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Abstract

Purpose of review—Immune rejection after corneal transplantation is a major risk for graft
failure. We aim to summarize recent advances in the understanding and management of graft
rejection.

Recent findings—Immune rejection remains the leading cause of graft failure in penetrating
keratoplasty. While ABO blood type and sex match between donor and recipient may reduce
rejection, human leucocyte antigens class Il matching in a randomized study did not reduce the
risk of rejection in high-risk penetrating keratoplasty. Compared with penetrating keratoplasty,
deep anterior lamellar keratoplasty, descemet stripping automated endothelial keratoplasty, and
descemet membrane endothelial keratoplasty have lower immune rejection rates of 1.7-13%,
5-11.4%, and 1.7-2.8%, respectively, based on long-term (5 years and more) studies. Whether
immune rejection is a major risk factor for graft failure in these lamellar keratoplasties is unclear.
While there have not been major advances in the systemic management of graft rejection, topical
nonsteroid agents such as tacrolimus and anti-vascular endothelial growth factor (VEGF) have
shown promise in high-risk cases.

Summary—Immune rejection remains the leading cause of graft failure in penetrating
keratoplasty. Lamellar keratoplasties have significantly lower rejection rates compared with
penetrating keratoplasty. The significance of rejection in the failure of lamellar grafts warrants
further investigation.
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INTRODUCTION

Corneal transplantation (keratoplasty) is the most common form of solid organ
transplantation and enjoys high success rates when performed in non-vascularized and
noninflamed (low-risk) host beds. In contrast to other forms of allogeneic organ/tissue
transplantation, corneal grafts often do not require systemic immunosuppression, owing
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to the cornea’s angiogenic and immune privileges. Despite high long-term success rates
of low-risk corneal transplantation, 30-60% high-risk penetrating keratoplasty grafts can
have rejection episodes and 70% may fail within 10 years [1®]. Immune rejection after
penetrating keratoplasty remains the leading cause of graft failure. Therefore, strategies to
prevent and manage rejection are critical to the survival of a corneal allograft. Numerous
publications have examined immune rejections in penetrating keratoplasty, and several
recent (within the past 5 years) reviews have highlighted the management of penetrating
keratoplasty graft rejection [1™ 2™ 3 4®] \While there have not been significant changes
in the systemic management of high-risk corneal transplantation since these publications,
several recent studies explored topical agents in treating immune rejection and we will
highlight these in this review. Given the rapid progress of lamellar keratoplasty in the past
2 decades, studies reporting their long-term graft rejection and successes are emerging. We
will provide an update on the immune reaction of anterior and posterior lamellar grafts as
well.

UPDATE ON GRAFT REJECTION OF PENETRATING KERATOPLASTY

Long-term (>10 years) survival rates for penetrating keratoplasty range between 52-80% in
several large cohort studies with mixed surgical indications [5™]. Allograft rejection remains
the leading cause of graft failure, representing approximately 30% of graft failures [5™]. A
recent report on 1206 primary penetrating keratoplasty performed at the Singapore National
Eye Centre demonstrates that graft rejection occurred in 178 optical, four tectonic, and 12
therapeutic grafts (total rejection rate of 16.1%) in a 20-year follow-up period and that
irreversible allograft rejection and late endothelial failure accounted for more than 60% of
graft failures [6]. Similarly, the 2018 Australian Corneal Graft Registry found that 17% of
penetrating keratoplasty grafts experienced at least one episode of rejection [7].

Repeat penetrating keratoplasty

Several publications recently reported the allograft rejection and survival of repeat
keratoplasty. Barut Selver et al. reviewed 149 regrafts of 105 eyes with a mean follow-up
time of 8.05 + 5.03 years and found that 62 eyes (59%) had clear grafts at the end of
follow-up. Late endothelial failure (36.9%), glaucoma-related endothelial failure (18.8%),
allograft rejection (17.4%), and graft infection (14.1%) were the most common reasons for
failed grafts [8]. Lu et a/. reported outcomes and survival of repeat keratoplasty within the
New Zealand National Eye Bank. In 242 cases of repeat penetrating keratoplasty, the median
survival was 12.0 years for first, 3.5 for second and 2.3 for third repeat keratoplasty. Graft
rejection was identified as one of several factors associated with graft failure [9]. Eghtedari
et al. [10] reported 76 repeat penetrating keratoplasty followed for 5 years and noted

main causes of graft failure were endothelial dysfunction, infection, immunologic rejection
(11 rejection, or 14.5%), technical problems, and recurrence of primary disease. These
newer studies confirm that repeat penetrating keratoplasty in general has lower survival rate
compared with primary penetrating keratoplasty and interestingly point out that immune
rejection is still a significant risk factor for but may not be the leading cause of graft failure.
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Pediatric penetrating keratoplasty

Young host age, particularly pediatric host, has been shown to be correlated with worse
graft survival [3]. Two recent reports confirmed this observation and highlighted that
immune rejection is the dominant cause of failure of these grafts. Sun et a/. examined

165 eyes of primary penetrating keratoplasty in children with Peters anomaly and found
that 54 eyes (32.7%) demonstrated graft failure along with various degrees of graft opacity.
Approximately half of the grafts failed within 6 months postoperatively and irreversible
immune rejection accounted for 61.1% of all graft failures [11]. Xavier Dos Santos Araujo
et al. examined 56 penetrating keratoplasty in children with congenital and acquired corneal
opacity and found graft survival rate of 64.7% within 24-month follow-up period. Immune
rejection was the most frequent postoperative complications (34% of all complications), and
63.6% of grafts that experienced rejection progressed to graft failure [12].

Donor tissue match

Several risks factors for corneal allograft rejection have been identified: young recipient
age, active host bed inflammation/neovascularization, anterior synechiae, history of herpetic
eye diseases, diabetes, glaucoma, repeat graft, and concurrent surgeries [1®]. It is generally
accepted that optimizing recipient ocular conditions such as reducing inflammation and
neovascularization prior to keratoplasty is critical. The utility of matching of donor tissue
with the host to potentially reduce immune reactions, however, remains controversial. There
have been conflicting reports regarding the benefits of human leucocyte antigens (HLA)
matching and several earlier studies suffer from errors in typing methods or retrospective/
nonrandomized nature [1®]. Recently the much-anticipated Corneal Transplant Follow-up
Study 1l randomized 1133 high-risk penetrating keratoplasty to HLA Class Il matching
against a background of HLA class | matching and followed these grafts for 5 years

[13™™®] The authors found that HLA Class Il matching did not reduce the risk of allograft
rejection and confirmed that younger recipient age, multiple preoperative risk factors,

and cataract surgery after penetrating keratoplasty increased rejection risk. Regarding non-
HLA matching, the Cornea Donor Study has found ABO blood type compatibility is

not directly correlated to graft rejection/failure of low-risk and moderate-risk penetrating
keratoplasty, while the Collaborative Corneal Transplantation Studies found blood group
ABO incompatibility a risk factor for graft failure in high-risk setting [2]. Given the relative
ease of blood type match, it can be considered for keratoplasty at high-risk for rejection.
There are increasing reports on the role of minor histocompatibility antigens (such as the
sex H-Y antigen) in donor graft survival, therefore sex-matching, particularly avoiding male
donors to female recipients, is prudent in high-risk transplantation [1%].

Case reports of graft rejection in altered systemic immune status

Graft rejection can occur when host immune status changes in various systemic conditions.
Checkpoint inhibitors including pembrolizumab are a new treatment modality for cancers
and a case of bilateral penetrating keratoplasty rejection was recently noted in an 85-year-old
woman who started pembrolizumab immunotherapy 3 months earlier. The rejection was
managed with topical corticosteroid drops but recurred after cessation of the drops. The
pembrolizumab treatment was eventually stopped to prevent recurrent corneal graft rejection
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after consulting the treating oncologist [14]. The coronavirus disease 2019 (COVID-19)
pandemic swept the world in 2020 and Jin et a/. reported a case of acute graft rejection

of an uncomplicated penetrating keratoplasty 3 months after surgery with concurrent onset
of COVID-19 symptoms. The authors argue that given that COVID-19 is known to cause
conjunctivitis with possible ocular transmission, it may disrupt immune balance leading to
graft rejection [15].

UPDATE ON GRAFT REJECTION OF LAMELLAR KERATOPLASTY

Perhaps the most exciting recent development in our collective understanding of corneal
graft rejection lies in the reports of lamellar keratoplasty. Anterior lamellar keratoplasty,
most commonly deep anterior lamellar keratoplasty (DALK), replaces the diseased corneal
stroma while preserving host endothelium and Descemet’s membrane. In posterior or
endothelial keratoplasty, the diseased endothelium and Descemet’s membrane are removed.
In the case of Descemet stripping automated endothelial keratoplasty (DSAEK), donor
endothelium, Descemet’s membrane, and a thin layer of posterior stroma are transplanted,
whereas in the case of Descemet membrane endothelial keratoplasty (DMEK), only the
donor endothelium and Descemet’s membrane are transplanted.

These lamellar surgical techniques gained increasing popularity in the last decade or so,
and mid-term (approximately 5 years of follow-up) outcome data are now available. DALK,
predominantly indicated for keratoconus, enjoys a survival rate of 77-99.3% [5™]. Between
DSAEK and DMEK, DSAEK is an older procedure that was initially done for Fuchs
endothelial cell dystrophy (FECD) and pseudophakic bullous keratopathy but is now more
reserved for eyes with endothelial disease and other comorbidities (such as glaucoma, iris
defect, or a history of vitrectomy), while DMEK becomes the standard of care for eyes
with uncomplicated endothelial diseases. The survival rates of DSAEK grafts are reported
to between 89-94.1% in single centers and 56-93.4% in national registries. DMEK data are
largely reported by single centers and have survival rates above 90% [5®].

It is theorized that lamellar keratoplasty has inherent lower risk for immune rejections for
the following reasons: reduced antigen load as less overall tissue is transplanted; avoidance
of endothelial rejection in the case of DALK; and effect of anterior chamber-associated
immune deviation and absence of stromal sutures in the case of endothelial keratoplasty
[16™™]. Indeed, Woo et al. [17] reported long-term outcome of various keratoplasties
performed for FECD and bullous keratopathy from the Singapore Corneal Transplant
Registry and found that that eyes that underwent DMEK had the lowest rate of graft
rejection (1.7% vs. DSAEK 5.0% vs. penetrating keratoplasty 14.1%, P < 0.001).

For both DMEK and DSAEK, the clinical presentation of immune rejection differs from
that of penetrating keratoplasty. A significant portion of rejection is subclinical and

only diagnosed during a routine check. In addition, classical Khodadoust lines are not

as common. Current rejection prophylaxis for endothelial keratoplasty is daily use of
corticosteroid, and when rejection occurs, intensified steroid treatment is indicated [16™™].

Curr Opin Ophthalmol. Author manuscript; available in PMC 2022 July 18.
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Update on graft rejection of descemet stripping automated endothelial keratoplasty

Long-term (follow-up period of 5 years or longer) rates of endothelial immune rejection
after DSAEK including ultrathin DSAEK (central graft thickness <100 um) are reported

to be between 5 and 11.4% [7,17-20]. It is worth noting that the rejection rate is much
higher in DSAEK grafts done in eyes with glaucoma (19.5%) [21] and in failed penetrating
keratoplasty (29%) [22] and that late endothelial failure (without apparent rejection) often
occurs more frequently than rejection in DSAEK [5%].

Whether immune rejection is a significant risk factor for DSAEK graft failure is unclear.
Wakimasu ef a/. [23] examined 130 cases of DSAEK and found history of glaucoma
surgery and allograft rejection as the only two factors associated with graft failure. The
2018 Australian Corneal Graft Registry also reported that graft rejection is an independent
factor significantly affecting graft survival in DSAEK [7]. On the other hand, the Cornea
Preservation Time Study found that graft rejection is uncommon after DSAEK, while it
increases endothelial cell loss, it is not a leading cause of DSAEK failure [24]. Similarly
Price et al. [20] found that rejection episodes rarely resulted in graft failure within 5

years with either DMEK or DSAEK. Gomez-Benlloch et a/. [25] examined 509 failed
keratoplasties in a multicenter study and found that while immune rejection remains the
leading cause of graft failure in penetrating keratoplasty (primary and regraft), the main
reason for failure was endothelial decompensation without rejection in DSAEK, and primary
graft failure in the DMEK group. The discrepancies likely lie in the difference in the nature
of these studies, surgical indications, and other ocular comorbidities.

Update on graft rejection of descemet membrane endothelial keratoplasty

Graft rejection after DMEK is reported to be very low, ranging 1.7-2.8%, based on several
recent reports with 5-year follow-up duration [17,20,26]. Gerrit Melles, inventor of modern
endothelial keratoplasty, reported the longest-to-date follow-up of his group’s initial DMEK
cases and noted 4% of eyes developed allograft rejection, the majority of which resolved
with intense steroid therapy, within 10 years [27]. DMEK graft rejection in eyes with a
history of glaucoma surgery (trabeculectomy or glaucoma drainage device), however, is
much higher, ranging from 17.2 to 20.8% in several studies with follow-up up to 4 years
[21,28,29]. Similarly, for DMEK performed for failed penetrating keratoplasty (PKP), 21%
developed graft rejection, which was the cause of failure in 67% of these cases [22].

DMEK is increasingly performed in eyes that are considered ‘high-risk’ in the traditional
risk stratification for penetrating keratoplasty. For instance, Hayashi et al. [30] reported

24 consecutive cases of DMEK in vascularized eyes (involving =2 quadrants) and noted
rejection in one eye (4.2%) and no primary graft failure. Two case series also reported
successful DMEK in the case of corneal endothelial decompensation due to herpes simplex
viruses (HSV)-1 infection. Both groups of authors suggested that DMEK is an effective
treatment option for corneal edema secondary to HSV-1-related endotheliitis and that
intensive long course of antiviral prophylaxis is indicated [31,32].

Curr Opin Ophthalmol. Author manuscript; available in PMC 2022 July 18.
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Update on graft rejection of deep anterior lamellar keratoplasty

Rejection rate of DALK in long-term (5 years) studies (including single-center and registry
studies) range between 1.7 and 13% [7,33-35]. This is lower than the rejection rate of
penetrating keratoplasty. A recent Systematic Review and Meta-Analysis of penetrating
keratoplasty vs. DALK examined 13 studies. The authors found that the rejection rate is
21.3% for penetrating keratoplasty and 8.95% for DALK, and that the risk of graft rejection
episodes was more prominent in penetrating keratoplasty than in DALK (odds ratio = 2.69;
P=0.001) [36]. While some studies report these (epithelial and stromal) rejection episodes
in DALK are often reversed by intense steroid treatment and rarely lead to graft failure
[33,37], the report based on the United Kingdom Transplant Database noted that rejection
remains a risk factor for graft failure [35]. Significantly ocular surface diseases are found to
be a major risk factor for DALK graft failure [25,35].

UPDATE ON NOVEL DIAGNOSIS OF GRAFT REJECTION

Diagnosis of immune rejection after allograft remains a clinical one and slit lamp
examination and serial monitoring of central corneal thickness are routinely employed.
Various imaging modalities have been explored to objectively identify rejection.
Chirapapaisan et al. examined the use of in-vivo confocal microscopy in a prospective case—
control study where patients with penetrating keratoplasty (with and without rejection) were
compared with age-matched controls. The authors found that patients with corneal graft
rejection have a significant increase in corneal immune cells, particularly in the sub-basal
and endothelial layers, compared with patients with nonrejected grafts and controls [38].
High-definition anterior segment optical coherence tomography has been used to measure
the thickness of endothelial/Descemet’s membrane complex in patients with healthy or
rejecting penetrating keratoplasty grafts. The authors noted that this measurement is a useful
parameter for the diagnosis of corneal graft rejection and its diagnostic performance is better
than that of the traditional parameters including endothelial cell density and central corneal
thickness [39]. Immune rejection after DMEK can often be subtle and asymptomatic. In
attempt to capture these ‘preclinical’ episodes, Baydoun et al. retrospectively analyzed the
specular microscopy and Scheimpflug images of 22 eyes with clinical rejection after DMEK
and noted changes in endothelial cell morphology, cell density, pachymetry, and/or the
presence of subclinical keratic precipitates before rejection becomes clinically manifest. The
authors propose that recognition of these changes in pattern may allow for early detection
and targeted treatment to prevent rejection and endothelial cell loss after DMEK [40].

UPDATE ON TREATMENT FOR GRAFT REJECTION

There are several recent reviews summarizing current practice of managing high-risk
corneal transplantation [2,3,4™]. In brief, topical corticosteroid remains the mainstay after
transplantation including full-thickness and partial-thickness keratoplasties. Given the lower
rejection rates of DALK and endothelial keratoplasty, there have been reports of cessation
of long-term steroid use in these cases, but in general corticosteroid use leads to reduced
rejection and most authors advocate prolonged and possibly indefinite use of low potency
corticosteroid eye drops, if there are no contraindications.

Curr Opin Ophthalmol. Author manuscript; available in PMC 2022 July 18.
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Topical treatment for graft rejection

Prednisolone 1% and dexamethasone 0.1% are routinely used after keratoplasty [4®]. Two
recent studies report the use of topical difluprednate, a very high potency corticosteroid, in
effectively preventing and treating rejection after penetrating keratoplasty, though toxicity
and intraocular pressure need to be monitored closely [41,42].

Nonsteroid topical immunosuppressive agents including cyclosporine A (CsA) and
tacrolimus have been used in managing graft rejection, particularly in high-risk cases

[2]. Topical CsA, at concentrations of 0.05-2%, can be used in postoperative period in
cases of steroid-induced glaucoma, allowing a reduction of topical corticosteroids, but

its efficacy to reduce the risk of graft rejection in high-risk corneal transplantation is

still questionable [3,4®]. Topical tacrolimus (commonly 0.03%) has shown promises in
managing high-risk corneal transplantation [2,3,4®]. In a recent randomized study, patients
with high-risk penetrating keratoplasty received either topical tacrolimus 0.1% or CsA 1%.
Tacrolimus group had significantly decreased corneal graft rejection rate compared with
CsA group (P=0.02) [43]. In another study published in 2021, topical 0.03% tacrolimus
was found to be as effective as systemic mycophenolate mofetil as adjuncts to topical and
systemic corticosteroids in reducing endothelial graft rejection with 12 months follow-up
after repeat keratoplasty [44]. Lastly, in a cohort of 20 very high-risk therapeutic penetrating
keratoplasty for severe infectious keratitis, 0.1% tacrolimus eye drops were found to
facilitate the reduction of intraocular inflammation in early postoperative period and may
extend long-term survival of grafts in cases of severe infectious keratitis [45].

As corneal neovascularization is a major risk factor for graft rejection/failure, at least in

the case of penetrating keratoplasty, attempts to reduce vascularization of the recipient

beds have the potential to promote graft survival, most notably with the off-label use of anti-
VEGF agents. Three recent case series reported the use of topical bevacizumab, intrastromal
bevacizumab, and the combination of fine-needle thermal cauterization and subconjunctival
injection of bevacizumab, in regressing corneal neovascularization perioperatively of high-
risk penetrating keratoplasty and found favorable results in graft rejection and failure
[46-48]. A multicenter randomized clinical trial of bevacizumab in high-risk corneal
transplantation (ClinicalTrials.gov Identifier: NCT01996826) has completed and is expected
to report its findings in 2021. In this study, the treatment arm received one-time
subconjunctival injection of 0.1 ml (2.5 mg) bevacizumab at time of penetrating keratoplasty
and followed by topical treatment with 1% bevacizumab four times a day for 4 weeks.

The study followed a total of 86 patients and preliminary study indicates the cumulative
endothelial rejection rates to be 90% in control and 81% in bevacizumab treatment group
(P=0.2), respectively, in the 1-year follow-up period (personal communication with study

P1 Dr Reza Dana). Corneal crosslinking (CXL), a recently Food and Drug Administration-
approved procedure to halt progression of keratoconus, has been explored to reduce
progressive corneal neovascularization before or concurrent with high-risk penetrating
keratoplasty in five patients [49]. The authors found that peripheral CXL resulted in a
reduction of corneal neovascularization without revascularization and that all transplants
remained clear and without immune reactions through the 16-week follow-up period.

Curr Opin Ophthalmol. Author manuscript; available in PMC 2022 July 18.
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Systemic treatment for graft rejection

There lacks general consensus on the management of high-risk corneal transplantation

using systemic medications [50]. Corticosteroids remain the most common agents, while
other immunosuppressants such as CsA, mycophenolate mofetil, tacrolimus, and sirolimus
have all been examined. It is worth noting that these regimens have variable success rates
and comparison among them is difficult due to small number of studies available. In
addition, systemic immunosuppression carries significant systemic side effects and requires
individualized planning and close monitoring. These systemic agents have been summarized
at length in several recent reviews [1™ 2,3,4®] and we have not found major new evidence
in this area.

CONCLUSION

Immune rejection remains a leading cause of graft failure in penetrating keratoplasty.
Repeat penetrating keratoplasty and pediatric penetrating keratoplasty are at higher risk

of graft rejection. ABO blood type and sex match between donor and host may reduce graft
rejection and should be considered in high-risk cases, given the relative ease and low cost
of performing such match. HLA typing, however, has been shown in a large, randomized
study not to reduce rejection or promote survival of high-risk penetrating keratoplasty.
Lamellar keratoplasties including DALK, DSAEK, and DMEK have significantly lower risk
of graft rejection, compared with penetrating keratoplasty. There is conflicting evidence on
whether immune rejection is the major cause of graft failure in these cases. The importance
and underlying mechanisms of nonrejection loss of corneal endothelial cells in the case

of DSAEK and DMEK requires further clinical and basic scientific investigation. In terms
of graft rejection management, there still lacks high-quality evidence on the efficacy of
systemic immunosuppressive agents, and well planned randomized studies may continue
to prove challenging given the limited study population and severe side effects of these
agents. Nonsteroid topical regimens, particularly tacrolimus and anti-VEGF agents, may be
considered in high-risk cases; and their use in lamellar keratoplasty warrant exploration.
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KEY POINTS

Immune rejection remains the leading cause of graft failure in penetrating
keratoplasty.

While ABO blood type and sex match between donor and recipient may
reduce rejection, human leucocyte antigens class Il matching in a randomized
study did not reduce the risk of rejection in high-risk penetrating keratoplasty.

Compared with penetrating keratoplasty, deep anterior lamellar keratoplasty,
descemet stripping automated endothelial keratoplasty, and descemet
membrane endothelial keratoplasty have significantly lower immune rejection
rates.

Whether immune rejection is a major risk factor for graft failure in lamellar
keratoplasties is unclear.

Topical nonsteroid agents such as tacrolimus and anti-VEGF have shown
promise in the management of high-risk penetrating keratoplasty.
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