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Background: No study to date has focused on the changes in
laboratory test results and related risk factors in patients with
psoriasis treated with prolonged Cyclosporine A (CsA)
therapy. Objective: The objective of this study was to inves-
tigate the changes of laboratory values and related risk factors
in patients with psoriasis treated with CsA in a real-world
setting. Methods: Records of patients with psoriasis treated
with CsA at an outpatient clinic were collected, and a Cox
proportional hazards regression model was used. Results: Of
the 128 patients included in this study, 28 patients (21.9%)
showed laboratory test abnormalities over a mean medi-
cation period of 11.6 months. Older age (hazard ratio [HR],
1.174; 95% confidence interval [Cl], 1.068 ~ 1.370; p=0.007)
and pre-existing kidney disease (HR, 0.008; 95% CI, 0~
0.205; p=0.001) significantly increased the risk of renal
dysfunction. Male sex was the only significant risk factor for
liver enzyme elevation (HR, 0.284; 95% Cl, 0.081~0.784;
p=0.026) and uric acid abnormality (HR, 0.048; 95% CI, 0 ~
0.372; p=0.046). Conclusion: This is an in-depth analysis of
laboratory changes and related risk factors in patients with
psoriasis treated with CsA. Liver is the most commonly af-
fected organ of CsA toxicity. Older age, male sex, and pres-
ence of kidney disease were risk factors associated with labo-
ratory abnormality during CsA treatment. (Ann Dermatol
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INTRODUCTION

Cyclosporine A (CsA) is one of the most commonly used
systemic medications for the treatment of psoriasis as evi-
denced by the clinical trial results and prolonged experi-
ence'”. Although a considerable amount of clinical data
have accumulated in favor of the efficacy of CsA for treat-
ing psoriasis, studies primarily designed to address the lab-
oratory side effects of CsA have not been performed.
Rather, there have only been individual and cross-sec-
tional observational reports of various side effects of CsA
but no long-term longitudinal observational studies for es-
timating the risk factors for laboratory side effects*®.

The reporting of side effects was variable, and there are
well-known complications such as hypertension, neph-
rotoxicity, prolonged immunosuppression, hyperkalemia,
and hypomagnesemia’. Therefore, it is necessary to mon-
itor patients’ medical statuses including laboratory studies
during treatment to prevent adverse reactions and identify
any signs of developing toxicity. In clinical practice, it is
recommended that laboratory values be checked monthly
after therapy is started”””.

To the best of our knowledge, no clinical study to date has
focused on the changes of laboratory test results and re-
lated risk factors in patients with psoriasis treated with pro-
longed CsA therapy. The frequency of the changes in and
detailed adverse effects on laboratory test results have not
been characterized or well documented. We investigated
the changes of laboratory values in patients with psoriasis
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treated with CsA in real-world clinical practice. Further-
more, we assessed the possible risk factors predicting ad-
verse effects of CsA on laboratory tests.

MATERIALS AND METHODS
Subjects

Records of patients with various forms of psoriasis who
were treated with CsA at an outpatient clinic between
January 2009 and June 2014 were retrospectively collected.
All of these patients were administered CsA only, whereas
other anti-psoriatic medications such as methotrexate or
retinoids were not concomitantly administered with the
exception of topical treatments. In a real-world setting, on-
ly those whose baseline (pre-CsA) laboratory test findings
were normal were included, but despite a chronic glomer-
ulonephritis in one patient, he was treated with CsA for
the generalized psoriasis after a nephrology consultation.
Three patients with chronic hepatitis B received both lam-
ivudine and CsA treatment.

The initial CsA dosage was generally 3 to 4 mg/kg/d given
in two divided doses®'®. Once a patient’s psoriasis was in
remission, every 2 weeks the dosage was decreased to the
lowest possible dose that maintained disease control. In
cases of relapse, the dosage was increased again to the
smallest possible degree.

Extracted data included demographic details, body mass
index (BMI), disease duration, psoriasis severity before
starting CsA evaluated by the psoriasis area and severity
index (PASI), CsA medication duration and dose, and
comorbidities. We defined the disease duration as total
days suffering since the onset of psoriasis. The study was
approved by Seoul National University Bundang Hospital
Institutional Review Board (No. B-1412-278-120).

Laboratory tests

Before starting CsA, all patients underwent sample collec-
tion for laboratory tests including complete blood cell
(CBC) count, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), uric acid, serum creatinine (Cr),
blood urea nitrogen (BUN), and urinalysis. Tests for hep-
atitis B and C viruses were also performed for all patients.
Laboratory tests were also performed 1 month after treat-
ment and every 2 months thereafter. Changes in labo-
ratory values during treatment were assessed through the
review of laboratory test results.

We defined normal results as follows: white blood cell count,
4,000~ 10,000/mm?>; red blood cell count, 4,000,000~
5,400,000/mm’ for women and 4,200,000 ~ 6,300,000/mm’
for men; hemoglobin level, 12~ 16 g/dl for women and 13~
17 g/dl for men; platelet count, 130,000~ 400,000/mm?’;

144  Aun Dermatol

AST and ALT levels, 0~40 IU/L; uric acid level, 3.0~ 7.0
mg/dl; serum Cr level, 0.7~ 1.4 mg/dl; and BUN level, 10~
26 mg/dl. The definition of normal urinalysis findings was
consistent with that of our hospital’s laboratory reference
values.

Statistical analysis

Data were analyzed using SAS software (ver. 9.3; SAS
Institute, Cary, NC, USA) using methods appropriate for
time-to-event data. The time to a defined event in days
was measured from the initial date CsA was taken to the
date laboratory abnormalities were detected. Data for pa-
tients with normal laboratory findings at the time of the fi-
nal analysis were considered right-censored. A Cox pro-
portional hazards regression model was used to determine
whether there was a significant difference in laboratory re-
sult abnormalities among patients with psoriasis based on
baseline characteristics, while Firth’s correction was ap-
plied to analyze specific variables. Baseline data included
demographic information, BMI, disease duration, psoriasis
severity according to PASI score, CsA therapy dose and
duration, and the presence of comorbidities. Hazard ratios
(HRs) were estimated with 95% confidence intervals (Cls).

Table 1. Baseline demographic and clinical features of the studied
patients (n=128)

Variable Value
Age (yr) 41.65+14.84
Sex
Female 57 (44.5)
Male 71 (55.5)
BMI (kg/m?)* 24.27+3.98
Duration of disease (mo) 95.43+104.70
PASI score 14.89+10.04
<10 43 (38.4)
>10 69 (61.6)
Total medication period (d) 324.45+338.38
Cumulative dose (g) 45.79+43.27
Underlying diseases
None 98 (76.6)
Diabetes 8 (6.3)
Hypertension 14 (10.9)
Dyslipidemia 9 (7.0
Chronic hepatitis B infection 3 (2.3)
Kidney disease 1 (0.8)
Others " 9 (7.0

Values are presented as mean +standard deviation or number
(%). BMI: body mass index, PASI: psoriasis area and severity
index. *Including only patients for whom BMI (n=57) was
available. Tlncluding only patients for whom PASI score (n=112)
was available. TAngina, aortic dissection, autism, brain hemor-
rhage, stroke, thyroid disease.



Values of p<0.05 were considered statistically significant.

RESULTS

Patients’ demographic data and clinical features

A total of 128 patients with psoriasis (mean age, 41.65
years; range, 13~82 years) were evaluated; of them, 71
patients (55.5%) were men. The mean BMI was 24.27
kg/m® (range, 16.41~ 33.78 kg/m?). The mean disease du-
ration between psoriasis outbreak and first CsA use was
95.43 months (range, 0.3 ~420.0 months). At the start of
CsA treatment, the mean PASI score was 14.89 (range, 1.5~

Table 2. Laboratory abnormality of studied patients (n=128)

Item description Value
Laboratory abnormality 8 (21.9)
CBC O (0)
AST/ALP 19 (14.8)
Uric acid 10 (7.8)
BUN/Cr 3 (2.3)
U/A 0 (0)

Values are presented as number (%). CBC: complete blood cell,
AST/ALP: aspartate aminotransferase/alanine aminotransferase,
BUN/Cr: blood urea nitrogen/creatinine, U/A: urinalysis.

Risk Factors in Cyclosporine-Treated Psoriasis

56.0). The presence of comorbid conditions is listed in
Table 1. CsA was administered for an average 324.45 days
(range, 27.0~2,150.0 days), and the mean cumulative
CsA dose was 45.79 g (range, 3.15~225.75 g).

Laboratory result abnormalities and risk factors

Of the 128 patients included in this study, 28 patients
(21.9%) showed laboratory test abnormalities (Table 2).
Laboratory abnormalities occurred at the following fre-
quencies: AST/ALT, 19 patients (14.8%); uric acid, 10 pa-
tients (7.8%); and BUN/Cr, three patients (2.3%). No ab-
normalities were observed in CBC count or urinalysis
findings. Six of nineteen patients with transaminitis
showed transaminases greater than twice the upper limit
of normal (>2 ULN) and 13 patients <2 ULN. One of 3
patients had a greater than 30% increase in serum Cr com-
pared with baseline and 2 patients less than 30%.

Factors related to total laboratory abnormalities were eval-
uated (Table 3). Among the variables studied, the only in-
dependent risk factors of overall laboratory abnormality
were male sex (HR, 0.225; 95% Cl, 0.075~0.550;
p=0.003) and kidney disease (HR, 0.076; 95% Cl, 0.013 ~
1.447; p=0.018). Meanwhile, age, BMI, disease duration,
disease severity, total treatment period, cumulative dose,
and presence of comorbidities such as diabetes, hyper-

Table 3. Univariate and multivariate analysis results of all laboratory tests by group

Variable Normal group Abnormal group Univariate Multivariate
(n=100) (n=28) R (95% CI) pvalue R (95% Cl) pvalue
Age (yr) 41.48+14.11 42.25+15.89 1.001 (0.975~1.027) 0.955
Sex
Male 8 (48.0) 23 (82.1) 0.217 (0.073~0.527) 0.002* 0.225 (0.075~0.550) 0.003*
Female 52 (52.0) 5 (17.9)
BMI (kg/mZ)Jr 23.77+3.94 25.98+3.77 1.176 (0.974~1.433) 0.094
Duration of disease (mo) 100.95+110.35 75.71+80.01 0.997 (0.993~1.001) 0.178
PASI score®
<10 35 (40.2) 8 (32.0) 1.009 (0.971~1.044) 0.633
>10 52 (59.8) 17 (68.0)
Total medication period (d) 308.90+350.60 380.00+289.45 0.999 (0.997~1) 0.111
Cumulative dose (g) 42.55+44.00 57.37+39.11 1 (1~1) 0.240
Underlying diseases
Diabetes 7 (7.0) 1 (3.6) 2.195 (0.462~39.301) 0.442
Hypertension 13 (13.0) 1 (3.6) 3.611 (0.767 ~64.449) 0.208
Dyslipidemia® 9 (9.0) 0 (0.0) 6.025 (0.843~763.957) 0.217
Chronic hepatitis B infection 2 (2.0 1 (3.6) 1.046 (0.220~18.751) 0.965
Kidney disease 0 (0.0) 1 (3.6) 0.049 (0.008~0.924) 0.005* 0.076 (0.013~1.447) 0.018*
Others' 7 (7.0) 2 (7.1) 0.825 (0.245~5.136)  0.794

Values are presented as mean +standard deviation or number (%). BMI: body mass index, PASI: psoriasis area and severity index,

HR: hazard ratio, Cl: confidence interval. *p<0.05.

Tlncluding only patients for whom BMI (total =

57, normal =44, abnormal=13)

was available. Tlncluding only patients for whom PASI score (total=112, normal =87, abnormal =25) was available. SFirth’s correction

was applied.

HAngina, aortic dissection, autism, brain hemorrhage, stroke, thyroid disease.
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tension, dyslipidemia, and chronic hepatitis B infection
did not appear to be associated with laboratory abnor-
malities. Analysis of the cumulative HR for laboratory ab-
normalities with adjustment for covariates (sex and the
presence of kidney disease) also showed a time-dependent
pattern (Fig. 1).

We also individually evaluated the factors related to ab-
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Fig. 1. Cumulative hazard ratio of the development of laboratory
abnormalities adjusted for the effect of sex and the presence of
kidney disease. Laboratory abnormalities tended to occur prior
to 400 days of treatment.

normalities of each laboratory item (Table 4 ~6). On uni-
variate Cox proportional hazards regression analysis, male
sex was the only factor related to a significantly increased
risk of AST/ALT and uric acid abnormalities (Table 4, 5).
Age and the presence of kidney disease increased the risk
of BUN/Cr abnormalities on univariate analysis and re-
mained significant risk factors on multivariate analysis
(Table 6).

DISCUSSION

Various results regarding adverse reactions related to CsA
administration for psoriasis detected during laboratory
monitoring. In one study’, Cr elevations >30% of base-
line values were found in 20 of 28 patients (71%) who
were treated with CsA for a mean 55.5 months. In the ma-
jority of these patients, Cr levels stabilized but did not re-
turn to baseline levels after the CsA dosage was de-
creased’. On the contrary, Garcia-Bustinduy et al.* reported
that serum Cr levels were transiently elevated in six of 53
cases (11.3%) treated with CsA for a mean 31.4 months.
After the CsA dose reduction, all cases returned to normal
Cr levels, and no cases required treatment withdrawal.

Reports about the changes in other CsA treatment-related
hematological and biochemical parameters are extremely

Table 4. Univariate analysis results of liver transaminase levels by group

Variable Normal group Abnormal group Univariate
(n=109) (n=19) R (95% CI) pvalue
Age (yn) 41.88+15.13 40.32+13.32 0.989 (0.958~1.020) 0.504
Sex
Male 56 (51.4) 5 (78.9) 0.284 (0.081~0.784) 0.026*
Female 53 (48.6) 4 (21.1)
BMI (kg/mz)T 23.92+3.79 26.78+4.68 1.149 (0.965~1.370) 0.113
Duration of disease (mo) 101.31+108.13 61.74+76.06 0.995 (0.988~1) 0.073
PASI score’
<10 38 (39.6) 5 (31.3) 0.990 (0.938~1.036) 0.678
>10 58 (60.4) 11 (68.8)
Total medication period (d) 307.78 +£340.61 420.11+316.92 0.999 (0.996~1) 0.150
Cumulative dose (g) 43.22+43.60 60.55+39.11 1(1~1) 0.164
Underlying diseases
Diabetes 7 (6.4) 1 (5.3) 1.528 (0.310~27.654) 0.682
Hypertension 13 (11.9) 1 (5.3) 2.267 (0.467 ~40.817) 0.426
Dyslipidemia§ 9 (8.3) 0 (0.0) 4.071 (0.557~517.976) 0.341
Chronic hepatitis B infection® 2 (1.8) 1 (5.3) 0.728 (0.148~13.159) 0.759
Kidney disease® 1 (0.9) 0 (0.0) 0.056 (0.005~7.531) 0.099
Others" 8 (7.3) 1(5.3) 0.941 (0.191~17.001) 0.953

Values are presented as mean +standard deviation or number (%). BMI: body mass index, PASI: psoriasis area and severity index,

HR: hazard ratio, Cl: confidence interval. *p<0.05.

Tlncluding only patients for whom BMI (total=57, normal =50, abnormal=7)

was available. Tlncluding only patients for whom PASI score (total=112, normal =96, abnormal =16) was available. SFirth’s correction

was applied.
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Table 5. Univariate analysis results of uric acid levels by group

Variable Normal group Abnormal group Univariate
(n=118) (n=10) R (95% CI) pvalue
Age (yr) 42.04+15.23 37.00+8.11 0.974 (0.930~1.017) 0.252
Sex '
Male 61 (51.7) 10 (100.0) 0.048 (0~0.372) 0.046*
Female 57 (48.3) 0 (0.0
BMI (kg/mz)T 24.11+3.92 25.68+4.60 1.107 (0.903 ~1.348) 0.311
Duration of disease (mo) 95.56+106.91 93.90+78.07 1 (0.993~1.005) 0.891
PASI score®
<10 41 (40.2) 2 (20.0) 1.022 (0.962~1.075) 0.440
>10 61 (59.8) 8 (80.0)
Total medication period (d) 320.67 +348.75 369.10+179.33 0.999 (0.995~1.001) 0.324
Cumulative dose (g) 44.85+44.34 56.81+26.61 1 (1~1) 0.464
Underlying diseases
Diabetes 7 (5.9) 1 (10.0) 0.671 (0.125~12.403) 0.706
Hypertension 13 (11.0) 1 (10.0) 1.240 (0.231~22.937) 0.839
DyinpidemiaT 9 (7.6) 0 (0.0) 2.075 (0.265~267.712) 0.632
Chronic hepatitis B infection ' 3 (2.5) 0 (0.0 0.770 (0.097~99.639) 0.865
Kidney disease " 1 (0.8) 0 (0.0) 0.108 (0.013~14.064) 0.160
Others" 8 (6.8) 1 (10.0) 0.639 (0.120~11.795) 0.671

Values are presented as mean +standard deviation or number (%). BMI: body mass index, PASI: psoriasis area and severity index,
HR: hazard ratio, Cl: confidence interval. *p<0.05. TFirth’s correction was applied. Tlncluding only patients for whom BMI (total=57,
normal =51, abnormal =6) was available. SIncluding only patients for whom PASI score (total =112, normal =102, abnormal=10) was available.
HAngina, aortic dissection, autism, brain hemorrhage, stroke, thyroid disease.

Table 6. Univariate and multivariate analysis results of blood urea nitrogen/creatinine levels by group

Variable Normal group  Abnormal group Univariate Multivariate
(n=125) (n=3) R (95% CI) pvalue R (95% CI) pvalue
Age (yr) 40.90+14.17 73.00+4.36 1.174 (1.068~1.370) 0.007* 1.209 (1.065~1.562) 0.032*
Sex
Male 69 (55.2) 2 (66.7) 0.593 (0.028~6.190) 0.670
Female 56 (44.8) 1 (33.3)
BMI (kg/mZ)Jr 24.21+4.03 26.13+1.57 1.127 (0.791~1.584) 0.481
Duration of disease (mo) 93.21+104.33 188.00+90.07 1.006 (0.997~1.015) 0.156
PASI score®
<10 42 (38.5) 1 (33.3) 1.067 (0.976~1.147) 0.099
>10 67 (61.5) 2 (66.7)
Total medication period (d) 343.63+339.73  233.67+319.93 0.998 (0.989~1.002) 0.557
Cumulative dose (g) 45.80+42.99 45.22+65.37 1 (1~1) 0.875
Underlying diseases
Diabetes® 8 (6.4) 0 (0.0) 0.487 (0.047~65.460) 0.680
Hypertension® 14 (11.2) 0 (0.0 0.817 (0.079~109.818) 0.908
Dyslipidemia® 9 (7 2) 0 (0.0) 0.582 (0.056~78.299) 0.757
Chronic hepatitis B infection® 4) 0 (0.0 0.184 (0.018~24.718) 0.332
Kidney disease ( 0) 1 (33.3) 0.008 (0~0.205) 0.001* 0.029 (0.001~0.807) 0.022*
Others' 8 (6.4) 1 (33.3) 0.655 (0.030~6.841)  0.114

Values are presented as mean +standard deviation or number (%). BMI: body mass index, PASI: psoriasis area and severity index,
HR: hazard ratio, Cl: confidence interval. *p<0.05. Tlncluding only patients for whom BMI (total=57, normal =55, abnormal =2)
was available. Tlncluding only patients for whom PASI score (total=112, normal =109, abnormal =3) was available. SFirth’s correction
was applied. HAngina, aortic dissection, autism, brain hemorrhage, stroke, thyroid disease.
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limited. Lebwohl et al.’ reported that hypomagnesemia,
hyperkalemia, and hyperuricemia were observed and that
triglyceride and cholesterol elevations occurred in approx-
imately 15% and <3% of patients, respectively. For the
most part, these laboratory abnormalities were reversible
with CsA cessation’. A recent study reported that in-
creased liver enzyme levels and hyperuricemia were ob-
served in 18.9% and 20.7% of patients, respectively,
while high cholesterol and triglyceride levels were found
in 11.3% and 3.8% of patients, respectively®.

There were some Korean data related with adverse re-
actions of CsA treatment for various skin diseases. In a
study of patients with psoriasis treated with CsA for 12
weeks, microscopic hematuria were reported in 3.3%, ab-
normal liver function test and hyperuricemia in 1.6%, re-
spectively'', and in other study of patients with psoriasis,
increase in serum Cr and abnormal liver function test
were reported in 2%, respectively'”. On the other hand,
none of the 27 patients with chronic idiopathic urticaria
treated with CsA for 12 weeks had laboratory abnormal-
ities'’. Of the 61 patients with atopic dermatitis who re-
ceived with CsA treatment for a mean 13.5 months, one
patient (1.6%) had an increase in serum Cr of more than
30% above the baseline level and returned to normal after
4 months of discontinuation of CsA treatment'®. A study of
1,335 dermatologic patients with CsA treatment in Korea
reported hypercholesterolemia (30 patients, 2.2%) and hy-
pertriglyceridemia (12 patients, 0.9%)"’. Both adverse ef-
fects were more frequent in adults, psoriasis patients, and
at more than 3 months of treatment, and were reversible
after discontinuation of therapy.

In our study of 128 Korean patients with psoriasis treated
with CsA, the laboratory abnormality rate was 21.9% for a
mean medication period of 11.6 months. Among them,
liver enzyme elevations occurred most frequently in 19
patients (14.8%), followed by changes in uric acid and
BUN/Cr levels in 10 patients (7.8%) and three patients
(2.3%), respectively. Nephrotoxicity has traditionally been
considered the main clinical side effect of CsA treatment.
However, our results suggest that transient transaminitis
and hyperuricemia occur more often than kidney function
impairments when CsA is used for up to 1 year, and these
rates should not be ignored. Importantly, CsA was stopped
in six of the 19 patients with liver function abnormalities
because the liver enzyme levels increased above 2 ULN,
and the levels did not return to baseline in one of the 6
patients until 1 month after drug discontinuation. Liver
function abnormalities were reversible with a dose reduc-
tion in the other 13 patients. In most patients who showed
hyperuricemia during treatment, uric acid levels con-
tinued to fluctuate or increase despite a dose reduction.
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Increases in BUN or Cr levels were reversible after the
CsA dosage was decreased. Due to a significantly higher
risk of developing irreversible renal damage, current
guidelines limit the continuous use of CsA in the United
States to 1 year, while those in the United Kingdom and
Europe recommend a limit of 2 years®”'®. Our finding of
renal function changes being reversible when CsA use
was limited to 1 year was consistent with these general
principles.

Here we analyzed the risk factors associated with changes
in laboratory test results for patients with psoriasis treated
with CsA. It has been generally known that increasing age,
decreased renal function, and baseline hypertension are
predictors of severe adverse effects on renal function®®. As
expected, older age and pre-existing kidney disease sig-
nificantly increased the risk of renal dysfunction. Male sex
was the only significant risk factor for liver enzyme and ur-
ic acid abnormalities. The potential difference between
male and female might be associated with alcohol drink-
ing habits. Interestingly, our data showed that BMI, disease
severity, total medication period, and cumulative dose
were not significantly related to laboratory abnormalities.
In contrast, Markham et al.’ reported that Cr increases
were related to cumulative dose and therapy duration.
Most patients in our study continued on CsA therapy for
up to 1 year, while some required intermittent short-term
intervals beyond 1 year. For this reason, our results showed
that laboratory changes seemed not to be influenced by
total medication period or cumulative CsA dose. As dos-
age per body weight is essential for CsA administration,
the dose is higher in obese patients. Nevertheless, the re-
lation between BMI and adverse events was not statisti-
cally significant, which also supports the finding that CsA
dose used within a year does not affect laboratory
abnormality.

In conclusion, this is an in-depth study to evaluate labo-
ratory changes and related risk factors in patients with
psoriasis treated with CsA. We assessed demographic and
clinical factors inducing adverse effects according to each
laboratory item. Our data suggest that advanced age, male
sex, and the presence of kidney disease are risk factors as-
sociated with laboratory abnormalities during CsA treatment.
For patients taking CsA for up to 1 year, transaminase and
uric acid level elevations should be carefully monitored.
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