could impact BCC risk, especially
in those with high ultraviolet radiation exposure, which may itself induce local immune
suppression [18]. To address the paucity of research on systemic glucocorticoids and
NMSC, we evaluated this relationship in a case-control study of early-onset BCC.

Materials and Methods

Population

The Yale Study of Skin Health is a case-control study of early-onset BCC in Connecticut
(July 2007-December 2010) [19]. BCC cases and randomly selected controls with benign
skin conditions were identified from Yale Dermatopathology. Eligible participants were <40
years at skin biopsy, Connecticut residents, and proficient in English. 389 BCC cases
(participation rate=72.8%) and 458 controls (participation rate=60.7%) frequency matched
on age at biopsy, gender, and biopsy site were enrolled and completed in-person interviews.
The most common control conditions were cyst (16.4%), seborrheic keratosis (16.2%), and
wart (11.4%). Yale University’s Institutional Review Board approved the study and
participants provided written informed consent.

Glucocorticoids

We assessed immunosuppressive medication use up to one year before the in-person
interview, showing participants a list of common oral or injected medications (e.g. cortisone,
dexamethasone, prednisolone, prednisone) to aid recall. Interviewers gathered medication
name, medical indication, age started and stopped, and number of days per year on the
medication. Dosage was not queried. The study physician (AEB) reviewed the concordance
between medication and indication while blinded to case-status as a quality control check.

Statistical Analysis

Our non-Hispanic white analytic sample included 364 cases and 379 controls. Three BCC
cases with Gorlin syndrome [20] were excluded, as were three cases with missing
immunosuppressive medication data, one case reporting solid organ transplantation, three
cases with valid medication, but an invalid medical indication, and six cases and 11 controls
reporting any non-glucocorticoid immunosuppressive use.

Odds ratios (ORs) and 95% confidence intervals (Cls) were computed using multivariate
unconditional logistic regression (SAS Version 9.2, Cary, NC). The multivariate models
included variables that were significantly associated with BCC or altered risk estimates by >
10%.
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The population has been described in detail elsewhere [21]. 133 (36.5%) cases and 153
(40.4%) controls used glucocorticoids. The most common medications were prednisone
(53.8%) and cortisone (22.0%). The most common indications were poison ivy/oak/sumac
(28.5%), asthma/other respiratory (20.9%), and other dermatological conditions (e.g. hives,
rash) (19.1%). Indication did not vary by case-status.

There was no association between ever use of glucocorticoids and early-onset BCC
(OR=0.81, 95% CI=0.58-1.14) (Table 1). Similarly, we did not observe an association by
duration of use (=30 days vs. no use OR=0.70, 95% CI=0.38-1.30).

Participants could not recall the names of 22.5% of the immunosuppressives, but the
medical indications they reported were consistent with glucocorticoids. Results remained
unchanged in sensitivity analyses where the unknown medications were removed from the
analysis or were assumed to have been taken either <30 or =30 days.

Discussion

We saw no evidence of an association between systemic glucocorticoids and early-onset
BCC.

Existing data on glucocorticoids and BCC are limited to three older-age populations [14—
17]; one observed a positive association [15, 17] and two had null findings [14, 16]. Our null
findings could be explained by a long latency period between glucocorticoid exposure and
BCC,; such an association may not have manifested in our younger population. Also, if
cumulative dose is relevant, young populations may not have sufficient exposure to impact
risk.

Our study had several strengths, including medical indication and duration data. Whereas
the Danish studies [15, 17] did not have skin cancer risk factor data, we had data on host
characteristics and ultraviolet radiation exposures. Our study also had some limitations.
With self-reported measures there may have been errors in glucocorticoid reporting. Recall
was unlikely to differ by case-status, but there may have been random error in both groups.
We also did not assess inhaled glucocorticoids, though inhaled medications were not
associated with NMSC in another study [16]. Further, while medical indication for
glucocorticoids did not vary by case status, we lack data on why participants sought
dermatologic care and this may have differed by case-status.

We lacked dosage information, but we estimated potency of different glucocorticoids by
standardizing all medications to the anti-inflammatory equivalent of hydrocortisone [22, 23].
We then assigned a specific daily dose of hydrocortisone for each medical indication. In an
exploratory analysis, we estimated a total intensity measure by multiplying each indication
and medication specific dose by the corresponding duration of use and then summed across
all medications. There was no trend toward greater BCC risk with greater intensity (dose x
duration); risk estimates mirrored those for duration only (data not shown).
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summary, we found no evidence that systemic glucocorticoids increase the risk of BCC in

young people, some of whom had substantial ultraviolet radiation exposure from indoor/

ou

tdoor tanning. This is consistent with findings for oral prednisone in higher risk US adults

[14]. Two other studies in older populations found stronger associations with
glucocorticoids and SCC than BCC; consistent with NMSC patterns observed in
immunosuppressed patients. The possibility remains that long-term low-dose glucocorticoid
use contributes to BCC risk in older populations, but our study is reassuring, with no
evidence of an adverse effect in young, healthy people.

Acknowledgments

Fu

nding: This study was supported by the Yale SPORE in Skin Cancer funded by the National Cancer Institute of

the National Institutes of Health (P50 CA121974; R. Halaban, PI). Additional support from the National Cancer
Institute of the National Institutes of Health through grants F32 CA144335 and T32 CA105666.

Abbreviations

BCC basal cell carcinoma
Cl confidence interval
NMSC non-melanoma skin cancer
OR odds ratio
SCC squamous cell carcinoma
References
1. Zoorob RJ, Cender D. A different look at corticosteroids. Am Fam Physician. 1998 Aug; 58(2):443—

50. Epub 1998/08/26. [PubMed: 9713398]

. Bangash HK, Colegio OR. Management of Non-Melanoma Skin Cancer in Immunocompromised

Solid Organ Transplant Recipients. Curr Treat Options Oncol. 2012 May 17. Epub 2012/05/18.

. Euvrard S, Kanitakis J, Claudy A. Skin cancers after organ transplantation. N Engl J Med. 2003 Apr

24; 348(17):1681-91. Epub 2003/04/25. [PubMed: 12711744]

. Hartevelt MM, Bavinck JN, Kootte AM, Vermeer BJ, Vandenbroucke JP. Incidence of skin cancer

after renal transplantation in The Netherlands. Transplantation. 1990 Mar; 49(3):506-9. Epub
1990/03/01. [PubMed: 2316011]

. Hofbauer GF, Bouwes Bavinck JN, Euvrard S. Organ transplantation and skin cancer: basic

problems and new perspectives. Exp Dermatol. 2010 Jun; 19(6):473-82. Epub 2010/05/21.
[PubMed: 20482618]

. Ingvar A, Smedby KE, Lindelof B, Fernberg P, Bellocco R, Tufveson G, et al. Immunosuppressive

treatment after solid organ transplantation and risk of post-transplant cutaneous squamous cell
carcinoma. Nephrol Dial Transplant. 2010 Aug; 25(8):2764—71. Epub 2009/09/05. [PubMed:
19729465]

. Kuschal C, Thoms KM, Schubert S, Schafer A, Boeckmann L, Schon MP, et al. Skin cancer in

organ transplant recipients: effects of immunosuppressive medications on DNA repair. Exp
Dermatol. 2012 Jan; 21(1):2-6. Epub 2011/12/14. [PubMed: 22151386]

. Walder BK, Robertson MR, Jeremy D. Skin cancer and immunosuppression. Lancet. 1971 Dec 11;

2(7737):1282-3. Epub 1971/12/11. [PubMed: 4143536]

. Penn 1, Starzl TE. Immunosuppression and cancer. Transplant Proc. 1973 Mar; 5(1):943-7. Epub

1973/03/01. [PubMed: 4735211]

Ann Epidemiol. Author manuscript; available in PMC 2015 August 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Troche et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 5

Rangwala S, Tsai KY. Roles of the immune system in skin cancer. Br J Dermatol. 2011 Nov;
165(5):953-65. Epub 2011/07/07. [PubMed: 21729024]

Amari W, Zeringue AL, McDonald JR, Caplan L, Eisen SA, Ranganathan P. Risk of non-
melanoma skin cancer in a national cohort of veterans with rheumatoid arthritis. Rheumatology
(Oxford). 2011; 50(8):1431-9. [PubMed: 21415022]

Krathen MS, Gottlieb AB, Mease PJ. Pharmacologic immunomodulation and cutaneous
malignancy in rheumatoid arthritis, psoriasis, and psoriatic arthritis. J Rheumatol. 2010; 37(11):
2205-15. [PubMed: 20810498]

Long MD, Herfarth HH, Pipkin CA, Porter CQ, Sandler RS, Kappelman MD. Increased risk for
non-melanoma skin cancer in patients with inflammatory bowel disease. Clin Gastroenterol
Hepatol. 2010 Mar; 8(3):268-74. Epub 2009/12/17. [PubMed: 20005977]

Baibergenova AT, Weinstock MA. Oral prednisone use and risk of keratinocyte carcinoma in non-
transplant population. The VATTC trial. J Eur Acad Dermatol Venereol. 2012 Sep; 26(9):1109—
15. Epub 2011/09/20. [PubMed: 21923839]

Jensen AO, Thomsen HF, Engebjerg MC, Olesen AB, Friis S, Karagas MR, et al. Use of oral
glucocorticoids and risk of skin cancer and non-Hodgkin’s lymphoma: a population-based case-
control study. Br J Cancer. 2009 Jan 13; 100(1):200-5. Epub 2008/11/27. [PubMed: 19034275]
Karagas MR, Cushing GL Jr, Greenberg ER, Mott LA, Spencer SK, Nierenberg DW. Non-
melanoma skin cancers and glucocorticoid therapy. Br J Cancer. 2001 Sep 1; 85(5):683-6. Epub
2001/09/05. [PubMed: 11531252]

Sorensen HT, Mellemkjaer L, Nielsen GL, Baron JA, Olsen JH, Karagas MR. Skin cancers and
non-hodgkin lymphoma among users of systemic glucocorticoids: a population-based cohort
study. J Natl Cancer Inst. 2004 May 5; 96(9):709-11. Epub 2004/05/06. [PubMed: 15126608]

Gibbs NK, Norval M. Photoimmunosuppression: a brief overview. Photodermatol Photoimmunol
Photomed. 2013 Apr; 29(2):57-64. [PubMed: 23458388]

Ferrucci LM, Cartmel B, Molinaro AM, Gordon PB, Leffell DJ, Bale AE, et al. Host phenotype
characteristics and MC1R in relation to early-onset basal cell carcinoma. J Invest Dermatol. 2012;
132(4):1272-9. [PubMed: 22158557]

Gorlin RJ, Goltz RW. Multiple nevoid basal-cell epithelioma, jaw cysts and bifid rib. A syndrome.
N Engl J Med. 1960 May 5.262:908-12. Epub 1960/05/05. [PubMed: 13851319]

Ferrucci LM, Cartmel B, Molinaro AM, Leffell DJ, Bale AE, Mayne ST. Indoor tanning and risk
of early-onset basal cell carcinoma. J Am Acad Dermatol. 2012 Oct; 67(4):552-62. [PubMed:
22153793]

Buttgereit F, da Silva JA, Boers M, Burmester GR, Cutolo M, Jacobs J, et al. Standardised
nomenclature for glucocorticoid dosages and glucocorticoid treatment regimens: current questions
and tentative answers in rheumatology. Ann Rheum Dis. 2002 Aug; 61(8):718-22. Epub
2002/07/16. [PubMed: 12117678]

Chrousos, G.; Pavlaki, AN.; Magiakou, MA. Adrenal Physiology and Diseases - Chapter 14
Glucocorticoid Therapy and Adrenal Suppression 2011. [cited 2012]. Available from: http://
www.endotext.org/chapter/glucocorticoid-therapy-and-adrenal-suppression/

Ann Epidemiol. Author manuscript; available in PMC 2015 August 01.


http://www.endotext.org/chapter/glucocorticoid-therapy-and-adrenal-suppression/
http://www.endotext.org/chapter/glucocorticoid-therapy-and-adrenal-suppression/

1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Troche et al. Page 6

Table 1

Odds ratios and 95% confidence intervals for association between systemic glucocorticoid use and early-onset
BCC in the Yale Study of Skin Health

Characteristic Cases/Controls  pultivariate OR1 (95% CI) P-Trend?

Use of Glucocorticoids -

No 230/222 1.00
Yes 132/150 0.81 (0.58-1.14)
Duration of Glucocorticoid Use 0.153
No use (0 days) 230/222 1.00
1-29 days 99/105 0.81 (0.56-1.18)
> 30 days 23/37 0.70 (0.38-1.30)

Abbreviations: Cl, Confidence Interval; MC1R, melanocortin 1 receptor; OR, odds ratio.
Adjusted for age at diagnosis (continuous, years), gender, body site of skin biopsy (head, extremity, trunk), hair color (black/dark brown, light
brown, blonde/fair, red), skin color (olive, fair, very fair), MC1R non-synonymous variants (0, 1, >2), family history of skin cancer (yes, no), ever

indoor tanning (yes, no), and sun exposure in warm months (continuous, hours).

2 . . .
Based on an ordinal categorical variable.
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