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Abstract
Pterygia are common conjunctival degenerations with well-documented risk factors but an unclear pathogenesis. Better
understanding of the pathogenesis of pterygium could lead to improved surgical outcomes and decreased postoperative
recurrence. Currently, pterygium excision with conjunctival autograft remains the preferred surgical technique to decrease
pterygium recurrence. Many adjuvant therapies have been used in pterygium surgery to varying degrees of success. Topical
cyclosporine, an immunosuppressive medication, in conjunction with conjunctival autograft was found to be most successful
in decreasing pterygium recurrence according to a recent meta-analysis. Other adjuvant therapies such as mitomycin-C
(MMC), 5-fluorouracil (5-FU), and beta-irradiation have also been used, though usage of these may cause multiple adverse
effects. Recent research indicates that interactions between mouse double minute 2 (MDM2) and p53 could play a role in the
occurrence of pterygium. Nutlin, an MDM2 antagonist, was found to have significantly less toxicity in conjunctival cells
when compared with MMC on laboratory analysis of pterygium samples.

Introduction

Pterygia are fibrovascular degenerations of the conjunctiva
that advance across the cornea over time [1]. The primary
risk factors for pterygia are exposure to ultraviolet light,
increasing age, and male gender [1–9]. Pterygia are usually
located in the interpalpebral zone, more often nasal than
temporal. Symptoms of pterygia include redness, irritation,
dryness, tearing, and decreased vision. Decreased vision
typically results from: (1) involvement of the visual axis, (2)
induced astigmatism, and (3) tear film disruption.

Treatment for pterygia begins with conservative
measures, such as lubricants and sunglasses. Surgery can be
performed in cases where the patient desires symptomatic,
optical, or cosmetic improvement. There are a variety
of techniques employed in surgery for pterygia. Options
after excising the pterygia include, primary closure of

the conjunctiva, conjunctival autograft, limbal-conjunctival
autograft (LCAG), conjunctival rotational graft, con-
junctival flaps, and, amniotic membrane graft. Simple
excisions leaving bare sclera lead to a high (38–88%)
recurrence rate [10]; currently, the gold standard for
pterygia surgery is excision with conjunctival autograft due
to its lower (1.9–8%) recurrence rate [1]. LCAG aims to
restore the anatomic integrity of the limbus and promote
faster healing. In a meta-analysis, LCAG was found to have
lower recurrence (0–17%) compared with bare sclera,
bulbar conjunctival autograft, and intraoperative MMC; no
significant difference was found when compared with
amniotic membrane grafts [11]. One meta-analysis noted
that amniotic membrane grafts have higher recurrence
rates (3.7–40.9%) compared with conjunctival autograft
(2.6–17.7%), but amniotic membrane can be beneficial in
patients with extensive conjunctival scarring or in patients
that may need future glaucoma surgeries [12].

Recurrence after pterygium surgery can occur at the
cornea or conjunctiva. Corneal recurrences, like primary
pterygia, appear as fibrovascular growths of tissue across
the limbus and onto the cornea. Conjunctiva recurrences
manifest as a “bunching” of the conjunctiva. Risk factors
for recurrence include: (1) young age, (2) fleshy, non-
translucent, and/or higher-grade pterygia, and (3) increased
inflammation.

Some adjuvant therapies in pterygium surgery have
also been studied: beta-irradiation, thiotepa, mitomycin-C
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(MMC), 5-fluorouracil (5-FU), anti-vascular endothelial
growth factor (anti-VEGF), cyclosporine, and collagen
implants.

(1) Beta-irradiation is a particulate radiation of high-
velocity electrons that allows for focal radiation
without deeper penetration into ocular tissues. Beta-
irradiation after bare sclera excision led to a decreased
(0–11.8%) recurrence rate, but had potentially devas-
tating complications: scleromalacia, necrosis, perfora-
tion, infective endophthalmitis, and sudden onset of
mature cataract [1, 13].

(2) MMC is an alkylating agent that inhibits RNA, DNA,
and protein synthesis. MMC is commonly used as a
systemic anticancer drug but use in pterygium surgery
is considered off label by the Food and Drug
Administration. MMC has been used pre-, intra-,
and post-operatively in pterygium surgery with
varying degrees of success. MMC was found in some
cases to cause scleral thinning, ulceration, and delayed
conjunctival epithelialization [14]. One study noted an
8.3–8.6% recurrence rate in patients who received
MMC 0.02 or 0.04% MMC for 5 min, but a
22.9–42.9% recurrence in patients who received the
same treatment for only 3 min [15]. A 10-year study
demonstrated 25.5% recurrence in the MMC group,
compared with 6.9% in the LCAG group [16].
Nonetheless, MMC could be considered in cases of
recurrent or high-grade pterygia.

(3) 5-FU is another commonly used anticancer drug that
has been used off label in pterygium surgery.
By inhibiting the S (synthesis) phase of the cell
cycle, 5-FU can decrease recurrence rate compared
with surgery without 5-FU (5.83% vs 25.5%) [17].
5-FU was found to have fewer complications than
MMC or beta-irradiation.

(4) Anti-VEGF in conjunction with pterygium surgery has
been attempted using subconjunctival injections and
postoperative topical eye drops. Reported complica-
tions include corneal epithelial defects and erosions
[18]. A recent meta-analysis of bevacizumab use in
pterygium surgery showed decreases in recurrence
rates with 12-month follow-up [19], although a prior
meta-analysis did not find a significant decrease [20].
Recurrence rates after longer follow-up and the optimal
method of anti-VEGF application are still to be
determined.

(5) Topical cyclosporine has been shown to decrease
recurrence in pterygium excision leaving bare sclera or
using a conjunctival autograft [1]. Conjunctival auto-
graft combined with cyclosporine was found to be the
most successful intervention in preventing pterygium
recurrence in a 2017 meta-analysis. In vitro studies

demonstrated the inhibitory effect of cyclosporine on
fibroblast proliferation.

(6) Collagen matrix implants aim to induce regenerative
but nonscarring wound healing. Implants are biode-
graded within 90–180 days. Conjunctiva was found to
have less inflammation and patients reported less pain
and discomfort compared with MMC and LCAG.
A 2013 study comparing bare sclera vs collagen matrix
implants demonstrated no significant decrease in
recurrence, but the sample size (10 in each group)
was not adequate for determining significance [21].
Collagen matrix implants combined with conjunctival
autograft were found to be beneficial in two cases
of suspected MMC-associated scleral thinning after
pterygium excision [22].

A 2017 network meta-analysis comparing the multiple
adjuvant treatments for primary pterygium analysed the
results of 24 separate randomized, controlled trials that
utilized 14 different interventions [1]. The meta-analysis
findings included that conjunctival autograft with cyclos-
porine 0.05% eye drops was most successful in preventing
recurrence. The authors of the meta-analysis noted that
the technique with the highest recurrence was pterygium
excision leaving bare sclera without adjuvant treatment.
One main limitation of the meta-analysis was the limited
length of follow-up (3 months) for some included studies,
though longer minimum follow-up times would further
decrease the number of studies available for analysis.

Role of p53

The pathogenesis of pterygium is not clear. Multiple studies
have reported that the expression of p53 and MDM2
(mouse double minute 2) proteins are elevated in pterygium
[23–26]. p53 is a tumor suppressor protein that could induce
apoptosis and restrict the growth of cancer [27, 28]. MDM2
is an E3 ubiquitin ligase that acts as an antagonist of p53
and binds to p53 to inhibit its transcriptional ability [29].
Our previous study showed that both p53 and MDM2 had
elevated expression levels in pterygium tissues compared
with the conjunctiva [23]. In conjunctiva, p53 expression
was undetectable and only very weak expression of MDM2
was observed. However, both p53 and MDM2 showed
strong expression in pterygium [23]. These results are
consistent with a previous report that overexpression of p53
was identified in pterygium with or without recurrence [26].
Another report found that p53 expression was detected in
the basal layer of pterygium epithelial cells [30]. In addi-
tion, we observed an intracellular localization difference
between p53 and MDM2 in pterygium [23]. In pterygium,
p53 was mainly localized in the cytoplasm, while most of
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the MDM2 accumulated in nuclei. These findings suggest
the cytoplasmic p53 is not efficient in inducing apoptosis in
pterygium, despite of its high expression level. Further-
more, p21 is one of the transcriptional targets of p53. We
found that the p21 protein was not detectable in pterygium
tissues, suggesting the p53 transcriptional activity was not
active in pterygium [23]. Chemical agents including Nutlin
have been developed to bind to the interface between p53
and MDM2, which is able to disturb the binding between
MDM2 and p53 and to activate p53 [31]. We also treated
pterygium cells with Nutlin and found that more p53 could
be detected in nucleus. Furthermore, p21 expression and
apoptosis could be induced in Nutlin treated pterygium cells
[23, 32]. Our results suggest that disrupting the MDM2-p53
interaction could lead to p53 localizing in nucleus and p53
reactivation.

To treat the pterygium, surgical excision is one of the
commonly used methods, but the recurrence rate can be
high after its surgical removal [32]. Intraoperative MMC
treatment is commonly applied to reduce the recurrence of
pterygium [16, 33]. MMC is a natural anti-tumor antibiotic
that could generate cross-links on the DNA strands [34]. It
was shown that MMC caused significant reduction in cell
viability and migration in both conjunctiva and pterygium
[32]. We also treated the pterygium and conjunctiva cells
with Nutlin. Significant reductions in viability and migra-
tion were detected in pterygium cells, while no significant
change in the conjunctival cell survival and migration could
be observed [32]. Comparing the effects of Nutlin and
MMC treatments in conjunctiva, we found that at the con-
centration of killing 50% of pterygium cells, 95% con-
junctival cells survived after Nutlin treatment. However,
only 63% conjunctival cells survived when treated with
MMC at the concentration that killed half of pterygium cells
[32]. Our results suggest that Nutlin could be more specific
than MMC in killing pterygium cells with less adverse
impacts on conjunctiva cells.

Conclusions

Pterygia are common fibrovascular growths with an unclear
pathogenesis that may involve MDM2 and p53 interaction.
The current gold standard treatment for clinically significant
pterygium is excision with conjunctival autograft, as this
has demonstrated a low recurrence rate that has been
reproduced in multiple studies. Numerous other techniques
to decrease recurrence rate exist, such as application of
MMC, which is associated with multiple adverse effects. On
laboratory analysis of pterygium samples, Nutlin treatment
led to significantly less toxicity of conjunctival cells when
compared with MMC.

The current literature recommends the following:

(1) Pterygium excision with conjunctival (or limbal-
conjunctival) autograft remains the current standard
of care for primary pterygium. Due to high recurrence
rates, simple excision of pterygium leaving bare sclera
should not be performed.

(2) The current adjunctive therapies to pterygium exci-
sion with conjunctival autograft include antimetabo-
lites and anti-VEGF. Although they may play a role in
decreasing pterygium recurrence, they might be
associated with adverse effects that make them
difficult to recommend for routine, primary pterygium
excision.

(3) There is evidence that targeting the MDM2-p53
pathway could help understand the pathogenesis of
pterygium and propose novel therapies to decrease
recurrence rate after surgery.
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