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e PURPOSE: To evaluate long-term risk and outcomes of
glaucoma in eyes with intermediate, posterior, and panu-
veitis managed with systemic or fluocinolone acetonide
(0.59 mg, “implant”) therapy.

e DESIGN: Prospective Follow-up of the Multicenter
Uveitis Steroid Treatment (MUST) Clinical Trial
Cohort.

e METHODS: Patients with intermediate, posterior, or
panuveitis randomized to implant or systemic therapy
(corticosteroid plus immunosuppression in >90%)
were followed prospectively for glaucoma incidence and
outcome.

e RESULTS: Among 405 uveitic at-risk eyes of 232 pa-
tients (median follow-up = 6.9 years), 40% (79/196)
of eyes assigned and treated with implant and 8% (17/
209) of eyes assigned and treated with systemic therapy
(censoring eyes receiving an implant on implantation)
developed glaucoma (hazard ratio [HR] = 5.9, 95% con-
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fidence interval [CI] 3.2, 10.8; P < .001). Adjustment
for intraocular pressure (IOP) elevation during follow-
up only partially mitigated the association of implant
treatment with glaucoma incidence: HR = 3.1 (95%
CI 1.6, 6.0); P = .001. Among 112 eyes of 83 patients
developing glaucoma, the 5-year cumulative incidence
following diagnosis of sustained (2 or more consecutive
visits) worsening of mean deviation by 26 dB was 20%
(95% CI 12%, 33%); 5-year cumulative incidence of
sustained worsening of cup-to-disc ratio by 20.2 was
26% (95% CI 17%, 39%).

e CONCLUSIONS: The implant has substantially higher
risk of glaucoma than systemic therapy, a difference not
entirely explained by posttreatment IOP elevation. Man-
agement of IOP elevation was effective in preventing
worsening of glaucoma for the large majority of cases,
but even under expert clinical management, some glau-
coma worsened. Uveitis cases should be monitored care-
fully for 10P elevation and glaucoma
indefinitely. (Am ] Ophthalmol 2020;219:303-316.
Published by Elsevier Inc.)

coma frequently occur in ocular inflammatory disease,

especially with high dosages of local therapies, including
long-acting local therapies.'* Glaucoma is best defined as
an optic neuropathy for which IOP wusually is a
contributing factor.” However, in the setting of ocular
inflammation, often affecting younger and middle-aged
adults,”” glaucoma typically occurs following IOP eleva-
tion.""” A broad array of medical and surgical treatments
exist to treat IOP elevation, and with sufficient effort
IOP elevation typically can be controlled.” Thus, many
uveitis specialists emphasize control of immediately
vision-threatening complications such as foveal scarring
or macular edema on the assumption that subsequent ele-
vations in IOP can be managed without vision loss.

We previously reported that a cohort of patients partici-
pating in a clinical trial in which patients with active or

I NTRAOCULAR PRESSURE (IOP) ELEVATION AND GLAU-
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recently active intermediate, posterior, or panuveitis were
randomized to systemic therapy or a long-lasting intraoc-
ular corticosteroid implant had a high risk of glaucomatous
optic neuropathy in during the first 2 years following
randomization, especially in the implant group.' We also
previously have reported the incidence of glaucomatous
optic neuropathy by as-randomized treatment assignment
(systemic therapy vs fluocinolone acetonide 0.59 mg
long-lasting intravitreous implant) through 7 years’
follow-up.” In the MUST Trial, elevated IOP (often
>30 mm Hg) commonly preceded occurrence of glaucoma.
Given that such elevation of IOP typically can be success-
fully treated, an important issue for patients is the extent to
which glaucoma and its sequelae progress after glaucoma is
detected. Here, we report the incidence of and risk factors
for glaucoma through the complete follow-up of the MUST
Trial cohort (up to 10 years). We also describe outcomes of
uveitic eyes with glaucoma during the several years’ follow-
up ultimately carried out in the study, beginning from the
point of diagnosis with glaucoma.

METHODS

THE METHODS OF THE MULTICENTER UVEITIS STEROID
Treatment (MUST) Trial, a multicenter prospective ran-
domized clinical trial with 5-year extended follow-up
(www.clinicaltrials.govregistration: NCT00132691) previ-
ously have been described.'” In brief, patients gave
informed consent and then were randomized to systemic
therapy following Expert Panel Guidelines'' vs fluocino-
lone acetonide implant therapy™'’ in uveitic eyes for
which the alternative treatments were indicated. Enroll-
ment into the MUST Trial occurred from December 6,
2005, to December 9, 2008, after which patients were
followed for an additional 2 years for the primary outcome
of the study.”’During the MUST Trial, subjects were
followed at visits 1 and 3 months after enrollment then
quarterly. After completion of the MUST Trial (after 2-5
years’ follow-up depending on when the subject was
enrolled), willing subjects gave informed consent and
then were enrolled in the MUST Trial Follow-up
Study,”'*"” and followed at every 6-month follow-up visits
for an additional 5 years, giving 7-10 years of follow-up for
the large majority of participants. Institutional Review
Board approval was obtained prior to beginning the trial
and updated/maintained throughout the study at the Coor-
dinating Center (Prime IRB, Johns Hopkins Bloomberg
School of Public Health Committee on Human Research),
the Reading Center (University of Wisconsin Institutional
Review Board), and the 19 clinical centers.

Throughout this time, IOP management was done ac-
cording to best medical judgment, and data regarding
IOP and glaucoma treatment and outcome were collected.
Patients underwent prospective data collection based on
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protocol-specified clinical examinations and tests until
study closeout.'” These included fundus photographs
graded for cup-to-disc ratio by the MUST Reading Center.
Humphrey Visual Fields from which mean deviation (MD;
representing the difference in average visual field sensi-
tivity from that of a standard reference population) and
pattern standard deviation (representing whether the dis-
tribution of visual field sensitivity values across the field
differed in quadrants of the field from that of a standard
population) also were available. With progressive glaucom-
atous optic neuropathy, MD is expected to decline (become
more negative) whereas pattern standard deviation is ex-
pected to rise. [OP was measured as the median of 3 mea-
surements by Goldmann applanation tonometry
performed at least semiannually. Best-corrected visual acu-
ity also was measured at least semiannually using gold stan-
dard (ETDRS logarithmic chart) methods.'® Patient-
reported quality of life measurements including the 36-
Item Short Form Health Survey (SF-36) Physical Compo-
nent Summary of generic health-related quality of life and
the NEI-VFQ vision-related quality of life measurements
summarizing the patient’s experience of peripheral vision
and ocular pain'"'® were assessed.

Glaucoma was diagnosed by a process beginning with re-
view of stereo fundus photograph images by the treatment
assignment-masked study Reading Center.' These images
were obtained at baseline, 3 months, 6 months, and then
annually during the MUST Trial and Follow-up Study,
respectively, followed by a return to semiannually approx-
imately 2 years into the MUST Trial Follow-up Study. Im-
ages that demonstrated a change in cup-to-disc ratio of 0.1
or more for small nerves (those that were >2 standard devi-
ations smaller in size from the mean of the baseline images)
or a change of 0.2 or more for normal or large cup-to-disc
ratio nerves were referred to the MUST Glaucoma Out-
comes Committee beginning at year 2 following randomi-
zation, to determine whether incident glaucoma should be
diagnosed in the eye. Reading Center cup-to-disc ratio
gradings were highly reproducible.’” For eyes referred to
the treatment assignment-masked MUST Glaucoma Out-
comes Committee, first a treatment-masked glaucoma
specialist (D.S.F.) evaluated stereo disc color images, visual
fields (obtained annually), serial IOP measurements, and
other clinical data for each eye at baseline and subsequent
visits to determine if he agreed with Reading Center image
gradings indicating an increase in cup-to-disc ratio, and
then to determine if the eye had glaucoma or not. After
this, a second treatment-masked glaucoma specialist
(H.A.) independently reviewed the same data for the
same eyes. A set of randomly selected eyes without changes
also were reviewed. The rate of agreement regarding diag-
nosis of glaucoma between the 2 reviewers was 98.3%. Dis-
agreements were settled by consensus.

As most enrolled eyes had a depressed visual field as
measured by MD at baseline (mean MD: —5.2 dB), often

related to chorioretinal damage from posterior uveitis,
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changes in cup-to-disc ratio were most indicative of glau-
coma incidence. The Committee also reviewed stereo
disc photographs from all visits corresponding to periods
when clinically important worsening of the visual field
was observed, even if the Reading Center had not identified
a change in cup-to-disc ratio. Based on the timing of the
disc imaging and visual field testing under the protocol,
glaucoma could be diagnosed for the first time at the
follow-up visit approximately 1 year after baseline. (Visits
used for glaucoma outcomes occurred during a visit win-
dow, generally within *3 months of the target date, rather
than on the exact anniversary date.) Because many eyes
that developed glaucoma developed it after the 1-year visit,
eye-time both before and after occurrence of glaucoma was
available for assessment.

IOP was modeled over follow-up time 4 ways: (1) base-
line IOP using the IOP at the baseline visit; (2) time-
updated IOP using the IOP at each visit; (3) time-
updated average IOP using the average of IOP measure-
ments from baseline through each visit; and (4) time-
updated maximum IOP using the highest IOP up through
the visit. (Time-updated variables’ values changed and
were assessed over time of follow-up in the survival anal-
ysis). Lowess curves were constructed to estimate the tra-
jectory of IOP and cumulative average of IOP over time
since initiation of treatment. The cumulative incidence
of glaucoma by treatment group was calculated using
Kaplan-Meier methods with 95% confidence intervals
(ClIs) using the Huber-White variance estimation to ac-
count for correlation between eyes within the same patient.
Analyses were conducted using both an intention-to-treat
approach comparing treatment groups from randomization
to diagnosis of glaucoma for eyes with the event or censored
at last follow-up for eyes without the event; and an as-
treated approach with no crossovers, namely, eyes random-
ized to implant and receiving implant were followed from
date of implant to either incident glaucoma or censoring
at last follow-up visit; eyes randomized to systemic therapy
were followed from date of randomization to (1) incident
glaucoma or censoring at last follow-up visit if never
treated with an implant or (2) incident glaucoma if preced-
ing implant or censoring at the last follow-up visit preced-
ing implant if treated with an implant during follow-up.
Curves of the incidence rate of glaucoma by treatment
group (as treated) were estimated using weighted kernel
smoothing. Risk factors for time-to-incident glaucoma
were assessed using Cox regression. Goodness of fit and
model selection for Cox regression models were assessed us-
ing generalized r-squared statistic, which is the proportion
of explained variance for proportional hazards models,”
and Akaike information criterion,”’ which estimates the
relative amount of information lost by a given model,
with less information lost indicating a better model. Multi-
ple Cox regression analyses using time-updated covariates
used a complete case approach to missing data. As sensi-
tivity analyses, to assess whether missing data affected re-
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sults substantially, last-value-carried-forward and multiple
imputation approaches also were used.

The outcomes studied for eyes following diagnosis with
glaucoma included cup-to-disc ratio, automated visual field
MD and pattern standard deviation, best-corrected visual
acuity, and IOP. The overall mean of each outcome and
the slope across time (rounded to negative integers for
yearly visits prior to glaucoma diagnosis, O for visit at glau-
coma diagnosis, and positive integers for yearly visits after
glaucoma diagnosis) for each outcome were compared
before vs at/after diagnosis of glaucoma using linear regres-
sion models with random effects for patient and eye. The
comparison of the overall means was modeled using an in-
dicator variable for before vs at/after glaucoma diagnosis.
Statistics include mean and standard error for each
outcome before vs at/after and the mean, 95% CI, and P
value of the difference. A separate model comparing slopes
used the indicator variable for before vs at/after, slope over
time, and the interaction of both terms. Statistics include
slopes and standard errors for each outcome separately by
before vs at/after and the mean, 95% CI, and P value for
the difference in slopes.

For specific eyes after diagnosis of glaucoma, the inci-
dence of losses or gains in MD (by 6 dB or more) and in
the cup-to-disc ratio (by 0.2 or more) were studied based
on a sustained worsening or gain observed across 2 consec-
utive visits (see above for visit frequency).

For comparisons of eye characteristics by treatment
group, correlation between eyes within the same patient
was accounted for using Huber-White robust variance esti-
mation for Cox regression and logistic regression and boot-
strapping clustering on patient for robust linear regression.

RESULTS

AMONG THE 479 UVEITIC EYES OF 255 PATIENTS ENROLLED IN
the MUST Trial, 405 uveitic eyes (85%) of 232 patients
had sufficient data available to assess the incidence of glau-
coma at some point during follow-up, and hence contribute
to the analysis (see CONSORT Diagram, Supplemental
Figure 1; Supplemental Material available at AJO.com).
Upveitic eyes were followed for up to 10 years, with those
enrolled later and those lost to follow-up having less
follow-up. By treatment received, patients in the Implant
group compared to the Systemic group had less bilaterality
of uveitis (67.5% vs 81.7%, P = .02), and were somewhat
more likely to be male (30.8% vs 20.0%, P = .07). Eyes
in the Implant group compared to the Systemic group
had worse baseline MD (—6.0 dB vs —4.6 dB, P = .02),
and worse visual acuity (67 vs 72 standard letters, P =
.003). They also were more likely to be missing baseline
cup-to-disc ratio assessments. The distributions of other
baseline characteristics were similar between groups (see

Table 1).
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TABLE 1. Baseline Patient and Eye Characteristics by As-Treated Treatment Group

Implant Systemic P Value®
Patient characteristics
No. of patients 117 115
Male 36 (30.8) 23 (20.0) .07
Race/ethnicity .27
White, non-Hispanic 68 (58.1) 65 (56.5)
Hispanic 16 (13.7) 11 (9.6)
Black, non-Hispanic 30 (25.6) 30 (26.1)
Other 3(2.6) 9(7.8)
Age, y, mean (SD) 45 (14) 46 (15) .53
Body mass index, mean (SD) 31 (8) 31 (9) .87
Uveitis characteristics
Uveitis stratum (intermediate vs posterior 47 (40.2) 45 (39.1) .89
or panuveitis)
Bilateral Uveitis 79 (67.5) 94 (81.7) .02
Quality of Life measures, mean (SD)
SF-36 Physical Component Summary 47 (10) 48 (10) .25
SF-36 Mental Component Summary 48 (13) 48 (11) 77
NEI VFQ-25 Composite 59 (22) 63 (20) A7
EQ-5D 0.81(0.18) 0.83 (0.15) .45
Eye characteristics
No. of eyes, n 196 209
Treatment
IOP medication use 33(16.8) 26 (12.4) .34
Glaucoma risk factor characteristics
Mean deviation (dB), median [IQR] —6.0 [-11.0, —3.5] —4.6[-8.1, -2.7] .02
Cup-to-disc ratio, median [IQR] 0.29 [0.20, 0.37] 0.30[0.21, 0.38] .53
Missing data for cup-to disc ratio 61 (31.1) 29 (15.8) .002
Intraocular pressure (mm Hg), median 14[12,17] 1412, 17] .81
[IQR]
Other eye characteristics
Visual acuity (standardized letters), 67 [46, 78] 72 [57, 81] .003
median [IQR]
Anterior chamber cells: Grade 1+ or 101 (51.5) 95 (45.4) .34
higher (>6 cells)
Anterior chamber flare: Grade 1+ or 102 (52.0) 94 (45.0) 27
higher (>faint)
Anterior vitreous cells: Grade 1+ or 149 (81.0) 168 (83.6) .59
higher (>11 cells)
Vitreous haze: Grade 1+ or higher 119 (66.5) 138 (69.0) .67

IOP = intraocular pressure; IQR = interquartile range; NEI VRQ-25 = National Eye Institute Visual Function Questionnaire-25; SF-36 = 36-

Iltem Short Form Health Survey.
Unless otherwise noted, values are n (%).

@For patient characteristics, P values are derived from unequal variance t tests for continuous variables and Fisher exact test for categorical
variables. For eye characteristics, P values are derived from robust linear regression with bootstrapped standard errors accounting for clus-
tering for continuous variables and logistic regression with robust estimation of standard errors to account for clustering for binary variables.

As in our previous reports based on less follow-up
time, ' the mean IOP over time (Figure 1, left and
right) and the incidence of glaucoma (Figure 2) were
higher in the implant group than the systemic group.”*"”
The Kaplan-Meier estimates of the overall proportion
developing IOP elevation >30 mm Hg by 2.5, 5, 7.5, and
10 vyears, respectively, were 22% (95% CI 18%, 26%),
28% (95% CI 24%, 32%), 29% (95% CI 25%, 33%), and
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30% (95% CI 25%, 35%). The Kaplan-Meier estimates
of the overall proportion developing glaucoma by 2.5, 5,
7.5, and 10 years, respectively, were 10% (95% CI 8%,
14%), 22% (95% CI 18%, 26%), 28% (95% CI 24%,
33%), and 32% (95% CI 26%, 38%). In an intention-to-
treat analysis, 36% (80/220) of eyes in the implant group
vs 15% (32/209) of eyes in the systemic group developed
glaucoma (crude hazard ratio [HR] = 2.8, 95% CI 1.8,
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FIGURE 1. Intraocular pressure (IOP) over time by as-treated treatment group. Right panel: Lowess curve summarizing IOP over
time by treatment group. Left panel: Lowess curve summarizing the average of cumulative IOP over time by treatment group. Eyes
with uveitis treated with (fluocinolone acetonide) implant or systemic therapy in the Multicenter Uveitis Steroid Treatment (MUST)

Trial and Follow-up Study.
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FIGURE 2. Cumulative incidence of glaucoma by as-treated treatment group. Eyes with uveitis treated with (fluocinolone acetonide)
implant or systemic therapy in the Multicenter Uveitis Steroid Treatment (MUST) Trial and Follow-up Study.

4.6; P < .001). In an as-treated analysis, with a median
follow-up of 6.0 years after randomization, 40% (79/196)
of eyes assigned to and receiving the implant vs 8% (17/
209) of eyes assigned to and receiving systemic treatment
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(censored at time of implant if an implant was placed)
developed glaucoma (crude HR=5.8, 95% CI 3.2, 10.5; P
< .001). In addition, 38% (15/39) of eyes assigned to sys-
temic group but receiving the implant during follow-up
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TABLE 2. Baseline Risk Factors for Incident Glaucoma

Crude Adjusted”
Hazard Hazard
Risk Factor Comparison Ratio 95% Cl P Value Ratio 95% Cl P Value
Design
Treatment group Implant vs Systemic 5.8 3.2,10.5 <.001 6.3 3.4,11.8 <.001
Stratum Posterior or panuveitis 1.15 0.70, 1.89 .58
vs intermediate uveitis
Demographics
Age >50 vs <50y 0.76 0.47,1.24 .27
Race Black vs other 1.28 0.74,2.23 .37 1.73 1.01,2.94 .04
Sex Male vs female 1.01 0.60, 1.73 .96
Body mass index per kg/m? 0.98 0.95,1.01 .16
Baseline use of IOP-lowering Yes vs no 2.19 1.23,3.88 .008 2.24 1.24,4.05 .008
medication
Eye baseline characteristics
Higher intraocular per mm Hg 1.07 1.01,1.14 .02
pressure
Larger cup-to-disc ratio per 0.1 1.26 1.05, 1.51 .02 1.32 1.07,1.62 .01
Mean deviation per dB 0.98 0.95,1.01 .26
Bilateral disease Yes vs no 0.81 0.40, 1.62 .54

Cl = confidence interval; IOP = intraocular pressure.

@Used multiple imputation for cup-to-disk ratio (because of 24% missing data) and forward selection model with probability of entry = 0.05

using candidate set of all baseline risk factors. (Baseline intraocular pressure was not selected by forward selection; see Methods).

developed glaucoma a median of 2.8 years following
implant surgery. Although the incidence rate for glaucoma
decreased over time after randomization, the proportional
hazards assumption was not violated (P = .13)
(Supplemental Figure 2; Supplemental Material available
at AJO.com)

e RISK FACTORS FOR GLAUCOMA: Among potential base-
line risk factors assessed (Table 2), Implant treatment
(adjusted hazard ratio [aHR] = 6.3, 95% CI 3.4, 11.8,
compared to Systemic treatment) was the strongest predic-
tor. Other risk factors included Black race (aHR=1.73,
95% CI 1.01, 2.94 vs other race/ethnicity), use of IOP-
lowering medication at baseline (aHR=2.24, 95% CI
1.24, 4.05), and higher cup-to-disc ratio (HR=1.36 for
each 0.1 higher baseline cup-to-disc ratio, 95% CI 1.07,
1.62). Higher baseline IOP was associated with higher
crude incidence of glaucoma, but this association was no
longer significant after adjusting for other factors. The
MUST Trial protocol did not permit enrollment of eyes
with baseline IOP >24 mm Hg or cases already with
advanced glaucoma.'’

In addition, elevation of IOP during follow-up after uve-
itis treatment initiation was a strong predictor for glau-
coma. The relationship between IOP over time and the
incidence of glaucoma is summarized in Table 3. Higher
IOP during follow-up was associated with increased risk
of glaucoma in an approximate dose-tresponse fashion,
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whether IOP was summarized using a time-updated
approach (the IOP level measured at the time of assessment
for glaucoma), the average IOP measurement at follow-up
visits prior to and at the time of assessment for glaucoma
diagnosis, or the highest observed IOP at or prior to the
time of assessment for glaucoma. In the Systemic uveitis
as-treated group, current IOP of 16 to 20 mm Hg was asso-
ciated with a 5.3-fold higher incidence of glaucoma than
IOP <16 mm Hg, and an average IOP of 16 to 20 mm
Hg was associated with a 3.5-fold higher incidence of glau-
coma than an average IOP <16, both with progressively
higher glaucoma incidence as IOP progressed upward
from there. For maximum observed IOP (IOPmax), the
incidence of glaucoma was 3.0-fold higher for IOPmax of
21 to 24 than 16 to 20, and progressed as IOPmax became
higher. The risk of glaucoma increased in a similar manner
across increasing IOP categories in both the Implant and
Systemic groups using categories defined as cumulative
average IOP (interaction P = .52) and IOPmax (interac-
tion P = .71) but for time-updated IOP-glaucoma risk,
the association was significantly lower (interaction P =
.002) for the Implant group (RR=1.3/IOP time-updated
category) than the Systemic group (RR=2.3/time-updated
IOP category).

To assess further whether IOP elevation occurring after
treatment initiation explained the strong association be-
tween treatment with implant and glaucoma incidence,
we adjusted for IOP elevation during follow-up in various
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TABLE 3. IOP as Predictor of Incident Glaucoma Stratified by Treatment
Implant (Events = 77; n = 196 Systemic (Events = 16; n = 209
eyes; 3,201 Complete Case 3-mo Eye Visits) eyes; 4,024 Complete Case 3-mo Eye Visits)
0P Category, Rate/100 Events/3-mo P value® vs Rate/100 Events/3-mo P Value® vs
0P Definition® mm Hg Eye-Years Eye Visit Ref group Eye-Years Eye Visit Ref Group
Baseline <16 8.4 40/1,901 Ref 1.2 8/2,642 Ref
16-20 11.2 34/1,214 .18 2.8 8/1,351 .09
21-24 14.0 3/86 .33 0.0 0/242 —
25-29 — 0/0 — 0.0 0/9 -
30-39 — 0/0 — - 0/0 -
40-49 — 0/0 — — 0/0 —
50+ - 0/0 — - 0/0 -
HR 1.3(0.9,1.9) 12 1.3(0.7, 2.4) 42
(95% Cl)/cat®
Time-updated <16 8.8 37/1,654 Ref 0.6 4/2,748 Ref
16-20 8.2 19/925 .96 3.2 8/1,008 .004
21-24 13.5 9/266 .05 4.8 2/163 .003
25-29 4.6 2/173 .71 6.4 1/62 .001
30-39 11.4 4/140 .18 12.5 1/32 <.001
40-49 51.3 5/39 .001 0.0 0/8 —
50+ 44.4 1/9 <.001 0.0 0/1 —
HR 1.3(1.1,1.5) .001 2.3(1.7,3.1) <.001
(95% Cl)/cat®
Time-updated <16 3.6 10/1,153 Ref 0.8 5/2,551 Ref
cumulative average
16-20 10.0 37/1,455 .02 2.8 9/1,344 .05
21-24 20.0 23/460 <.001 7.2 2/107 .001
25-29 16.4 5/122 <.001 0.0 0/18 —
30-39 53.2 2/15 <.001 0.0 0/4 —
40-49 0.0 0/7 - - - -
50+ — — — - -
HR 2.0(1.6,2.5) <.001 2.8(1.5,5.1) .001
(95% Cl)/cat®
Time-updated <16 0.0 0/508 NC 0.0 0/987 NC
maximum
16-20 3.0 5/667 Ref 0.8 4/1,824 Ref
21-24 3.6 5/538 .98 2.4 4/704 .32
25-29 7.2 9/499 .36 6.0 4/270 .03
30-39 24.8 40/687 <.001 8.8 4/182 .007
40-49 20.3 13/256 .005 0.0 0/52 NC
50+ 35.1 5/57 .002 0.0 0/5 NC
HR 1.6(1.4,1.9) <.001 1.7 (1.3,2.3) <.001

(95% Cl)/cat®

Eyes with IOP >24 mm Hg at baseline were not eligible for enrollment into the study.
Cat = category; Cl = confidence interval; Event = diagnosis with glaucoma; HR = hazard ratio; IOP = intraocular pressure; Ref = reference

group.

2|OP was defined 4 ways: (1) baseline IOP using the IOP at the baseline visit; (2) time-updated IOP using the IOP at that visit; (3) time-updated
average IOP using the average IOP up through that visit; and (4) time-updated max IOP using the highest IOP up through that visit.

PDerived from Cox regression accounting for between-eye correlation.

°P value for interaction of treatment group and IOP category = .86 for baseline IOP; .002 for time-updated IOP; .52 for time-updated average
I0P; and .71 for time-updated maximum IOP.

ways, which lessened the association between Implant CI 1.6, 6.0). Inclusion of both Implant treatment and
treatment and glaucoma (Tables 4 and 5). However, IOP elevation during follow-up improved model fit (the
Implant treatment remained a strong predictor of | proportion of explained variance was 0.34 for treatment
glaucoma after such adjustment (lowest aHR = 3.1, 95% alone, and 0.54 after adjusting for the maximum observed
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TABLE 4. Relative risk® of Glaucoma by Implant vs Systemic Treatment adjusted for Alternative Time-Updated® Definitions of IOP

Categorization
Relative Risk Treatment Generalized
Model (Implant vs Systemic) 95% Cl P Value R-Squared® AIC
Tx 5.9 3.2,10.8 <.001 0.34 1,024.2
Tx + baseline IOP 5.8 3.2,10.6 <.001 0.37 1,020.5
Tx + time-updated IOP 5.1 2.7,9.5 <.001 0.44 1,006.6
Tx + time-updated average IOP 3.6 1.9,6.9 <.001 0.53 984.1
Tx + time-updated max IOP 3.1 1.6,6.0 .001 0.54 983.8
Adjusted for time-dependent intraocular
injections®

Tx 5.7 3.1,10.3 <.001 0.35 1,024.3

Tx + baseline IOP 5.6 3.1,10.2 <.001 0.38 1,020.5

Tx + time-updated IOP 4.9 2.6,9.1 <.001 0.44 1,007.1

Tx + time-updated average IOP 3.5 1.9,6.7 <.001 0.54 984.9

Tx + time-updated max IOP 2.9 1.5,5.7 .001 0.54 983.9

AIC = Akaike information criterion; IOP = intraocular pressure; TX, treatment.

#Derived from Cox regression accounting for between-eye correlation; 6,832 complete case observations.

PIOP was defined 4 ways: (1) baseline IOP using the IOP at the baseline visit; (2) time-updated IOP using the IOP at that visit; (3) time-updated
average |IOP using the average IOP up through that visit; and (4) time-updated max IOP using the highest IOP up through that visit.

°Proportion of explained variance for proportional hazards models.°

9Best model is the one with the lowest AIC."

°Relative risk (95% ClI) for glaucoma in patients receiving vs not receiving intraocular injections was 0.56 (0.23, 1.33); P = .19 in model
including Tx; 0.55 (0.23, 1.30); P = .17 in model including Tx + Baseline IOP; 0.60 (0.25, 1.43); P = .25 in model including Tx + time-
updated IOP; 0.62 (0.25, 1.47); P = .28 in model including Tx + time-updated average IOP; and 0.55 (0.23, 1.32); P = .18 in model including

Tx + time-updated max |OP.

IOP). Associations were similar after adjustment for poten-
tial effects of intraocular corticosteroid injections.

Sensitivity analyses using last-value-carried forward and
multiple  imputation vyielded similar results (see
Supplemental Table 2; Supplemental Material available at
AJO.com).

e AVERAGE OUTCOMES OF UVEITIC EYES WITH GLAU-
COMA OVER TIME: One hundred twelve eyes (of 83 pa-

tients) that developed glaucoma had a median follow-up
time after glaucoma diagnosis of 4.5 (interquartile range
3.0-6.5) years; these (17.7% with systemic treatment) were
included in the outcome of glaucoma analyses. Figure 3 dis-
plays the distribution of outcome measurements of interest
over the 6 years before and after diagnosis of glaucoma for
uveitic eyes that developed glaucoma at some point during
the study. With the limited power available for comparison
given the few cases with systemic treatment, there were no
clear differences in outcome between treatment groups (see
Supplement Figure 3; Supplemental Material available at
AJO.com). The mean cup-to-disc ratio (Figure 3, A), which
was the basis for referral for consideration of diagnosis of glau-
coma, increased (worsened) to 0.58 after diagnosis from 0.40
before diagnosis (difference = 0.18, 95% CI 0.17, 0.19; P <
.001). The slope decreased (improved) to 0.003/y after diag-
nosis from 0.026/y before diagnosis (difference = —0.023,

95% CI —0.030, —0.017; P < .001). Regarding visual field
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sensitivity, the mean MD (Figure 3, B) decreased (worsened)
to —13.3 dB after diagnosis from —8.5 dB before diagnosis
(difference = —4.8, 95% CI —54, —4.1; P < .001). The
slope decreased (worsened) to —0.6 dB/y after diagnosis
from 0.0 dB/y before diagnosis (difference = —0.6, 95%
CI —-0.9, —0.2; P = .001]. The mean pattern standard devi-
ation (variability across quadrants in visual field) (Figure 3,
C) increased (worsened) to 6.4 dB after diagnosis from 4.0
dB before diagnosis (difference = 2.4, 95% CI 2.1, 2.7; P <
.001). The slope did not significantly change: 0.21 dB/fy of
worsening after diagnosis vs 0.10 dBfy before diagnosis
(difference = 0.11, 95% CI —0.05, 0.26; P = .18). The
mean best-corrected visual acuity (Figure 3, D) decreased
(worsened) by approximately 1 line to 59.9 standardized let-
ters after diagnosis from 64.6 standardized letters before diag-
nosis (difference = —4.7,95% CI —6.0, —3.5; P < .001). The
slope also decreased to —2.7 letters/y (approximately half a
line) after diagnosis from 0.1 letters/y before diagnosis
(difference = —2.8, 95% CI —3.5, —2.1; P < .001). The
mean [OP (Figure 3, E) decreased (improved) to 14.4 mm
Hg after diagnosis (where IOP-lowering treatment typically
was stepped up) from 18.8 mm Hg before diagnosis
(difference = —3.9, 95% CI —4.5, —3.3; P < .001). The
slope decreased to —0.9 mm Hgfy after diagnosis from
0.3 mm Hg/y before diagnosis (difference = —1.1, 95%
CI —1.5, —0.8; P < .001), indicating ongoing lowering of
IOP over time after glaucoma diagnosis.
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TABLE 5. Relative risk® of Glaucoma by Alternative Intraocular Pressure Categorizations in the Implant and Systemic Treatment

Groups and Both Combined

Relative Risk IOP Generalized
Model (per mm Hg) 95% Cl P Value R-Squared” AlCc
Both groups
Baseline IOP 1.07 1.01,1.13 .02 0.04 1,074.3
Time-updated IOP 1.07 1.05,1.09 <.001 0.20 1,048.1
Time-updated average IOP 1.23 1.18,1.28 <.001 0.43 1,006.8
Time-updated max IOP 1.09 1.07,1.11 <.001 0.46 998.8
Systemic group
Baseline IOP 1.1 1.01,1.21 .03 0.09 147.2
Time-updated IOP 1.22 1.14,1.30 <.001 0.63 129.3
Time-updated Average IOP 1.27 1.12,1.44 <.001 0.40 138.2
Time-updated max IOP 1.12 1.06,1.18 <.001 0.45 136.8
Implant group
Baseline IOP 1.07 1.00,1.14 .04 0.04 811.8
Time-updated IOP 1.05 1.08, 1.07 <.001 0.10 803.9
Time-updated Average IOP 1.18 1.13,1.23 <.001 0.28 778.6
Time-updated max IOP 1.07 1.05, 1.09 <.001 0.29 776.4

AIC = Akaike information criterion; IOP = intraocular pressure.

2Derived from Cox regression accounting for between-eye correlation; 6,832 complete case observations.
PProportion of explained variance for proportional hazards models.*®

°Best model is one with the lowest AIC.?’

e LONGITUDINAL EYE-LEVEL OUTCOMES FOR UVEITIC
EYES WITH GLAUCOMA: Exploratory data analysis demon-

strated that at visits after diagnosis with glaucoma, some
eyes had transient changes in overall MD or in cup-to-
disc ratio, which later improved. Therefore, to assess how
often individual eye-level worsening was observed
following glaucoma diagnosis, we assessed the incidence
of worsening of MD or cup-to-disc ratio sustained for at
least 2 consecutive visits in eyes at risk of further wors-
ening. Eyes at risk of worsening after diagnosis of glaucoma
for MD were those with MD better than —25 dB at glau-
coma diagnosis and for cup-to-disc ratio were those with
cup-to-disc ratio better than 0.9 at glaucoma diagnosis—
each with nonmissing data at 2 or more visits thereafter.
Regarding MD worsening, 19% (15/81) of eyes developed
a sustained decline of MD by >6 dB compared to the value
the eyes had at the time of glaucoma diagnosis. Using a
Kaplan-Meier approach, this translated to a cumulative
probability of 20% (95% CI 12%, 33%) of developing sus-
tained worsening by 5 years after glaucoma diagnosis
(Figure 4, upper left). However, 6% (5/81) developed sus-
tained improvement by this amount, with a 5-year cumula-
tive probability of 6% (95% CI 3%, 15%) (Figure 4, upper
right). Sustained catastrophic visual field loss to MD < —25
dB occurred in 7% (6/81) of eyes at risk with a 5-year cumu-
lative probability of 10% (95% CI 4%, 22%); 5 of these 6
were in the implant group.

Regarding cup-to-disc ratio, 20% (18/89) of eyes devel-
oped a sustained worsening of cup-to-disc ratio by >0.2
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with 5-year cumulative probability of 26% (17%, 39%)
(Figure 4, lower left), whereas 6% (5/89) developed sus-
tained improvement in the cup-to-disc ratio by this amount
with a 5-year cumulative probability of 7% (95% CI 3%,
18%) (Figure 4, lower right). There were no cases of wors-
ening to a cup-to-disc ratio of 0.9 or worse after glaucoma
had been diagnosed, nor had any developed a cup-to-disc
ratio of 0.9 by the time glaucoma initially was diagnosed.

Declines in MD and worsening of cup-to-disc ratio did
not coincide completely; only 7% (5/72) of eyes had both
a sustained decline of MD by 6 dB or more and a contem-
poraneous increase of cup-to-disc ratio by >0.2 with a 5-
year cumulative probability of 7% (95% CI 3%, 18%)
(9%, 95% CI 6%, 13% if a cup-to-disc ratio increase of
cup-to-disc ratio by >0.1 was used).

DISCUSSION

WE PREVIOUSLY REPORTED THAT IOP ELEVATION AND
glaucoma affect a substantial minority of cases during the
first 2 years of management of noninfectious intermediate,
posterior, and panuveitis, more frequently (but not exclu-
sively) with long-lasting fluocinolone acetonide intraoc-
ular implant therapy than with systemic therapy.' Our
longer-term results confirm that the incidence of IOP
elevation and glaucoma incidence continue to rise over
time in eyes with intermediate, posterior, and panuveitis
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FIGURE 3. Distribution of parameters related to glaucoma outcome among uveitic eyes from 6 years before to 6 years after their
diagnosis with glaucoma, eyes from the Multicenter Uveitis Steroid Treatment (MUST) Trial and Follow-up Study. (A) Cup-to-
disc ratio. (B) Mean deviation. (C) Pattern standard deviation. (D) Best-corrected visual acuity. (E) Intraocular pressure. Overall,
mean visual acuity was worse by approximately 5 letters (1 line) at/after diagnosis with glaucoma compared with before (P < .001),
and the trajectory of change in visual acuity after glaucoma diagnosis was toward worsening by approximately 2.5 letters (one-half
line) per year. Overall, mean IOP was worse, that is, approximately 4 mm Hg lower at/after diagnosis with glaucoma than before
(P < .001), and the trajectory of change in mean IOP was upward before vs downward after glaucoma diagnosis (P < .001).
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FIGURE 4. Incidence of worsening or improvement (sustained over 2 consecutive visits) of mean deviation and cup-to-disc ratio (in-
dicators of glaucoma status) over time following diagnosis with glaucoma among eyes with uveitis in the Multicenter Uveitis Steroid
Treatment (MUST) Trial and Follow-up Study. Upper left panel: Worsening of mean deviation by 6 dB or more. Lower left panel:
Worsening of cup-to-disc ratio by 0.2 or more. Upper right panel: Improvement of mean deviation by 6 dB or more. Lower right panel:

Improvement of cup-to-disc ratio by 0.2 or more.

with both implant and systemic treatment assignment, and
are significantly higher with implant. Other reports of large
populations of pediatric and adult uveitis cases suggest that
the incidence of IOP elevation over time is high even in
populations that had a small proportion managed with
implant therapy.”” In our study, which had up to 10 years
of follow-up, 46% (95% CI 38%, 55%) and 15% (95% CI
8%, 26%) were diagnosed with glaucoma by 10 years in the
implant and systemic as-treated groups, respectively. Given
the substantial ongoing incidence of high levels of IOP and
the strong relationship between high IOP and incident
glaucoma in the uveitis population, frequent monitoring
and management of IOP in uveitis patients is advisable.
Eyes treated with implant therapy frequently developed
IOPs of 30 mm Hg or higher (see Table 3), and often devel-
oped glaucoma with reduction of visual field sensitivity.
Implant-treated eyes typically had excellent initial control
of inflammation in our study. Because IOP elevations may
not cause discomfort, such patients may be prone to think
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all is well when their uveitis is controlled by implant ther-
apy, and potentially neglect follow-up, a pattern anecdot-
ally observed in some MUST Trial cases. Therefore,
frequent assessment of IOP and aggressive measures to con-
trol it are advisable following implant therapy, even when
eyes seem to be stable over multiple visits. In the MUST
Trial, 45.3% of cases in the implant group required inci-
sional surgery to lower IOP within 7 years.” Given the like-
lihood of ultimately requiring such surgery, the large
proportion of cases that developed glaucoma despite man-
agement under the protocol, and the strong association of
higher maximum and average IOP with glaucoma inci-
dence, early surgery seems advisable in cases treated with
the fluocinolone acetonide 0.59-mg implant that have sec-
ondary severe elevation of IOP, to prevent (further) glau-
comatous optic nerve damage from occurring.
Furthermore, large elevations of IOP can occur over short
intervals of time (even within the first 3 months after
randomization IOP elevation was frequent). Frequent
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monitoring of [OP of nonoperated cases is advisable, espe-
cially if implants are placed. Although it is unclear to what
extent the same approach should apply to other long-
lasting implants, frequent monitoring and aggressive treat-
ment of IOP elevation seem advisable.

Our results further extend observations' that elevated
IOP precedes the large majority of cases of glaucoma in
uveitis, consistent with clinical impressions that highly
elevated IOP is a primary culprit in causing glaucoma in
the uveitic setting. However, in our study, epidemiologic
assessment of risk factors for glaucoma suggested that treat-
ment with implant therapy was strongly associated with
glaucoma incidence even after accounting for IOP eleva-
tion, with a greater than a 3-fold higher [OP-adjusted glau-
coma incidence. For purposes of the analysis, IOP only was
measured at study visits, so there is some possibility that re-
sidual confounding between implant treatment assignment
and IOP contributed to this observation. However, given
that implant treatment tended to be a stronger predictor
of diagnosis of glaucoma than IOP in model fit assessments
(see Table 4 and Supplemental Table 1; Supplemental Ma-
terial available at AJO.com), direct effects of implant ther-
apy also must be considered as a possibility. One theory of
glaucoma pathogenesis is that mechanical stress deforming
the lamina cribrosa contributes to glaucoma by interfering
with axonal transport of essential trophic factors leading to
glaucomatous optic neuropathy.”*** Corticosteroids have
been reported to cause weakening of connective tissue *’;
perhaps high levels of intraocular corticosteroids bathing
the optic nerve over time in some cases leads to increased
susceptibility of the cribriform plate to mechanical stress,
contributing to glaucoma by that mechanism. However,
treatment with shorter-acting intraocular corticosteroid
treatments in our study was not significantly predictive of
incident glaucoma. Further studies are needed to assess
the veracity of this hypothesis, and whether the same
pattern holds with alternative long-lasting intraocular
therapies using lower doses of corticosteroids.

Our results further raise concerns about IOP elevation in
intermediate, posterior, and panuveitis cases, in that even
current or average IOP levels of 16 to 20 were associated
with a higher and nontrivial incidence of glaucoma in
systemic-treated patients (about 3%/y), whereas IOP levels
in this range were associated with even higher glaucoma
risk in the implant group. Only eyes never observed to
have an IOP of 16 or higher completely escaped incident
glaucoma. The data provide strong evidence in favor of
treating all cases observed to have an IOP >21 mm Hg
with IOP-lowering treatment, as such cases had a 5%y
risk of developing glaucoma while the IOP is at this level.

Because many modalities exist for controlling elevated
IOP once the problem is recognized,” elevation of IOP theo-
retically can be managed successfully in nearly all cases. Our
results suggest that the majority of incident cases of uveitic
glaucoma participating in a prospective clinical trial and
cohort study indeed were managed successfully, without sub-
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sequent worsening. But despite the close monitoring in this
research study, a minority did progress after glaucoma was
recognized, with progression of worsening visual field defects
and/or worsening of cup-to-disc ratio after glaucoma diag-
nosis. Such worsening was over and above what had occurred
by the time of glaucoma diagnosis. Possible contributors to
such worsening might include initially undetected IOP spikes
(especially when excellent uveitis control relieves patients of
worry) and/or lack of adherence to IOP-lowering treatments;
increased susceptibility of the cribriform plate to mechanical
stress also may contribute (if confirmed, see above). These
observations further support the urgency of carefully moni-
toring IOP and glaucoma status over long periods of time
in intermediate, posterior, and panuveitis cases.

We also observed that cases diagnosed with glaucoma
tended to have reduction of best-corrected visual acuity
over time following diagnosis with glaucoma. In our prior
report assessing visual acuity outcome in relation to ran-
domized treatment assignment, implant therapy assign-
ment was associated with worsening of visual acuity
compared with systemic treatment at 6 and 7 years after
treatment assignment, which appeared to be attributable
to retinal scarring (likely during severe relapses that
occurred when the implant effect waned or subsequently).”
Given that implant-treated eyes were more likely to
develop glaucoma, the pattern of visual acuity loss after
glaucoma loss may have been due to confounding. Never-
theless, additional work is needed to assess whether glau-
coma and its treatment over time are associated with loss
of visual acuity in uveitic glaucoma cases.

The converse observation that a small number of cases of
uveitic glaucoma developed improvement in cup-to-disc ra-
tio and MD is somewhat unexpected, although some similar
reports exist showing this pattern occurring in some cases
with open angle glaucoma.”® Our sample size is not sufficient
other than to provide preliminary data regarding the issue of
potential improvements, predictive factors for improve-
ment, and indeed whether such observations are robust
over long periods of time. However, the cases reported did
show sustained improvement across semiannual or annual
visits. Additional cases with transient improvements
followed by reversal (data not shown) might have had mea-
surement errors as the cause of apparent improvement.

The study was limited by noncontinuous assessments of
glaucoma status and measurements of outcomes of interest
(eg, IOP), and also varying follow-up intervals over time
(which however were the same for all subjects), based on
the logistical constraints on the frequency of assessments
in a prospective study. In addition, 24% of eyes had ungrad-
able cup-to-disc ratio at baseline (less during follow-up given
cataract surgery was performed in many eyes with cata-
ract’’). However, our study had a large number of assess-
ments, allowing us to evaluate outcomes over a clinically
important period of time that was long compared with the
likely delay in diagnosing glaucoma, largely overcoming
this problem. We only used data from protocol visits, to
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avoid potential biases in adverse event reporting in this
unmasked treatment study. For this reason, the first point
at which glaucoma could have been diagnosed was at 1
year, potentially leading to some degree of glaucoma inci-
dence underestimation by identifying glaucoma somewhat
later than it occurred. Corneal thickness was not assessed
(norms have not been established in uveitis cases), but prob-
ably mismeasurement of IOP based on variable corneal
thickness would have had a small impact compared with
the large rises in IOP observed. Misclassification of glau-
coma may have occurred in a small number of cases but is
unlikely to have occurred frequently given the high level
of agreement between glaucoma specialists. Ascertainment
of individual-level events potentially may have been limited
by measurement error in cup-to-disc ratio and visual field
indices; however, the assessment of population averages or
(for longitudinal assessments) the requirement that changes
be sustained over a minimum of 2 visits likely overcame
much of this problem. Also, intervals between visual fields
(1 year) and disc photos (6 months to 1 year) were not al-
ways consistent; the point in requiring 2 consecutive visits
to count events was to reduce measurement error. Changes
to a degree below the thresholds selected would have been
missed but may not have been clinically important in
most cases. Strengths of the study included prospective
masked ascertainment of glaucoma outcomes in a large pop-
ulation over up to 10 years of follow-up. For the relationship

between treatment assignment and the incidence of glau-
coma, randomization was an additional strength.

In summary, our results demonstrate that the incidence of
glaucoma is high in eyes with intermediate, posterior, and
panuveitis treated with implant therapy within the first 5
years after implantation, and is less high in cases treated
with systemic therapy (about 46% and 15% by 10 years,
respectively). As other kinds of long-acting implants are be-
ing developed, data regarding the long-term risk of glaucoma
with such implants are needed to better understand their
safety. New cases of glaucoma continued to occur through
10 years of follow-up, and occurred more often with higher
IOP levels (especially of 21 mm Hg or higher). Further inves-
tigation of whether long-term exposure to intraocular corti-
costeroids increases the risk of glaucoma over and above the
effect on IOP is warranted. Management of IOP elevation af-
ter glaucoma diagnosis was effective in preventing progres-
sive loss of visual field and worsening of cup-to-disc ratio
in most of these cases, but a minority worsened despite expert
management. Given the high incidence of glaucoma surgery
with implant treatment, and the suggested causal relation-
ship between high levels of IOP and glaucoma, early surgery
may be warranted for implanted eyes that develop clinically
important IOP elevation. Ongoing follow-up and aggressive
management of IOP elevation likely is necessary throughout
life for intermediate, posterior, and panuveitis cases regard-
less of the treatment approach selected.
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