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Summary

The purpose of this study was to evaluate for the first time the efficacy and
safety of topical FK506 in patients undergoing penetrating normal-risk ker-
atoplasty in a prospectively randomized clinical trial. Twenty patients were
treated with FK506 0.06% three times per day for 6 months postoperatively.
An additional 20 patients received five drops of prednisolone acetate 1%
tapered within 6 months. All patients received 1 mg/kg bodyweight/day of sys-
temic fluocortolon tapered within 3 weeks postoperatively. Clear graft survival,
ratio of immune reactions and side effects were the main outcome measures.
One year postoperatively all patients of the FK 506 group were free from
immune reactions, in contrast to 84% in the steroid group (Kaplan—-Meier val-
ues; P = 0.9 in the log rank test). None of the patients developed irreversible
graft failure so far. In eight patients of the FK506 group premature withdrawal
of the drug was deemed appropriate because of local side effects. FK506 might
turn out to become an effective immunoprophylaxis in subjects undergoing
penetrating normal-risk keratoplasty. Local discomfort should be further

reduced.

Introduction

More than 50 years after the first description of an
immune reaction following penetrating keratoplasty [1],
this complication still represents the major threat for
the graft [2-5]. Topical steroids are an effective pro-
phylaxis of immune reactions if administered in a dose
of 3-5 drops per day [6]. As a result of severe side
effects like steroid response glaucoma, cataract, surface
disorders or infections such a prophylaxis is mostly
limited to some months postoperatively [7]. Efficacy of
topical cyclosporin A (CsA) has never been proven in
prospectively randomized clinical trials [8-10]. Systemic
immunosuppressives like CsA or mycophenolate mofetil
improve graft prognosis, but their use may be associ-
ated with severe side effects like nephrotoxicity or
hepatotoxicity. Therefore, they are only administered in
high-risk situations [11-15].

FK506 is an antibiotic produced by Streptomyces tsuku-
baensis [16,17]. Like CsA it inhibits proliferation of T
lymphocytes. FK506 blocks transcription of a variety of
cytokines, especially of interleukin 2, in a similar manner
as CsA [18-20]. The immunosuppressive potential of
FK506 is 30-100 times higher than that of CsA [21,22].
Furthermore, topical FK506 penetrates more easily into
the cornea [23,24].

After solid organ transplantation, systemic FK506 rep-
resents one of the systemic immunosuppressive standard
prophylaxis in combination with systemic steroids and
systemic azathioprin or systemic mycophenolate mofetil
[25,26]. Topical FK506 is highly effective in the treatment
of atopic dermatitis [27].

In the allogeneic rat, keratoplasty model efficacy of top-
ical FK506 could be shown [28-30]. Recently, we presen-
ted data from a compassionate use trial indicating efficacy
in patients with atopic blepharokeratoconjunctivitis,
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Thygeson’s superficial punctate keratitis and nummular
adenoviral keratitis [31]. In penetrating keratoplasty top-
ical FK506 has not been tested so far.

Here, preliminary results of a prospectively randomized
clinical trial in which FK506 is being tested against a top-
ical steroid are reported.

Patients and methods

Forty subjects undergoing normal-risk keratoplasty were
included in the study after approval by the local ethics
committee and after having properly obtained written
informed consent. The study was performed according to
the 1964 Declaration of Helsinki.

Study groups

As experience with this new topical immunomodulative
drug is very limited, only 40 patients were included in
this study [31]. Twenty patients were treated with
topical FK506 three times per day for 6 months post-
operatively (group I). Further 20 patients received five
drops of prednisolone acetate 1% tapered within
6 months (our standard postoperative therapy, group
II). After these 6 months, the patients of both
study groups did not receive any immunosuppressive
therapy.

FK506 eye-drops

FK506 was dissolved in polyvinyl alcohol, benzalkonium
chloride, sodium chloride, sodium dihydrogenphosphate
dihydrate, disodium hydrogenphosphate dodecahydrate,
phosphoric acid, sodium hydroxide and sterile purified
water. The concentration of FK506 was 0.06%.

Patient selection and definition of normal-risk
keratoplasty

Normal-risk patients were selected in order to minimize
the risk for nonimmunological failure by surface disorders
(e.g. in limbal stem cell insufficiency), glaucoma or herp-
etic recurrences. This was performed because in some
cases it may be difficult to differ between immunological
and nonimmunological graft failure.

Only patients undergoing first keratoplasty within an
avascular host cornea were included. All grafts with a
diameter of 7.7 mm were positioned centrally. Indica-
tions for surgery were keratoconus, Fuchs’ endothelial
dystrophy, bullous keratopathy and nonherpetic scars
(Tables 1 and 2). None of the patients had a history of
severe surface disorders,
disease.

glaucoma or herpetic eye
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Grafts

All grafts were preserved in organ culture according to
the guidelines of the European Eye Bank Association
[32]. Preoperative evaluation of the graft endothelium
was performed in hypotonic solution under the phase
contrast microscope the day before penetrating keratopl-
asty (Table 3) [33]. This examination was shown to deli-
ver reproducible results [34].

Penetrating keratoplasty, postoperative treatment
and controls

Surgery was performed by three experienced surgeons in
retrobulbar anesthesia according to a standardized
scheme. Modified Franceschetti trephines with the diame-
ters of 7.5 mm (recipient) and 7.7 mm (donor) were
used. Graft fixation was performed with a double running
cross-stitch suture with Nylon 10.0 [35]. If necessary,
cataract surgery was carried out simultaneously (Table 2).
After surgery, gentamycin ointment was administered at
least until the graft was covered with a complete epithelial

Table 1. Topical FK506 after normal-risk keratoplasty, indications for
surgery.

Group | Group I

(FK506) (steroid)
Bullous keratopathy after cataract surgery 4 7
Fuchs’ endothelial dystrophy 6 10
Avascular, nonherpetic scars 4 2
Keratoconus 6 1

Table 2. Topical FK506 after normal-risk keratoplasty, patient data.

Group | (FK506) Group Il (steroid)

Age (years) 58 + 20 70 + 15
Gender (male/female) 14/6 7/13
Tripel procedures 3/20 4/20
Previous i.0. surgery 5/20 9/20
Follow-up (months) 10.3+45 11.0+ 2.1

Table 3. Topical FK506 after normal-risk keratoplasty, donor/graft
data.

Group | (FK506) Group Il (steroid)

Age (years) 72 + 17 69 + 12
Gender (male/female) 11/9 12/8

Postmortem time (h) 30+ 18 34 + 20

Organ culture period (days) 17 £ 10 20+ 5

Preoperative endothelial cell 2550 + 200 2282 + 177
density (cells/mm?)

Follow-up (months) 103+ 4.5 11.0+2.1
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layer. All patients received 1 mg/kg bodyweight/day of
systemic fluocortolon tapered within 3 weeks postopera-
tively. Acetazolamide was administered in a daily dose of
500 mg for 5 days postoperatively. Controls of the graft
at the slit-lamp were scheduled 7 weeks, 4, 12 and
18 months postoperatively and thereafter annually.

Immune reactions

Endothelial immune reactions were diagnosed via endo-
thelial precipitates and stromal edema, stromal immune
reactions via subepithelial infiltrates [36]. The patients
then received corticosteroid eye drops (prednisolone-21-
acetate 1%) every hour until elimination of all precipi-
tates. Furthermore, a subconjunctival injection with
betamethasone-21-acetate was performed. Topical cortico-
steroids were tapered individually. In severe cases,
systemic corticosteroids at a daily oral dose of 1 mg fluo-
cortolone/kg bodyweight were administered additionally
and tapered within 3 weeks.

Detection of FK506 in the blood

In all patients of the FK506 group, FK506 blood levels
were measured 7 weeks postoperatively. This was carried
out wusing the Microparticle Enzyme Immunoassay
(MEIA)®. This test determines FK506 and some of its
metabolites in whole blood samples. The lower detection
limit is 1.5 ng/ml.

Statistical analysis

All statistical evaluation was performed using SPSS Win-
dows NT 4.0 (Microsoft Corp., Redmond, WA, USA).
Clear graft survival, ratio of grafts without immune reac-
tions and rejection-free graft survival were calculated

(a) Patients undergoing normal-risk keratoplasty
meeting the study criteria

i No consent
(n=4)
17 Randomization (n=40) j

FK506 group (n=20)

Control group (n=20)

Local side-effects (n=8/20) Local side-effects(n=9/20)

‘ Premature withdrawal of the drug ‘ ‘

Premature withdrawal of the drug
(n=8/20)

(n=0/20)

‘ Immune reactions (n=0/12) ‘ ‘ Immune reactions (n=2/20) ‘
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according to Kaplan and Meier [37]. Kaplan—-Meier
curves were compared via log-rank test.

Results

One year postoperatively all patients of the FK506 group
without premature withdrawal of the drug were free from
immune reactions, in contrast to 84% in the steroid
group (Fig. 1a and b; Kaplan—Meier values; P = 0.9, log-
rank test). None of the patients developed irreversible
graft failure so far.

Local side effects were observed in eight patients of the
FK506 group (Table 4). They concerned the surface of cor-
nea and conjunctiva. In detail, superficial punctate keratitis,
injection of the conjunctiva, burning, an erosion persisting
over 10 days and the development of a slight superficial
opacification were recorded. All eight patients asked for
premature withdrawal of the drug which was performed
3.0 £ 0.5 months postoperatively. Under topical steroids
surface disorders improved in all eight patients. After with-
drawal of FK506, one of these eight patients developed a
reversible endothelial immune reaction.

In the steroid group local side effects were observed in
nine patients (Table 4). Here, superficial punctate kerati-
tis, injection of the conjunctiva and the development of a
slight superficial opacification were recorded.

Systemic side effects were not observed. In none of the
20 subjects of the FK506 group, FK506 could be detected
in whole blood samples.

Discussion

For many years topical steroids have remained the only
effective topical immunosuppressive after penetrating ker-
atoplasty [6]. On the one hand, the duration of steroid
application depends on the risk of rejection in the

(b) 1.007 Group | (FK506)
0.90+

0.804

Group |l (steroids)

0.704
0.604
0.504
0.404
0.304

0.204

Proportion without immune reactions

0.104

0.00

0 100 200 300 400
Postoperative time (days)

Figure 1 (a) Topical FK506 after normal-risk keratoplasty, consort scheme. (b) Topical FK506 after normal-risk keratoplasty, efficacy (Kaplan—

Meier curves, P = 0.9, log rank test).
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Table 4. Topical FK506 after normal-risk keratoplasty, local side
effects.

Group | (FK506) Group Il (steroid)

Superficial punctate keratitis 8/20 8/20
Injection of the conjunctiva 6/20 2/20
Burning sensation 6/20 0/20
Superficial opacification 2/20 1/20
Erosion 1/20 0/20

No side effects 12/20 11/20

individual patient. On the other, local side effects like
steroid response glaucoma, cataract, surface disorders or
infections often limit this period. Therefore, in the long
run, topical steroids can only be administered, if at all, in
a low dose of 1-2 drops per day [7]. Systemic immuno-
suppression is effective, but may be associated with severe
systemic side effects [11-15]. There is a need, therefore,
for alternative topical immunosuppressives.

After a single instillation of one FK506 0.1% eye-drop,
maximum FK506 levels above 400 ng/ml can be measured
in the cornea of male rabbits [38]. Twenty-four hours
thereafter, FK506 levels still exceed 100 ng/ml [38]. This
is more than 10-fold above effective blood levels after sys-
temic administration in clinical organ transplantation
[25,26,39]. In most animal keratoplasty models a concen-
tration of 0.03% was found to be effective without side
effects [28-30]. In this pilot study, a concentration of
0.06%, i.e. double as high as in the animal experiments
was chosen. With this prophylaxis, none of the grafts in
the FK506 group developed immune reactions so far.
Thus, FK506 seems to be at least as effective as topical
steroids. Possibly, the patients under topical FK506 did
not develop immune reactions because the drug might be
more effective than topical steroids and might induce
more mid-term immune tolerance. We should keep in
mind, however, that the study groups were very small
and follow-up was limited. Larger (multicenter) studies,
therefore, should be performed.

Complications of topical FK506 are disorders of the
corneal and conjunctival surface [31]. These were observed
in eight of 20 patients. As these patients asked for prema-
ture withdrawal of the drug, FK506 application was
stopped. These side effects were most probably caused by
the drug itself, i.e. FK506. The pH of the solution was
neutral and all further ingredients seem unproblematic.
Most of these ingredients are used in many eye drop prep-
arations. In a next step, therefore, we intend to test topical
FK506 in a concentration of 0.03%. However, in the con-
trol group nine of 20 patients showed similar side effects.

In summary, efficacy of topical FK506 was at least as
high as of topical steroids in this pilot study. FK506,
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therefore, might turn out to become an effective immu-
noprophylaxis in normal-risk keratoplasty patients. Local
discomfort should be further reduced.

References

1. Paufique L, Sourdille GP, Offret G, eds. Les greffes de la
cornee. La maladie du greffon. Paris, France: Maison et Cie,
1948: 131-136.

2. Hill JC. The use of cyclosporine in high risk keratoplasty.
Am ] Ophthalmol 1989; 107: 506.

3. Hill JC. Systemic cyclosporine in high risk keratoplasty.
Short- versus long-term therapy. Ophthalmology 1994; 101:
128.

4. Reinhard T, Sundmacher R, Heering P. Systemic ciclospo-
rin A in high-risk keratoplasties. Graefe’s Arch Clin Exp
Ophththalmol 1996; 234(Suppl. 1): 115.

5. Reinhard T, Hutmacher M, Sundmacher R, Godehardt E.
Akute und chronische Immunreaktionen nach perforieren-
der Keratoplastik mit normalem Immunrisiko. Klin
Monatsbl Augenheilkd 1997; 210: 139.

6. Sundmacher R, Stefansson A, Mackensen G. Verlaufsbeo-
bachtungen nach Keratoplastik. Fortschr Ophthalmol 1983;
80: 224.

7. Opremcak EM. Antiinflammatory agents. In: Mauger F,
Craig EL, eds. Ocular Pharmacology. Mosby, St Louis, MO,
1994; 397.

8. Hoffmann F. Topical cyclosporin A in corneal transplanta-
tion. In: Zierhut M, Pleyer U, Thiel ], eds. Immunology of
Corneal Transplantation. Buren, the Netherlands, 1994;
253-262.

9. Holland EJ, Olsen TW, Ketcham JM. Topical cyclosporin
A in the treatment of anterior segment inflammatory dis-
ease. Cornea 1993; 12: 413.

10. Mayer DJ, Casey TA. Reducing the risk of corneal graft
rejection. A comparison of different methods. Cornea
1987; 6: 261.

11. Reinhard T, Moller M, Sundmacher R. Penetrating
keratoplasty in endogenous ekzema with and without
systemic cyclosporin A. Cornea 1999; 18: 645.

12. Reinhard T, Reis A, Bohringer D, et al. Systemic mycophe-
nolate mofetil (MMF) in comparison to systemic cyclospo-
rin A (CsA) in high risk keratoplasty patients. Three years’
results of a randomised prospective clinical trial. Graefe’s
Arch Clin Exp Ophthalmol 2001; 239: 367.

13. Reis A, Reinhard T, Godehardt E, Braunstein S, Sundma-
cher R. Effect of mycophenolate mofetil, ciclosporin A,
and both in a murine corneal graft rejection model. Br |
Ophthalmol 1998; 82: 700.

14. Reis A, Reinhard T, Voiculescu A, Kutkuhn B, Sundma-
cher R. Mycophenolate mofetil versus ciclosporin A in
high-risk keratoplasty patients: a prospective, randomized
clinical trial. Br J Ophthalmol 1999; 83: 1268-1271.

15. Reis A, Megahed H, Reinhard T, et al. Coadministration
of the new macrolide RAD and mycophenolate mofetil in

196 Transplant International 18 (2005) 193-197 © 2005 European Society for Organ Transplantation



Reinhard et al.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Transplant International 18 (2005) 193-197 © 2005 European Society for Organ Transplantation

experimental corneal transplantation. Transplantation
2000; 70: 1397-1401.

Kino T, Hatayama H, Hashimoto M. FK506, a novel
immunosuppressant isolated from Streptomyces.

1. Fermentation, isolation, and physio-chemical and bio-
logical characteristics. ] Antibiot 1987; 40: 1249.

Tanaka H, Kuroda A, Marusawa H. Physicochemical
properties of FK506, a novel immunosuppressant isolated
from Streptomyces tsukubaensis. Transplant Proc 1987;
19(Suppl.): 11.

Clipstone NA, Crabtree GR. Identification of calcineurin as
a key signalling enzyme in T-lymphocyte activation.
Nature 1992; 25,357: 695.

Ruhlmann A, Nordheim A. Effects of the immunosuppres-
sive drugs CsA and FK506 on intracellular signalling and
gene regulation. Immunobiology 1997; 198: 192.

Williams DL. A comparative approach to topical cyclospo-
rine therapy. Eye 1997; 11: 453.

Sawada S, Suzuki G, Kawase Y, Takaku F. Novel immuno-
suppressive agent, FK506: in vitro effects on the cloned T
cell activation. J Immunol 1987; 40: 1249-1255.
Yoshimura N, Matsui S, Hamashima T, Oka T. Effects of
a new immunosuppressive agent, FK506, on human
lymphocyte-responsiveness in vitro: inhibition of expres-
sion of alloantigen-activated suppressor cells, as well as
induction of alloreactivity. Transplantation 1989; 47: 351.
Lauerma Al, Surber C, Maibach HI. Absorption of
topical tacrolimus (FK506) in vitro through human
skin: comparison with cyclosporin A. Skin Pharmacol
1997; 10: 230.

Pleyer U, Lutz S, Jusko WJ, et al. Ocular absorption

of topically applied FK506 from liposomal and oil
formulations in the rabbit eye. Invest Ophthalmol Vis Sci
1993; 34: 2737.

Starzl T. Allograft and xenograft acceptance under FK506
and other immunosuppressant treatment. Ann NY Acad
Sci 1993; 685: 46.

Starzl T, Fung J, Tzakis A. Baboon-to-human liver
transplantation. Lancet 1993; 341: 65.

27.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Topical FK506 after keratoplasty

Ruzicka T, Assmann T, Homey B. Tacrolimus — the drug for
the turn of the millennium? Arch Dermatol 1999; 135: 574.

. Hikita N, Lopez JS, Chan CC, Mochizuki M, Nussenblatt

RB, de Smet MD. Use of topical FK506 in a corneal graft
rejection model in Lewis rats. Invest Ophthalmol Vis Sci
1997; 38: 901.

. Mills RA, Jones DB, Winkler CR, Wilhelmus KR. Topical

FK506 prevents experimental corneal allograft rejection.
Cornea 1995; 14: 157.

Okada K, Sakata H, Minamoto A, Fujihara M. Effect of
FK506 administered topically versus intramuscularly on
suppression of the corneal immune reaction in rats.
Ophthalmologica 1996; 210: 175.

Reinhard T, Reis A, Mayweg S, Oberhuber H, Mathis G,
Sundmacher R. Lokales Fk506 bei entziindlichen
Erkrankungen von Hornhaut und Bindehaut. Klin
Monatsbl Augenheilkd 2002; 219: 125.

Pels L, Maas H, Tullo A. European Eye Bank Association
Directory, 8th edn. Amsterdam: EEBA, 2000.

Bohnke M. Spendergewebe fiir die Keratoplastik. Klin
Monatsbl Augenheilkd 1991; 198: 563.

Reinhard T, Holzwarth D, Spelsberg H, Dahmen N,
Sundmacher R. Wissensbasierte Bildanalyse von
Hornhauttransplantaten. Klin Monatsbl Augenheilkd
1999; 214: 407.

Hoffmann F. Nahttechnik bei perforierender Keratoplastik.
Klin Monatsbl Augenheilkd 1976; 169: 584.

Allredge OC, Krachmer JH. Clinical types of corneal trans-
plant reaction. Arch Ophthalmol 1981; 99: 599.

Kaplan EL, Meier P. Nonparametric estimation from
incomplete observations. ] Am Stat Assoc 1958; 53: 457.
Kawamura A, Teramura Y, Fujita Y, Iwasaki K, Terakawa
M, Hata T. Blood and ocular tissue concentration of FK506
in rabbits after single and repeated instillation of FK506
ophthalmic suspension. Fujisawa Pharmaceutical Co., Ltd,
Osaka, Japan, unpublished report CRD980048.

Celli S, Valdivia J, Fung J. Long-term survival of heart and
liver xenografts with splenectomy and FK506. Transplant
Proc 1993; 25: 647.

197



