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ChapterChapter 6 

SUMMARY Y 

Background:Background: Cyclosporin (CsA) is an effective treatment for severe 
plaquee psoriasis. Unfortunately, its use may be limited by time- and 
dose-relatedd nephrotoxicity. Serum trough levels may be useful for 
monitoringg the risk of nephrotoxicity. 

Objective:Objective: To determine whether monitoring of trough levels is 
necessaryy in psoriasis patients undergoing short-term treatment with 
CsA. . 

Methods:Methods: A computerized and manual literature search identified 
studiess on adults with plaque-type psoriasis treated with CsA < 5 
mg/kg/dayy in which trough levels were measured in whole blood. 
Numberr of patients, treatment duration, formulation and dosage, renal 
functionn tests and trough levels were extracted. The association 
betweenn renal function and trough levels was investigated. Additionally, 
inn a randomized controlled trial on cyclosporin vs. methotrexate in 
moderatee to severe psoriasis, CsA trough levels were measured 
frequentlyy in 20 patients during 12 weeks of treatment. The Pearson 
correlationn coefficient between serum creatinine and CsA trough levels 
wass calculated. 

Results:Results: Fifty-six articles were found concerning CsA trough level 
measurementss in psoriasis patients, of which eight were analyzed. 
Manyy studies were excluded due to inappropriate CsA dosages used. 
Ass data were heterogeneous and lacked various key parameters, a 
correlationn study and a meta-analysis could not be performed. Instead, 
aa quantitative description of the literature was given. No high mean 
troughh levels or elevations of serum creatinine were described. In our 
clinicall study, all the mean trough levels in 17 patients treated with CsA 
33 mg/kg/day were within the therapeutic range (< 200 ng/mL). Elevated 
troughh levels were found in two of three patients treated with CsA 3-5 
mg/kg/day.. No signs of renal dysfunction were seen. 

Conclusions:Conclusions: The literature does not provide a definitive answer on 
whetherr monitoring CsA trough levels in patients with psoriasis should 
bee standard practice. Our own data show no need for CsA trough level 
monitoringg during short-term treatment with CsA 3 mg/kg/day. However, 
whenn CsA doses are > 3 mg/kg/day, monitoring may be indicated. 
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INTRODUCTION N 

Cyclosporinn (CsA) is an effective treatment for severe plaque psoriasis. 
Unfortunately,, its use may be limited by time- and dose-related 
nephrotoxicity.1,22 Nephrotoxicity can be detected by repeated 
determinationn of the serum creatinine level. However, serum creatinine 
measurementss are an unreliable predictor of decreased renal function.3 

Inn addition, determination of the glomerular filtration rate and calculated 
creatininee clearance can be used to monitor kidney function. More 
advancedd techniques to detect possible nephrotoxicity, including kidney 
biopsies,, are not daily practice. Serum trough levels of CsA have been 
proposedd as useful for monitoring the risk of nephrotoxicity. 

Inn transplantation medicine, CsA trough level determination was for a 
longg time considered essential to enhance the efficacy and safety of 
CsAA therapy.4"8 The clinical condition of transplant recipients makes it 
importantt to achieve therapeutic ranges of CsA trough levels, balancing 
betweenn adverse drug effects and adequate immunosuppression to 
reducee the risk of a host-versus-graft reaction. The generally accepted 
whole-bloodd therapeutic ranges of CsA (with monoclonal radio immuno 
assay,, RIA) are 100-200 ng/mL for renal transplant patients and 150-
2500 ng/mL for cardiac, hepatic, and pancreatic transplant patients 
duringg the maintenance phase, whereas slightly higher ranges are 
recommendedd during the induction phase.9,10 The predictive value of 
troughh levels on renal dysfunction occurring within days to weeks after 
initiationn of CsA therapy has been shown in several transplant 
populations.4"8,11,122 In these populations dose adjustments guided by the 
valuess of the CsA trough levels showed that acute nephrotoxicity was 
reversible.. In studies by Uchida et a/.12 and Mover et a/.13 the 
occurrencee of trough levels exceeding the therapeutic range resulted in 
abnormall allograft function. Long-term renal function (6 and 18 months 
afterr transplantation, respectively) seemed to be better when CsA 
troughh levels were kept under 200  20 ng/mL and 250 ng/mL, 
respectively.. In all these studies high dosages of CsA (> 5 mg/kg/day) 
weree used; no data on nephrotoxicity during low-dose CsA treatment (< 
55 mg/kg/day) are available. 
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Accordin gg to the recent consensu s conferenc e in dermatology , 
monitorin gg CsA troug h levels is not though t to be necessar y in treatin g 
patient ss with skin diseases , other than thos e on concurren t medicatio n 
thatt  interact s with CsA or in rare cases of insufficien t clinica l response. 14 

Inn contras t to the investigation s in transplan t recipients , no predictiv e 
valuee of troug h levels for short-ter m nephrotoxicit y was foun d in 
psoriasi ss  patients. 15 This has not been investigate d with regard to long -
termm nephrotoxicit y in psoriasis . 

Too investigat e whethe r drug monitorin g by troug h level s is necessar y in 
psoriasis ,, we conducte d a systemati c literatur e review and analyse d 
clinica ll  data on troug h levels from psoriasi s patient s treated with short -
termm CsA. 
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MATERIAL SS AND METHODS 

LiteratureLiterature review 

Aim s s 
Iss there evidence in the literature for an association between CsA 
troughh levels and short- and long-term nephrotoxicity? In other words, 
doo we need to evaluate CsA trough levels in standard practice in order 
too detect nephrotoxicity while treating a patient with psoriasis? 

Dataa source s 
Wee conducted a computerized search of bibliographic databases 
(MEDLINEE from 1966 until September 2000, Embase from 1984 until 
Septemberr 2000 and Current Contents until 16 October 2000) and a 
complementaryy manual literature search. The following keywords 
(includingg analogues and derivatives) were used: 'psoriasis', 
'cyclosporin',, 'trough level', 'blood level' and 'serum level'. The search 
wass restricted to human studies and to those in Dutch, English, French 
andd German. We contacted leading researchers and the 
pharmaceuticall industry for references. In addition, textbooks and 
abstractt books of congresses were screened for references to optimize 
thee results of the search. 

Thee articles were assessed by one investigator (V.M.R.H.) according to 
aa checklist for inclusion, and a second investigator (Ph.l.S.) was 
consulted.. In case of double publications the most detailed study was 
included.. To define the quality of the studies, guidelines denoting the 
levell of evidence16 were used (Table 1). 
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Tablee 1. Level s of evidenc e concernin g intervention s 

A11 Meta-analysis containing at least some trials of level A2 and of which the 
resultss of individual trials are consistent 

A22 Randomized comparative clinical trials of good quality (randomized 
double-blindd controlled trials) of sufficient size and consistency 

BB Randomized clinical trials of moderate (weak) quality or insufficient size 
orr other comparative trials (non-randomized, cohort studies, patient-
controll studies) 

CC Non-comparative trials 

DD Expert opinion 

Stud yy selectio n 
Studiess were included if they concerned adult patients, in which > 75 % 
off the study population suffered from plaque-type psoriasis, treated with 
CsAA < 5 mg/kg/day (divided into two closes), and in which trough levels 
weree measured in whole blood. 

Excludedd were studies with patients treated with concurrent medication 
influencinginfluencing CsA trough levels, studies in which the patients suffered 
fromm other diseases with a potential influence on trough levels, studies 
inn which it was not clear at what time point in the time-concentration 
curvee blood levels were measured, and studies in which trough levels 
weree measured in serum or plasma or other body fluids. 

Dataa extractio n 
Wee addressed the following questions: Do trough levels above the 
therapeuticc range occur? Are there signs for renal dysfunction? What is 
thee correlation between trough levels and serum creatinine? The 
followingg data were extracted: number of patients, duration of therapy, 
formulationn and dosage, method of trough level determination, trough 
levell value measured (mean and range were extracted or calculated), 
serumm creatinine (mean and range were extracted or calculated), and 
dataa from other renal function tests. 
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ClinicalClinical trial 

Too complement the results of the literature search, we also collected 
dataa from 20 consecutive patients participating in a prospective 
randomizedd controlled trial (RCT) to study the efficacy and safety of 
methotrexatee and CsA. Patients were suffering from moderate to severe 
psoriasiss (Psoriasis Area and Severity Index, PASI > 8) and were 
treatedd with CsA (Neoral®, Novartis Pharma, Arnhem, the Netherlands). 
Earlyy morning dose trough levels were measured with an 
enzyme-multipliedd immunoassay technique (EMIT kit, SYVA, Dade 
Behringg Inc., Deerfield, IL, U.S.A.).17,18 All patients were treated for 16 
weekss and followed up for 36 weeks. The initial dose of CsA was 3 
mg/kg/day,, and a dose increase to 5 mg/kg/day at week 4 was allowed 
onlyy if the PASI reduction was < 25% from baseline. After 3 months of 
treatmentt the dose was tapered off during 1 month. Exclusion criteria 
andd criteria for safety and dose decreases followed the guidelines 
describedd in the most recent consensus.14 Patients previously treated 
withh methotrexate or CsA were excluded, as were patients with 
concurrentt medication and / or comorbidity with a potential influence on 
CsAA trough levels (except for oral contraceptives). Monitoring of renal 
functionn was performed by serum creatinine determination at baseline 
andd weeks 2, 4, 8 and 12. The creatinine clearance was calculated at 
baselinebaseline according to the Cockcroft Gault formula.19 CsA trough levels 
weree measured at weeks 2, 4, 8 and 12. The dose was decreased by 
25%% if: (i) trough levels > 200 ng/mL were measured on two 
consecutivee visits in the first 4 weeks; or (ii) if a high trough level 
occurredd simultaneously with a rise in serum creatinine > 30% of 
baselinee value; or (iii) if in the following weeks trough levels increased 
abovee 130 ng/mL. 

Correlationn between trough level values and serum creatinine was 
calculatedd with the Pearson correlation test. 
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RESULTS S 

LiteratureLiterature review 

Inclusio n n 
Wee found 56 articles published between 1986 and 1999, 54 in English, 
onee in German and one in French. In 25 of these studies the CsA dose 
didd not exceed 5 mg/kg/day. Of these 25 studies, 21 described a patient 
populationn with plaque-type psoriasis, of which 17 studies were 
performedd in adult patients. After checking for doubled publications, 15 
studiess remained. Of these, only eight gave data on trough levels. 

Dataa extractio n 
Dataa extracted from the included studies20"27 are shown in Table 2. In 
thee eight included studies the number of patients varied from 8 to 193, 
dosagess used varied from 1 to 5 mg/kg/day and duration of treatment 
variedd from 2 to 72 (mean) weeks. 

Inn 1995, Neoral, a microemulsion formulation of CsA, was introduced. 
Ass compared with Sandimmun® (Novartis), Neoral has a reduced intra-
andd interindividual variability, improved bioavailability and improved 
dosee linearity. Sandimmun was used in all the included studies, 
includingg one comparative study of Sandimmun and Neoral. In the eight 
includedd studies, three different methods were used to determine trough 
levelss in whole blood: monoclonal RIA, polyclonal RIA and the TDx 
autoanalyzerr (Abbott B.V., Hoofddorp, the Netherlands).28,29 Four 
studiess were performed with monoclonal RIA, two with TDx 
autoanalyzer,, one with polyclonal RIA and one with both monoclonal 
andd polyclonal RIA. 

Thee mean  sem (standard error of the mean) Sandimmun trough levels 
(ng/mL)) ranged from 72.8  31.8 to 230  17 by monoclonal RIA, 229
955 to 397.7  46.1 by polyclonal RIA and 118.2 to 119.5  10 by TDx 
autoanalyzer.. The mean  sem Neoral trough level (ng/mL) was 78.8
5.88 by monoclonal RIA. In four studies renal function was measured by 
serumm creatinine, which ranged from 84.1 to 102 umol/L during 
treatment.. Other renal function tests were performed in only one 
study.22 2 
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Tablee 2. Data extracte d fro m the include d studie s 

Typee of test : 

authors , , 
year, , 
(reference ) ) 

levell  of evidenc e 

numbe rr  of patient s 

dos e e 
(mg/kg/day ) ) 

duratio n n 
(weeks ) ) 

troug h h 
level s s 
(ng/ml ) ) 

renal l 
functio n n 

mean n 
(11 sem) 

rang e e 

mean n 
seru m m 
creat t 
(umol/L ) ) 

othe r r 

correlatio n n 
troug hh level / 
renall  functio n 

remark s s 

Sandimmu nn - monoclona l radioimmunoassa y (RIA) 

Feutrenn et at. 
1990 0 
(20) ) 

A2 2 

193 3 

2.55 or 5 

44 4 

2.55 mg: 
1033 (  5) 

5mg: : 
230230 (  17) 

nott reported 

nott reported 

none e 

not t 
investigated d 

troughh levels 
weree mean 
valuess from 
weekk 1,2,3,4. 

therapeuticc level 
200200 ng/ml 

Korstanjee et al. 
1991 1 
(21) ) 

C C 

14 4 

5 5 

44 or 12 

weekk 4: 
1633 ) 

weekk 12: 
1133 ) 

nott reported 

nott reported 

none e 

not t 
investigated d 

troughh levels 
weree mean 
valuess after 4, 
resp.. 12 weeks 

Korstanjee et al. 
1992 2 
(22) ) 

C C 

8 8 

5 5 

12 2 

1299 (  5.7) 

110-155 5 

weekO: : 
89.9 9 

weekk 12: 
102 2 

GFR,, ERPF, 
TRVR R 

not t 
investigated d 

Lindholmm et al. 
1990 0 
(23) ) 

C C 

56 6 

2.5 5 

2,4,, 8 or 12 

weekk 2: 
90.11 (  58.9) 
weekk 4: 
88.44 (  50.9) 
weekk 8: 
74.66 (  32.5) 
weekk 12: 
72.88 ) 

nott reported 

weekk 2: 
88.77 ) 
weekk 4: 
86.77 ) 
weekk 8: 
89.66 ) 
weekk 12: 
87.88 (  12.2) 

none e 

0.21 1 

threethree drop-outs 
andd three with-
drawalss during 
therapyy period 

Erkkoo et al. 
1997 7 
(24) ) 

A2 2 

19 9 

2 - 5 5 
meann dose: 
228.99 mg/day 

21.22 (mean) 
(5.2-102.4) ) 

80.88 (  5.9) 

nott reported 

weekO: : 
88.1 1 
weekk 2: 
84.1 1 
weekk 4: 
89.4 4 
weekk 6: 
88.6 6 

none e 

not t 
investigated d 

sem,sem, standard error of the mean; creat; creatinin; GFR, glomerular filtration rate; ERPF, effective renal plasma 
flow,flow, TRVR, total renal vascular resistance. 
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Tablee 2 (continued) . Data extracte d fro m the include d studie s 

Typee of test : 

authors , , 
year , , 
(reference ) ) 

levell  of evidenc e 

numbe rr  of patient s 

dos e e 
(mg/kg/day ) ) 

duratio n n 
(weeks ) ) 

troug h h 
level s s 
(ng/mt ) ) 

renal l 
functio n n 

mean n 
(Isem ) ) 

rang e e 

mean n 
seru m m 
creat t 
(umol/L ) ) 

othe r r 

correlatio n n 
troug hh level / 
renall  functio n 

remarks remarks 

Sandimmu nn -
polyclona ll  RIA 

Griffithss ef al. 
1989 9 
(25) ) 

C C 

13 3 

meann dose: 2.8 
(1-4) ) 

722 (mean) 
(48-100) ) 

397.7 7 
) ) 

mean n 
observation n 
time:: 20.4 
months s 

120-586 6 
(rangee of the 
mean) ) 

weekO: : 
72 2 

afterr treatment: 
90 0 

none e 

not t 
investigated d 

therapeutic c 
range: : 
400-8000 ng/mL 

Lindholmm et al. 
1990 0 
(23) ) 

C C 

56 6 

2.5 5 

2,, 4, 8 or 12 

weekk 2: 
2822 ) 
weekk 4: 
2688 ) 
weekk 8: 
2311 (  104) 
weekk 12: 
2299 (  95) 

nott reported 

weekk 2: 
88.77 (  13.9) 
weekk 4: 
86.77 ) 
weekk 8: 
89.66 ) 
weekk 12: 
87.88 (  12.2) 

none e 

0.28 8 

threee drop-outs 
andd three with-
drawalss during 
therapyy period 

Sandimmu nn -
TDxx autoanalyze r 

leirii et al. 
1996 6 
(26) ) 

C C 

170 0 

meann dose: 
3.1 1 

8 8 

118.2 2 

60.00 - 222.6 

nott reported 

none e 

not t 
investigated d 

" " 

Shibataefa/. . 
1998 8 
(27) ) 

C C 

16 6 

meann dose: 
3.1 1 

>4 4 

119.5 5 
) ) 

61.2-189.3 3 
(rangee of the 
mean) ) 

nott reported 

none e 

not t 
investigated d 

Neorall  -
monoclona l l 
RIA A 

Erkkoo et al. 
1997 7 
(24) ) 

A2 2 

19 9 

2 - 5 5 
meann dose: 
228.99 mg/day 

21.22 (mean) 
(5.22 -102.4) 

78.88 (  5.8) 

nott reported 

weekO: : 
88.1 1 
weekk 2: 
84.1 1 
weekk 4: 
89.4 4 
weekk 6: 
88.6 6 

none e 

not t 
investigated d 

--

sem,sem, standard error of the mean; creat; creatinin; GFR, glomerular filtration rate; ERPF, effective renal plasma 
flow,flow, TRVR, total renal vascular resistance. 
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CyclosporinCyclosporin trough levels 

Fourteenn men and six women were included, with a mean age of 33.5 
yearss (range 22-54). The mean PASI at baseline was 14.7 (range 8-
38.4).. Tables 3 and 4 show that the mean CsA trough levels are within 
thee therapeutical range in all patients treated with 3 mg/kg/day. In three 
patientss (3,4 and 15) dose increases to 5 mg/kg/day were made after 4 
weekss of treatment according to the protocol because of insufficient 
clinicall effect. In one of these patients (patient 3), the trough level value 
att week 8 was above 130 ng/mL on two consecutive occasions and the 
dosee was decreased by 25% for the following weeks. In only two 
patientss (15 and 17) trough level measurements were above the upper 
limitt of 200 ng/mL. 

Althoughh little variation was found in the sequential mean trough levels 
(Tablee 4), the decrease in standard deviation between weeks 2 and 8 
suggestss a decrease in interpatient variability. This trend stopped at 
weekk 12 when the spread was even wider than at week 2. Contrary to 
expectations,, trough levels in the patients using oral contraceptives (n = 
4)) were in the range of 25-123 ng/mL. 

Correlatio n n 
Thee correlation between CsA trough levels and serum creatinine is 
shownn in Figure 1. The correlation coefficients after 2, 4, 8 and 12 
weekss of treatment were 0.24, 0.37, 0.27 and 0.60, respectively. 
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Tablee 3 

patien t t 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 

14 4 

15 5 

16 6 

17 7 

18 8 

19 9 

20 0 

mean n 
rang e e 

.. Clinica l trial : laborator y result s 

CsAA dos e 
(mg/kg/day ) ) 

mean n 

3 3 

3 3 

3.9 9 

4.3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

4.3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3-4.3 3 
3 - 5 5 

troug hh level 
(ng/mL ) ) 

meann rang e 

54.8 8 

138 8 

113 3 

74.3 3 

53 3 

94.8 8 

108 8 

94.3 3 

85.8 8 

78.7 7 

76.7 7 

61.5 5 

75.3 3 

41.8 8 

215 5 

73.3 3 

124 4 

63.8 8 

49 9 

54.7 7 

25-87 7 

__ * 

77-161 1 

35-123 3 

46-61 1 

82-109 9 

95-121 1 

86-102 2 

71-95 5 

76-82 2 

69-86 6 

45-74 4 

69-79 9 

33-48 8 

135-300 0 

58-91 1 

43-210 0 

53-71 1 

46-54 4 

40-66 6 

creatinin e e 
(pmol/L ) ) 

baselin e e 

69 9 

53 3 

94 4 

57 7 

70 0 

90 0 

73 3 

84 4 

75 5 

101 1 

90 0 

53 3 

75 5 

69 9 

80 0 

93 3 

82 2 

57 7 

75 5 

66 6 

75.3 3 
53-101 1 

weekk 12 

66 6 

68 8 

95 5 

56 6 

69 9 

95 5 

74 4 

77 7 

70 0 

118 8 

88 8 

60 0 

76 6 

56 6 

80 0 

n.d. . 

88 8 

61 1 

75 5 

n.d. . 

76.2 2 
56-118 8 

rang e e 

64-75 5 

60-69 9 

55-102 2 

46-77 7 

63-96 6 

69-95 5 

73-100 0 

76-80 0 

70-78 8 

86-118 8 

60-91 1 

60-83 3 

58-78 8 

56-75 5 

76-96 6 

94-96 6 

81-88 8 

54-61 1 

75-77 7 

74-75 5 

creatinin e e 
clearanc e e 
(Cockcroft --
Gault )) # 

181 1 

138 8 

132 2 

191 1 

163 3 

114 4 

147 7 

170 0 

180 0 

143 3 

119 9 

120 0 

148 8 

115 5 

125 5 

96 6 

98 8 

257 7 

132 2 

185 5 

147.7 7 
96-257 7 

## the outcome of thee Cockcroft-Gault formula should be > 90. 
** one single measurement, 

n.d.. not done. 
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Tablee 4. Cyclospori n troug h level s in patient s usin g 3 mg/kg/da y 

meann CsA troug h level (ng/mL ) 

standar dd deviatio n 

standar dd erro r of the mean 

rang e e 

meann seru m creatinin e (umol/L ) 

standar dd erro r of the mean 

baselin e e 

--

--

--

--

75.3 3 

14.1 1 

22 weeks 

81.2 2 

41.9 9 

9.9 9 

40-215 5 

75.4 4 

14.8 8 

44 weeks 

73.6 6 

27.4 4 

6.3 3 

25-135 5 

76.5 5 

14.4 4 

88 weeks 

78.9 9 

25 5 

6.3 3 

33-112 2 

76 6 

13.9 9 

122 weeks 

81.5 5 

44.5 5 

12.3 3 

40-210 0 

76.2 2 

16 6 
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FigureFigure 1. The correlation between CsA trough levels and serum creatinine. 
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DISCUSSION N 

AA correlation study based on the included studies could not be 
performedd because of the heterogeneity of the different key parameters. 
Unfortunately,, for the same reason, a meta-analysis could not be 
performed.. Instead, a quantitative description of the literature was 
given.. Different methods for trough level determination were used and, 
iff mentioned, different therapeutic levels were given, above which 
troughh levels were thought to be hazardous. As it is not known whether 
thee clinical phenotype of psoriasis is relevant for trough level 
monitoring,, only studies concerning chronic plaque-type psoriasis were 
included. . 

Thee range of the mean trough levels that were presented or could be 
calculatedd showed no abnormalities in patient groups treated with CsA 
dosagess < 5 mg/kg/day. However, higher trough levels were found in 
groupss treated with higher doses. The data extracted from the 
comparativee study of the two formulations were in correspondence with 
thee pharmacokinetic properties of Neoral and Sandimmune4 

Troughh levels are usually measured by a specific monoclonal 
immunoassayy that only detects the parent CsA compound. Other 
methodss include high-performance liquid chromatography (HPLC), 
EMITT and TDx autoanalyzer. TDx autoanalyzer is used in some 
laboratoriess and its sensitivity is almost as great as that of some 
immunoassays.300 Polyclonal immunoassays are also performed but will 
alwayss show higher levels (in general two to four times) than a specific 
monoclonall immunoassay or HPLC. Polyclonal assays may differ in the 
metabolitess of CsA that they measure and therefore different studies 
cannott be compared.29 The results of all these assays in terms of 
specificityy can be summarized as HPLC < EMIT < RIA < TDx. 

Inn one of the included studies the authors were conclusive about the 
correlationn between trough levels and serum creatinine.23 In this study a 
moderatee correlation of 0.21 for monoclonal RIA and 0.28 for polyclonal 
RIAA was found. A predictive value of CsA trough levels on serum 
creatininee could not be reported in individual patients. In the other 
sevenn studies the correlation between trough levels and nephrotoxicity 
wass not investigated and could also not be calculated from the data. 
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Ourr  clinica l data show that durin g 'low-dose ' CsA treatmen t (3 
mg/kg/day )) in patient s withou t relevan t comorbidit y and not on any 
concurren tt  medicatio n that coul d influenc e the bloo d CsA concentration , 
troug hh levels are of no additiona l use in monitorin g CsA-induce d renal 
dysfunction .. As in many other investigations , there was no correlatio n 
betweenn clinica l efficac y and CsA troug h levels. 20,24,25,31 In only thre e 
patient ss was a dose increas e (> 3 mg/kg/day ) necessar y due to 
insufficien tt  clinica l respons e after 4 weeks treatment . Result s varied 
widel yy  among these thre e patients . This coul d be due to interpatien t 
variabilit yy  or to a malabsorptio n syndrome , but this was not investigate d 
further .. In the three patient s treate d with a highe r dose , dose 
adjustmen tt  was needed in one (patien t 3) at week 8 becaus e of a 
troug hh level of 161 ng/mL . There were no sign s of renal dysfunction . A 
troug hh level of > 200 ng/mL was foun d in patien t 15. In this patien t ther e 
weree no significan t (or relevant ) change s in the serum creatinin e level . 

Durin gg the firs t 8 weeks of treatmen t we foun d no correlatio n between 
troug hh levels and serum creatinine . At 12 weeks of treatmen t a 
correlatio nn of 0.60 was found , suggestiv e of a trend . However , based 
uponn the duratio n of therap y and numbe r of patient s no accurat e 
statemen tt  about this trend / correlatio n can be made. 

Ourr  finding s correspon d highl y with the result s presente d by Lindhol m 
etet a/.23 (level of evidenc e C) and Erkko et al.2A (level of evidenc e A2). In 
thee firs t stud y a dose adjustmen t due to high troug h levels was needed 
inn only one of 56 patient s treated with a CsA dose comparabl e with ours 
(Sandimmu nn 2.5 mg/kg/day . In the secon d stud y (19 patient s treate d 
withh Neoral ) a mean troug h level of 78.8 ng/mL was reported , simila r to 
thee mean levels we foun d (73.6 - 81.5 ng/mL) . Compare d with psoriasi s 
patients ,, transplantatio n recipient s are probabl y more at risk for organ 
failure ,, suffe r from more comorbidit y and often are treated with multipl e 
drug ss simultaneously . New data in transplantatio n medicin e 
demonstrat ee that monitorin g C2 level s (CsA serum concentratio n two 
hour ss after ingestion ) coul d be a more effectiv e strateg y than monitorin g 
troug hh levels . C2 levels were recentl y investigate d in liver and renal 
transplan tt  patients. 32 Less acute rejectio n occurre d when C2 level s of 
8500 ng/mL were achieved , but more importantl y for dermatologica l 
patients ,, a significan t mean decreas e in serum creatinin e of 22% was 
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found.. To confirm the benefit of monitoring C2 levels instead of the 
traditionall trough levels an RCT in dermatological patients should be 
performed. . 

Regardingg the results extracted from the literature and the finding of a 
moderatee correlation between trough levels and serum creatinine, we 
concludee that there is no need for drug monitoring in psoriasis during 
short-termm 'low-dose' treatment. A follow-up study for obtaining 
long-termm data on trough levels is needed. When patients are treated 
withh CsA > 3 mg/kg/day and / or are suffering from renal impairment 
andd / or are on concurrent medication with the likelihood of drug 
interactions,, trough level monitoring remains necessary. 
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