
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Observations in clinical and experimental ocular autoimmunity

de Smet, M.D.

Publication date
2000

Link to publication

Citation for published version (APA):
de Smet, M. D. (2000). Observations in clinical and experimental ocular autoimmunity.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/observations-in-clinical-and-experimental-ocular-autoimmunity(df0b497f-9373-4c25-9f48-97b25d57db6c).html


Chapterr  13 

Clinicall  Use of Cyclosporine in Ocular  Disease 

Marcc D. de Smet, Robert B. Nussenblatt 

Internationall  Ophthalmology Clinics 33: 31-45, 1993 
(byy permission © Littl e Brown and Co.) 





CYCLOSPORINE E 

Clinica ll  Use of Cyclosporin e in 
Ocula rr  Diseas e 

Marcc D. de Smet, M.D. 
Robertt B. Nussenblatt, M.D. 

Withh the advent of reliable animal models of uveitis, the factors leading 
too ocular inflammation have slowly been dissected and studied. Several of 
thesee models have demonstrated the key role of T cells in the development 
off  autoimmune ocular disease and have led to the prediction that a drug 
withh predominantly anti-T-cell activity would be of benefit in treating or 
preventingg ocular inflammation. Cyclosporin A (CSA), the first T-cel! im-
munosuppressantt to be discovered, was quickly shown to be effective in 
suppressingg autoimmune uveitis in both controlled and uncontrolled trials 
[1—3].. Also known as cyclosporine, CSA was discovered in 1969/1970 by 
Jeann Borel and coworkers in the microbiology laboratories of Sandoz, Ltd, 
inn Basel, Switzerland [4]. Isolated from Tolypodadium injlalum (iams, this 
fungall  extract was first tested as an antifungal agent but proved disappoint-
ingg as its spectrum of activity was too narrow. The narrow spectrum was 
duee in part to its potent immunosuppressant effect, an effect directed 
virtuallyy exclusively against T cells. In addition to this specificity, CSA was 
shownn to be nonmyelotoxic and to have a reversible effect on the immune 
system.. However, despite these advantages, CSA therapy requires careful 
guidelines,, because this drug has a variety of nonimmunoiogical toxic side 
effects. . 

 Clinica l Pharmacolog y 

CSAA is a neutral, lipophilic, cyclic endecapeptide (molecular weight 
1,2033 gm) with a unique nine-carbon amino acid in position 1 (Fig 1) [5, 
6],, Its activity is very much dependent on its stereochemical configuration 
and,, in particular, on any modification to the residues in positions 1, 2, 3, 
10,, and 11. It is insoluble in water. For clinical use, CSA is stabilized in 
castorr oil for intravenous injection and in olive oil with 12.5% ethanol for 
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orall  administration, which is usually accomplished by dispersing the drug 
inn juice or milk before ingestion. The absorption rate from an oral dose 
iss roughly 30% but is highly variable (4 to 60%), due to slow, incomplete 
andd variable absorption of CSA from the upper small intestine according 
too a bile-dependent zero-order process. The peak drug level occurs ap-
proximatelyy 2 to 4 hours after ingestion. Absorption is adversely affected 
byy biliary diversion, slow gastric emptying, or increased gastrointestinal 
motility.. Coadministration of food and prolonged therapy promote ab-
sorptionn of the drug. 

Mostt of the CSA in circulation is associated with lipoproteins. Although 
somee CSA circulates unbound, this fraction does not correlate with the 
totall  blood levels of CSA or with adverse clinical events. The extent of 
tissuee deposition also varies from patient to patient, with the volume of 
distributionn ranging from 4 to 8 liters per kilogram of body weight. How-
ever,, obesity does not appear to correlate with the volume of distribution. 
Rather,, distribution volume seems to correlate with the levels of cyto-
plasmicc binding proteins, which are able to retain CSA for months after 
therapyy is discontinued. The liver is the major depot of the drug, followed 
byy the pancreas, fat, blood, heart, lung, kidney, and neural and muscular 
tissue. . 

Ocularr bioavailability depends on the mode of administration and the 
extentt to which the blood-ocular barrier is broken down. In experimental 
animals,, systemically administered CSA does not appear to penetrate very 
welll  through intact (uninfiamed) ocular tissues [7], However, in eyes of 
patientss with chronic flare, the concentration in the aqueous humor is 
approximatelyy 40% of the plasma concentration, indicating good intraocu-
larr penetration of the drug [8]. Ocular pigment also appears to influence 
thee intraocular drug concentration. In rabbits, a statistically greater 
amountt of drug is present in the iris and the retina-choroid of pigmented 
animalss as opposed to albinos [9]. Uptake from local administration is 
hamperedd by the hydrophobic nature of CSA. Topically applied CSA in 
oill  does not appear to penetrate beyond the cornea and conjunctiva in 
concentrationss that are therapeutically efficacious, although when the cor-
neall  epithelium is damaged, high levels are detected in the aqueous [7]. 
Thee use of collagen shields [10] or an alpha cyclodextrin vehicle [11] in-
creasess the corneal penetration five- to tenfold. Periocular injections ap-
pearr to generate intraocular levels that are potentially therapeutic, but this 
approachh has not yet been tried in humans [12]. 

CSAA metabolism involves oxidative alterations by cytochrome P-450 
intoo metabolites with a higher polarity. Coadministration of drugs that 
interferee with cytochrome P-450 wil l lead to a lowering of CSA metabolism. 
Inn the case of ketoconazole, this effect is strong enough to reduce the 
requiredd oral dose by up to 90% [13]. Other common inhibitors of cyto-
chromee P-450 that can influence CSA levels include erythromycin, oral 
contraceptives,, androgens, methylprednisolone, and some calcium channel 
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Tablee 1 Cyclosporin* Drug Interactions 

Drug g 

Aminoglycosidee antibiotic 

Amphotericin n 
Ciprofloxacin n 

Melphalan n 

Cimetidine e 
Erythromycin n 

Ketoconazole e 

Mannito) ) 

NSAID D 
BCP P 

Phenobarbital l 

B B 

TT Blood 
Levels s 

+ + 

+ + 

++ + + 

+ + 

t t Renal l 
Dysfunction n 

4--

++ + 

++ + 

++ + 
+ + 
+ + 
+ + 

ff  + 

+ + 

+ + 

T T 

t t 
t t 
T T 
t t 
1 1 
1 1 

1 1 

Nephrotoxicity y 

Nephrotoxicity y 

Nephrotoxicity y 

Absorption n 
Bioavailability y 

Metabolism m 

Renall  dysfunction 
duee to CSA 

Renall  blood flow 
Additivee hepato-

T T 
toxicity y 

Metabolism m 

CSAA  = cyclosporin A: NSAID = nonsteroidal anti-iuflammatoi v drugs; BCP = birth control pill. 

blockers,, particularly diltiazem (Table 1). Nifedipine, on the other hand, 
hass no effect on CSA metabolism. Agents that induce cytochrome P-450 
enzvmess cause a decrease in CSA levels. Phenytoin, for example, will cause 
thee CSA level to d rop more than 509t within 48 hours of its administration 
[14].. Other agents with a similar effect include rifampin, phenobarbital, 
carbama/epine,, and valproate. 

Excretionn of CSA occurs primarily through the bile and the intestines 
(mediann half-life, 6.4 to 8.7 hours), with a small amount (6%) appearing 
inn the urine. Longer dosing intervals may be required in the presence of 
elevatedd serum levels of' bilirubin or alanine aminotransferase, but not if 
thee changes are limited to aspartate aminotransferase, lactate dehydroge-
nase,, or alkaline phosphatase. The clearance rate in children is 45% higher 
thann in adults, thus indicating the need for higher doses in children [15]. 
Inn contrast, d rug clearance is slower in the elderly and in patients with 
hepaticc impairment. 

Mechanis mm of Actio n 

Borell  [4] showed that CSA reversibly inhibits T cell-mediated alloim-
munee and autoimmune responses. T-cell precursors, after being generated 
withinn the bone marrow, migrate to the thymus where they mature. After 
maturationn they disseminate throughout the body, where they can bind 
selectivelyy through specific cell surface receptors to antigens that are pre-
sentedd by antigen-presenting cells. This immunorecognition primes I cells 

178 8 



CYCLOSPORINE E 

too express surface receptors for lymphokines, which act as humoral im-
munee signals that trigger cellular maturation. A second series of T-cell 
recognitionn reactions—the activation cascade—results in the synthesis of 
lymphokiness that wil l promote cell division and the acquisition of cytoag-
gressivee potential. CSA does not affect the priming reaction, but it does 
inhibitt the activation cascade necessary for inducing specific immune func-
tionss such as lymphokine production. The synthesis and secretion of in-
terleukinn 2 (IL-2), a potent activator of T and B cells, is reduced, as is the 
productionn of interferon gamma (IFN-7), the lymphokine that provides 
ann amplification signal to activate macrophages and monocytes, and tumor 
necrosiss factor alpha (TNF-a), which has a number of immune targets. In 
addition,, cyclosporine is able to inhibit the synthesis of the alpha and beta 
chainss of the IL-2 receptor, further reducing the possibility of T-cell ac-
tivation. . 

Thee precise mechanism of inhibition by CSA is poorly understood, 
owingg to limited knowledge of the exact activation pathways in T lympho-
cytes.. CSA probably acts at different cellular levels. At the cell surface, it 
appearss to act through calcium-related cytoplasmic pathways. Alternate 
celll  surface pathways through the CD2 receptor, which activate protein 
kinasee C, are resistant to the drug. Within the cytoplasm, CSA reduces the 
generationn of cytoplasmic activation proteins that mediate signal transduc-
tionn between the cytoplasm and the nucleus. It reduces the signal that 
triggerss DNA synthesis by resting T-lyrnphocyte nuclei. The probable tar-
gett is a protein called cyclophiiin, whose affinity for CSA is proportional to 
itss immunosuppressive potency. Cyclophilins are present in most tissues 
andd exist in many isoforms, only some of which are active. The pig-kidney 
cyclophiiinn has sequence homology with peptidyl-propyl-«'.s-£ram isomer-
ase,, an enzyme that may initiate folding of specific cytoplasmic proteins 
thatt can lead to the exposure of DNA-binding domains. The nucleus itself 
cann be a target for the action of CSA and is the third potential site. The 
drugg appears to bind to nuclear proteins at sites of transcription regula-
tion.. However, CSA has no effect on events that occur after gene activa-
tion.. All these effects appear to occur only in helper-inducer and cytotoxic 
TT cells. Suppressor T cells are spared the inhibitory effects of CSA, thus 
settingg the stage for an immunoregulatory disequilibrium favoring unre-
sponsivenesss rather than immunity. 

 Toxicit y and Sid e Effect s 

Despitee its relatively specific effects on the immune system, CSA is 
associatedd with a number of side effects and potential toxicities. Because 
mostt uveitis patients requiring CSA therapy will stay on this medication 
forr a prolonged period of time, one must carefully weigh the risks and 
benefitss of CSA at every stage of therapy. 
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Nephrotoxicity Nephrotoxicity 

Withh long-term CSA use, a particular concern is the development of 
nephrotoxicityy and hypertension. The most common effect of this drug 
onn the kidney is characterized by increased serum creatinine and urea. 
Thiss reflects a dose-dependent decrease in the glomerular filtration rate 
(GFR)) secondary to a decrease in renal blood flow, which is a result of 
vasoconstrictionn of the afferent glomerular arteriole. The fall in GFR ini-
tiallyy is purely functional. With a CSA starting dose of 5 mg/kg, one can 
expectt a rise in serum creatinine of approximately 10%, but even with 
suchh a rise, the serum creatinine remains within the normal range [16, 17]. 
Thee serum creatinine level plateaus in 4 to 8 weeks and, with proper 
monitoring,, wil l remain in that range provided that potentially nephro-
toxicc drugs are avoided. These include nonsteroidal anti-inHammatory 
drugss (NSAIDs), aminoglycosides, amphotericin B, ciprofloxacin, melpha-
lan,, and colchicine. The effect of NSAIDs is of particular concern because 
severall  are now available as nonprescription drugs. NSAIDs reduce the 
GFRR by inhibiting intrarenal cyclooxygenases and adversely affecting 
thee balance between vasodilatory and vasoconstrictor prostaglandins in the 
kidnev.. Concomitant use with CSA can lead to a transient but significant 
risee in serum creatinine f 18], an effect that can last up to 3 weeks. 

Permanentt changes in renal function are rare when the dose of CSA 
iss maintained below 5 mg/kg and when the dose is adjusted to avoid large 
risess in serum creatinine [19, 20]. However, the risk of irreversible struc-
turall  damage to the kidney remains a major concern when using CSA 
inn long-term treatment. Chronic CSA nephropathy, when established, is 
irreversiblee and is characterized by a striped interstitial fibrosis accompa-
niedd by focal tubular atrophy. Renal arteriolar abnormalities are also 
noted;; these may take the form of necrosis of smooth-muscle cells, a lumpy 
nodularr protein deposit in the vascular wall of afferent glomerular arteri-
oles,, or an arteriolar intimal hyalinosis [21]. Such changes were commonly 
seenn in transplant patients who were on high doses of CSA and in whom 
thee serum creatinine was permitted to remain elevated for extended pe-
riodss of time. Renal arteriolar abnormalities were seen also in patients with 
uveitiss when the initial treatment dose was 10 mg/kg/day and the serum 
creatininee was allowed to rise to double the pretreatment level [21]. How-
ever,, multivariate logistical regression analysis of renal biopsies from 192 
patientss with auto immune or inflammatory diseases revealed that the risk 
off  permanent kidney damage is minimal if the CSA dose is maintained at 
orr below 5 mg/kg and if increases in serum creatinine of more than 30% 
abovee baseline are avoided [20], The duration of treatment in patients 
fromm whom biopsies were obtained ranged from 4 to 39 months. In this 
study,, CSA nephropathy was more closely related to the maximal dose of 
thee drug than to the dose at the time of the biopsy or to the length of time 
thee maximal dose was administered [20]. Age also appeared to be a risk 
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factor.. The mean age of patients with nephropathy was 31  13 years as 
comparedd to 23  12 years in those patients without nephropathy. The 
incidencee of nephropathy in children was extremely low. These results 
suggestedd that CSA-induced nephropathy may be related less to long-term, 
cumulativee toxic effects on the arterioles and tubules than to the conse-
quencee of brief insults brought about by the administration of excessive 
dosess of CSA. 

Hypertension Hypertension 

CSAA induces a dose-related rise of arterial blood pressure, resulting 
inn an average increase of 2 to 3 mmHg (diastolic) on a 2.5-mg/kg/day 
dosagee and of 5 mmHg on a 5-mg/kg/day dose [19]. Hypertension devel-
opss in 15 to 25% of patients. The incidence is higher if the patient has 
predisposingg factors, particularly alterations in renal function. In most 
instances,, hypertension occurs early, within the first few weeks of starting 
CSAA therapy. It is responsive to dose reduction and necessitates cessation 
off  CSA therapy in only 1 to 3% of cases. A sudden elevation of blood 
pressuree after prolonged therapy is often indicative of impending renal 
toxicityy and should prompt the treating physician to check serum creati-
ninee and obtain a CSA blood level. This situation is more common in obese 
patientss who, after months of therapy, suddenly develop hypertension and 
havee higher circulating levels of CSA. On reducing the drug dose, the 
bloodd pressure normalizes. The practitioner should also be aware of poten-
tiall  drug interactions that could increase circulating levels of CSA. 

Hypertensionn alone is not a contraindication to using CSA, provided 
thatt the hypertension is well controlled on medication [22], Nonetheless, 
whetherr present before or while on CSA, hypertension must be aggres-
sivelyy treated. The best first-line agents are probably the calcium channel 
blockers,, especially nifedipine or isradipine, because these agents do not 
interferee with CSA pharmacokinetics. 

Malignancies Malignancies 

I tt is known from organ transplantation that all potent immunosup-
pressivee therapy can lead to an increased risk of some malignancies, partic-
ularlyy those that are virus-associated such as B-cell lymphomas and squa-
mouss cell skin carcinomas. With CSA, the highest risk occurs in patients 
whoo require the highest level of immunosuppression. Among renal trans-
plantt patients, the risk of lymphoma is 0.4%. For patients with autoim-
munee disease, the incidence of lymphoma is 0.05% or less (2 of 3,700 
patientss studied) [19]. Early diagnosis is important because, at an early 
stage,, the lymphoproliferative disorder may spontaneously regress after 
reducingg or stopping the immunosuppression. There is no specific screen-
ingg procedure that is of benefit other than a careful periodic clinical exami-
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Incidencee in 9r* 

500 (33) 

399 (50) 
37 7 

311 (30) 

31 1 
277 (34) 

16 6 

16(18) ) 

UU (6) 
y y 

77 (5) 
5 5 
44 (7) 

Tablee 2 Incidence of Side Effects due to Cyclosporin? in Patient.) with Autoimmune Disease 

Sidee Effect 

Hyperesthesia,, paresthesia, numbness 
Hypertrichosis s 

Gastrointestinall  problems 

Renall  dysfunction 

Fatigue,, weakness, malaise 

Gingivall  hyperplasia 
Hypertension n 

Headache e 
Tremor r 

Hepaticc dysfunction 
Weightt gain 

Anemiaa (severe) 

Musclee cramps, skeletal pain 

*Dataa collected on patients treated at an initial dose of 10 mg/kg'dav [3-1]. In parentheses, the percentages 
correspondd to an initial dosage of 5 mg.kg/day in patients with multiple sclerosis [35j. 

nation.. Squamous cell skin carcinomas have not been seen in patients with 
autoimmunee disease except those with psoriasis. No definite association 
hass been made between CSA and other malignancies. CSA is known to 
increasee serum prolactin levels, causing gynecomastia in men and promot-
ingg the development of benign breast adenomas in women. No conclusive 
associationn has been demonstrated between breast carcinoma and CSA, 
butt older women should be closely monitored, as prolactin can promote 
thee growth of such tumors. 

OtherOther Adverse Reactions 

Thee most common side effects of CSA are listed in Table 2. Mil d 
numbnesss and tingling of the extremities as well as temperature hypersen-
sitivityy are noted by 50 to 90% of patients within several days of starting 
onn CSA [34, 35], Nausea and gastrointestinal distress beginning with the 
firstt dose are noted in up to 40%, but only rarely does this alter a patient's 
abilityy to use the drug. Increased hair growth on the face, arms, shoulders, 
andd back develops in 50% of patients and is usually noted in the first few-
monthss of therapy. Gingival hyperplasia, similar to that seen in phenytoin 
toxicity,, is noted in 25% of patients also within the first several months of 
therapy.. Its severity is exacerbated by poor oral hygiene and can largely 
bee controlled by careful attention to periodontal disease. A fine hand 
tremorr occurs in the early months of treatment, but this often wil l improve 
withh continued therapy. A mild normochromic normocytic anemia may be 
notedd in 25% of patients. The hematocrit rarely falls below 30%. Hepatic 
toxicityy has not been a major problem with CSA. There is a mild, dose-
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dependentt elevation of the serum transaminases and serum bilirubin and, 
withh prolonged use, a possible increase in the incidence of cholelithiasis 
andd choledocholithiasis [5]. 

Ann acute overdose of oral CSA does not lead to severe complications. 
Evenn the ingestion of a whole bottle of CSA (10 gm) produces only a 
mildd syndrome of hypertension, dysesthesias, flushing, and stomach upset, 
whichh lasts no more than a few days. 

 Optima l Use of CSA in Autoimmun e Uveiti s 

Fromm the foregoing discussion, it is evident that CSA is a very useful 
agentt to treat autoimmune ocular disease, but it also has potentially severe 
sidee effects, particularly when the drug is used over a long term. Thus 
onlyy patients with a reasonable chance of responding to CSA should be 
selected.. Optimal use of this drug implies avoiding unnecessary treatment, 
stoppingg CSA administration in patients in whom it does not appear to 
havee the desired effect, and lowering the dose to less than 5 mg/kg/day as 
soonn as possible in patients who show a response to the medication. There-
fore,, it is important to define for each patient, before treatment is initiated, 
thee parameters that wil l be used to measure a positive therapeutic re-
sponse. . 

Wheneverr possible, objective criteria should be selected, particularly 
whenn treating posterior pole inflammation as it is very difficul t to judge 
improvementt in cell and Hare. Measuring the patient's visual acuity, partic-
ularlyy in the setting of macular edema, may be all that is necessary, pro-
videdd that a cataract is not a major component of the visual impairment. 
I nn all cases, it is important to rule out the possibility of an infectious cause 
andd to reconsider this possibility if the condition worsens while on therapy. 
Theree must also be potential for visual improvement. Ancillary tests such 

ass laser interferometry or fluorescein angiography may be useful in de-
terminingg the full extent of this potential [23]. Results of this evaluation 
shouldd be discussed with the patient, as well as the expected benefits and 
sidee effects of therapy. The decision to use CSA should be a joint one. 

Oncee a decision has been made to try CSA, it is important to continue 
thee treatment long enough to notice improvement. In most cases, response 
wil ll  be evident within 1 month and rarely wil l occur beyond 3 months. 
Therefore,, a maximal trial period of 3 months appears reasonable. If there 
hass been no measurable improvement by the end of the third month, we 
discontinuee therapy, even if the patient insists that there has been some 
subjectivee improvement. An abrupt stop serves two purposes: It prevents 
prolongedd use of a potentially toxic drug, and it can also serve as a measure 
off  CSA's efficacy. In patients who respond to CSA, the disease usually 
recurss in one to two weeks following treatment interruption. On reintro-
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Patientt with ocular inflammation that is potentially reversible 

Initiatee therapv with CSA 2.5 mg/kg given two times per day (5 ) 
(Addd 0.2 to 0.5 mg/kg/day of prednisone) 

Response e 
Continuee treatment for 

aa total of 3 MONTHS or 
untill  completely resolved 

Keepp on high-dose CSA for 1 month 
Thenn tapet to 5 mg/kg/day by 
11 mg/kg'dav every 3-4 weeks 

Taperr even in the presence of a 
partiall  response provided that as 
vouu taper there is no significant 
increasee in inflammation 

Noo Response (I Month) 

Increasee CSA to 7.5 mg/kg/day 

Noo Response (2 Weeks) 

Maximizee prednisone dose 
(upp to 1 mg/kg/day) 

Noo Response (4 Weeks) 

Stopp CSA. 
Tryy Cytotoxic Agent 

TT If 
Whenn remission is achieved or after 3 months: 

Taperr CSA by 0.5 mg/kg/day every 4 -6 weeks to the 
minimumm dose that prevents a recurrence or 2.5 mg/kg/day; 
thenn taper the steroid to about 5—10 ing/day. 

Oncee both drugs are at a low dosage, attempt to take the patient 
offf  both medications. 

Iff  a recurrence occurs while tapering, reinstate previous CSA dosage 
andd increase steroids until the patient is under control. 

Figuree 2 Treatment schedule for the use of ndüsporin A (CSA) in uveitis patients. 

duction,, the disease comes rapidly under control. Consequently, an abrupt 
cessationn of therapy can serve as a therapeutic trial. 

Ass a starting dose, we often use 2.5 mg/kg given twice daily with 0.2 
too 0.5 mg/kg/day of prednisone. The therapy is continued for 2 to 3 
monthss or until the inflammation has come under control. We then taper 
thee steroid or the CSA, depending on the needs of the patient (Fig 2). Over 
thee next 3 months, we taper to the minimal dose of CSA or CSA-steroid 
combinationn that wil l control the inflammation [24], In situations where 
CSA,, 2.5 mg/kg given twice daily, does not seem to be effective, we increase 
thee dosage up to 7.5 mg/kg/day in divided doses. However, we will main-
tainn this dosage for only a short period of t ime—no more than 4 to 6 
weeks—andd taper it back down to 5 mg/kg/day once the inflammation has 
beenn brought under control. Recently, we tried a combination of CSA and 
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aa microsomal enzyme blocker (ketoconazole) to reduce CSA metabolism. 
Thiss combination has the advantage of maintaining serum CSA levels at a 
moree uniform level throughout the day [13], which we found led to im-
provedd visual acuity in patients who had been under marginal control. 
Onee added benefit of this approach is that a much smaller volume of CSA 
iss needed to control the inflammation. 

Whenn switching from CSA alone to a combination of CSA and keto-
conazole,, the CSA dose should be reduced to one-third of the original 
dose,, but there are considerable variations between individuals, with some 
patientss requiring only one-tenth of the original dose. Thus one must 
takee care in using this approach. Initially , careful monitoring of serum 
creatininee levels, as well as the whole blood levels of CSA, is needed. 

Thee most effective and safe monitoring schedule for CSA is still being 
debated.. Traditionally, both the CSA blood level and the renal function 
havee been monitored. The clinical relevance of drug levels has recently 
beenn reviewed in patients with psoriasis and nephrotic syndrome: Frequent 
measurementt of CSA serum trough levels did not lead to a significant gain 
inn safety or efficacy in these patients [25]. This may be particularly true in 
patientss whose starting dose is 5 mg/kg/day or less, as was the case in this 
study.. Routine monitoring of the trough level probably is not necessary in 
mostt circumstances, provided that one carefully monitors renal function. 
However,, some situations do arise in which blood monitoring is needed, 
suchh as when there is a potential for drug interaction, when there is liver 
dysfunction,, or in cases of unexpected inefficacy (potential compliance 
problems).. If one intends to do a trough measurement, it is important to 
rememberr that it must be taken 12 hours after the last dose and that the 
accuracyy is poor with doses below 3 mg/kg/day. Several methods exist 
forr measuring CSA levels, with different reference ranges for each. Each 
measurementt must be judged using the specific reference range provided. 
Inn general, the more .accurate measurements are obtained from whole 
bloodd rather than serum levels [15, 26]. 

Whereass it might be unnecessary to measure CSA levels on a regular 
basis,, it is important to monitor renal function and blood pressure. An 
acutee rise in the blood pressure may be the first indication of renal toxicity. 
Inn patients with normal renal function, serum creatinine appears to be a 
goodd indicator of renal function changes. The lag time between a change 
inn the CFR (the gold standard for renal function) and a rise in serum 
creatininee is usually short. As an added safety measure, we also routinely 
obtainn a urinary creatinine clearance every 3 to 4 months. Although not 
ass precise as a CFR measurement by inulin clearance or with isotopes, it 
doess give a somewhat better idea of a patient's renal reserve than the 
serumm creatinine alone. A 30% rise in the serum creatinine or a 30% drop 
inn the urinary creatinine clearance should prompt one to reduce the CSA 
dosee sufficiently to normalize these values. It is further recommended that 
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patientss have their renal function monitored every 2 weeks during the first 
22 months of t reatment and every 2 to 3 months thereafter. 

 Clinica l Use in Ocula r Diseas e 

SystemicSystemic CSA 

Basedd on observations in this and other centers, CSA appears to be 
particularlyy useful in patients with active, bilateral sight-threatening uveitis 
off  a noninfectious nature. It is especially advantageous in patients who are 
unablee to tolerate moderate doses of systemic corticosteroids (>25 mg 
prednisone)) and who require steroids to control their intraocular inflam-
mation.. In a recent randomized study, one of the coauthors (RBN) has 
shownn that CSA, when used as the sole agent, was effective in controlling 
inflammationn in 46% of patients who were steroid-intolerant [2], When 
combinedd with steroids, CSA was effective in an additional 35% of patients. 
Otherss have found that when used as an initial agent, it was effective in 
97%% of patients [17]. 

Nonetheless,, in most cases, it is probably best to use CSA only when 
otherr more traditional forms of therapy have failed. CSA does not appear 
too induce a state of immune tolerance, and therefore most patients will be 
facedd w:ith an extended therapeutic course once CSA is started. An abrupt 
withdrawall  of the drug before the disease has run its course can cause a 
ratherr dramatic flare-up, as was discussed earlier. 

Behcet'ss disease is an exception to this general recommendation. Ma-
sudaa and colleagues [3] have clearly demonstrated in a double-masked 
studyy that CSA as a sole therapeutic agent was superior to colchicine, the 
previouss drug of choice, in preventing recurrences of ocular disease. In 
anotherr study comparing CSA to a combination of cytotoxics and steroids 
inn Behcet's disease, CSA was again found to be more effective at preventing 
recurrencess (p = 0.016) [27]. Thus Behcet's is one disease for which CSA 
cann be considered as the initial therapeutic agent, but only if specific diag-
nosticc criteria are met. 

Theree have been some indications that CSA may be useful to treat 
scleritiss and granulomatous optic neuropathy. However, a true assessment 
off  its efficacy in these conditions will require controlled studies. 

 Topica l CSA 

Ass discussed previously, CSA does not penetrate very well into the 
eye;; however, it is possible to use it topically to inhibit surface immune-
mediatedd processes. Goichot-Bonnat and associates [28] reported that a 
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Openn a container of 50 ml cyclosporine oral solution 
(1000 mg/ml) and leave it for 24 hours under a horizontal 

laminarr How hood to evaporate the alcohol 

I I 
Asepticallyy filter olive oil through a silo with a prefitter 
andd a 0.22-micron fitter, collecting it in a sterile 100-ml 

container r 

I I 
Asepticallyy measure 73.5 ml of olive oil 

Asepticallyy filter the cyclosporine solution through a 
0.22-micronn filter for a total volume of 1.5 ml 

Mixx the two solutions and aliquot as needed 

! ! 
Storee the vials at room temperature 

Figuree 3 Procedure for Ike preparation of 2% cyclosporine eye 
dropsdrops using commercially available systemic cyclosporine. 

2%2% topical CSA solution in high-risk corneal grafts had an 89% success 
ratee during a 16-month average follow-up. Similar results were obtained 
byy Belin and coworkers [29], who reported a success rate of 91% by giving 
thee drops preoperatively every 2 hours for 2 days followed by four times 
dailyy after the corneal graft was inserted. In a double-masked trial, 2% 
topicall  CSA was also found to be effective in treating severe vernal kerato-
conjunctivitis,, with a significant decrease in the conjunctival hyperemia, 
papillaryy hypertrophy, and the number of Trantas' dots [30]. Improve-
mentt may be noted within the first 15 days of therapy, but relapses oc-
curredd 2 to 4 months after therapy was discontinued [31]. 

CSAA eye drops can be prepared in a number of ways. Cenerally, we 
employy the commercial oral preparation from Sandoz using the protocol 
outlinedd in Figure 3. It is important to vent the CSA solution for at least 
244 hours to remove the alcohol, which otherwise is a strong corneal irritant. 
Usingg this preparation, we were able to successfully treat a case of recur-
rentt ligneous conjunctivitis, and we have used it in other situations as well 
wheree there was a strong suspicion of surface immune activation [32]. 
Topicall  CSA may play a role in the treatment of paracentral corneal rheu-
matoidd ulceration. Preliminary results using a 2% solution were very en-
couragingg [33]. However, its usefulness in this and other conditions such 
ass oculocutaneous syndromes and Sjogren's syndrome needs to be eluci-
datedd by further studies. 
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 Conclusio n 

CSAA is a useful agent in the treatment of serious inflammatory diseases 

off  the eye. When used carefully and in patients with the appropriate indi-

cations,, it is both safe and effective. In the future, we hope agents will 
appearr that wil l be less toxic. Agents that might prove to be useful include 

FK5066 and rapamycin, two drugs with a potent immunosuppressive poten-
tiall  against T cells. Another approach that is being investigated is to com-

binee CSA with other immunomodulatory drugs or to cycle the use of CSA 
withh cytotoxic agents. These newer approaches still need to be carefully 

evaluatedd in controlled settings before they can be considered as effective 

andd safe. The ultimate goal is to control immune-mediated inflammatory 
diseasee with the minimal number of adverse side effects. 
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