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ABSTRACT

Purpose: This study investigated the efficacy and safets ofoss-linked collagen stent
(XEN 45) with or without cataract surgery in theatment of glaucoma.

Setting: Real-life setting.

Design: Prospective, open-label, multicenter clinical trial

Methods:. Eligible patients with glaucoma inadequately coltebby treatment, or poor
compliance or intolerance to topical therapy weaiduded. Patients were divided into those
with implant only (solo group; phakic and pseuddpt@atients) and implant combined with
cataract surgery (combo group). Differences in agerntraocular pressure (IOP) and
number of medications between baseline and studyEhmonths), and the rate of qualified
and complete success were evaluated.

Results: Overall, there were 115 patients in the solo gr@Bphakic and 72 pseudophakic)
and 56 in the combo group. Compared with basefregn IOP (23.9 £ 7.6 to 15.5 + 3.9) and
number of medications (3.0 + 1.1 to 0.5 £ 1.0) dased significantly at study eré < 0.001
for both). A >20% and >30% reduction in IOP fronsélne was achieved by 72.3% and

52.6% of patients, respectively. IOP at one week-pp was a predictor of success, and the
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needling rate was inversely correlated to early-ppsiOP. The number of pre-operative
medications and patientage were not significardgoaiated with failure.

Conclusions: Insertion of the XEN 45 stent alone or combinethwihacoemulsification is
effective and safe in the treatment of open anlglec@ma, with a substantial reduction in
IOP and number of medications. Future randomizechparative studies on the use of this

device are warranted.
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INTRODUCTION

Glaucoma is a group of diseases leading to a ohawd progressive optic neuropathy and
loss of vision. It affects more than 60 million ieats and represents the second cause of
blindness worldwidé;? its prevalence is increasing due to aging of thedis populatiori:*
Primary open-angle glaucoma (POAG) is the most comfarm of the diseaseThe aim of

all glaucoma treatments is to decrease intraoguégsure (IOP), since IOP is the only
modifiable parameter among other well-identifiegkractors. The modalities of treatment
should be individualized considering the charastes of the disease (type of glaucoma,
stage, rate of progression) and the patient (ggefyle, expectations). Increasing attention to
quality of life has emerged in recent years and sexgical techniques have been designed to
reduce possible morbidity connected with traditlaglaucoma surgery.

Target IOP is most often used in clinical pracaecel is defined as a decrease of at
least 20% in early glaucoma and 30% in moderatecgi@a versus baseline IOP.XEN 45 is
a new device consisting of a porcine gelatin steogs-linked with glutaraldehyde and comes
preloaded in an injector; it has been designeddate a channel from the anterior chamber
(AC) to the subconjunctival space and to allow agsehumor outflow when inserted
through a small corneal incision via a minimallyasive procedurg’ Several studies have
demonstrated that the device is both effectivesaie, either alorié® or combined with
other intervention$"” XEN 45 has been approved by the FDA on the bdsfeedavorable
results in terms of efficacy and safety in a pivstady on 65 patients with glaucoma
refractory to other therapeutic interventidriBhe aim of our study was to evaluate the
efficacy and safety of XEN 45 in a real-life segtirither alone or combined with standard

phacoemulsification, in a group of patients withugloma.
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PATIENTSAND METHODS

Study design and participants

This was a prospective, open-label, multicentericdl trial on real-life patients from 7
European centers, with data collected accordirgdgommon protocol. In all centers, the
study protocol was approved by the local Ethics Guttee, and patients gave written
informed consent prior to enrollment. The study wasducted in accordance with the ICH
Harmonized Tripartite Guidelines for Good Clini€akctice and principles of the
Declaration of Helsinki.

Eligible patients had glaucoma inadequately colgdaby treatment, or a poor compliance or
intolerance to topical therapy. Patients with narangle glaucoma, ocular pemphigoid,
phacodonesis, or patients with a conjunctival search in the opinion of the surgeon could
compromise the outcome of the procedure, were drdluContrary to recommendations in
the instruction manual of the XEN 45, and consiutgthe real-life setting of the present
study, patients who had previously undergone syrgerglaucoma or who had pseudo-
exfoliation were not excluded.

Patients with a significant cataract (decreasasafal acuity>7/10 or with significant
cataract-related visual symptoms) were treated stdhdard phacoemulsification combined
with implantation of the XEN 45 device. Patientsgvdivided into two groups: implant only
(solo group) and implant combined with cataracyety (combo group); within the solo

group, phakic and pseudophakic patients were alatyzed separately.

XEN 45 stent and surgical technique

The XEN 45 gel stent (Allergan, Dublin, Irelandsde of porcine collagen cross-linked
with glutaraldehyde. The cross-linked collagen ste® mm long, has a 48n inner lumen

diameter, and is preloaded into a single-use ioje&tandard ophthalmic surgical techniques
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were used to prepare patients and eyes. In the@gnaoip, all subjects underwent standard
corneal phacoemulsification with intraocular lempiantation. If the surgeon considered it
necessary, acetylcholine was injected into the @&€onstrict the pupil before implant of a
cross-linked collagen stent. The majority of nesghiwere performed with 5-fluorouracil (5-
FU) at the discretion of the surgeon. Intraopeeatil mL mitomycin C 0.02% (MMC) was
injected sub-conjunctivally using a 30 G hypoderneedle under Tenon capsule and spread
with a microsponge applied to the conjunctiva ia skiperior nasal quadrant where the
implant was to be inserted before the implant wgscted or, in case of cataract extraction,
before phacoemulsification (performed in 13 pasattthe surgeon’s discretion). Using an
ab interno approach, the preloaded injector negdieinserted through a 1.8 mm corneal
incision in case of the solo procedure (or a 2.2 comeal incision in case of combo with
cataract) opposite to the site of desired implamefter the AC was filled with the highly
cohesive viscoelastic device. The needle was tiventdd across the AC towards the
superonasal quadrant. Intraoperatively, a goniatentd be used at the surgeon’s discretion
to verify placement through the angle to avoidmmatto the iris, iris root, or the trabecular
meshwork. The implant tracked 3.0 mm posterioh®limbus exiting through the sclera into
the subconjunctival space. Approximately 1 to 2 ofrthe implant was left in the AC to
provide a connection from the AC to the subconjiwatspace. Viscoelastic material was
removed from the AC by irrigation/aspiration in tt@mbo group or by washing with saline

in the solo group.

Post-operative management

Topical IOP-lowering medications, as well as systel@P-lowering medications, were
suspended on the day of surgery. Antibiotic-cogiemid therapy or corticosteroid

monotherapy was administered and progressivelydnailin over one month. In the
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following months, a drop of corticosteroid was adistered at the dosage and schedule
according to the physicians’ preferences.

After surgery, needling was performed if necessdther at slit-lamp or in the operating

room according to the surgeon’s preference (IOReaE®e over target, flat bleb or fibrotic
bleb, or high risk of bleb failure in the investiggs opinion). In case of repeated failure after
needling, IOP-lowering medications were restarféee number of post-operative needling
procedures allowed were left to the investigatdr&eretion. If the IOP remained higher than
the patient’s target pressure in two consecutivasmeements after needling and/or if,
according to the surgeon’s opinion, bleb revisi@swot possible, IOP-lowering medications
were restarted with the regimen decided by theiptays |IOP-lowering medications were

also started while waiting for the needling proaedlif necessary.

Assessments

Patients were evaluated with a baseline pre-operaisit (within 1 month prior to surgery)
and follow-up assessments were planned at 1 dagek, and 1, 3, 6, 9, and 12 months after
surgery. During the baseline visit, patients’ paed@nd anamnestic data were collected as
follows: IOP measurement assessed by two operditess,corrected visual acuity evaluation,
an examination of the anterior segment and theusinand a computerized visual field
testing. The two-operator IOP measurement was teged each post-operative visit at 9 am
(x 1 hour); if in the opinion of the surgeon thelblwas cystic or flat, or in the case of IOP
increase over target in two consecutive measurenameast one day apart, needling with 5-

FU or MMC was performed according to the centetquol.
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Endpoints

The primary endpoints were the reduction in mea #2d number of medications between
baseline and study end. The rates of qualifiedessg(defined as IOF18, 16, and 14

mmHg, and a >20% and >30% IOP reduction from basglirespective of pharmacological
treatment) at 12 months and complete success (KaPheeductions as above and without
pharmacological treatment) were also evaluatedcantpared between groups. Failures were
considered IOP <4 mmHg for more than two post-dperaisits, need for further glaucoma
surgery or surgery for complications. We also dalad whether IOP.on day 1 (<6, 8 or 10
mmHg) was related to complete success. MoreoveeuaRiated whether an increase in IOP
of >4 mmHg or >6 mmHg between the first three pgstrative visits (at 1 day, 1 week, and
1 month) was related to the success rate or tauh#er of needling procedures. The pre-
operative number of eye drops and patient age exatiated as possible risk factors for

failure or to the number of needling procedures.

Statistical analysis

All analyses were performed on the intent-to-t{(€BT) population. Patients with more than
30% missing data were dropped and case-wise del&s used in the remaining data set.
Variables with a normal distribution were expresasdanean + standard deviation and
compared using a paired or unpaired t-test. Caitegjorariables were expressed as numbers
(percentages) and compared with Fisher's exacbtdgann-Whitney test as appropriate.
Correlations were evaluated using the Pearsonicmeif for Gaussian and Spearman for
non-Gaussian distributed variablesPAralue of <0.05 was considered significant and all

tests were two-tailed. Analyse-it 4.8 and PrisnoBvgare were used for the analysis.
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RESULTS

Demographic and baseline characteristics

In total, 298 patients were enrolled; 171 patiérad>9 months of follow-up and were
included in the analysis. As no significant diffieces were detected at baseline between the
enrolled population and the patient population wi@months follow-up (Table 1), the
analyzed sample can be considered representatthe ehtire population. Of the 171
patients, 115 were treated with the XEN-45 geltsbaty (solo group; 43 phakic and 72
pseudophakic) and 56 with the XEN-45 gel stent phascoemulsification (combo group);
two patients with mixed mechanism glaucoma werbkided, one in each treatment group
(Table 2).

Twelve patients (8 in the solo group and 4 in tealoo group) underwent other surgical
procedures; data from these patients were considerid the last visit before surgery.
Rupture of the stent occurred during the needlimggdure in one patient; this data was,
however, included in the analysis.

Of the 171 patients with baseline assessment vadata available for 131, 166, 166, 148, 145,
141, and 137 patients at 1 day, 1 week, and 1,3, &d 12 months after surgery,
respectivelyAt the 12-month visit, data were available forl®3.of patients (149/171),
including patients who needed other glaucoma syrger

Despite not being a randomized study, baselineacheristics of the combo and solo groups
were mostly similar, with the exception of IOP andnber of medications, which were
significantly higher in the solo group than in t@mbo group; the solo group also had

significantly higher visual acuity, which was agpegted (Table 2).
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Efficacy

Compared with baseline, mean IOP and number ofcagdns decreased significantly at 12-
month follow-up (from 23.9 + 7 to 15.5 £ 3.9 andrfr 3.0 + 1.1 to 0.5 £ 1.0, respectively;
bothP < 0.001) (Figure 1). Figure 2 shows the same siEDBfdata presented in a scatterplot
format to show the changes in pressure. Althoughaignts were receiving acetazolamide
combined with topical therapy at baseline (Tablen®)patients received acetazolamide
during the post-operative period.

One week and 1 month post-operative IOP were @elwith final IOP R = 0.04 and® =
0.01 respectively), whereas there was no correldtesween 1 day post-operative IOP and
final IOP (Table 3). Patients with a 1 week posti@apive IOP <6, 8 or 10 mmHg had a
significantly higher probability of success defireslan IOF14, 16 or 18 mmHg at the final
follow-up visit, as did patients with a 1 month poperative IOP <10 mmHg (Table 3). In
addition, patients with a change in IOP betweeregknand 1 month of <4 or 6 mmHg had a
significantly higher chance of achieving an I8F6 or 18 mmHg at the final follow-up visit
(Table 3).

Neither patient age nor the number of medicatiammsaeline were related with treatment
outcome.

The number of needling procedures was significactdlyelated with 1 day (r=0.22,=

0.006), 1 week (r=0.2°R < 0.001), and 1 month (r=0.32,< 0.0001) post-operative I0OP, but
not with the pre-operative number of medicationpreroperative IOP, nor to patient age.
Patients subjected to needling had a similar peraifve IOP (no needling, 233.5;

needling, 24.47.7;P=0.96), although post-operative IOP was signifigalgss in the group
that did not undergo needling (no needling, $3.8; needling, 164.5; P = 0.01) with no

differences in the number of medications pre- avgtqperative (no needling: pre-, 2192;

post-, 0.20.9; needling: pre-,£.9 and 0.81.2). All three patients with uveitic glaucoma
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were subjected to needling (one patient once andoatients twice each).Patients who did
not undergo needling had a significantly highee i@tcomplete success at the end of follow-
up period compared with patients treated with nagdivith an IOP<14 mmHg in 68.8% vs.
46.7%, P = 0.02),<16 mmHg in 66.7% vs. 41.9%R € 0.002), and18 mmHg in 66.7% vs.
39.3% of patientsK = 0.001).

Compared with baseline, IOP decreased in bothdh#o and solo groups at the final visit
(from 21.42 mmHg to 15.81 mmHg, and from 25.03 mméid5.36 mmHg, respectively)
(Figure 3). At 1 week, IOP was significantly lowerthe solo group compared with the
combo groupP = 0.04), but no significant differences were deddat the following visits.
Throughout the follow-up period, the mean numbemetlications was not significantly
different between the two groups.

No significant differences in IOP or the numbenaddications were detected between
phakic and pseudophakic patients in the solo getdlpe end of the follow-up period (Figure
4).

The mean difference between baseline and the et dbllow-up period in IOP and the
number of medications was significantly higherhe solo group compared with the combo
group P = 0.0032 andP < 0.0001, respectively) (Table Hompared with baseling®P and
the number of medications were reduced at the ¥iisétl by 38.6% and 83.7% in the solo
group and by 26.2% and 80.1% in the combo grougpedively. Phakic patients achieved
the highest percentage reduction for both paramseter

Table 5 shows the final results at the 12-montlo¥olup visit. Overall, a >20% and >30%
IOP reduction from baseline was achieved by 72.8&0652.6% of patients, respectively, and
71.5% of patients were without medications (70.8% &1.9% in the combo and solo
groups, respectively). There were no significaffedences between phakic and

pseudophakic patients in terms of the percentagatnts with a >20% and >30% IOP
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reduction from baseline. Similarly, no significalifferences were found for either qualified
or complete success, with IGR28 and<16 mmHg with or without medications, respectively,
although more patients in the solo group achiewedptete success with IGEL4 mmHg and
no medications compared with the combo group (48%22.9%, respectively, = 0.03)
(Table 5). For qualified success in the solo gr@aupigher percentage of phakic patients
obtained IOX16 and<14 mmHg compared with the pseudophakic group (7248062.1%
vs. 70.0% and 40.0%, respectively), but these miffees were not statistically significant
(Table 5).

In the subpopulation of patients who had undergoegious surgery for glaucoma or other
ocular procedures no differences were observeldamumber of needlings, although it is
worthwhile mentioning that conjunctival perforatioocurred in one case and hypoathalamia
was seen in another case that resolved with meidieedpy. In addition, one patient who had
undergone previous iridectomy was subjected toessice trabeculectomy and one with
prior trabeculectomy needed an Ahmed valve. Thebauraf re-interventions in the group
with prior ocular interventions was numerically lneg compared to those without, although
statistical analysis was not possible due to thallsmmber of patients. In consideration of
the different diagnoses, the only subgroup withifident number of patients was those with
pseudoexfoliation. There were no significant déferes between these patients and the
remaining group in terms of number of drugs adnenes] (0.20.5 vs 0.&1.0) or needlings
(1.0£1.3 vs 0.81.2) at last follow-up. In addition, IOP at lastléov-up was also similar
(14.9:3.4 vs 15.63.9), even if those with psuedoexfoliation hasghsér higher pre-
operative IPO (25£6.5 vs 23.67.7). Of the three patients with uveitis, one hadrb
previously subjected to trabulectomy and neededex\Idt valve. The other two patients

had an IOP at follow-up that was slightly highearitthe entire group (21.1 vs 19.3,
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respectively) and a mean of 2 vs 3 drugs admimdtéBleeding in the anterior chamber was

also observed in one of these patients.

Safety

Post-operative complications are reported in TabAelitional surgery was performed in 12
(7%) patients (8 in the solo group and 4 in the lsomroup) including: trabeculectomy

(n=8), Ahmed valve implant (n=1), Baerveldt valugpiant (n=1), vitrectomy for malignant
glaucoma (n=1), and bleb revision for exposurdnéodross-linked collagen stent (n=1). Four
of the additional procedures were done on patihts had undergone previous glaucoma
surgery.

Overall, 147 needlings were performed in 79 pasi€d6.2%), corresponding to 1 (n=41), 2
(n=21), 3 (n=10), 4 (n=3), 5 (n=2), and 6 procedufe=2). The needling rate was
significantly higher in patients in the combo gragmpared with the solo group (48.21% vs.
45.22%,P < 0.01), and in pseudophakic vs. phakic patie#fs83% vs. 44.19%; = 0.002)
(Table 7).

Cases of hyphema, hypoathalamia, choroidal detaatiraed fibrin reaction were all treated
with medical therapy and had a post-operative @tinsit was broadly similar to entire
population. The case of perforation was treated witture of the conjunctiva and topical
antibiotic therapy, and resolved after 4 weeks. €hse of stent rupture did not require
intervention. The cases of stent repositioning st&ht in the anterior chamber underwent
removal and reimplantation of the stent. All theases had outcomes that were similar to the
entire group. The case of malignant glaucoma msteifeon the fourth day; following 48
hours of medical therapy with atropine and acetanale the patient was subjected to
vitrectomy 23 G (VPP) associated with irido-zontligaloidectomy of the anterior chamber.

The outcome was satisfying with good control oflacyressure (19.0 mmHg at 6 months;
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timolol 0.1% every morning), but visual acuity wasluced to 1/10. The reduced visual was
partially attributable to pre-existing age-relatéy maculopathy. There were no cases of

endophthalmitis.

DISCUSSION

This prospective, open-label, multicenter clinicall aimed to demonstrate the effectiveness
and safety of the XEN 45 stent in patients withamomlled glaucoma or with poor
compliance or intolerance to medical therapy iea-fife setting. In our study, the 35.2%
reduction seen in IOP is consistent with previouspective studies, which showed
reductions of 35.6%31%:° and 30.4%’ . Although our inclusion criteria differed, thedil
(one year) IOP of 15.5 mmHg is in line with thabeeted by other studies: 15.9 mmHg,

13.9 mmHg'® and 14.9 mmHY , suggesting that the results obtained with theeaisKEN

45 stent are consistent, at least in a Caucasijaulatoon. It is of note that both mean IOP
and the percentage of patients with 1€ and 16 mmHg (83.7% and 60.7% of patients
with IOP<18 mmHg and15 mmHg, respectively, in the Apex stdligompared with 81%
and 70% of patients with IOP18 mmHg and<16 mmHg, respectively, in our study) are
very similar to those reported in the multicentg@ef group study. This is despite the fact
that, in the Apex study, only POAG patients withdamte severity and without previous
glaucoma surgery were included.

Previous studies have speculated that a low IQReiarly post-trabeculectomy period may
be predictive of a more favorable outcome. Some Isagjgested that lower IOPs on first
post-operative day are predictive of longer-terrrecsss-’ while others found that IOPs at the
first montH° were a predictive factor for succéssarimi et al. found that low IOP on day 1
after XEN gel implantation may be a positive préigiefactor for final outcomes (Table &).

In our study, 1 week and 1 month post-operative WeRe correlated with the final IOP,
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whereas day 1 post-operative IOP was not. By graupatients according to IOP atday 1, 1
week and 1 month, those with a lower IOP at 1 weska higher chance of success.
Patients with an IOP difference of <4 or <6 mmHgnsen the 1 week and 1 month post-
operative visits had a higher probability of havanfinal IOP<16 or 18 mmHg. Early IOP
post-surgical procedures for glaucoma may be infled by a variety of different factors and
this might explain why we did not observe any ielahip with the success rate and day 1
post-operative IOP. Week 1 post-operative IOP sderhsld a greater predictive value
towards the final IOP. Similar results were obtdiméen comparing the 0P difference
between week 1 and month 1.

Previous authors used anterior segment-opticalreabe tomography to find predictors of
surgical success:** Although the bleb resulting after implantationeoéross-linked collagen
stent is smaller and easier to study comparedetotie after trabeculectomy, bleb analysis is
time consuming and there are no widely accepteiditens of bleb morphology. The
possibility of summarizing a variety of factorsarsingle variable (early post-operative I0P)
that can be a reasonable predictor of the longBrtidget is promising, although it should be
confirmed by further studies. Midha and colleagdesionstrated that eyes with lower IOP
on day 1 were less likely to require needfAgimilarly, we found a significant correlation
with IOP at day 1, week 1 and month 1, but not \pite-operative IOP patient age, number
of pre-operative medications, or number of needtiracedures. Taken together, these
observations strongly support the hypothesis thdy @ost-operative IOP can predict the
final surgical outcome and suggest that closeo¥olup is warranted in patients with a
relatively higher post-operative I0P.

The percentage IOP reduction in this sample ismoeaningful way of measuring success
due to the fact that starting IOP pressures wegrafsiantly different between the solo and

combo groups, and a floor effect may not be exdude far as final pressures are

15
Copyright © 2020 Published by Wolters Kluweronbehalf of ASCRS and ESCRS. Unauthorized reproduction of this article is prohibited.



concerned, which are an important marker of suctleese was no significant difference
between the solo and combo groups.

The solo group demonstrated a significantly highercentage of patients with IOP
<14mmHg at the 12-month follow-up visit, a signifitly higher mean decrease of
medications, and significantly fewer patients winolerwent needling. Taken together, these
data suggest that the combination of phacoemudsidic with the XEN 45 gel stent may be
slightly less effective compared with implantatoithe same stent alone. If we do not
concentrate only on mean pressure, but analyzdatarin more detail, it is apparent that
there are differences between the two groups aatdhkse differences are clinically
meaningful. This can also explain some of the ke results described in the literature. Our
results are in line with the those reported by Mamisand colleague’. Widder et al’

similarly reported a better success rate in sotgesy, while other authors could not show
any difference between solo and combo surgel3*®It should be noted, nevertheless, that
both Karimi et al*> and the Apex study only compared mean IOPs between the two groups,
which was also not significantly different in oamsple.

The needling rate in our sample was higher (46.dét)pared with previous studies (range
2.4%—43%°) and probably reflects a proactive approach taliieg It should also be noted
that no strict guidance was prospectively defined that different centers used different
approaches. In the literature, nevertheless, ikare clear and objective criteria for needling
other than increased IOP or appearance of blelghabia somewhat subjective criterion.
Furthermore, in our group, some surgeons prefestablish a limit for the number of
needling procedures (i.e., no more than 2 or 3)abse they fear the cumulative effect of
antimetabolite injections or feel that if two ndadlprocedures are ineffective the probability
of success with a third needling would be very lotiters, however, may proceed with

needling whenever they deemed it necessary anduallyndecided to use steroids instead of
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antimetabolites to limit potential adverse evehRtgther research is definitely warranted in
this area to better define the number, type, adt@tions for needling. Additional surgery
was required by 7% of our patients and one-thirtho$e requiring additional surgery had
glaucoma surgery prior to implantation of the XEBistent. Little is known about the results
of implantation of a cross-linked collagen stentpatients with previous surgery, although

Karimi et al*®

suggested that the XEN implant was equally effedin patients with or
without previous glaucoma surgery (18 patientsaff)2Most complications reported in our
study were self-limited with medical therapy (hyptg choroidal detachment, fibrinoid
reaction in the AC), but a case of malignant glamapwhich required vitrectomy, also
occurred as well erosion through the conjunctivih@ugh rare, these complications may
lead to a severe impairment of visual funcion.

The strengths of this study are represented lpraspective, multicenter (with a common
protocol), and comparative design, its real-liftiag, the relatively large number of cases,
and the subanalysis between phakic and pseudoppatients. This study is limited by its
non-randomized design, and by the differencesjtadbght, at baseline between the combo
and solo groups in terms of IOP. and number of naidins. Finally, baseline unmedicated
IOP was not recorded, due to the lack of a wastperiod.

In conclusion, our study showed that insertionhaf XEN 45 stent alone or combined with
phacoemulsification is effective and safe in tl@tment of open angle glaucoma, with a
substantial reduction of IOP and number of medireti a good success rate, and a low

number of adverse effects. Future randomized, coatipa studies with a long-term follow-

up on the use of this device are warranted.
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WHAT WASKNOWN
* In patients with glaucoma, the association witlaatt is common and combined
surgical therapy is often needed.

* The XEN 45 stent was effective and safe in theisatrgreatment of glaucoma.

WHAT THISPAPER ADDS
* The use of th&EN 45 stent, either alone or in combination wittapoemulsification,
is effective and safe in the treatment of opene@gtducoma in a “real-life setting”.
* The combination of thEEN 45 stent plus phacoemulsification may be sliglass
effective than implantation of the same stent alone
» Early post-operative IOP may predict the final steijoutcome suggesting closer

follow-up in patients with a relatively higher pagterative I0OP is warranted.

SYNOPSIS
In a “real-life” setting, the XEN 45 stent was effiee and safe in treatment of open angle

glaucoma, either alone or in combination with pleswalsification.
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FIGURE LEGENDS

Figure 1. Mean intraocular pressure (IOP) and number of oadins during the study.

Figure 2. Scatterplot of intraocular pressure (IOP) redurcte a function of post-operative

IOP (last follow-up).

Figure 3. Mean intraocular pressure (IOP) and number of oatdins during the study, solo
vs. combo group (The first row of numbers referthedcombo patients at each follow-up
visit and the second row to the solo patients. Gdrs represent number of medications and

the lines represent I0P).

Figure 4. Mean intraocular pressure (IOP) and number of nagidics in the standalone
cross-linked collagen stent procedure (solo graggprding to lens status (phakic or
pseudophakic). (The first row of numbers referphiakic patients at each follow-up visit and
the second row to pseudophakic patients. The karesent number of medications and the

lines represent IOP).
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TABLES

Table 1.Baseline characteristics of the patient populatith >9 months of follow-up

compared with the overall enrolled population.

All Follow up >9 months p-value
(n=298) (n=171)
Age, mean * sd 70.3+11.8 705+11.8 0.88
Female, n (%) 149 (50.0%) 89 (52.0%) 0.70
Left eye, n (%) 146 (49.0%) 87 (50.9%) 0.70
Phakic, n (%) 165 (55.4%) 98 (57.3%) 0.69
Glaucoma type, n (%)
Primary open angle glaucoma 235 (78.9%) 134 (78.4%  0.90
Exfoliative glaucoma 39 (13.1%) 27 (15.8%) 0.42
Juvenile glaucoma 4 (1.3%) 2 (1.2%) 0.93
Mixed mechanism glaucoma 9 (3.0%) 2 (1.2%) 0.22
Normal tension glaucoma 7 (2.3%) 3 (1.8%) 0.82
Uveitic glaucoma 3 (1.0%) 3 (1.8%) 0.79
Ocular hypertension 1 (0.3%) 0.78
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Previous laser treatment, n (%)

SLT 58 (19.5%) 47 (27.5%) 0.05
ALT 1 (0.3%) 1 (0.6%) 0.63
Previous surgery, n (%)
Trabeculectomy 6 (2.0%) 4 (2.3%) 0.83
Deep sclerectomy 2 (0.7%) 1 (0.6%) 0.90
Iridectomy 1 (0.3%) 1 (0.6%) 0.63
Vitrectomy (epiretinal membrane) 1 (0.3%) 0.47
Buckling 1 (0.3%) 1 (0.6%) 0.63
Keratoplasty 1 (0.3%) 0.47
Acetazolamide, n (%) 68 (22.8%) 28 (16.4%) 0.12
Medications pre-op, mean + sd 3.03x1 3.0+£1.1 760.
IOP pre-op (mmHg), mean + sd 25.1+£8.14 23.85%6+ 7. 0.10
Central corneal thickness, mean +sd  533.6 +38.9 30.25+ 43.04 0.38
Mean defect, mean + sd -12.67 +8.61 -11.66 £+8.34 0.22
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Pattern standard deviation, mean = s@&.95 + 3.13 7.19+29 0.41

BCVA, mean * sd 0.65+0.27 0.67 £ 0.26 0.43

Abbreviations: ALT, argon laser trabeculoplasty; BCVA, best-coteel visual acuity; IOP,

intraocular pressure; SLT, selective laser tralmgaiakty.
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Table 2.Baseline characteristics of solo group (crossddhkollagen stent only) and combo group (crosselindollagen stent implant

combined with cataract surgery) treatment groups.

Combo group Solo group  p-value Phakic ~ Pseudophakic p-value

(n=56) (n=115) (Solo vs. (n=43) (n=72) (Phakic vs.

Combo) Pseudophakic)

Age (years), mean = sd 71.4+7.9 70+ 13.3 0.47 62.2+ 15 74.7+ 9.4 <0.001

Female, % 31 58 0.66 15 43 0.02

Glaucoma type, n
POAG 45 89 0.66 31 58 0.41
PXG 8 19 0.71 8 11 0.84
Juvenile 2 0.33 2 0.27
4
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Mixed mechanism glaucoma 1 1 0.81 1

NTG

Uveitic

Previous surgery, n

Trabeculectomy

Deep sclerectomy

Iridectomy

Buckling

PKP

1 2 0.55 1 1

1 2 0.55 2
3 0.55 3
1 0.71 1
1 0.71 1

1 0.71
1 0.71 1

5
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0.79

0.72

0.72

0.45

0.79

0.79

0.79



Acetazolamide, n 4 24 0.007 10 14 0.80

Medications pre-op, mean + sd 25%+1.0 3.25+1.0<0.001 3.19+0.96 3.3x1 0.32
IOP pre-op (mmHg), mean + sd 21.4+7.0 25.03 £7.60.003 26.7+ 9.8 24+ 5.7 0.06
BCVA, mean + sd 0.54+0.26 0.73:0.24 0.001 0.84+0.21 0.65%+0.22 0.001

Abbreviations: BCVA, best-corrected visual acuitf®P, intraocular pressure; n, number; NTG, norreakiton glaucoma; OHT, ocular

hypertension; PKP, Penetrating Keratoplasty; POgienary open-angle glaucoma; PXG, pseudoexfoliagiaacoma; sd, standard deviation.
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Table 3 Association between final intraocular pressu@R() and early post-operative IOP,

and between final IOP amdin early post-operative 10P.

Final IOP

<14 mmHg <16 mmHg <18 mmHg

Early post-operative IOP

1 day IOP <6 mmHg 0.91 0.13 0.17
1 day IOP <8 mmHg 0.20 0.22 0.29
1 day IOP <10 mmHg 0.21 0.32 0.41
1 week IOP <6 mmHg 0.02 0.01 0.02
1 week IOP <8 mmHg 0.002 0.01 0.04
1 week IOP <10 mmHg 0.02 0.003 0.03
1 month IOP <6 mmHg 0.70 0.78 0.61
1 month IOP <8 mmHg 0.002 0.12 0.28
1 month IOP <10 mmHg 0.02 0.01 0.01

A in early post-operative |IOP
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A 10P day 1 - week 1 <4 mmHg 0.32 0.13 0.13

A 10P day 1 - month 1 <4 mmHg 0.79 0.63 0.77
A 10P week 1 - month 1 <4 mmHg 4.41 0.04 0.07
A 10P day 1 - week 1 <6 mmHg 0.13 0.08 0.09
A 10P day 1 - month 1 <6 mmHg 0.15 0.09 0.14
A 10P week 1 - month 1 <6 mmHg 0.25 0.03 0.02
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Table 4. Mean difference between baseline and the endedilfow-up period in intraocular

pressure (IOP) and number of medications accoririige treatment groups.

IOP mmHg, Number of medications,
mean * sd
mean * sd

Overall -71.4+£7.9 -2.32+£1.31
Combo -4.54 £ 8.35 -1.94+£1.16
Solo -8.8 £ 7.5* -2.6 £ 1.35**

Phakic -10.88 £9.79 -2.7+£1.42

Pseudophakic -7.78 +5.88 -2.6 £1.33

Abbreviations: sd, standard deviation

*P =0.0032 vs combo group

** P < 0.0001 vs combo group
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Table 5.Final results at the 12-month follow-up visit.

Overall Combo group Solo group P value Phakic  Pseudophakic P value
(n=137) (n=48) (n=89) (Solo vs. (n=29) (n=60) (Phakic vs.
Combo) Pseudophakic)
No medications 98 (71.5) 34 (70.8) 64 (71.9) 0.53 22 (75.3) 42 (70) 0.44
IOP reduction from baseline
>20% 95 (69.3) 28 (58.3) 67 (75.3) 0.06 23 (79.3) 44 (73.3) 0.73
>30% 69 (50.4) 20 (41.7) 49 (55.1) 0.19 19 (65.5 30 (50) 0.25
IOP (mmHgQ), with
medications
<18 111 (81.0) 39 (81.3) 72 (80.9) 0.96 22 (75.9)  (&D3) 0.41
10
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<16 97 (70.8) 34 (70.8) 63 (70.8)

<14 59 (43.1) 17 (35.4) 42 (47.2)

IOP (mmHgQ), without

medications
<18 84 (61.3) 28 (58.3) 56 (62.9)
<16 74 (54.0) 23 (47.9) 51 (57.3)
<14 48 (35.0) 11 (22.9) 37 (41.6)

0.19

0.60

0.29

0.03

21 (72.4)

18 (62.1)

17 (58.6)

17 (58.6)

15 (51.7)

42 (70.0)

(4230)

(6&20)

(88L7)

(&e7)

0.82

0.08

0.73

0.96

0.18

Abbreviations: I0P, intraocular pressure; ns, not significant.eDiatshown as number of patients (%6).
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Table 6. Post-operative complications.

All Solo group  Combo group
Hyphema 33 15 18
Hypoathalamia 7 5 2
Choroidal detachment 16 12 4
Fibrin reaction in the anterior chamber 1 1 -
Cross-linked collagen stent exposition 1 1 -
Perforation after needling 1 1 -
Stent rupture 1 1 -
Stent in the anterior chamber 3 2 1
Stent repositioning 2 1 1
Malignant glaucoma 1 1 -

12
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Table 7.Needling procedures performed during the post-aperaeriod.

Patients who Overall Needling
underwent needling, n procedures,
needling, n (%) mean * sd
Combo (n=56) 27 (48.21)* 54 098+1.4
Solo (n=115) 52 (45.22) 93 0.98 +1.15
Phakic (n=43) 19 (44.19)* 28 0.65+0.9
Pseudophakic (n=72) 33 (45.83) 65 090+1.3

Abbreviations: n, number, sd, standard deviation.
*K?=6.32,P < 0.01 vs. solo group

** K2=9.45,P < 0.002 vs. pseudophakic group
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Table 8. Comparison of outcomes between studies.

Author Design Mean pre-op  Mean post-op % IOP Mean pre-op Mean post-op % medication
IOP (mmHg)* 10P (mmHg)* medication* medication* reduction

Present study Pro mc 23.9 (7.6) 15.5 (3.9) 35.2 1.8 0.5() 83.3

Galal et al. Prosc 16 (4) 12 (3) 23 1.9 (1) 0.3(0.4) 95

20172

Grover et al. Promc 25.1 (3.7) 15.9 (5.2) 35.6 3.5(1.0) 1.3)1. 38.5

2017

Fea et al Prosc 21.8 (2.8) 14.9 (2.1) 31.6 2.92 (1.16) 0.53) 83

2017°

De Gregorio et Pro sc 22.5 (3.7) 13.1 (2.4) 41.8 2.5(0.9) 0.8)(0. 84

al. 2018"

Mansouri et al. Pro sc 20 (7.1) 13.9 (4.3) 31 1.9 (1.3) 0.5 (0.8) 3.77

14
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2018°

Heidinger et al. Retro sc 22.8 (6.9) 17.1 (5.9) 22.7 29 (1) 1.8)(1. 37.9
2019

Karimi et al. Retro mc 19.3 (6.0) 14.2 (4.4) 25.3 2.6 (1.1) )y ( 69.2
2019°

Reitsamer et al. Pro mc 21.4 (3.6) 14.9 (4.5) 30.4 2.7 (0.9) 0.9)1. 66.7
2019°

Abbreviations: IOP, intraocular pressure; mc, multicenter; Prospective; Retro, Retrospective; sc, single cestirstandard deviation.

*Data is presented as mean (sd).
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