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Cyclosporine increases the risk of skin and lymphoid tis­
sue malignancies in organ transplant patients. A similar 
increase has been shown among psoriasis patients, but no 
data exist on the carcinogenic risk of cyclosporine mono­
therapy in skin diseases. We conducted a retrospective 
cohort study of 272 patients, all of whom had received 
at least one month of cyclosporine treatment. The cancer  
information on these patients was obtained from the 
Finnish Cancer Registry. The median follow-up time 
was 10.9 years and the median treatment time with cy­
closporine was 8 months. We did not detect any increase 
in the risk of skin malignancies or lymphoma. The over­
all risk of cancer was almost identical to that expected 
in the general population (standardized incidence ratios 
(SIR) = 1.31, 95% confidence interval (CI) = 0.70–2.23). 
This study shows that short-term cyclosporine treatment 
is probably not related to subsequent malignancy. Since 
the CI of the SIR estimate was rather wide, larger studies 
are needed in the future. Key words: cyclosporine; cancer 
risk; follow-up study; inflammatory skin diseases; cohort 
study.
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Cyclosporine is an immunosuppressive drug, the effects 
of which are mediated through the regulation of various 
T-cell cytokines (1). Previous studies have clearly shown 
an increased risk of skin and lymphoid tissue malignan-
cies in organ transplant patients receiving cyclosporine 
as a part of systemic immunosuppressive treatments (2). 
Some studies have related the use of cyclosporine to in-
creased risk of malignancies (3, 4). Cyclosporine has been 
used in a wide range of inflammatory skin diseases, e.g. 
psoriasis, atopic dermatitis and palmoplantar pustulosis 
(PPP) (5). The treatment dosages of cyclosporine used 
in these dermatological diseases are usually lower and 
treatment times shorter than those used in organ trans-
plant patients. Also, in these patients, cyclosporine is not 
combined with other immunosuppressive treatments, 

such as oral corticosteroids and azathioprine, which are 
used widely in organ transplant patients. Despite the 
widespread use of cyclosporine for skin diseases during 
the past two decades, there are few reports concerning 
the carcinogenic risk of cyclosporine. The reports of in-
creased cancer risk include patients with psoriasis (6, 7), 
who have often also experienced other systemic therapies 
and phototherapy prior to cyclosporine treatment. These 
two studies are the only ones that have evaluated relative 
risk analyses. However, no data exist on malignancies 
related to cyclosporine monotherapy in skin diseases. 
We investigated the effect of short-term cyclosporine 
use on the subsequent development of cancer in various 
inflammatory skin diseases.

MATERIALS AND METHODS
We analysed a cohort of 272 patients with inflammatory skin 
diseases who were treated with cyclosporine for at least one 
month during 1987 to 1998 in the Department of Dermatology, 
Helsinki University Hospital, Helsinki. The age range was 
17–76 years and the median age 38 years. Of these patients, 
63 had psoriasis, 96 atopic dermatitis, 73 PPP and 40 chronic 
hand eczema. The inclusion criteria for the different groups in 
the study have been described previously (8–11). Cyclosporine 
treatment was not used for patients with a previous history of 
cancer. In each disease group the treatment time and dosage 
of cyclosporine were calculated. The patients in the low-dose 
group had received cyclosporine at a dose of less than 2 mg/kg, 
in the medium dose group 2–4 mg/kg, and in the high dose group 
over 4 mg/kg body weight. For methotrexate, the groups were 
defined as low for a cumulative dose of less than 1 g and high 
for a cumulative dose of more than 1 g of methotrexate. We 
checked whether the patients had received any phototherapy 
during follow-up. 

The possible cancers subsequent to cyclosporine treatment 
were verified from the Finnish Cancer Registry, where every 
new cancer is registered. For each patient, the follow-up for 
cancer started at the point when cyclosporine treatment was 
commenced and ended at the close of the study (31 December 
2003), on emigration or death, whichever came first. The earliest 
follow-up starting date was 18 May 1987.

Standardized incidence ratios (SIRs) were defined as the ratio 
of observed to expected numbers of cases. To obtain the expec-
ted numbers of cancer, age-, sex- and person-specific Finnish 
incidence rates were applied to the appropriate person-years 
under observation. The 95% confidence intervals (95% CI) 
were calculated assuming a Poisson distribution.

To evaluate the influence of cyclosporine, methotrexate and 
phototherapy on the subsequent development of cancer, a Cox 
regression model was used. The covariates used were duration 
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of cyclosporine in months, methotrexate dose, cyclosporine 
dose, phototherapy, gender and age in years. The results were 
presented as hazard ratio and 95% CI. Statistical analyses were 
performed using SPSS for Windows version 12.0 (Chicago, 
Il, USA). A complementary log-log-plot was used to test the  
validity of proportionality assumption for all covariates used 
in the Cox model. No deviation from this assumption was 
noticed.

The study was approved by the ethics review board of Hel-
sinki University Hospital.

RESULTS

The cohort comprised 116 men and 156 women, and 
the median follow-up time was 10.9 years. The median 
treatment time with cyclosporine was 8 months. The 
first and second quartiles for cyclosporine exposure 
were 3 and 12 months, respectively. Malignancies 
were diagnosed in 13 patients (4.8%) (Table I). The 
risk for all cancer sites was not significantly increased 
(SIR = 1.31, 95% CI = 0.70–2.23). There was no signifi­
cant difference between men and women in cancer 
risk (SIR 1.91 and SIR 0.96, respectively). We did not 
detect any increase in the risk of skin malignancies or 
lymphoma. For male patients, the risk of all cancers was 
significantly increased in the 45–49 years age group 
(SIR = 3.28; 95% CI = 1.06–7.64).

The 13 cancer cases found were distributed quite 
evenly among the different skin disease groups. Three 
cancers occurred in patients with PPP (4%), 4 in patients 
with psoriasis (6%), 3 in patients with chronic hand 
eczema (7.5%) and 3 in patients with atopic dermatitis 
(3%) (Table I). In SIR analysis comparing different skin 
disease groups, there were no significant findings in  

patients with palmoplantar pustulosis, atopic der-
matitis or chronic hand eczema, but in the psoriasis 
group, the SIR for basal cell carcinomas was signifi-
cantly increased 6.05 (95% CI 1.25–17.69). Of the 13  
patients with developed cancers, 11 (85%) had received 
medium dosage (2–4 mg/kg) cyclosporine treatment. 
In Cox regression model, the hazard ratio was 1.34 
(95% CI = 0.37–4.89) when moving from low-dose 
(under 2 mg/kg) cyclosporine treatment to high-dose 
(over 4 mg/kg) treatment. The exposure to previous  
methotrexate was a protective factor for the development 
of later cancers (hazard ratio 0.29, 95% CI = 0.04–1.99). 
These numbers were not significant, however. Neither 
did we find a tendency for phototherapy to increase the 
risk of cancer (hazard ratio 0.98). The relative risk of 
cancer was increased by 7% per year. Gender was not 
a significant covariant.

DISCUSSION

The cohort in this study comprised 272 patients: 63 with 
psoriasis and 209 with some other inflammatory skin 
disease. The median follow-up time was 10.9 years.  
Our sample size is small, but this is the longest  
follow-up of patients published to date, including 
patients other than psoriasis patients, receiving  
cyclosporine monotherapy, and it thus provides new 
information on the development of cancer related to 
cyclosporine treatment in atopic dermatitis, palmo-
plantar pustulosis and hand eczema. No other study 
has monitored these patients for a period of years after 
cyclosporine was stopped.

In Finland all cancers (including basal cell carcino-
mas) that come to the attention of hospitals, pathology 
laboratories or medical practitioners have to be repor-
ted to the Finnish Cancer Registry. Thus, our cancer 
registration is virtually complete, covering 99% of all 
cancers in Finland (13). In addition, the computerized 
record-linkage procedure based on personal identifica-
tion number is complete (13, 14). Based on this registry, 
we did not detect any squamous cell cancers and there 
is no reason to believe that squamous cell or basal cell 
carcinomas of our cohort would have been reported less 
often than those of other populations. With our sample 
size of 272 patients it is possible to exclude two-fold 
increase in cancer risk with a power of 90% and two-
sided significance level of 0.05 (15). 

Squamous cell carcinoma is the most common skin 
cancer among organ transplant patients. The incidence 
of skin cancer is clearly increased, starting from 5 
years after transplantation (16, 17). The risk for skin 
cancer is higher among multi-organ transplant patients 
compared with, for example, kidney-transplant patients, 
apparently as a reflection of higher doses of immunosup-
pressive therapy in that group (2). Recently, O’Donovan 
and co-workers (18) presented a possible contributing 

Table I. Type of skin disease and cancer, and the duration of 
cyclosporine treatment and dosage in the 13 patients who developed 
cancer during the follow-up

Skin disease Cancer type CSA duration 
(months)

CSA  
dosage

Palmoplantar pustulosis Breast cancer 5 Lowa

Palmoplantar pustulosis MALT-lymphoma 12 Low
Palmoplantar pustulosis Lung cancerb 14 Medium
Psoriasis Lung cancerb 2 Medium
Psoriasis Cervix cancer 8 Medium
Psoriasis Prostate cancer 30c Medium
Psoriasis Carcinoid tumour 155 Medium
Atopic dermatitis Brain tumour 

(astrocytoma)
6 Medium

Atopic dermatitis Prostate cancer 10 Medium
Atopic dermatitis Prostate cancer 19 Medium
Eczema Testis cancer 1,5 Medium
Eczema Mouth cancer 3 Medium
Eczema Brain tumour 

(meningioma)
3 Medium

aLow, cyclosporine dosage under 2 mg/kg; medium, 2–4 mg/kg body 
weight. 
bPatient was a smoker.
cOnly this patient had received methotrexate treatment.
CSA: cyclosporin A.
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mechanism for the development of skin cancer among 
organ transplant patients. They found that metabolic 
end-products of azathioprine, an immunosuppressive 
drug used in organ transplant patients, may act as an 
endogenous ultraviolet A (UVA) chromophore, which 
generates oxidative DNA damage. We did not detect 
any squamous cell carcinomas in our study, not even 
in patients exposed to phototherapy. This could be  
explained by the shorter cyclosporine treatment times 
used for our patients. Paul et al. (7), who found increased 
incidence of squamous cell carcinoma, had treated their 
psoriasis patients for an average of 1.9 years, whereas 
in our study the mean treatment time was 8 months. In 
psoriasis patients the SIR for basal cell carcinomas was 
increased, but the CIs were wide.

Patients with psoriasis and rheumatoid arthritis both 
carry an increased risk of cancer (19, 20). The increased 
risk of squamous cell cancer associated with psoralen + 
UVA (PUVA) treatment, commonly used for psoriasis, 
has been verified by numerous previous studies (21, 
22). In one previous study (6) any use of cyclosporine 
increased the risk of squamous cell cancer after as 
much as 200 PUVA treatments. These psoriasis patients 
were, however, treated with PUVA first. In rheumatoid 
arthritis, it has been suggested that the use of cyclo
sporine increases the risk of malignancy development 
by the same degree as disease-modifying anti-rheumatic 
drugs (DMARDs) (23). Van den Borne et al. (24)  
reported no increased risk of malignancies, especially 
skin malignancies, in cyclosporine-treated patients with 
rheumatoid arthritis. In their study, the use of DMARDs 
was more common in the cyclosporine-treated group, 
favouring the negative impact of cyclosporine on the 
risk of cancer. This is in line with our finding. In our 
cohort, 77% of patients had some chronic inflammatory 
skin disease other than psoriasis. 

We noted a significant increase in cancer risk among 
men aged 45–59 years. There was no hypothesis speci-
fically related to this gender and age stratum, and this 
may well be a chance finding typical to this kind on 
analyses with multiple testing.

Bert-Jones et al. (25) has conducted a prospective 
study of 100 atopic patients and found no squamous 
cell cancers. The only skin cancer found was one basal 
cell carcinoma. However, the maximum follow-up time 
was 48 weeks, which is too short to draw any conclu-
sions of the carcinogenicity of cyclosporine. There are 
no published case reports of squamous cell cancers in 
atopic patients treated with cyclosporine.

UV irradiation is of paramount importance for the 
development of cutaneous carcinoma in the general 
population as well as in organ transplant patients (26). 
In the latter patient group, skin cancers are located 
mainly on sun-exposed areas, such as the scalp, hands 
and lips. The role of UV radiation is also highlighted 
in geographical cohort studies, where the highest risk 

of skin cancer is detected in Australia (27). Older 
transplantation patients are more prone to develop 
skin cancer after transplantation as a consequence of 
cumulative sun exposure before transplantation. Sig-
nificant UV irradiation prior to immunosuppressive 
therapy following organ transplantation is a clear risk 
factor for squamous cell carcinoma (28). In a previous 
study of cyclosporine-related risk of malignancies, the 
patients received PUVA or UVB/UVA (47% and 19%, 
respectively) (7). In our study, half of the patients had 
any phototherapy treatment, but we found no evidence 
that phototherapy would have increased the incidence 
of detected cancers.

To conclude, we did not find a significantly increased 
risk of cancer in patients who had undergone short-
term treatment with cyclosporine. This study showed 
that short-term cyclosporine is probably not related to 
subsequent malignancy. The CI of the SIR estimate 
was rather wide. Larger prospective studies excluding 
psoriasis patients are therefore needed to confirm this 
finding.
Conflict of interest: None to declare.

REFERENCES
1.	Bunjes D, Hardt C, Rollinghoff M, Wagner H. Cyclosporine 

A mediates immunosuppression of primary cytotoxic T-cell 
responses by impairing the release of interleukin 1 and 
interleukin 2. Eur J Immunol 1981; 11: 657–661.

2.	Euvrard S, Kanitakis J, Claudy A. Skin cancers after organ 
tranplantation. N Engl J Med 2003; 348: 1681–1691.

3.	Glover M, Deeks J, Raftery M, Cunningham J, Leigh I. Im-
munosuppression and risk of nonmelanoma skin cancer in 
renal transplant recipients. Lancet 1997; 349: 398–399. 

4.	Jensen P, Hansen S, Moller B, Leivestad T, Pfeffer P, Geiran 
O, et al. Skin cancer in kidney and heart transplant reci-
pients and different long-term immunosuppressive therapy 
regiments. J Am Acad Dermatol 1999; 40: 177–186.

5.	Mueller W, Herrmann B. Cyclosporine A for psoriasis. N 
Engl J Med 1979; 301: 555. 

6.	Marcil I, Stern RS. Squamous cell cancer of the skin in 
patients given PUVA and cyclosporin: nested cohort cross
over study. Lancet 2001; 358: 1042–1045.

7.	Paul C, Ho V, Mc Geown C, Christophers E, Schmidtmann 
B, Guillaume JC, et al. Risk of malignancies in psoriasis 
patients treated with cyclosporine: a 5 y cohort study. J 
Invest Dermatol 2003; 120: 211–216.

8.	Reitamo S, Erkko P. Remitz A, Lauerma AI, Montonen O, 
Harjula K. Cyclosporine in the treatment of palmoplantar 
pustulosis. A randomized, double-blind, placebo-controlled 
study. Arch Dermatol 1993; 129: 1273–1279. 

9.	Ho VC, Griffiths CE, Albrecht G,Vanaclocha F, Leon-
Dorantes G, Atakan N, et al. Intermittent short courses of 
cyclosporine (Neoral (R)) for psoriasis unresponsive to 
topical therapy: a 1-year multicentre, randomized study. 
The PISCES Study Group. Br J Dermatol 1999; 141: 
283–291. 

10.	Rajka G, Langeland T. Grading of the severity of atopic 
dermatitis. Acta Derm Venereol 1989; 144: 13–14.

11.	 Granlund H, Erkko P, Sinisalo M, Reitamo S. Cyclosporine 
A in atopic dermatitis: time to relapse and intermittent 
therapy. Br J Dermatol 1995; 132: 106–112.



120 L. Väkevä et al.

Acta Derm Venereol 88

12.	Granlund H, Erkko P, Eriksson E, Reitamo S. Comparison 
of cyclosporine and topical betamethasone-17, 21-dipropio-
nate in the treatment of severe chronic hand eczema. Acta 
Derm Venereol 1996; 76: 371–376.

13.	Teppo L, Pukkala E, Lehtonen M. Data quality and quality 
control of a population based cancer registry. Experience 
in Finland. Acta Oncologica 1994; 33: 365–369. 

14.	Pukkala E: Use of record linkage in small area studies. In: 
Elliot P, Cuzick J, English D, Stern R, editors. Geographical 
and environmental epidemiology. Oxford: Oxford Univer-
sity Press, 1992.

15.	Machin D, Campbell MJ, editors. Statistical tables for the 
design of clinical trials. Oxford: Blackwell Scientific Pu-
blications, 1987.

16.	Berg D, Otley C. Skin cancer in organ transplant recipients: 
epidemiology, pathogenesis and management. J Am Acad 
Dermatol 2002; 47: 1–17.

17.	K yllönen L, Pukkala E, Eklund B. Cancer incidence in a kidney-
transplanted population. Transplant Int 1994; 7: 350–352. 

18.	O’Donovan P, Perrett C, Zhang X, Montaner B, Xu YZ, 
Harwood CA, et al. Azathioprine and UVA light generate 
mutagenic oxidative DNA damage. Science 2005; 309: 
1871–1874.

19.	Hannuksela-Svahn A, Pukkala E, Poikolainen K, Karvonen 
J. Psoriasis, its treatment and cancer in a cohort of Finnish 
patients. J Invest Dermatol 2000; 114: 587–590.

20.	Gridley G, McLaughlin JK, Ekbom A, et al. Incidence of 
cancer among patients with rheumatoid arthritis. J Natl 
Cancer Inst 1993; 85: 307–311. 

21.	Lindelöf B, Sigurgeirsson B, Tegner E, Larkö O,  
Johannesson A, Berne B, et al. PUVA and cancer: a large 
scale epidemiological study. Lancet 1991; 338: 91–93.

22.	Stern RS, Laird R. The carcinogenic risk of treatments for 
severe psoriasis. Cancer 1994; 73: 2759–2764.

23.	Arellano F, Krupp P. Malignancies in rheumatoid arthritis 
patients treated with cyclosporine A. Br J Rheumatol 1993; 
32: 72–75.

24.	 van den Borne BE, Landewe RB, Houkes I, Schild F, 
van der Heyden PC, Hazes JM, et al. No increased risk 
of malignancies and mortality in cyclosporine A-treated 
patients with rheumatoid arthritis. Arthritis Rheum 1998; 
41: 1930–1937.

25.	Berth-Jones J, Graham-Brown RA, Marks R, Camp RD, 
English JS, Freeman K, et al. Long-term efficacy and sa-
fety of cyclosporine in severe adult atopic dermatitis. Br J 
Dermatol 1997; 136: 76–81. 

26.	Bavinck JN, de Boer A, Vermeer BJ, Artevelt MM, van der 
Woude FJ, Claas FH, et al. Sunlight, keratotic skin lesions 
and skin cancer in renal transplant recipients. Br J Dermatol 
1993; 129: 242–249.

27.	Bavink Bouves JN, Hardie DR, Green A, Cutmore S, 
MacNaught A, O’ Sullivan B, et al. The risk of skin cancer 
in renal transplant recipients in Queensland, Australia. A 
follow-up study. Transplantation 1996; 61: 715–721.

28.	Ramsay HM, Fryer AA, Reece S, Smith AG, Harden PN. 
Clinical risk factors associated with nonmelanoma skin 
cancer in renal transplant recipients. Am J Kidney Dis 2000; 
36: 167–176.


