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Abstract

Purpose: To describe the clinical presentation and management of late (>3.0 years) acute graft
rejection in keratolimbal allograft (KLAL) recipients.

Methods: Multicenter, retrospective observational case series. 6 eyes of 6 patients with ocular
surface transplant at a mean age of 36.2 years seen at 3 tertiary referral centers for acute graft
rejection between 2007 and 2013. Main outcome measures included strength of systemic
immunosuppression (SlI) at the time of rejection, time to rejection, and clinical presentation of
rejection.

Results: Preoperative diagnoses included total limbal stem cell deficiency (LSCD) due to aniridia
(n =2) or chemical injury (n = 4). Following an initially successful outcome, patients
experienced late acute graft rejection at a mean time of 67.8 £ 24.1 months (range: 41 to 98) after
KLAL while receiving suboptimal levels of SI due to medication taper (n = 5) or noncompliance
(n =1). Objective findings included an epithelial rejection line (n = 6), edema (n = 2), corneal
epithelial irregularities (n = 2), and neovascularization (n = 1). Anti-rejection management
consisted of topical corticosteroids (n = 6) and augmentation of Sl therapy (n = 5).

Conclusion: These cases of late acute graft rejection in KLAL patients support the notion that
allodonor cells can persist over the long run and remain at risk for immunologic rejection. It
further underscores the fact that long-term success with KLAL may require extension of S

beyond the first few years, albeit at lower levels individualized to each patient.
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Introduction

The maintenance of a healthy corneal epithelium is vital to the optical clarity of the eye. This
layer of epithelial cells is constantly undergoing a cycle of regeneration with new cells derived
from the multiplication of stem cells located in the basal layer of the limbus." Severe deficiency
of limbal stem cells (LSC), or dysfunction of their local microenvironment, can be a devastating
consequence of diverse pathologic insults including congenital aniridia, chemical injury, and
Stevens-Johnson syndrome.*” Once the function of the LSCs is sufficiently diminished, patients
present clinically with various degrees of corneal conjunctivalization, otherwise known as limbal
stem cell deficiency (LSCD). Ultimately, the development of significant pain and permanently
disabling visual loss are the unfortunate results of non-healing epithelial defects, progressive
neovascularization, and severe stromal scarring.

In cases of LSCD refractory to conservative medical therapy, surgical intervention is required.
Ocular surface stem cell transplantation (OSST) is used to rehabilitate the ocular surface through
restoration of LSCs and the limbal microenvironment. Bilateral LSCD requires allograft
transplantation wherein donor stem cells repopulate the corneal epithelium. In particular,
keratolimbal allografts (KLAL) utilize cadaver-derived donor limbal tissue and have
demonstrated significantly improved visual acuity in patients with bilateral LSCD over several
years of follow-up.*?

AKkin to solid organ transplantation, KLAL recipients may suffer from immune-mediated graft
rejection due to the high vascularity and antigen burden of donor limbal tissue.? Indeed, allograft
rejection is the most common cause of long-term KLAL failure. While prior studies have
questioned this premise, we have previously reported the presence of donor LSCs up to 3.5 years

after KLAL.>'° Accordingly, an immunosuppression regimen with multiple systemic agents, in
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addition to topical drugs, is indicated to prevent allograft rejection.” However, the appropriate
agents, duration, and strength of this treatment schedule are areas of active investigation. In this
series, we report six cases of late acute graft rejection (> 3.0 years) after successful KLAL
transplantation in patients receiving suboptimal systemic immunosuppression (SI) due to prior
regimen tapering protocols or medication noncompliance to further reinforce the need for long-
term maintenance therapy in these higher risk patients.

Materials and Methods

A retrospective chart review of patients who underwent KLAL for bilateral LSCD at the Illinois
Eye and Ear Infirmary, Cincinnati Eye Institute, and Labbafinejad Medical Center between
March 1998 and December 2010 was performed. All patients who suffered from late (> 3.0
years) acute graft rejection between January 2007 and December 2013 after their last successful
KLAL operation were included. Patients without adequate documentation of their entire clinical
course were excluded. The Institutional Review Board at the University of Illinois at Chicago
approved this study. This work was HIPAA-compliant and adhered to the tenets of the
Declaration of Helsinki.

Data were collected on patient demographics, LSCD etiology, pre-op and follow-up Snellen
best-corrected visual acuity (BCVA), immunosuppression regimens and compliance, ocular
complications and interventions during follow-up, characteristics of KLAL failure, treatment of
acute graft rejection, adverse events due to S, and final ocular surface outcome. Clinical
characteristics used to identify an episode of acute rejection included pain, decreased vision, or
photophobia in addition to one or more of the following: edema and neovascularization of KLAL
segments, intense sectoral or 360 degrees of limbal injection, and an epithelial rejection line

accompanied by conjunctival injection (Figure 1). Resolution of an acute rejection episode was
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defined as achievement of a stable ocular surface characterized by an intact corneal epithelium (+
residual epithelial irregularities) with absence of inflammatory signs and neovascularization.

The KLAL surgical and post-operative immunosuppression protocol varied minimally between
11-14

the three participating institutions and has been described in prior studies.

Immunosuppression Regimen

Maintenance Therapy

All patients underwent baseline assessment and laboratory investigations 1 month prior to their
operation. Topical immunosuppression was initiated immediately after surgery. They received
0.05% difluprednate ophthalmic emulsion QID (1% prednisolone acetate was used before 2008)
and were then tapered to a weaker steroid drop to be used indefinitely. In addition, topical
cyclosporine (0.05%) was used as adjunctive therapy in patients as they were tapered off
systemic agents.

The standard oral immunosuppression protocol was started one week prior to surgery and
included prednisone 1 mg/kg QD, tacrolimus (Prograf; Astellas Pharma US, Incorporated,
Deerfield, IL) 4 mg BID, and mycophenolate mofetil (MMF; Cellcept; Hoffmann La Roche,
Nutley, NJ) 1 g BID. More recently, patients were also concurrently started on valganciclovir
(Valcyte; Hoffmann La Roche, Nutley, NJ) 225 mg QD and trimethoprim/sulfamethoxazole
(TMP/SMX, single strength; Mutual Pharmaceutical Company, Philadelphia, PA) 1 tablet three
times weekly, or dapsone 100 mg QD if the patient has a sulfa allergy, to prevent opportunistic
infections while immunosuppressed.

Sl was managed both pre- and postoperatively with an organ transplantation team. Standard
investigations, including clinical evaluation and various laboratory result monitoring, were

performed at 1 month, 3 month, 1 year, and 2 year intervals for the duration of Sl therapy.
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Prednisone was tapered over 1 to 3 months depending on clinical signs of inflammation.
Tacrolimus was titrated to a level of 8 to 10 ng/mL for the first 6 months and 5 to 8 ng/mL
afterward for at least 12 to 18 months. Patients with an adequate degree of ocular surface
stability were tapered off of tacrolimus and MMF starting at 12 months and 3 years, respectively.
However, any history of rejection indicated maintenance of low-dose Sl indefinitely if tolerated.
Valganciclovir was stopped at 6 or 12 months if the patient is cytomegalovirus IgG positive or
negative, respectively. TMP/SMX was discontinued after 1 year.

Each patient’s SI regimen was tailored based upon immunologic risk stratification. Levels of
human leukocyte antigen (HLA) matching, panel reactive antibody, donor-specific antibodies,
and high-risk status (e.g. young age, severe LSCD or conjunctival disease, repeat OSST likely)
determined induction therapy and timing of postoperative tapering.

Acute Rejection Therapy

All acute rejection patients, irrespective of severity, were treated aggressively by augmenting
both topical and oral immunosuppression.* Treatment consists of frequent topical steroids (e.g.
0.05% difluprednate ophthalmic emulsion hourly), subconjunctival injection of triamcinolone,
high-dose oral prednisone with tapering over several weeks, and an increase in the dose of
concomitant oral immunosuppressive agents.

Results

Eight cases met inclusion criteria; however, only 6 cases, 1 female and 5 male patients, with
adequate follow-up data were identified and included in this report (Table 1). Indications for
KLAL included total LSCD due to aniridia (n = 2) and chemical injury (n = 4). Ocular
comorbidities included keratoconjunctivitis sicca (n = 6) and glaucoma (n = 3). Most patients

had undergone prior transplantation including PK (n = 2), KLAL (n = 1), and amniotic
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membrane transplant (n =1). The mean age at the time of the most recent KLAL surgery was
36.2 years (range: 21 to 52). All patients were started on > 2 S| agents immediately after surgery.
Most patients (n = 5) underwent subsequent PK for visual rehabilitation. The mean follow-up
time was 110.6 + 38.4 months and ranged from 80 to 164 months.

During the pre-rejection follow-up period, most patients (n = 4) experienced a sustained increase
in intraocular pressure controlled with topical medication (n = 2), diode cyclophotocoagulation
(n=1), or atube procedure (n = 1).

The mean time to acute KLAL graft rejection was 67.8 + 24.1 months (range: 41 to 98). At the
time of rejection, all patients were either on a tapered Sl regimen in accordance with prior
protocols (n = 5) or noncompliant with their regimen (n = 1). Subjectively, all patients presented
with either reduced vision or pain among other complaints including photophobia. Slit lamp
biomicroscopy demonstrated an epithelial rejection line in all patients with centripetal
progression in most cases (n = 3). Additional features included local or diffuse edema (n = 2),
corneal epithelial irregularities (n = 2), neovascularization (n = 1), and conjunctivalization (n =
1).

Medical management consisted of frequent topical corticosteroids in all cases with addition of
oral steroids (n = 3) and/or augmentation of other Sl agents (n = 3). After aggressive anti-
rejection treatment, 2 cases resolved with minor residual epithelial irregularities. However, some
patients (n = 3) ultimately developed sectoral ocular surface failure and underwent a repeat
ocular surface stem cell transplantation procedure (n = 2). Additionally, 1 patient suffered total
ocular surface failure and received a keratoprosthesis device.

At the end of the follow-up period, 5 eyes had a stable ocular surface with (n = 3) or without (n =

2) partial conjunctivalization. The average BCVA before KLAL was -2.2 + 1.1 logarithm of the
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minimum angle of resolution (logMAR; ranged from -0.3 to -3.0). The average BCVA at the last
follow-up was -0.9 + 0.3 logMAR (ranged from -0.5 to -1.4). The clinical courses of two
representative cases are discussed below.

Case 1

A 43-year-old man with a history of acid burn OS, cataract extraction with intraocular lens
implantation and PK presented with a BCVA of hand motion at 2 feet and underwent KLAL. He
was immediately started on prednisolone acetate drops QID, moxifloxacin drops QID, a tapering
dose of oral prednisone, tacrolimus 3 mg PO BID, and MMF 1000 mg PO BID. He had a repeat
PK 3 months after surgery and the prednisone and tacrolimus were tapered and eventually
discontinued at 6 months and 1 year, respectively. His interim course was complicated by a
persistent epithelial defect and ocular hypertension requiring a bandage contact lens and topical
antihypertensive medication. Approximately 59 months after KLAL, while on topical
prednisolone acetate QID, MMF 250 mg PO BID, and topical moxifloxacin QID, he presented
with pain and photophobia. Slit lamp examination revealed an epithelial rejection line inferiorly
with neovascularization and the diagnosis of acute graft rejection was made. He was started on
difluprednate 0.05% Q1H and MMF was up-titrated to 750 mg and eventually 1000 mg BID
after 2 weeks. Despite mild improvement in ocular surface stability, he went on to develop
partial ocular surface failure and underwent combined living related conjunctival limbal allograft
and KLAL 3 months later. After this procedure, his course was complicated by multiple episodes
of acute PK rejection requiring two repeat PKs at 6 and 7 years after KLAL. At last follow-up,
the patient had a stable ocular surface with a BCVA of 20/70.

Case 6



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

A 37-year-old woman with a history of aniridic keratopathy, progressive LSCD, and glaucoma
s/p cataract extraction with intraocular lens implantation presented with a BCVA of counting
fingers at 10 feet and underwent bilateral KLAL separated by 10 months (Figure 2). She was
immediately started on topical prednisolone acetate QID, prednisone 1 mg/kg PO QD, tacrolimus
4 mg PO BID, and MMF 1000 mg PO BID. Her Sl regimen was tapered and discontinued over
the course of 3 years. Additionally, her interim course was complicated by elevated intraocular
pressure refractory to medication requiring diode cyclophotocoagulation. Five and a half years
after her KLAL, she self-discontinued her topical prednisolone acetate TID and presented with
pain, redness, and reduced vision in her right eye one month later. Slit lamp examination
demonstrated an epithelial rejection line, confirming the diagnosis of acute KLAL graft rejection.
Despite augmentation of topical corticosteroids (prednisolone acetate gtt Q2H) and initiation of
MMF 500 mg BID, she went on to develop sectoral LSCD in the superior cornea with
conjunctivalization extending to the visual axis. At last follow-up, she had a stable ocular surface
with sectoral conjunctivalization (150°) and a BCVA of 20/400. The patient has declined any
further intervention including repeat sectoral KLAL. The left eye, which did not experience
rejection, remains stable at 90 months after KLAL with a BCVA of 20/100.

Discussion

In the setting of bilateral total LSCD, KLAL has been widely studied and proven to be an
effective form of ocular surface stem cell transplantation.* > " *>"*” Significant improvements in
corneal epithelial health and visual acuity have been reported in approximately 70% of patients.*
>15 However, KLAL failure is not uncommon and is typically related to graft rejection,

persistent inflammation, severe dry eyes and/or adnexal pathology. Indeed, an important
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challenge with the KLAL procedure is the continued threat of immune rejection, which can lead
to progressive loss of graft function over the long-term.* *2

In contrast to avascular corneal transplants that have relative immune privilege, limbal tissue is
highly vascularized and hence the donor cells are readily accessible to the immune system. Graft
rejection after KLAL has been well documented in the literature. Reported classification
schemes are based upon clinical presentation and include categories such as acute, or severe, and
chronic, or low-grade.* ® Chronic rejection is more common and, unlike acute cases, may occur
with relatively few or no subjective symptoms or objective signs. As a result, it is often difficult
to distinguish chronic graft rejection from background inflammation on clinical grounds.
Accordingly, we elected to limit our series to verifiable cases of late-onset acute graft rejection.
Prior studies have reported an overall rejection incidence ranging from 13.1% to 46.3% with
inadequate immunosuppression frequently identified as statistically significant risk factor.* > >*°
In the largest study to date, the incidence of rejection was 31.1% over a mean follow-up of 62.7
months.* Interestingly, the strongest risk factor for rejection was younger age at OSST with the
rejection group being more than 10 years younger than the non-rejection group. In fact, there was
no significant difference in rejection rates according to diagnosis, inflammatory or otherwise,
when adjusted for age. Of particular relevance, noncompliance with immunosuppression also
conferred an increased risk of rejection.

In our series, we report the largest number of cases of late-onset acute graft rejection in KLAL
patients to date. All patients were found to be insufficiently immunosuppressed due to either
down-titration of systemic treatment or regimen noncompliance. The overall mean time to acute
rejection was 67.8 months compared with prior studies ranging from 16.9 months for acute

rejection in KLAL patients to 19.3 months for severe or low-grade rejection in OSST patients.*

10
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'8 In fact, we found that acute rejection could occur as late as 98.4 months postoperatively, which
is longer than previously reported.* This result may be explained by the fact that, unlike earlier
protocols, our institutions currently utilize a strict postoperative combined SI regimen.
Ultimately, these findings further underscore the long-term threat of rejection and the importance
of sufficient Sl protection.

Despite appropriate anti-rejection treatment, 2/3 of our cases went on to develop some degree of
ocular surface failure, which is consistent with previously reported rejection outcomes.* We
recommend repeat sectoral KLAL in patients with partial ocular surface failure. Alternatively,
keratoprosthesis implantation should be considered in cases of total ocular surface failure,
particularly in patients with endothelial rejection.

The current study is noteworthy because it provides evidence for the long-term survival of the
transplanted limbal stem cells. This notion is in contrast to prior work in which investigators
failed to detect donor-derived cells by genetic analysis after months to years of follow-up.** 2%
Accordingly, it was suggested that these cells do not survive on a long-term basis and any
correlation between the clinical efficacy of limbal transplantation and the survival of donor cells
on the ocular surface was called into question. However, in most of these reported cases, subjects
did not receive any Sl or just short term SI and samples were collected after clinical deterioration
had occurred.

In contrast, long-term donor cell survival has been reported in cases in which SI was used. Our
group has reported DNA fingerprinting-based detection of non-recipient cells up to 3.5 years
after transplantation in patients who were either taking or had received oral immunosuppression.®
Shimazaki et al. found evidence of donor cells in 8 out of 10 eyes in patients with a stable ocular

surface at least 300 days after KLAL surgery who were on oral steroids and cyclosporine. In a

11
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similar study, Reinhard et al. found donor cells up to 56 months after penetrating
limbokeratoplasty in patients receiving SI1.%* Accordingly, we believe that intense care against
immunologic rejection is the key to longer survival of donor-derived epithelial cells and,
ultimately, improved KLAL survival.

Sl therapy after KLAL is best done in collaboration with an organ transplant team. The optimal
dosage and duration of immunosuppression should be individualized. In most cases, patients can
decrease the strength of their regimen after the first 18 months depending upon ocular surface
stability.* However, our growing experience with long-term follow-up of KLAL patients and
these cases of late acute graft rejection suggest insufficient protection from prior
immunosuppression protocols with 1 to 2 year schedules. Accordingly, we recommend
maintenance on lower doses for up to 5 years, particularly in younger patients who may be more
sensitive to alloantigens.? Patients with inflammatory disorders, such as Stephens-Johnson
syndrome or mucous membrane pemphigoid, have a relatively poor prognosis after KLAL and
often require indefinite therapy.” In addition to such patients with underlying immunologic
conditions, any history of rejection should also indicate maintenance on a well-tolerated Sl
regimen on a long-term basis.

Adverse effects of long-term immunosuppressive therapy in this patient population are minimal,
though not non-existent. No major adverse events due to Sl therapy were reported during the
entire follow-up period of our study. However, we previously reported non-fatal adverse effects
in 12/16 patients, nine of whom experienced resolution of these effects during their follow-up
period.?® In a large retrospective study of 225 eyes from 136 patients, Holland et al reported 3
severe adverse events in 2 patients (1.5%) with no deaths or secondary tumors.*® There were 21

minor adverse events in 19 patients (14.0%), including increased blood pressure, diabetes, and
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transient elevations in creatinine and transaminitis. In addition to strict adherence to
immunosuppressive therapy, appropriate patient selection, control of ocular comorbidities and
frequent postoperative monitoring should be employed in order to minimize the risk of adverse
effects.”

In recent years, as a result of these experiences, we have developed a stronger preference for
using donor tissue from relatives (whenever available), in order to prolong long-term graft
viability. Living-related limbal grafts are associated with a lower risk of rejection compared to
KLAL given closer immunologic match.” In addition to a reduction in the incidence of rejection,
improved outcomes may also be achieved as a result of increased likelihood of reaching a state
of immunologic tolerance by the host.?’

In summary, this series of late acute graft rejection in patients after KLAL provides indirect
evidence for the persistence of donor cells up to over 8 years after transplantation. It further
confirms that while SI may be successfully tapered off after 3 years in some patients, in some
cases, particularly younger patients, long-term systemic therapy is necessary for maintaining
graft survival. The external validity of our study is limited by its small sample size, minimal
diversity in etiologies of LSCD, the high rejection risk profile of all included patients, and the
presence of co-morbidities such as concomitant dry eyes and neurotrophic keratopathy. In
addition, biological correlation through the use of DNA fingerprinting techniques would have
further strengthened our conclusions. Future studies are needed to identify biomarkers (e.g.
systemic or local immunologic markers) that can guide the intensity and duration of Sl in these
patients.
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Figure Legends

Figure 1. Clinical characteristics of acute rejection: A, slit-lamp photograph from a 40-year-old
woman with aniridia who presented with 6 weeks of decreased vision and increased discomfort
and irritation 6 years after KLAL OS while non-compliant with her systemic immunosuppression
regimen. Note the epithelial rejection line (white arrow). B, superior corneal neovascularization
and conjunctivalization (white arrow). C, use of fluorescein staining to highlight the epithelial
rejection line.

Figure 2. Case 6: A, preoperative slit-lamp photograph from a 37-year-old woman with aniridia
demonstrating epithelial irregularity. B, a stable ocular surface at 2.5 years after keratolimbal
allograft while on tacrolimus and mycophenolate mofetil. C, acute graft rejection 5.5 years after
surgery evidenced by epithelial rejection line (white arrow). The patient had not received
systemic immunosuppression for 2 years and had self-discontinued topical steroids one month

prior to presentation. D, use of fluorescein staining to further highlight these findings.
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