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Peripheral ulcerative keratitis (PUK) is a rare but serious ocular condition that is
an important clinical entity due to its ophthalmological and systemic implications.
It is characterized by progressive peripheral corneal stromal thinning with an
associated epithelial defect and can be associated with an underlying local or
systemic pro-inflammatory condition, or present in an idiopathic form (Mooren
ulcer). Associated conditions include autoimmune diseases, systemic and ocular
infections, dermatologic diseases, and ocular surgery. Cell-mediated and auto-
antibody-mediated immune responses have been implicated in the pathogenesis
of PUK, destroying peripheral corneal tissue via matrix metalloproteinases.
Clinically, patients with PUK present with painful vision loss, a peripheral corneal
ulcer, and often adjacent scleritis, episcleritis, iritis, or conjunctivitis. Diagnostic
evaluation should be focused on identifying the underlying etiology and ruling
out conditions that may mimic PUK, including marginal keratitis and Terrien
marginal degeneration. Treatment should be focused on reducing local disease
burden with topical lubrication, while simultaneously addressing the underlying
cause with antimicrobials or anti-inflammatory when appropriate. Existing and
emerging biologic immunomodulatory therapies have proven useful in PUK due
to autoimmune conditions. Surgical treatment is generally reserved for cases of
severe thinning or corneal perforation.
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Peripheral ulcerative keratitis (PUK) is an acute
destructive peripheral keratitis, associated with
epithelial defect and stromal thinning in all cases.
PUK is a sight-threatening condition that also
carries a high risk of systemic morbidity and
mortality when accompanied by an underlying
collagen vascular disease, which occurs in almost
half of noninfectious peripheral keratitis.! PUK
has an average incidence of 0.2-3 individuals
per million population.”) Reviewing the current
literature, the exact relationship of PUK among
other inflammatory lesions of the peripheral cornea
is ill-defined.

The current review discusses PUK as an
immune-mediated keratopathy associated with
systemic immune alterations. These systemic
immune disturbances may be caused by an auto-
immune disease, a systemic infectious condition,
or a systemic condition neither autoimmune
nor infectious. We will review the etiology, clinical
aspects, pathophysiology, and treatment options of
PUK, focusing on the updates of PUK pathogenesis
and therapeutic advances.

Compared to the central cornea, the corneal
periphery differs in a few key ways. It contains
characteristic features as a junction of cornea,
conjunctiva, episcleral, and sclera.®! Histologically,
the peripheral stroma has looser arrangements
of collagen bundles, with the limbal vascular
arcades and lymphatics extending about 0.5 mm
into the clear cornea.¥! Consequently, the corneal
periphery has a higher density of Langerhans
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cells, immunoglobulin M, and C1 complement
factor> > 8 Accordingly, any ocular or systemic
condition that alters the dynamics of ocular
surface immunity may be associated with an
inflammatory response in the peripheral cornea.
The peripheral corneal epithelium is more adherent
to the underlying basement membrane with
increased expression of cell surface-associated
glycoprotein Mucin-4 gene (MUC4) that protects
the corneal epithelium and controls the epithelial
regeneration.* 7 In addition, the corneal periphery
has proximity to the limbal epithelial stem cell
niche and is the site with the maximum replicative
activity of the corneal endothelium.*8 Lastly,
the corneal periphery is less sensitive owing to
less neural innervation compared to the central
regions.®!

Peripheral ulcerative keratitis (PUK) can be caused
by a variety of disorders including infectious and
noninfectious conditions. Noninfectious causes
include autoimmune, dermatological, neurological,
and postsurgical etiologies.”! Diagnosis of the
underlying cause is crucial to reducing mortality
and systemic and ocular morbidities."® Figure 1
lays out a classification schema for the etiology of
PUK. Autoimmune diseases represent almost half
of the noninfectious causes of PUK. Rheumatoid
arthritis (RA) has been reported to account
for 34% of noninfectious PUK with bilateral
involvement in 50% of cases.l" Granulomatosis
with polyangiitis (GPA) is a systemic vasculitis
that is commonly associated with PUK in later
stages.™ Other autoimmune etiologies of PUK
include systemic lupus erythematosus (SLE),
polyarteritis nodosa (PAN), progressive systemic
sclerosis (PSS), Sjogren’s syndrome (SS), relapsing
polychondritis (RP), and giant cell arteritis (GCA).l"?]
Dermatological causes include acne rosacea,
which has been reported to have corneal
involvement in 33% of patients.!
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Infections, which have been reported as
the second most common cause of PUK, are
responsible for approximately 20% of all cases.™
Peripheral corneal infections must be associated
with crescentic stromal thinning with ulceration
and stromal inflammatory infiltrates to be defined
as PUK."™ Maintaining a high index of suspicion
for infectious etiologies of PUK is prudent, and
they can be excluded by ordering relevant
microbiological investigations based on the
local prevalence of culprit organisms. Sharma
and colleagues reported that 19.7% of infectious
PUK was attributable to ocular sources, with
bacteria representing 73.3% of cases." Systemic
infections associated with PUK include bacterial
(tuberculosis, syphilis, Lyme), viral (varicella-zoster),
fungal, and parasitic etiologies.l'?]

Sainz de la Maza and colleagues reported PUK
in 7.4% of patients with scleritis.™® Also, they
reported a high probability of PUK occurrence
in the presence of necrotizing scleritis. In their
small case series, all cases of scleritis-associated
PUK had an underlying systemic vasculitis, which
supports the hypothesis of coincidence of PUK and
scleritis secondary to an extension of vasculitis
from the sclera to peripheral cornea.™ Fluorescein
angiography studies of the anterior segment have
shown that PUK in scleritis is associated with vaso-
occlusive changes of conjunctival and episcleral
vasculature, where the larger the area of vascular
occlusion, the greater the degree of corneal
stromal lysis."® 7]

PUK can present initial or be reactivated
after ocular surgery. The site of disease is not
necessarily close to the incision site. Severe
cases of postoperative PUK have been reported
in patients with associated Sjogren syndrome.l’®
Interestingly, despite RA being one of the most
common causes of PUK, Jones and Maguire
reported zero incidences of PUK during the eight-
week follow-up period after cataract surgery in a
cohort of 70 patients with RA.M' Retrospectively,
Chanbour and colleagues reported late-onset PUK
three to six months after corneal crosslinking in
1.4% of 771 eyes.2¥

As mentioned above, there is a broad range
of potential causes of PUK. A systematic
workup based on current knowledge and
clinical presentation is paramount to refining
the probabilities and guides for ordering the
appropriate investigations and mapping the
therapeutic options.

Fundamental knowledge of the unique anatomy
and physiology of the peripheral cornea is pivotal
to understanding the pathogenesis of PUK.
Subconjunctival lymphatics accompany the limbal
capillaries into the peripheral cornea allowing
access to the afferent limb of the immune
system.? An increase in inflammation via
this vascular and lymphatic supply results in
peripheral corneal ulceration due to the release
of proteolytic enzymes from recruited cells.[?"l
The limbal vascular architecture, along with
tight corneal collagen packing at the periphery,
facilitate deposition of immune complexes and
other large molecules such as IgM and C1 at the
corneal periphery.?? 23] Antigen-presenting cells—
Langerhan cells and limbal macrophages—present
specifically at the limbus and peripheral cornea and
act to propagate the immune-mediated corneal
injury!?¥ In addition, the presence of activated
T-cells in the tears of patients with underlying
immune conditions may develop or exacerbate
the immune reactions in PUK. Finally, in the
humoral-mediated immune arm, auto-antibodies
against corneal stromal antigens have been
postulated to be involved in the pathogenesis
of corneal destruction in PUK.?"2%  Although
many uncertainties exist regarding the exact
pathogenesis of PUK, these common immune
mechanisms have been implicated among the
various types of PUK.

The polarization of the T-cell response and
subsequent cytokine release plays an important
role in protection against pathogens, as well
as an important role in immunopathological
conditions.?®) The role of T-cell subsets in
autoimmune disease has been widely discussed in
the literature. Giscombe and colleagues concluded
that the expansion of specific subsets of the T-cell
population in correlation with disease activity
suggests their role in the pathogenesis of that
disease.’”] For example, the number of CD4 cells
was found to be significantly greater in patients
with RA.?8 Furthermore, the relative stability of
these cell populations correlates with the chronic
nature of a disease, suggesting a prolonged
inciting stimulus.?® 3% T-cells can be pathogenic
through directly causing tissue damage or through
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unregulated auto-antibody and proinflammatory
cytokine production.!?%]

There is overwhelming evidence that adaptive
T-cell mediated immunity is involved in the
autoimmune mechanism in PUK. In a study
conducted by Mondino and colleagues, seven
patients with the clinical diagnosis of Mooren
ulcer underwent macrophage migration inhibition
factor testing to elucidate cellular immunity to
corneal antigens. Six of these patients showed
positive results suggesting that cell-mediated
immunity may play a role in the pathogenesis of
Mooren ulcerB" In another study by Foster and
colleagues on a patient with bilateral Mooren
ulcers, an immune panel was normal except for a
positive blastogenic response of the patients T
lymphocytes when exposed to the normal corneal
stroma.3?!

Zhao and colleagues studied the immunological
process involved in the development of Mooren
ulcer and found a regulatory imbalance in a
subset of the T-cell population, with a decline
in the number of suppressor CD8 T-cells
compared to CD4 T helper cells, while also
finding that the peripheral cornea and surrounding
conjunctival lymphatics are directly implicated
in the immunopathogenesis of the disease
process.*3 Th17 cells expressing IL-17 along with
other cytokines such as IL-1, IL-6, IL-17, IL-23 play a
critical role in the pathogenesis of PUK in patients
with GPA.% 3°]

The complement pathway can be activated
via the classical pathway by antigen—antibody
complexes, or via the alternative pathway by the
direct binding of C3b.2>24 C1, which is the first
component of the classical complement pathway,
is activated by antigen—antibody complexes
thus initiating the complement cascade. C1 is a
large molecule, and its size hinders its uniform
diffusion throughout the cornea, thus it resides
mainly at the peripheral cornea and the limbus.%!
Similarly, IgM is a large molecule (almost 900,000
times the size of IgA) causing it to be present in
higher concentrations at the corneal periphery.
Upon initiation of complement activation, a
series of events ensues including the formation
of small polypeptides such as C3a and Cba,
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which possess chemotactic activity. In contrast
to Cbha, which has well established chemotactic
effects on neutrophils and eosinophils, it was only
recently established that C3a causes selective
activation of eosinophils which subsequently
stimulate neutrophils through IL-8.37- 38! Finally the
complement system converges on the formation
of the C5,6,7,8,9 complex, which is responsible
for causing stromal destruction and lysis of cell
membranes. This process has been implicated
in peripheral corneal damage from PUK in RA as
well as ANCA-associated vasculitis and has been
considered a potential therapeutic target.>%

Pathological examination of the corneas
of patients with PUK revealed numerous
proinflammatory cells of the innate immune

system including neutrophils, mast cells, and
eosinophils.®! It has been proposed that these cells
are the source of destructive and collagenolytic
enzymes that cause the subsequent tissue injury
and corneal ulceration.*?!

IgM is present with higher concentrations in the
periphery of the cornea owing to its larger size and
inability to diffuse centrally. Patients with RA have a
loss of normal B cell tolerance to their antigens and
some have serum IgM that is directed against their
IgG (rheumatoid factor). These immune complexes
can deposit in the peripheral cornea result in
subsequent complement activation leading to
corneal inflammation and ulceration as detailed
above? Furthermore, anti-citrullinated protein
antibodies (anti-CCP antibodies), also found in
patients with RA, have been associated with more
severe ocular findings.*!

Patients with SLE have a disruption in the
normally present B cell tolerance leading to
the production of autoantibodies including
antinuclear antibodies (ANA). These antibodies
form immunocomplexes that affect the clearing
of apoptotic cells. This starts a vicious cycle
as the uncleared apoptotic cells result in more
nuclear antigens that bind to ANA and cause
more intense tissue damage. The damage extends
also to areas devoid of immune complexes, as
their presence in other areas and activation of
complement results in the release of C3a and
Cba, which perpetuate the inflammatory cycle
and can lead to corneal melting.*? A similar
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process may occur in patients with GPA, where
antineutrophil cytoplasmic antibodies (ANCA)
bind to receptors on monocytes- and neutrophil—
forming complexes that release proinflammatory
enzymes and destructive cytokines such as IL-8.3%1

Antibodies directed toward corneal epithelium
have been found in PUK patients who had GPA
and RA. John and colleagues studied antibodies
directed toward the cornea in GPA and RA patients
who had PUK.M They reported two corneal
antigens of interest, with sizes of 54 kDa and 70
kDa. They showed that antibodies to the 54 kDa
antigen, which is the main corneal specific antigen,
appeared first after an attack of PUK, thus linking
them to the immunopathogenesis of the disease."
Reynolds and colleagues also studied two 66kDa
corneal antigens, namely BCEA-A and BCEA-B, and
the autoantibodies directed toward them. GPA and
RA patients showed an increased level of BCEA-
A where elevated levels of BCEA-B were found
in patients with EGPA.*3! Albers and colleagues
reported the presence of circulating antibodies
directed toward cornea in patients with RP*4!

Mondino and colleagues reported that
patients with Mooren ulcers had a consistent
finding of tissue-fixed and circulating antibodies
to conjunctival epithelium [PMID: 3050690].
Antibodies were found bound to the conjunctival
basement membrane adjacent to the ulcerative
lesion. Patients with Mooren Ulcer also
demonstrated an elevated level of IgA.*® In
another study by Gottsch and colleagues to study
the level of antibodies toward cornea-associated
antigen (CO-Ag) in patients with Mooren ulcer,
they reported a statistically significant difference
in the level of antibodies in the serum of patients
with Mooren ulcer when compared to controls.[46!
It should be noted that the presence of these
antibodies in the PUK patients does not prove
causation, as the antibodies might be formed in
response to the tissue damage incurred during the
disease process."

In addition to the production of autoantibodies,
B cells in patients with RA are a source of cytokines
that cause the pathological T-cell response.*”
Specifically, TNF and IL-6 regulate downstream
inflammatory cascades, and the latter is important
in the regulation of the balance between T
regulatory cells and Th17*” In general, B cells
are responsible for the regulation of the overall
Th1/Th2 balance.[*®!

The corneal stroma is formed of organized
collagen lamellae embedded in a frame of
glycosaminoglycans. In between the adjacent
lamellae  are macrophages, lymphocytes,
polymorphonuclear leukocytes, and fibroblasts
known as keratocytes.*®) MMPs are a family
of endopeptidases, proteolytic enzymes that
result in the degradation and breakdown of
specific extracellular matrix components.>%!
The activity of MMPs is generally governed by
their respective tissue inhibitors (TIMP).5"52]
Imbalance and reduced expression of TIMP result
in high collagenase activity and increased tissue
destruction and ulceration. Although different
subsets of MMPs exhibit substrate specificity,
they have an overall similar mechanism of
action and structure. MMPs can be classified
according to substrate specificity and structural
organization into collagenases (MMP-1, -8, and -13),
gelatinases (MMP-2, -9), stromelysins (MMP-3, -10),
matrilysins (MMP-7, -26), membrane-type MMPs
(MT1eMT6-MMPs), and others (e.g., macrophage
metalloelastase MMP-12 or enamelysin MMP-
20).53

MMP-1, produced by macrophages and
fibroblasts, and MMP-8, produced by neutrophils
and invading inflammatory cells near the limbus,
have an established pathogenic role in the etiology
of PUK.®¥ They are the only known mammalian
enzymes known to be able to initiate hydrolysis of
fibrillar type 1 collagen, the main component of the
corneal stroma.® The gelatinases (MMP-2, MMP-
9) can cleave basement membrane components
(collagen types IV and VII, fibronectin, and laminin)
and stromal collagen types IV, V, and VI, the core
protein decorin and denatured collagens.>* 551

Smith and colleagues reported upregulation in
the level of MMP-2 in keratocytes derived from
corneas of patients with PUK and accumulation of
MMP-9 in tears of patients with active disease.[°®!
Although most theories linked the collagenases,
namely MMP-1, and/or the reduction of their
TIMP to the pathogenesis of PUK, Smith and
colleagues suggested that activated gelatinases
are also linked to the progression of PUK. They
may cause corneal perforation by breaching the
corneal basement membranes (epithelial cells and
Descemet membrane).*® They could also impede
the process of tissue repair leading to chronicity by
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breaking down the newly formed non-crosslinked
collagen.

The most frequent systemic noninfectious diseases
associated with PUK are systemic collagen
vascular diseases, accounting for nearly half of
PUK cases." Around one-third of PUK cases
is associated with RA.5”) Following RA, ANCA-
vasculitis is an autoimmune disease commonly
associated with PUK. Other associated diseases
include SLE, polyarteritis nodes (PAN) and its
variants, Sjorgren’s syndrome, RP, and eosinophilic
granulomatosis with polyangiitis (EGPA) [Table
1136, 58—-60! PUK can be the presenting sign
of autoimmune systemic diseases, or it can be
manifested in a patient with previously diagnosed
disease. Also, it can be the only ocular surface
complication of the underlying systemic disease,
or it may develop in association with necrotizing
scleritis.? Visual outcomes are poor in half of
the PUK cases associated with systemic immune
diseases, despite topical and systemic therapy.®"

Due to the diversity in the prevalence of different
systemic autoimmune diseases, it is difficult to
determine the exact epidemiology of PUK in
these patients. According to one report, PUK was
the second most common ocular complication
of autoimmune diseases, following anterior
uveitis.®?) From a clinical and pathophysiological
perspective, it is impossible to distinguish between
PUK due to different systemic immune diseases,
although some studies emphasize the function of
CD4+ T-cells in PUK secondary to RA and auto-
antibodies in PUK associated with SLE and GPA.[®?!
Also, it has been postulated that PUK is more
common in long-standing RA, while in GPA and
another vasculitis, it can occur earlier in the course
of the disease.®®® However, PUK cases are
mainly distinguished by differences in the clinical
presentation, biomarkers, and other auxiliary
examinations of the underlying systemic disease.
Although traditionally it is believed that PUK
occurs when the systemic disease is not controlled
properly, in a recent series of PUK patients with
underlying RA and Sjorgren’s syndrome, >80% of
PUK episodes arose before autoimmune disease
diagnosis or with the systemic disease in remission
by immunosuppressive treatments.®” Any patient

with PUK must have a detailed personal and family
history elicited, and additional diagnostic tests
should be considered in all cases with suspicious
clinical signs or symptoms suggesting systemic
collagen vascular diseases.

RA- and ANCA-associated systemic vasculitic
diseases are not the only associates of corneal
ulcerations. PUK is also an ocular complication
of sarcoidosis and Behcet’s disease. Sarcoidosis
is a granulomatous inflammation associated with
systemic vasculitis.?”) With the involvement of the
small vessels in the vasculitic course of sarcoidosis,
it can be complicated by potential corneoscleral
inflammation, even as the first manifestation of the
systemic disease.l®> %8 Similarly, PUK can develop
in patients with underlying Behcet’s disease,
although it is rare and poorly documented.®”]
Keratopathy is a rare manifestation of inflammatory
bowel disease (e.g., Crohn’s disease and ulcerative
colitis), which is commonly associated with
subepithelial infiltrates.®® However, there are
reports regarding the development of PUK with
corneal perforation in Crohn’s disease.[®?

Among dermatologic immune diseases, PUK
has been reported in parallel to an exacerbation
of psoriasis.’? Inflammatory ocular complications
of psoriasis may occur in only 5% of patients,
and corneal involvement is even less common.
However, psoriasis-associated keratopathy can
be equally severe as other ocular conditions,
threatening patients’ vision.’?l PUK has also been
associated with severe hidradenitis suppurativa
(HS)."" 721 As a suppurative and cicatricial disease
of the apocrine glands of the skin, HS is not
generally considered as an autoimmune disease,
and treatment is targeted to quiet the inflammatory
stages of the disease, rather than treating a major
underlying autoimmune process.”? However,
underlying immune dysregulation in HS patients
may be associated with the risk of severe ocular
surface diseases.

Although systemic autoimmune diseases
are the primary etiology of noninfectious
PUK, systemic malignancies should also be
considered as etiologic factors. There are
reports of PUK associated with both acute and
chronic myelogenous leukemia, emphasizing
the importance of a careful diagnostic approach,
especially in cases with no underlying immune
disease.l73-75!  Deposition  of  leukemic
blast cells in the Ilimbus and subsequent
inflammatory reaction has been implicated in
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Non-ANCA associated small-vessel vasculitis

Rheumatoid arthritis Between 35 and 50 years, more

common in women

SLE 90% of patients are women,
between 15 and 45 years

Sjogren’s syndrome Between 40 and 60 years, more

common in women
ANCA-associated small-vessel vasculitis

Wegener’s
granulomatosis

Between 55 and 70 years, more
common in men

Microscopic
polyangiitis

All ages, more common in men

Churg-Strauss
syndrome

Mean age of onset 40 years, more
common in female

Medium-sized vessel vasculitis

PAN Between 40 and 50 years, more
common in men

Large-sized vessel vasculitis

Giant cell arteritis Over 50 years, more common in

women

Takayasu’s disease Under 40 years, more common in

men

Other immune diseases

Behcet disease Between 20 and 50 years, equally

prevalent among men and women

Sarcoidosis Between 20 and 60 years, more
common in women
IBD Between 15 and 30 years, equally

prevalent among men and women

Progressive systemic Between 40 and 50 years, more

sclerosis common in women
Relapsing Between 40 and 60 years, equally
polychondritis prevalent among men and women or

more common in women

Symmetric polyarthritis, morning stiffness,
hand joints involvement, rheumatoid

sub-cutaneous nodules

Fatigue, fever, joint pain, stiffness and
swelling, butterfly-shaped rash on the
face that covers the cheeks and bridge of
the nose Skin lesions that appear or

worsen with sun exposure

Dry eye and mouth

Nasal sinus inflammation, abnormal urine
analysis, pulmonary signs and symptoms

Fever, loss of appetite and weight,
rashes, muscle and/or joint pain, ,
pulmonary signs and symptoms
neuropathic signs and symptoms,
gastrointestinal signs and symptoms

Asthma, peripheral neuropathic signs,
and symptoms, transient pulmonary

infiltration

Fever, weight loss, palpable purpura, skin
ulceration and infarction, recent-onset

HTN, testicular pain

Headache and scalp tenderness, jaw

claudication

Claudication of the extremities, the
decreased pulse of brachial arteries, bruit

over subclavian arteries

Ocular or genital aphthous

Pulmonary signs and symptoms,

lymphadenopathy, skin lesions

Gastrointestinal signs and symptoms

Raynaud phenomenon, sclerodactyly,

skin telangiectasia

Fever, painful erythematous plaques,
inflammation of nasal and auricular

inflammation

Presence of rheumatoid
factor, typical radiologic
findings

ANA positive, anti-ds DNA
positive, anti-sm positive

Anti-LA and anti-Ro positive

c-ANCA positive,
granulomatous inflammation
and necrotizing vasculitis on
histopathology

p-ANCA positive, patchy
3-layer inflammation of small
arteries and vein on
histopathology

Prominent eosinophilia,
extravascular eosinophils on
histopathology

HBV serology, focal vascular
stenosis, or microaneurysm
on CTA/MRA

Elevated ESR and CRP

Arteriographic narrowing of
the aorta

Positive pathergy test,
positive HLA-B51

Elevated ACE and lysozyme

Abnormal stool studies,
characteristic colonoscopy
findings

Clinical diagnosis

Clinical diagnosis
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Table 1. Table (continued)

The systemic
condition associated
with PUK

Key demographic features

diagnosis

Key systemic findings suggesting the

Suggestive diagnostic
evaluations

Other immune diseases

Red skin patches with silver scales

Clinical diagnosis

Psoriasis Between 20 and 50 years, more
common in women

Pyoderma Between 15 and 30 years

gangrenosum

Malignancies

Acute myelogenous

leukemia

Chronic myelogenous Over 50 years, more common in men

leukemia

Over 50 years, more common in men

Painful skin lesions start with a small, red
bump on the skin

Clinical diagnosis

Fever, bone pain, lethargy and fatigue,
pale skin

Abnormal WBC counts

Fever, bone pain, lethargy and fatigue,
pale skin

Abnormal peripheral blood
cell counts

PUK, peripheral ulcerative keratitis; ANA, antinuclear antibodies; ANCA, antineutrophil cytoplasmic antibodies; SLE, systemic
lupus erythematosus; PAN, polyarteritis nodosa

Reported etiology of PUK

Infections

Systemic
causes

Tuberculosis,
Syphilis, Lyme
disease,
Salmonella
gastroenteritis,
Bacillary
dysentery,
Gonococcal
arthritis,
Varicella
zoster,
Acquired
immune
deficiency,
Herpes
simplex, Viral
hepatitis, Cat
scratch
disease,
Parasitic
infections,
Parniaud’s
oculoglandular
fever

Local causes

Staphylococcus,
Streptococcus,
Gonococcus,
Moraxella,
Hemophilus,
Pseudomonas
aeruginosa,
Herpes zoster,
Chlamydia
trachomatis,
Aspergillus,
Fusarium,
Acanthamoeba,
Epstein Barr
virus.

Autoimmune causes

Systemic causes

Rheumatoid
arthritis,
Wegener’s
granulomatoesis,
Autoimmune
hepatitis,
Polyarteritis
nodosa,
Microscopic
polyangiitis,
Churg-Strauss
syndrome, Sjogren
syndrome,
Sarcoidosis,
Behcet’s disease,
Relapsing
polychondritis,
Temporal arteritis,
Takayasu arteritis,
Systemic lupus
erythematosus,
Inflammatory
bowel disease

Dermatological
causes

Neurological
causes

Postoperative
causes

Ocular causes Post-LASIK

Post-
trabeculectomy,
corneal
crosslinking

Neuroparalytic,
Metaherpetic,
Xerophthalmia
Acne rosacea,
Cicatricial
pemphigoid,
Stevens-Johnson
syndrome,
Pyoderma
gangrenosum

Mooren'’s ulcer,
Allograft rejection

Figure 1. Various etiologies associated with peripheral ulcerative keratitis (PUK).

the pathophysiology of leukemia-associated PUK.
This hypothesis was derived from the time of
PUK incidence in acute and chronic leukemia. In
patients with chronic myelogenous leukemia, most
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PUK cases have occurred in the blast crisis phase
resembling acute leukemia. On the other hand,
PUK was detected in an untreated acute leukemia
patient, when malignant cells were present in the
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Drug category Drug name Mechanism of Common complications  Alarming signs of Monitoring of
action complication complications
occurrence
Biologic agents Etanercept TNF inhibitor ~ Opportunistic infections,  Mouth ulcers, fever, Blood count and liver
lymphoma, injection site chills, bruising, function test, 1-3
reactions, cutaneous pallor monthly dsDNA —
vasculitis, multiple yearly
sclerosis, congestive heart
failure
Infliximab TNF inhibitor ~ Opportunistic infections,  Mouth ulcers, fever, Blood count and liver
lymphoma, injection site chills, bruising, function tests before
reactions, cutaneous pallor each infusion dsDNA —
vasculitis, multiple yearly
sclerosis, congestive heart
failure
Adalimumab TNF inhibitor ~ Opportunistic infections,  Mouth ulcers, fever, Blood count and liver
lymphoma, drug-induced chills, bruising, function tests monthly
lupus, worsening or the pallor for 3 months; then 3
initiation of congestive monthly dsDNA —
heart failure, cytopenias, yearly
worsening or the initiation
of multiple
sclerosis/neurological
disease
Rituximab Anti CD-20 Cardiovascular and Fatigue, pallor, Vital sign monitoring at
dermatological diseases, dyspnea, fever, each ophthalmic visit,
cytopenia, opportunistic chills, abdominal blood count regularly
infections, infusion reaction pain, pruritus
Daclizumab IL-2 inhibitor Granulomatous Lymphadenopathy, Blood count regularly
inflammation, opportunistic  rash, sore throat,
infections pallor, fever, chills
Alkylating Cyclophosphamide Impaired cell Cytopenia, mucositis, Fever, bruising, Blood count, liver
agents proliferation cystitis, pneumonia, pallor function test, and urine
due to DNA opportunistic infections exam 10 days after the
damage last dose and 2 days
before next
Chlorambucil Impaired cell Cytopenia, mucositis, Fever, bruising, Blood count, liver
proliferation cystitis, pneumonia, pallor function test, and urine
due to DNA opportunistic infections exam 10 days after the
damage last dose and 2 days
before next
T cell inhibitors Cyclosporine Transcriptional Hypertension, cytopenia, Peripheral edema, Blood count every 2
suppression of nephrotoxicity mouth ulcer, rash  days for 6 weeks; then
T cells Increased blood 1-2 monthly Liver
pressure function tests monthly
especially if

concomitant NSAIDs
Lipids every 6 months

Tacrolimus Transcriptional Hypertension, cytopenia, Peripheral edema, Blood count every 2
suppression of nephrotoxicity mouth ulcer, rash  days for 6 weeks; then
T cells Increased blood 1-2 monthly Liver
pressure function tests monthly
especially if

concomitant NSAIDs
Lipids every 6 months
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Drug category Drug name Mechanism of
action

Antimetabolites Methotrexate Impaired DNA
metabolism

Azathioprine Impaired DNA
metabolism

Mycophenolate  Impaired DNA
mofetil metabolism

Common complications

Gastrointestinal signs and

symptoms, cytopenia,
increased liver enzymes

Gastrointestinal signs and

symptoms, cytopenia,
increased liver enzymes

Gastrointestinal signs and

symptoms, cytopenia,
increased liver enzymes,
respiratory symptoms,
hematuria

Alarming signs of
complication
occurrence

Fever, bruising,
pallor, mouth ulcer,
respiratory signs,
and symptoms

Fever, bruising,
pallor

Fever, bruising,
pallor, mouth ulcer

Monitoring of
complications

Blood count and liver
function test biweekly
for 1 month; monthly
for 6 months; then if
stable, extend to 2-3
monthly

Blood counts and liver
function test monthly
for 612 months; if
stable extend to 6—8
weekly

Blood count weekly for
4 weeks; then monthly
Liver function test and
ESR and CRP monthly

circulating system.”® Similar pathogenesis may be
responsible for PUK in pyoderma gangrenosum,
where an underlying immune dysregulation
causes neutrophilic dermatoses characterized
by the infiltration of neutrophils throughout the
dermis.!59, 76—79! PUK associated with systemic
malignancies and pyoderma gangrenosum shares
similarities with immune disease-associated PUK.

Apart from noninfectious disorders, some systemic
infectious conditions have also been associated
with PUK. Systemic TB can predispose both
pediatric and adult patients to PUK.B% Immune
reactions in TB patients can be manifested by
uni- or bilateral corneal ulceration and interstitial
keratitis, and it can occur in peripheral as well as
central cornea.’" 82l PUK is a rare complication of
syphilis, while stromal keratitis is the characteristic
corneal involvement of these patients. PUK
associated with syphilis can be the presenting sign
of acquired syphilis, and it can be complicated by
corneal perforation. The pathogenesis most
probably involves the immune reactions to
spirochetal antigens.®>84¥ Bilateral PUK has
also been reported following an episode of
Bartonella infection in conjunction with bilateral
conjunctivitis.[!
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The number of PUK cases as the presenting sign
of human immunodeficiency virus (HIV) infection
is growing through the literature.®6-8% Human
HIV-associated vasculopathy can result in immune
complex-mediated reactions, and the limbus can
be the primary site of the inflammation. Peripheral
keratitis has also been reported following immune
reconstruction associated with the initiation of
HIV treatment.®®! Both hepatitis B and C viruses
have been associated with PUK, where hepatitis-
associated cryoglobulinemia has been implicated
in the pathogenesis. Cryoglobulinemia is more
commonly observed with the hepatitis C virus
and can cause vasculitis through deposition in
small vessels. Additionally, hepatitis B infection
has been associated with inflammation of medium-
sized vessels, an entity previously known as
HBV-related PAN. Accordingly, limbal vasculitis,
whether through cryoglobulinemia or direct vessel
inflammation, can cause PUK in hepatitis.2™9°]

PUK can occur after corneal surgeries, where
corneal trauma induces immune reactions through
altered corneal antigens. Both PUK and Mooren’s
ulcers have been reported to occur following
ocular surgeries, including cataract surgery, laser
in situ keratomileuses (LASIK), and penetrating
keratoplasty (PK).?67°%) |t can happen weeks
to months after uncomplicated cataract surgery
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Marginal keratitis and
catarrhal infiltrates

Dense white-gray stromal infiltration, the lucid
interval between the infiltration and the limbus,
more common in corneal sections in contact with corticosteroids Any suspicion for bacterial keratitis
the eyelid margins, associated with bacterial
blepharitis detectable in the slit-lamp examination,

Topical antibiotics with eyelid hygiene Corneal
involvement rapidly responds to topical

should prompt immediate microbial smear and
culture

mild to moderate ocular surface symptoms

Rosacea-associated
peripheral keratitis

Circumferential superficial stromal infiltration with
vascularization, prominent eyelid margin signs and

Systemic treatment with antibiotics, especially
tetracycline and doxycycline

MGD, facial pustular rashes may be present

MGD-associated
peripheral keratitis

Superficial corneal infiltration and
neovascularization, conjunctival injection

Eyelid hygiene with topical antibiotics and
anti-inflammatory agents

associated with meibomitis and eyelid margin

telangiectasia

Corneal phlyctenulosis

Peripheral infectious
keratitis

lens wearing

Peripheral corneal
degenerations

Terrien’s marginal
degeneration

Subepithelial inflammatory nodule initially evident
on the limbus, no lucid interval

May be associated with hyper-acute conjunctivitis,
history of corneal HSV infection, presence of
underlying exposure keratitis, or history of contact

Progressive noninflammatory, peripheral corneal
thinning, associated with corneal
neovascularization, opacification, and lipid

Topical corticosteroids Treatment of concomitant
blepharitis Consider TB in endemic regions and
child patients

Appropriate topical antibiotics or antiviral agents
against Neisseria Gonorrhea, Hemophilus
influenza type 2, Streptococcus, HSV, VZV,

Pseudomonas Conservative measures for corneal

repair Consider systemic antibiotics in Gonorrhea

Annular keratoplasty or lamellar graft in severe
cases with prominent corneal thinning and
progressive decreased vision

deposition New-onset against-the-rule astigmatism

Furrow degeneration

Decreasing width of the peripheral cornea

No therapy is required

between the arcus senilis and limbus

Contact-lens induced
peripheral infiltration

Sudden-onset, small, circular, focal anterior stromal
infiltrate in the corneal periphery or mid periphery, Any suspicion for bacterial keratitis should prompt
associated with a significant overlying epithelial

Contact lens removal Optional topical antibiotics

immediate microbial smear and culture

loss, resolving to corneal scars

Mooren’s ulcer

Peripheral corneal inflammation and thinning

Topical and systemic immunosuppressant

spreading circumferentially and centrally, lack of
scleritis, lack of a systemic condition

Corneal Dellen

Peripheral corneal thinning due to stromal
dehydration, associated with a paralimbal

Lubrication and patching A bandage contact lens
may be required

elevation that can induce a localized break in the
precorneal oily layer of the tears

Exposure keratopathy

through small corneal incisions.®> " There is
some controversy over whether postoperative PUK
is truly a unique entity or whether it is simply a sign
of underlying systemic disease. The occurrence
of postoperative necrotizing scleritis and keratitis
in patients with previously diagnosed systemic

Incomplete eyelid closure, more common following
eyelid surgeries or admitted patients, persistent
epithelial defects in the inferior or central cornea

with or without dense stromal infiltration

Intensive lubrication and eyelid taping Consider

for bacterial keratitis should prompt immediate
microbial smear and culture

vasculitis is documented in the literature."°% For
practical purposes, mild postsurgical keratitis in
patients with no underlying disease may be
considered to be isolated, but in severe cases,
it is reasonable to perform a detailed systemic
evaluation.
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The main symptoms of PUK are photophobia,
ocular redness, pain, and loss of vision secondary
to either inflammation in the acute stage or
scar-induced astigmatism in the chronic stage.
On slit-lamp examination, the main signs include
peripheral corneal crescentic stromal thinning,
ulceration with overhanging edges, and mild to
severe cellular infiltrates. Corneal perforation is a
rare serious complication in PUK."0%193) varying
degrees of corneal neovascularization surround
the crescent-shaped peripheral corneal lesion.
Generally, PUK involves a single corneal section
and is unilateral, but bilateral asymmetric cases
have been also reported.>”

PUK may be associated with iritis, conjunctivitis,
episcleritis, or scleritis. The presence of scleritis
can influence the final prognosis since it can
aggravate the course of PUK and increase the
rate of complication.®* %4 The severity of corneal
inflammation correlates with the concomitant
scleritis severity, which is explained by the similar
pathologic processes manifested by collagenolysis
in both conditions.l"°%!

Any peripheral corneal disease associated with
stromal infiltration or thinning can be considered in
the differential diagnosis of PUK [Table 2].

Marginal keratitis represents an immune reaction
to staphylococcal antigens. It can occur in patients
with symptomatic blepharoconjunctivitis, or it can
be associated with asymptomatic staphylococcal
colonization of the eyelids.'®® Also known
as catarrhal infiltrates, marginal keratitis can
occur secondary to the eyelid infection by other
microorganisms, such as Hemophilus, Moraxella,
or Streptococcus.[07: 108]

Distribution of bacterial antigens through tear
film and their presence in the peripheral cornea
induces a type-lll hypersensitivity reaction, where
in-situ production and deposition of immune
complexes trigger keratolysis and stromal
infiltration.?*  The presence of a clear area

between the ulcer and the adjacent limbus has
traditionally been used to distinguish marginal
keratitis from other conditions such as PUK and
phlyctenulosis. As another distinguishing feature,
marginal keratitis responds rapidly to topical
treatment, while PUK almost always requires
appropriate systemic medication.

Phlyctenular corneal disease is anotherimmune-
mediated peripheral corneal lesion most commonly
observed in association with longstanding
staphylococcal blepharoconjunctivitis.
Phlyctenules are subepithelial nodules that
first appear in the limbus and extend toward
the cornea later in the course of the disease.
Rarely, corneal phlyctenules form a corneal
ulcer. Historically, there was a strong association
between tuberculosis and phlyctenulosis, but more
recent studies show that staphylococcal disease is
the most frequent etiology.?% 571

Corneal involvement can occur in up to half of
the patients with ocular rosacea, ranging from mild
punctate epithelial keratitis to corneal ulceration
and perforation. Rosacea-associated keratitis
is characterized by a spade-shaped triangular
vascular lesion associated with subepithelial
and stromal infiltration. Occasionally, it can be

complicated by significant peripheral corneal
thinning, corneal melting, and perforation.l'*°]
Corneal infiltration and epithelial defects

associated with meibomitis have been explained
through the literature as meibomitis-related
keratopathy or keratoconjunctivitis (MRKC).["®: ™
It is more common in young patients with
severe meibomitis. MRKC may be manifested
as a phlyctenule-like lesion with subepithelial
infiltration, or it can be detected by superficial
epithelial defects without stromal infiltration. The
severity of MRKC has been correlated to the
severity of MGD, the treatment of meibomitis
is necessary for the remission of corneal
complications.[?]

Herpetic simplex virus (HSV) keratitis should
always be considered as an important differential
diagnosis of central or peripheral keratitis. As
opposed to marginal keratitis, HSV infection of the
cornea starts with epithelial defect and evolves to
ulcer through subsequent subepithelial infiltration.
Compared to other corneal ulcers, HSV-induced
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keratitis is less symptomatic, which is explained in
part by the presence of decreased sensation in
the infected corneal neurons. PUK-like lesions have
also been reported in herpes zoster ophthalmicus
associated with anterior uveitis.["]

Neisseria gonorrhea is a virulent micro-organism
that can penetrate the intact corneal epithelium.
Chemotic conjunctiva during the hyper-acute
phase of gonorrheal conjunctivitis overlaps the
peripheral cornea, exposing it to a recess of
bacteria and enzyme-laden material. Peripheral
ulcers can evolve following primary stromal
infiltration, and there is a prominent risk of
corneal perforation."®  Similarly, Hemophilus
influenza type 2 and streptococcal hyper-acute
conjunctivitis may be associated with a peripheral
corneal ulcer, characterized by a mucopurulent
base and an overhanging edge.™ Peripheral
corneal ulcers due to Moraxella occur following a
defect in corneal epithelium, usually secondary to
exposure keratitis in a debilitated patient, in the
setting of a mild blepharoconjunctivitis (compared
to the more severe conjunctivitis in gonorrhea or
Streptococcus infections).® Peripheral keratitis
secondary to Pseudomonas is less common than
central corneal involvement and commonly occurs
in contact lens wearers and ill patients.["!

Terrien’s marginal degeneration is a slowly
progressive noninflammatory corneal thinning.
It can be uni- or bilateral, and is commonly
associated with peripheral corneal opacification,
neovascularization, and lipid deposition. Terrien’s
degeneration can be diagnosed following new-
onset against-the-rule or oblique astigmatism.
The peripheral thinning spreads circumferentially,
starting from the superior limbus and rarely
involving the inferior cornea. The corneal
epithelium is usually intact over the thinning
area, and the furrow may be crossed by superficial
vessels. The condition can be complicated by
corneal perforation following mild trauma, or it can
develop acute corneal cysts due to Descemet’s
membrane ruptures.!7-1°!

Another noninflammatory peripheral corneal
thinning, furrow degeneration, is characterized
by narrowing of the peripheral cornea
between the arcus senilis and limbus. As a
distinguishing feature, furrow degeneration lacks
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corneal vascularization, compared to Terrien’s
degeneration. Also, it is rarely associated with
visual disturbance, and the risk of corneal
perforation is extremely rare 20121

Corneal Dellen is caused by stromal dehydration
and subsequent excavation of the peripheral
cornea associated with a paralimbal elevation.
The pathogenesis is related to a break in tear
film overlying the peripheral cornea beyond the
elevated conjunctiva. If untreated, corneal dellen
can be complicated by perforation, but use of
artificial tears and patching, in association with
treating the elevated paralimbal tissue, helps the
cornea to heal within a few weeks.[22-124]

Mooren ulcer is the most similar entity to PUK,
and can essentially be thought of as an idiopathic
form of PUK. The pathophysiology of Mooren ulcer
is outlined in detail below; it is thought to be an
autoimmune condition triggered by cornea-specific
antigens that become exposed due to trauma
or surgery® |t generally presents either as a
chronic unilateral slowly progressive ulcer in older
adults or bilateral rapidly progressing ulcers in
younger adults. The pain is characteristically more
severe and intolerable than PUK, with associated
redness and photophobia. By definition, there is no
underlying causal systemic inflammatory condition
(as opposed to PUK), although Mooren has been
associated with helminthic infections,[?®! exposure
to viruses (hepatitis C), and the presence of HLA-
DR17 or DQ2 antigens.?”]

Mooren ulcer starts at the limbus and proceeds
to spread circumferentially and then centrally. It
is most commonly found nasally or temporally
adjacent to the interpalpebral limbus, without
the clear area found in Terrien’s (which is
also typically painless)™® There is no scleral
involvement, as opposed to PUK, which often has
adjacent scleritis."® There is usually associated
thinning, and the bed of the ulcer can become
vascularized. Eventually, it can progress to a
complete circumferential defect, leaving only a
central opaque and edematous intact cornea.
In severe cases, the central cornea becomes
consumed by a fibrovascular membrane as well,
and perforation can occur.®"

The therapeutic regimens for Mooren ulcer
share many similarities with those for PUK,
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where the mainstay of the treatment is systemic
immunosuppression.l'?® 129 Topjcal treatment with
corticosteroids, acetylcysteine, cyclosporine, and
interferon-a,, have been used with limited effect.
Surgical options include removal of the antigen
source (lamellar keratoplasty), removal of the
site of immunologic response (limbal/conjunctival
resection), and tissue reinforcement to avoid
perforation (patch grafts). There is no randomized
control trial data to support any of the above
treatment options, and no high-quality evidence
supports the use of any one treatment.!*°!

The first principle in approaching the treatment
of PUK is to address the underlying cause if one
is present. This is fundamental for reducing the
ocular morbidity and potential mortality associated
with systemic inflammatory conditions.®! Beyond
this, the current management paradigm consists
of treatment during the acute phase with systemic
immunosuppression, usually a corticosteroid
and immunomodulatory agent. This is followed
by gradual tapering of the corticosteroid and
maintaining the immunomodulatory agent to
avoid disease recurrence. Throughout the disease
course, aggressive topical immunosuppression
and lubrication should be used to minimize stromal
loss and optimize the ocular surface. If at any
point there is concern for corneal perforation or
worsening ulceration despite maximum medical
therapy, early surgical intervention is indicated.['”
Despite recent advances in immunosuppression
therapeutic regimens, early diagnosis and optimal
control of the accompanying systemic diseases
remain the main prognostic factors in PUK.

In cases of suspected infectious PUK, empirical
topical  antimicrobial therapy should be
started after collecting corneal scrapings for
microbiological examination. Knowing the local
disease epidemiology, meticulous history taking,
and systems review are key factors to reaching the
causative organism. For instance, testing for TB in
countries like India, China, Pakistan, Philippines,
Bangladesh, and South Africa will have more
likelihood of being positive because of the high
prevalence of TB in these areas.?! For suspected

bacterial keratitis, empirical monotherapy with
a fourth-generation fluoroquinolone is usually
started till being replaced with specific therapy
according to the results of the culture. To suppress
the coexisting immune-mediated inflammatory
PUK, topical steroid therapy is usually started after
3 to 7 days of response to antibacterial treatment,
or 14 days after starting the antifungal therapy
in case of bacterial or fungal PUK, respectively.
For PUK with suspected herpetic etiology, topical
antiviral acyclovir or ganciclovir are prescribed.

In noninfectious PUK, local treatment is a
cornerstone of symptom management and
slowing the progression of corneal disease in
PUK. Topical lubrication, which has the combined
effect of improving the quality of the tear film
and reducing discomfort, remains the mainstay
treatment of PUK. In addition, frequent use of
preservative-free artificial tears will help washout
the inflammatory mediators, decrease immune-
mediated keratolysis.™ Some of the available
options include carboxymethylcellulose (0.25%,
0.5%, 1%), hydroxypropyl methylcellulose (0.3%),
sodium hyaluronate (0.1%), polyethylene glycol
(0.4%, 1%), and glycerine (1%). The frequency
of instillation depends on the severity of
keratoconjunctivitis sicca. Nighttime application
of lubricant ointment formulations will promote
epithelial healing as well.l']

To more specifically target keratolysis, MMP
inhibitors may be useful. MMPs include two groups
of zinc-related peptidases: collagenases and
gelatinases, which play a role in the degradation
of the corneal stroma, as discussed above."®"
N-acetylcysteine (NAC) chelates MMP-associated
calcium or zinc, causing irreversible inhibition of
MMPs, and has also been shown to reduce the
release of various inflammatory cytokines in animal
models.®?! Despite the link between MMPs and
PUK, and the clear in vitro inhibitory effects of NAC
on MMPs, its clinical efficacy in the treatment of
PUK is not well established.®"

Corticosteroids are an obvious potential
therapeutic option for PUK, given their potent anti-
inflammatory properties. Selection of potency and
frequency of instillation depends on the severity
of the inflammation to be controlled. The potency
of steroids may be low as in fluorometholone
0.1%, loteprednol etabonate 0.2% and 0.5%;
moderate as in prednisolone sodium phosphate
0.5%, betamethasone 0.1%, dexamethasone 0.1%;
or high as in prednisolone acetate 1%. Dosing is
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usually started four times a day, then adjusted as
per response, and finally tapered down slowly."?
However, cautious usage is advised, as they
can inhibit collagen production and epithelial
repair, leading to an increased risk of corneal
perforation. For example, in PUK associated
with RA, topical steroids are not advised as they
delay the wound healing process via suppressing
fibroblast infiltration. Also, avoiding adverse
effects of long-term corticosteroid usage such as
glaucoma and cataract is a critical consideration in
PUK, especially in cases associated with chronic
underlying systemic disease, where a prolonged
disease course is expected.33 134

In comparison with a topical corticosteroid,
topical cyclosporine A 2% (CsA) and tacrolimus
0.03% may be a safer and useful option to promote
epithelial healing while avoiding nephrotoxicity
associated with systemic administration. CsA
directly targets T Ilymphocytes, inhibiting
calcineurin, thereby diminishing T cell function
and signaling.™® Although the mechanism of
action of CsA makes it a less potent option for
inhibiting innate immune effectors in PUK, its
safety and efficacy have been reported in severe
corneal ulcers and recalcitrant cases of Mooren’s
ulcer[136.137]

Topical nonsteroidal anti-inflammatory drugs
(NSAIDs) (e.g., ketorolac, diclofenac, bromfenac,
nepafenac, flurbiprofen) are potential options to
alleviate inflammation in PUK; nevertheless, these
agents may predispose to silent corneal melting,
especially in elderly patients with concurrent ocular
surface diseases and RA."*® Hence, a short course
of low potency steroids (e.g., fluorometholone 0.1%,
loteprednol etabonate 0.2%) twice or thrice a day
may be prescribed over choosing NSAIDs for anti-
inflammatory effect in cases of PUK with RA and
a dry ocular surface, along with aggressive topical
lubrication.[!

Progestins have been cited as possible topical
therapeutic agents for PUK given their ability
to downregulate ocular surface inflammation.
Medroxyprogesterone 1% binds to glucocorticoid
receptors, through which it can exert anti-
inflammatory features. Additionally, it can promote
collagen synthesis in the cornea by inhibiting

neutrophil-related collagenases. Based on
these  characteristics, medroxyprogesterone
has been wused, in association with other

collagenase inhibitors, to decrease the stromal
degradation in instances of corneal thinning and
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keratolysis.l"®% 10 However, there is no strong data

to support its efficacy specifically in PUK.

Furthermore, adjunct therapy with cycloplegics,
along with pressure-lowering medications as
required, may be of great help in reducing
morbidity.l"?)

Systemic therapy should be targeting both
reducing the sight and life-threatening
complications of the underlying systemic disease.
The choice of drug(s) depends on the etiology,
clinical presentation, severity of disease, and the
suitability of the route of drug administration to the
patient.

Oral doxycycline 100 mg twice daily antagonizes
local collagenolysis via irreversible inhibition
of MMP through chelation of the catalytically
and structurally active metal ions.™ It may
also help regeneration of a stable stratified
epithelium by suppressing scar tissue formation
through retarding the migratory keratocytes or
fibroblasts."™ In cases of peripheral corneal
melting, oral ascorbic acid 1000 mg daily is
added. Therapeutic effects of ascorbic acid on
promoting corneal epithelial healing and reducing
postkeratitic scarring have been reported.#? 143
In cases of associated scleritis, oral NSAIDs may
be added to alleviate the pain and inflammation.l'?!

The presence of PUK and necrotizing scleritis
in autoimmune diseases highlight a fatal form
of systemic vasculitis and requires aggressive
systemic  immunosuppressant  therapy.'## 1451
Immunosuppressenat therapy has been proved
to reduce mortality in patients with PUK and
necrotizing scleritis."*®) Foster and colleagues
reported the mean time to death in subjects
with PUK and scleritis due to various underlying
conditions (e.g., RA, GPA, SLE) to be 24.7 years
in patients on systemic immunosuppressant
therapy versus 10.7 years in those without.!46:147]
Since systemic immunosuppressant agents
are often indicated for PUK, it can be helpful
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to coordinate care with a rheumatologist
experienced in using these drugs and handling

their adverse effects. Detailed knowledge
of  different  systemic immunosuppressive
drugs used for autoimmune diseases may

be out of the scope of an ophthalmologist’s
practice. However, a basic understanding
of these drugs, their mechanisms, and their
adverse effects are helpful for any clinician

involved in treating PUK patients. Table 4
summarizes important adverse effects and
critical alarming signs of these drugs that

an ophthalmologist recognizes during follow-
up of PUK [Table 4]. Moreover, in cases of
pandemics due to viral agents, e.g.,, COVID-19,
immunosuppression may predispose to lethal
opportunistic infections."® This risk must be
discussed with the patient at the time of starting
therapy.

Traditionally, systemic corticosteroid therapy
has been the first-line therapy for acute PUK.
Although  many other immunosuppressive
agents have been proposed for treating immune
conditions, the availability of corticosteroids
and their rapid therapeutic effect have
solidified them as a mainstay in treating
severe inflammatory diseases. Corticosteroids,
usually intravenous methylprednisolone or
oral prednisone, are administered with a
starting dosage of 1 mg/kg/day, followed by
tapering based on clinical response. Systemic
corticosteroid therapy should never be delayed
in cases with advanced corneal thinning
and impending danger of permanent vision
loss, and higher pulse doses (1 g/day IV

methylprednisolone) may be used in severe
cases.“'146'149]

Long-term adverse effects of systemic steroids,
in association with their documented failure of
controlling systemic vasculitis in monotherapy

regimens, often necessitates the concurrent
use of systemic immunomodulatory agents.
Additionally, in patients with a worsening

clinical course on corticosteroids or those
who are unable to be tapered off of high-dose
steroid therapy for longer than one month, an
immunomodulatory agent should always be
considered.[*?]

Immunosuppressive agents available for use
in  ocular inflammatory conditions include
antimetabolites, T-cell inhibitors, biologic agents,
and alkylating agents.'™ The choice of agent
usually depends on the underlying systemic
disease [Table 3].

Among antimetabolites, methotrexate,
azathioprine, and mycophenolate mofetil have
been widely used to treat PUK.'® |n patients
with  RA-associated PUK unresponsive to
systemic corticosteroid therapy, methotrexate
and azathioprine were found to be effective.l'>?
Azathioprine is a purine nucleoside analog,
which interferes with DNA replication and
RNA transcription, primarily targeting B and T
lymphocytes.'®3 Systemic azathioprine has been
shown to control the ocular immune disease with a
mean oral dose of 2 mg/kg/day.”® ®° Methotrexate
is a folic acid analog inhibiting the production of
thymidylate, an essential molecule necessary
for DNA replication. Similar to azathioprine,
methotrexate targets rapidly proliferating cells,
such as peripheral lymphocytes. An oral regimen
of methotrexate with a dosage of 7.5-25 mg/week
has been reported to be effective in treating
immune corneal ulcers.™ Mycophenolate mofetil,
a selective inhibitor of guanosine nucleoctide
synthesis, appears to be safer and more effective
for treating PUK compared to methotrexate and
azathioprine.'™® 55 Particularly in cases where
adverse effects of other drugs are not tolerable,
mycophenolate mofetil is a viable option with an
oral dosage of 1 g twice daily.l™>?

Within the category of T-cell inhibitors, systemic
cyclosporin A has been proposed as an effective
initial immunosuppressant treatment for ocular
immune conditions. However, it is generally
not as useful for the treatment of severe
systemic inflammatory conditions compared
to antimetabolites and alkylating agents, so it
is a more appropriate option in PUK without
underlying systemic vasculitis. It does carry a risk
of nephrotoxicity, and so caution should be taken
in patients with underlying renal dysfunction.!®®

The alkylating agents, including
cyclophosphamide and  chlorambucil, are
reserved for immune conditions unresponsive
to antimetabolites and corticosteroids. These
agents cause irreversible DNA crosslinking,
leading to apoptosis in rapidly dividing cells such
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as T lymphocytes. They have been reported to
be highly effective in persistent PUK cases.*¥
Cyclophosphamide may be administered orally
(1-2 m/kg/day) or intravenously (monthly pulses) for
destructive ocular immune conditions. In a small
case series, it was well-tolerated and effective and
controlling both ocular disease and underlying
systemic vasculitis.l>”]

One class of biologic agents that have
been used to treat PUK are anti-TNF drugs,
including etanercept, infliximab, adalimumab, and
golimumab. Etanercept is a decoy receptor for
TNF, while the other three agents are monoclonal
anti-TNF antibodies. TNF- is a proinflammatory
cytokine released by macrophages and other
immune cells that have been targeted by therapy
in RA and other autoimmune conditions. Anti-TNF
drugs can inhibit both the activity of TNF-a and
the production of MMPs, halting the progression
of immune keratolysis in PUK.®& 159 These agents
have been successful in treating PUK, uveitis, and
scleritis associated with immune diseases.!160--162]
Infliximab has shown success in halting corneal
thinning, but there are reports of resistant disease,
as well as severe cardiopulmonary side effects
such as myocardial infarcation and pulmonary
embolism."®3! Etanercept is less efficacious than
infliximab and has been associated with drug-
induced scleritis, which has limited its usage
in ocular immune conditions.'®®  Accordingly,
adalimumab has been proposed as an effective
anti-TNF agent with acceptable safety and
efficacy profile.'®¥ However, drug-induced corneal
infiltrate has been reported in patients undergoing
adalimumab therapy, which may limit its usage for
ocular conditions in the future."®%!

Rituximab, another biologic immunomodulatory
agent, is a monoclonal antibody against
CD20, which is expressed on the surface of B
lymphocytes. Although the role of B cells and
humoral immunity in the pathogenesis of PUK
is not well understood, anti-B cell therapy with
rituximab has been described.™®® It has been
used to treat uveitis, scleritis, and refractory
PUK associated with GPA, and the results have
been promising.'®” 168 A recent small case series
also reported success in the treatment of RA-
associated PUK, with excellent control of ocular
inflammation, and also improvement in the articular
and vasculitic disease.™®! In addition to rituximab,
tocilizumab, and belimumab are non-anti TNF
antibodies to IL-6R and BAFF, respectively, that

have been used sparingly but successfully in the
treatment of PUK. In one case series of patients
treated with rituximab, tocilizumab, or belimumab,
these agents were found to be more effective
than anti-TNF agents for treatment-resistant
PUK.[70)

Combination therapy with immunosuppressive
agents is a common approach in treating
systemic and ocular immune conditions. The
main limitation in combination therapy is the
cumulative risk of adverse effects. The most
common combination regimens include an
immunomodulatory agent with a systemic
corticosteroid, to enhance therapeutic effect
and facilitate steroid tapering."®™ The synergistic
effect of combined therapy with antimetabolites
and corticosteroids has been reported in
treating ocular immune conditions.”!  The
combination of antimetabolites and cyclosporine
has been used widely as an anti-transplant
rejection regimen and has been proposed for
use in ocular conditions with an acceptable
safety profile. Although cyclophosphamide is
frequently combined with corticosteroids for
treating systemic vasculitis, the increased risk
of opportunistic infections and malignancies
has limited its use in conjunction with biologic
or other immunomodulatory therapies.l>"
Recently, Dominguez-Casas and colleagues
reported that 48% of patients who were initially
started on an anti-TNF alpha agent had to be
switched to another biological agent because
of treatment failure or adverse effects."”"
Biotherapy in most of their cohort achieved a
rapid and maintained improvement in the efficacy
outcome parameters after three months of starting
therapy.l"’%

Over the last 10 years, drugs known as Janus
kinase (JAK) inhibitors have been reported
in various autoimmune diseases, such as
RA, psoriatic arthritis, ulcerative colitis, and
others. In addition, JAK inhibitors seem to be
effective regimens for intractable noninfectious
inflammatory eye disease, including uveitis and
scleritis."”?l Furthermore, novel therapeutic agents,
e.g., Cacicol® (a matrix regenerating agent) are
being investigated."®) Sevik and colleagues
reported complete epithelial healing in 86.9% of
their case series with persistent epithelial defect
refractory to conventional therapy after 2 to 20
days of treatment.l'’!
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Along with systemic immunosuppression, surgical
interventions are often required in PUK with severe
corneal thinning or corneal perforations for tectonic
reconstruction.™ Systemic immunosuppression is
mandatory to reduce graft melts, rejection rates,
and PUK recurrences.™ Early interventions with
adequate immunosuppression have been reported
to restore the integrity of the globe in 92% of
cases.'"¥ |n addition, the six-month graft survival
rates after PK ranged from 20 to 40%.%* 14
Available options include tissue adhesives,
bandage contact lens, penetrating or lamellar
graft, and amniotic membrane transplantation
(AMT)."?) The choice of the intervention depends
on the extent of the disease and the size of
perforation.

The use of tissue adhesives, followed by the
application of a contact lens, is a straightforward
and widely available option for the management
of descemetocele or perforations smaller than
2-3 mm.”>176] Cyanoacrylate tissue adhesives
are tolerable and effective in managing immune
corneal ulcers, such as PUK associated with
systemic diseases. The possibility of treatment
failure, potential infectious complications, and
patient discomfort following the application
of tissue adhesives necessitate close follow-
up.'””l Reinforcement of corneal tissue with these
adhesives often serves as a bridge to further
surgical intervention. For perforations 3—-5 mm,
a tuck-in Tenon patch graft may be a useful
option.[78]

The conjunctiva adjacent to the peripheral
ulcer serves as a reservoir of immune cells,
inflammatory cytokines, and proteolytic enzymes.
Accordingly, resection of the perilimbal conjunctiva
has been proposed as a therapeutic intervention to
promote the resolution of inflammation. However,
this treatment is limited by a recurrence of the
immune response as the conjunctiva grows back
to the adjacent corneal ulcer. Evidence on the
efficacy of conjunctival resection is limited due
to a small number of cases and short follow-up
periods. Therefore, the treatment is controversial.
A recent report of three patients indicated
that conjunctival resection could promote PUK
resolution and decrease the need for systemic
immunosuppressive therapy, however, larger
studies are needed to confirm the results of these
clinical observations.[°]
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In conjunction with appropriate systemic
treatment, corneal grafts can preserve the integrity
of eyes with impending corneal perforation.l'®%
PK with large-diameter grafts (9—-9.5 mm) may
be needed to remove the inflamed peripheral
cornea, but it is associated with a higher risk
of graft rejection due to the presence of the
adjacent limbal vasculature. Large-diameter grafts
are associated with a two-times higher risk of
rejection compared to average-sized PK.[8"182]
This risk can even be higher in PUK cases with
active underlying inflammation, as Maneo et al
reported that keratoplasty performed for PUK
had the highest probability of rejection requiring
regrafting compared to PK for other indications.l®3!
Graft survival rates of <40% at six months have
been reported in PK for PUK.®4 To reduce the risk
of graft rejection, small-diameter tectonic grafts
ranging from 3 to 5.5 mm can be used, but they
are associated with poorer visual outcomes.['8?]

As an alternative to PK, crescent-shaped, “match
and patch” lamellar keratoplasty has become a
commonly used technique in PUK.'"®?! Lamellar
techniques provide some advantages over a
penetrating graft in inflammatory corneal ulcers.
First, the risk of graft rejection is lower for a lamellar
graft. Second, it avoids an intraocular procedure (if
perforation has not yet occurred), reducing the risk
of endophthalmitis, glaucoma, or cataract. Finally,
by adding to the thickness of the cornea, the risk of
recurrent corneal perforation decreases in lamellar
grafts, which can be a great advantage in cases of
ongoing inflammation, such as in PUK or Mooren’s
ulcers 185!

The crescentic lamellar keratoplasty technique
consists of placing a ring-shaped lamellar graft
on the peripheral cornea and suturing it to the
host bed. The extent of the ulcer determines the
size and shape of the graft.'®?! As a modification
to this technique in cases of perforation, double-
layer peripheral keratoplasty has been proposed
for immune-mediated corneal thinning in Mooren’s
ulcers. A posterior corneal patch graft is placed
under the crescent-shaped lamellar graft, reducing
the rate of ulcer recurrence from 26% to 10%
with successful visual outcomes.™®® In addition
to crescentic lamellar grafts, a decentered large-
diameter superficial anterior lamellar keratoplasty
(SALK) has also been used in PUK with a successful
outcome.l'®7]

AMT can also be used in PUK cases, having
the dual effect of reducing inflammation of the
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underlying cornea and providing mechanical
support. Expression of Fas ligand and activation
of suppressor T cells in AMT was reported to be
associated with anti-inflammatory properties."®!
AMT has been also been shown to decrease
the corneal inflammatory response via apoptosis
of innate immune cells® Beyond its anti-
inflammatory effects, AMT has been useful as a
support for the physical corneal structure to reduce
the risk of perforation in peripheral inflammatory
and noninflammatory ulcers.®% " Although few
studies have evaluated the role of AMT in treating
PUK, this technique has been widely used for
Mooren’s ulcers. In two case series, AMT reduced
pain symptoms and stabilized vision in up to
50% of patients, although it occasionally required
multiple applications.921931 Additionally, lamellar
keratoplasty combined with AMT is becoming a
popular surgical option for perforations <4 mm.[94
Lastly, the option of keratoprosthesis is also being
explored for severe cases.l®%

In conclusion, PUK is a rare but serious ocular
disease with important systemic implications.
The underlying autoimmune pathogenesis is
not fully understood but appears to involve
both cell-mediated and auto-antibody-mediated
components, resulting in the breakdown of
peripheral corneal tissue. Reducing ocular
morbidity through topical and surgical methods,
in addition to controlling systemic inflammation
with immunomodulatory therapy, is paramount to
successful treatment; emerging biologic therapies
and surgical techniques have shown promise.
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