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Effect of Corticosteroid-Sparing Treatment
With Mycophenolate Mofetil vs Methotrexate
on Inflammation in Patients With Uveitis

A Randomized Clinical Trial
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Visual Abstract
IMPORTANCE Methotrexate and mycophenolate mofetil are commonly used
immunomodulatory therapies for achieving corticosteroid-sparing control of noninfectious
uveitis, but there is uncertainty about which drug is more effective.
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OBJECTIVE To compare the effect of methotrexate and mycophenolate for achieving and CME Questions page 976

corticosteroid-sparing control of noninfectious intermediate uveitis, posterior uveitis,
and panuveitis.

DESIGN, SETTING, AND PARTICIPANTS The First-line Antimetabolites as Steroid-sparing
Treatment (FAST) uveitis trial screened 265 adults with noninfectious uveitis requiring
corticosteroid-sparing immunosuppressive therapy from 9 referral eye centers in India, the
United States, Australia, Saudi Arabia, and Mexico between August 22, 2013, and August 16,
2017. Follow-up ended on August 20, 2018.

INTERVENTIONS Patients were randomized to receive oral methotrexate, 25 mg weekly
(n =107), or oral mycophenolate mofetil, 3 g daily (n = 109).

MAIN OUTCOMES AND MEASURES The primary outcome was treatment success at 6 months,
which was defined as having control of inflammation in both eyes, no more than 7.5 mg
prednisone daily and less than or equal to 2 drops of prednisolone acetate 1%, and no
treatment failure due to safety or intolerability. Patients underwent follow-up to 12 months
while receiving the same treatment or switched to the other antimetabolite, depending on
their 6-month outcome.

RESULTS Among 216 patients who were randomized (median age, 38 years; 135 (62.5%)
women), 194 (89.8%) completed follow-up through 6 months. Treatment success occurred in
64 (66.7%) patients in the methotrexate group vs 56 (57.1%) in the mycophenolate group
(difference, 9.5% [95% Cl, -5.3% to 21.8%]; odds ratio [OR], 1.50 [95% Cl, 0.81t0 2.81]; P = .20).
Among patients with posterior uveitis or panuveitis, treatment success was achieved in 58
(74.4%) in the methotrexate group vs 42 (55.3%) in the mycophenolate group (difference, 19.1%
[95% Cl, 3.6% to 30.6%]; OR, 2.35 [95% Cl, 116 to 4.90]; P = .02); whereas among patients with
intermediate uveitis treatment success occurred in 6 (33.3%) in the methotrexate group vs 14
(63.6%) in the mycophenolate group (difference, -30.3% [95% Cl, -51.6% to 11%]; OR, 0.29
[95% Cl, 0.08 to 1.05]; P = .07; P for interaction = .004). Elevated liver enzymes were the most
common nonserious laboratory adverse event, occurring in 14 patients (13.0%) in the

. o/ Author Affiliations: Author
methotrexate group and 8 patients (7.4%) in the mycophenolate group. affiliations are listed at the end of this
. . . . article.

CONCLUSIONS AND RELEVANCE Among adults with noninfectious uveitis, the use of .

Group Information: FAST Research
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mycophenolate mofetil compared with methotrexate as first-line corticosteroid-sparing
treatment did not result in superior control of inflammation. Further research is needed to
determine if either drug is more effective based on the anatomical subtype of uveitis.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCT01829295
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Corticosteroid-Sparing Treatment With Mycophenolate Mofetil vs Methotrexate in Patients With Uveitis

veitis, a group of diseases characterized by sight-

threatening intraocular inflammation, is the fifth most

common cause of severe vision loss in high-income na-
tions and was estimated to be responsible for 10% to 15% of
all blindness cases in the United States in epidemiology stud-
ies conducted in the 1990s."2 Uveitis can be associated with a
systemic disease or be eye limited and affects people of all ages,
which may lead to greater years of vision loss than other age-
related diseases.?

The standard first-line treatment for noninfectious uveitis
is corticosteroids (topical, systemic, injections, and implants).
However, corticosteroid therapy has local and systemic ad-
verse effects making its long-term use undesirable.* Timely man-
agement of uveitis is critical to prevent permanent vision loss,
and multidisciplinary collaboration is often required given the
need for corticosteroid-sparing immunosuppression.

The antimetabolites methotrexate and mycophenolate
mofetil are commonly used as initial corticosteroid-sparing treat-
ments for uveitis before progressing to biologic therapies, which
are more expensive and have risks for serious adverse effects.>”
Noncomparative retrospective case series generally suggest that
mycophenolate mofetil may be more effective and tolerable for
patients with uveitis, but there is a lack of evidence comparing
the effectiveness of these treatments.>82

The primary objective of this study was to compare the rela-
tive effectiveness of methotrexate and mycophenolate mofetil
for achieving corticosteroid-sparing control of noninfectious
intermediate uveitis, posterior uveitis, and panuveitis.

Methods

Study Design and Eligibility

The First-line Antimetabolites as Steroid-sparing Treatment
(FAST) uveitis trial was a National Eye Institute-supported mul-
ticenter, randomized, parallel, observer-masked clinical trial at
9referral eye care centers in India, the United States, Australia,
Saudi Arabia, and Mexico. To be eligible for the trial, patients had
tobe 16 years of age or older, have active noninfectious interme-
diate uveitis, posterior uveitis, or panuveitis in at least 1 eye, and
have ajustification for starting corticosteroid-sparing therapy (see
eBox in Supplement 1 for complete eligibility criteria). Institu-
tional review board approval was obtained at all centers. All pa-
tients provided written informed consent. Race and ethnicity
were self-reported by patients based on fixed categories to com-
ply with National Institutes of Health and US Food and Drug Ad-
ministration guidelines.!>!* All research procedures adhered to
the tenets of the Declaration of Helsinki. The study was moni-
tored by anindependent data and safety monitoring committee.
The trial protocol and statistical analysis plan are available on-
line (Supplement 2 and Supplement 3).

Randomization

Patients were randomized (1:1 allocation ratio) to methotrex-
ate or mycophenolate mofetil using permutated blocks of
size 4 and 6 and stratified by study site, and allocation was
concealed until after enrollment. The principal statistician
generated the random allocation sequence using the statisti-

jama.com

Original Investigation Research

Key Points

Question Is methotrexate or mycophenolate mofetil more
effective as first-line immunosuppressive treatment for patients
with noninfectious intermediate uveitis, posterior uveitis,

or panuveitis requiring corticosteroid-sparing therapy?

Findings In this randomized clinical trial of 216 patients with
active noninfectious intermediate uveitis, posterior uveitis, and
panuveitis, 66.7% of patients in the methotrexate group achieved
corticosteroid-sparing control of inflammation compared with
571% in the mycophenolate group, a difference that was not
statistically significant.

Meaning Mycophenolate mofetil was not more effective than
methotrexate in treating noninfectious uveitis.

cal software R (R Project for Statistical Computing, version 2.12).
After investigators confirmed eligibility, the study coordina-
tor obtained the treatment assignment through the online Re-
search Electronic Data Capture (REDCap) system.!®

Study Timeline, Masking, and Assessments
All patients completed study visits at baseline, 2 weeks, and ev-
ery 4 weeks up to 6 months. Scheduling of study visits was based
on the enrollment date. The primary outcome was measured
at 6 months (Figure 1). Patients with treatment success contin-
ued taking their randomized medication for another 6 months.
If treatment failed, patients switched to the other antimetabo-
lite plus 6-month follow-up. Personnel responsible for out-
come measurements (ophthalmologists, visual acuity examin-
ers, and optical coherence tomography operators) were masked,
including after switching medications. Study coordinators and
patients were not masked to the medication assignment.
Ophthalmologists, masked to patients’ assigned treat-
ment group, measured anterior chamber cells according to
the Standardization of Uveitis Nomenclature (SUN) guide-
lines. Vitreous haze was assessed by the standardized
National Eye Institute scoring system. Retinal and choroidal
lesions were assessed by clinical examination and imaging
studies. Visual acuity examiners (also masked to patients’
treatment group) measured best spectacle-corrected visual
acuity using an ETDRS letter or tumbling “E” logarithm of the
minimum angle of resolution chart at 4 m. Macular thickness
was assessed using optical coherence tomography. Macular
edema thresholds were greater than or equal to 315 pm for
Spectralis (Heidelberg Engineering) and greater than or equal
to 300 um for Cirrus (Carl Zeiss Meditec).

Treatment

The University of California San Francisco pharmacy pro-
vided study drugs for all sites. Patients were randomized and
started treatment with an initial dose for 2 weeks to ensure tol-
erability (15 mg weekly oral methotrexate or 500 mg twice daily
oral mycophenolate mofetil). The dose was increased to a main-
tenance level for the remainder of the trial: 25 mg weekly for
the oral methotrexate group and 1.5 g twice daily for the oral
mycophenolate mofetil group. If patients experienced intol-
erable symptoms or adverse events, dose of the trial drug was
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Figure 1. Patient Flow From Screening to 12-Month Analysis

265 Patients assessed for eligibility

216 Patients randomized
(407 eyes with uveitis)

107 Randomized to receive methotrexate
107 Received allocated intervention
(206 eyes with uveitis)

)

6-Month follow-up
9 Lost to follow-up prior to 6-month visit
(1 death) (18 eyes with uveitis)
2 Missed 6-month visit (3 eyes with uveitis)

6-Month primary analysis
96 Included in the primary analysis
(185 eyes with uveitis)

!

12-Month follow-up
9 Unwilling to switch to mycophenolate mofetil
(17 eyes with uveitis)
3 Not eligible to continue in study due to safety
reasons (6 eyes with uveitis)
2 Withdrew from the study (4 eyes with uveitis)
2 Lost prior to 12-month visit (4 eyes with uveitis)

49 Excluded
31 Unwilling to participate
11 Unable to attend monthly visits
6 Unwilling to abstain from alcohol
1 Planning pregnancy

109 Randomized to receive mycophenolate mofetil
108 Received allocated intervention
(201 eyes with uveitis)?

)

6-Month follow-up
10 Lost to follow-up prior to 6-month visit
(19 eyes with uveitis)
1 Missed 6-month visit (1 eye with uveitis)

6-Month primary analysis
98 Included in the primary analysis
(181 eyes with uveitis)

!

12-Month follow-up
11 Unwilling to switch to methotrexate
(15 eyes with uveitis)
2 Not eligible to continue in study due
to safety reasons (3 eyes with uveitis)
2 Withdrew from the study (3 eyes with uveitis)

| |

| !

12-Month secondary analysis

60 Continued methotrexate and
were included in the 12-month
secondary analysis (118 eyes
with uveitis)

12-Month secondary analysis
20 Switched to mycophenolate
mofetil and were included in
the 12-month secondary
analysis (36 eyes with uveitis)

12-Month secondary analysis
29 Switched to methotrexate and
were included in the 12-month
secondary analysis (57 eyes
with uveitis)

12-Month secondary analysis
54 Continued mycophenolate and
were included in the 12-month
secondary analysis (103 eyes
with uveitis)

2 One patient did not receive mycophenolate mofetil due to a medical contraindication discovered postrandomization.

reduced (see eTable 3 in Supplement 1 for dosing informa-
tion) at the discretion of the investigator; masking of study per-
sonnel ascertaining outcomes was preserved. Monthly calen-
dars were provided to patients to record any missed doses.
Patients were prescribed oral prednisone (1 mg/kg or 60 mg
daily [whichever was less]) at enrollment and tapered accord-
ing to SUN guidelines, with a goal of tapering and holding at
7.5 mg daily prednisone at month 6.'® Following the primary
end point, prednisone could be tapered off. If needed, pa-
tients took topical corticosteroids but were instructed to ta-
per to 2 drops or less per day of prednisolone acetate 1% or
equivalent by month 6. Periocular and intravitreal corticoste-
roid injections could be administered within the first 90 days
after randomization for macular edema ifinvestigators deemed
additional treatment was needed; other injections were con-
sidered protocol deviations.

Outcomes
The primary outcome was treatment success at the patient level,

defined by achieving corticosteroid-sparing control of inflam-

JAMA September 10,2019 Volume 322, Number 10

mation in both eyes (or single eye if other eye was unevaluable
at baseline) at the month 6 visit, defined by the following:

(1) less than or equal to 0.5+ anterior chamber cells by
SUN criteria,'® less than or equal to 0.5+ vitreous haze clinical
grading using the NEI scale,'® and no active retinal or choroi-
dal lesions; and (2) no more than 7.5 mg of oral prednisone
daily and less than or equal to 2 drops of prednisolone
acetate 1% (or equivalent) per day; and (3) no declaration of
treatment failure due to intolerability or safety concerns.

Treatment failure due to efficacy was declared if either cri-
terion 1 or 2 (listed in the previous paragraph) was not met at
6 months or declared earlier if a patient had persistent wors-
ening inflammation. Treatment failure could be declared due
to safety (eg, if a patient had an abnormal laboratory result
meeting the serious adverse event threshold) or intolerability
(eg, if a patient was unable or unwilling to continue medica-
tion due to adverse effects) at 6 months. The same definition
of treatment success was applied to 12-month outcomes.

Prespecified secondary outcomes included treatment suc-
cess at 6 months by anatomical subtype of uveitis, by enrollment

jama.com
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site or country, treatment success at 12 months in patients who
continued their randomized antimetabolite and patients who
switched to the other antimetabolite, visual acuity, and central
subfield macular thickness at 6 months. Additional secondary
outcomes not reported in this article were time to control of in-
flammation; sustained treatment success; treatment success in
the Vogt-Koyanagi-Harada subgroup; quality of life by the 36-Item
Short Form Survey (SF-36), the National Eye Institute Visual Func-
tion Questionnaire (NEI-VFQ-25), and the Indian Vision Func-
tion Questionnaire (IND-VFQ); and changes in specific manifes-
tations of uveitis, such as anterior chamber cell inflammation,
vitreous haze, retinal or choroidal lesions, and vasculitis.

Statistical Analyses

Enrollment of 216 patients was estimated to provide 80% power
to detect a clinically meaningful absolute difference of approxi-
mately 20% in treatment success between the methotrexate
group (40%) and the mycophenolate mofetil group (60%), as-
suming 10% loss to follow-up and a 2-tailed a of 0.05. This risk
difference in favor of mycophenolate mofetil was supported by
retrospective studies.®!'” The prespecified primary outcome
analysis was a mixed-effects logistic regression to estimate the
association between treatment group as the fixed effect and
treatment success at 6 months. Site was included as a random
effect. This outcome was evaluated at the patient level. Odds
ratios (ORs) and their 95% CIs were calculated from the regres-
sion. Equivalent absolute risk differences and 95% CIs are also
reported. All patients with a 6-month visit or who were de-
clared as having early treatment failure were analyzed accord-
ing to their randomization group. Patients missing a primary out-
come visit were not included in the primary analysis. As a
sensitivity analysis, multiple imputation was used to infer miss-
ing primary outcome data. The same logistic model used in the
primary outcome analysis was applied at 12 months. A nonin-
feriority analysis with a 2-sided significance level of .05 was pre-
specified to evaluate whether methotrexate is noninferior to my-
cophenolate mofetil for achieving treatment success at 6
months, with an absolute margin in risk difference of 10%. The
noninferiority margin of 10% was based on investigator con-
sensus and would likely exclude the effect of placebo
(Supplement 3).!® Sensitivity analyses were preplanned to ex-
amine for heterogeneity in treatment effect across site and coun-
try. Because of the potential type I error due to multiple com-
parisons, findings for analyses of secondary end points should
be interpreted as exploratory.

Retrospective studies and clinical trials have demon-
strated posterior uveitis and panuveitis to be a more severe and
complicated uveitis subtype to treat.'>2! We hypothesized that
there may be a difference in treatment effect by anatomical uve-
itis subtype and thus, prespecified a subgroup analysis (inter-
mediate uveitis vs posterior uveitis and panuveitis) of treat-
ment success. The primary outcome logistic regression was
used for this subanalysis.

Other secondary outcomes were also examined using the
primary outcome logistic regression model. Eye-level out-
comes, including change in visual acuity and central subfield
macular thickness, were compared between treatment groups
with a linear regression model clustering on patient. Only
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uveitic eyes at enrollment were included in eye-level analy-
ses. Patients with bilateral uveitis had both eyes included.
The frequency and proportion of patients experiencing non-
serious and serious ocular, laboratory, and systemic adverse
events were calculated for each group. Dose reductions and pro-
tocol deviations were compared between treatment groups
using a Fisher exact test. Missed doses were compared by group
using a Welch t test. Statistical significance was declared at
2-sided P value of less than .05. Permutation CIs were calcu-
lated for the primary outcome with permuted P values based
on the randomized treatment assignment. Data were analyzed
using R version 3.51 (R Project for Statistical Computing).

. |
Results

Two hundred sixteen patients were randomized between August
2013 and August 2017 (107 patients to the methotrexate group
and 109 patients to the mycophenolate mofetil group). Six eyes
were unevaluable due to phthisis and 19 eyes had no history of
uveitis, leaving 206 uveitic eyes in the methotrexate group and
201 uveitic eyes in the mycophenolate mofetil group. Patient
follow-up was completed in August 2018, and 194 patients (96
in the methotrexate group and 98 in the mycophenolate mofetil
group) had complete information for the primary outcome
(Figure 1); 22 patients (10.2%) were lost to follow-up.

Table 1 shows the baseline demographic and clinical char-
acteristics for both groups. Most patients had bilateral uveitis
(92.5% in the methotrexate group and 84.4% in the mycophe-
nolate mofetil group). Forty-six patients (21.3%) had interme-
diate uveitis only or anterior uveitis and intermediate uveitis,
and 170 patients (78.7%) had posterior uveitis or panuveitis. In
the 180 days prior to enrollment, the highest oral prednisone
(or equivalent) dose administered was a median 50 mg (inter-
quartile range [IQR], 40-60 mg) in the methotrexate group and
50 mg (IQR, 40-75 mg) in the mycophenolate mofetil group. The
initial corticosteroid dose at enrollment for each group was a
median of 50 mg (0.9 mg/kg [IQR, 40-60 mg]). Fifteen pa-
tients (6.9%) had previously attempted immunosuppressive
therapy more than 12 months prior to enrollment.

Six-Month Primary Outcome Analysis

At the 6-month primary end point, 120 patients met the defi-
nition of treatment success (Table 2). In the primary analysis,
treatment success was achieved in 64 patients in the metho-
trexate group vs 56 patients in the mycophenolate mofetil
group (66.7% vs 57.1%; difference, 9.5% [95% CI, -5.3% to
21.8%]; odds ratio [OR], 1.50 [95% CI, 0.81 to 2.81]; P = .20).
Reasons for treatment failure are listed in Table 2.

Prespecified 6-Month Secondary Outcomes
For the noninferiority analysis, the lower bound of the 95% CI
of the risk difference derived from the primary analysis was
-5.3% and excluded the prespecified 10% noninferiority mar-
gin. This provides evidence of methotrexate noninferiority with
respect to mycophenolate mofetil.

Treatment success in patients with posterior uveitis and
panuveitis was greater in the methotrexate group vs in the
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Table 1. Baseline Characteristics of Patients by Treatment Assignment

Methotrexate Mycophenolate Mofetil
Patient-Level Characteristics® (n=107) (n=109)
Age, median (IQR), y 36 (26-50) 41 (31-51)
Female sex 75(70.1) 60 (55.0)
Male sex 32(29.9) 49 (45.0)
Hispanic ethnicity 5(4.7) 7 (6.4)
Race®
Indian subcontinent 70 (65.4) 69 (63.3)
White 25(23.4) 22(20.2)
Asian 5(4.7) 6 (5.5)
Middle Eastern 5(4.7) 5(4.6)
Black 3(2.8) 6(5.5)
Native American 2(1.9) 1(0.9)
Pacific Islander 1(0.9) 3(2.8)
Uveitis diagnosis
Vogt-Koyanagi-Harada disease 49 (45.8) 44 (40.4)
Undifferentiated 22 (20.6) 20(18.3)
Retinal vasculitis 8 (7.5) 13(11.9)
Sarcoidosis 7 (6.5) 8(7.3)
Sympathetic ophthalmia 3(2.8) 8(7.3)
Behget disease 5(4.7) 3(2.8)
Pars planitis 2(1.9) 5(4.6)
Birdshot chorioretinopathy 3(2.8) 3(2.8)
Other 8(7.5) 5(4.6)
Bilateral uveitis 99 (92.5) 92 (84.4)

Duration of uveitis, median (IQR), d

Anatomic location, based on entire uveitis history®
Panuveitis
Posterior uveitis
Anterior uveitis and intermediate uveitis
Intermediate uveitis

Systemic corticosteroid use

Maximum dose of oral prednisone
or equivalent in past 180 days, median (IQR), mg®

Oral prednisone at baseline, median (IQR), mg
Prior treatment with immunosuppressive therapy

Eye-Level Characteristics

Inflammation at baseline
Anterior chamber cells
0
0.5+
1+
22+
Anterior vitreous cells
0
0.5+
1+
22+
Vitreous haze
0
0.5+
1+
22+
Active retinal or choroidal lesions, n/N (%)
Macular edema®
Central subfield thickness, median (IQR), pmf
LogMAR visual acuity, median (IQR)?

135 (20-550)

60 (56.1)
24 (22.4)
15 (14.0)
8(7.5)

50 (40-60)

50 (40-60)
8(7.5)

Methotrexate
(n = 206 eyes)

205 (99.5)

84 (41.0)

53 (25.9)

46 (22.4)
22(10.7)

202 (98.1)

34 (16.8)
40(19.8)

52 (25.7)

76 (37.6)

202 (98.1)

85 (42.1)
30(14.9)

50 (24.8)
37(18.3)
125/202 (61.9)
42 (20.4)

359.0 (331.5-449.5)
0.28 (0.03-0.52)

122 (21-783)

61 (56.0)
25 (22.9)
14 (12.8)
9(8.3)

50 (40-75)

50 (40-60)

7(6.4)

Mycophenolate Mofetil

(n = 201 eyes)

Abbreviations: IQR, interquartile
range; logMAR, logarithm of the

231:100'0) minimum angle of resolution.
i7 22;?3 2Values are repgrtgd gs No. (%)

: unless otherwise indicated.
47(23.4) bSeven patients listed being of more
20(10.0) than 1racial heritage.

200(99.5) € Anatomic location was assessed

33(16.5) given all medical records available.

(R d Corticosteroids in the past 180 days

51(25.5) included oral, subcutaneous, and

68 (34.0) intravenous, and were adjusted to

200 (99.5) equivalent calculations of oral

97 (48.5) prednisone.

34(17.0) € Macular edema excluded patients

30(15.0) with Vogt-Koyanagi-Harada disease

39(19.5) who had a serious retinal
detachment.

119/200 (59.5) feh o )

55 (27.3) aracteristic was reported in

342.0 (316.0-398.5) patients with macular edema.

0.30 (0.08-0.60) 8|ndicates best-corrected visual

acuity of uveitic eyes only.

mycophenolate mofetil group (74.4% vs 55.3%; difference, 19.1%
[95% CI, 3.6% t0 30.6%]; OR, 2.35[95% CI, 1.16 t0 4.90]; P = .02;
anatomical subtype and treatment interaction, P = .004). Treat-

JAMA September 10,2019 Volume 322, Number 10

ment success was not significantly different between groups in
patients with intermediate uveitis (33.3% in the methotrexate
group vs 63.6% in the mycophenolate mofetil group; difference,
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Table 2. Six-Month Results From a Randomized Clinical Trial Comparing Methotrexate and Mycophenolate Mofetil for Noninfectious Uveitis

Absolute Risk Difference OR Estimate

Methotrexate Mycophenolate Mofetil for Treatment Success, for Treatment Success

Patient-Level Characteristics (n=96) (n=98) % (95% Cl) (95% CI)® P Value
Primary Analysis
Treatment success, No. (%)¢ 64 (66.7) 56 (57.1) 9.5 (-5.3t021.8) 1.50(0.81 t0 2.81) .20
Treatment failure, No. (%) 32(33) 42 (43)
Secondary Analyses
Reason for treatment failure, no./No. (%)

Efficacy® 26/32 (81) 38/42 (90)

Intolerability® 3/32(9) 2/42 (5) .55

Safety® 3/32(9) 2/42 (5)
Treatment success by anatomical location, no./No. (%)

nterior d‘i‘;’te;tlilflgi'l‘ijsigrt]‘f;me‘”ate el 6/18 (33.3) 14/22 (63.6) -303(-51.6to1.1)  0.29(0.08t01.05)  .07'

Posterior uveitis/panuveitis 58/78 (74.4) 42/76 (55.3) 19.1 (3.6 to 30.6) 2.35(1.16 t0 4.90) .02f
Treatment success at 12 mo, no./No. (%)

Continued on randomized antimetabolite® 48/60 (80) 40/54 (74) 5.9(-12.2t017.0) 1.40 (0.57 to 3.56) 47

Switched to other antimetabolite" 20/29 (69) 7/20(35) 34.2(6.6t052.6) 4.17(1.32t013.16) .02
Missed doses, mean (SD), %' 4.6 (1.0) 4.3(0.5) .87
Eye-Level Characteristics (Mne:hf;?g:;) (N,Ly:ofgf 23?:; Mofetil P Value®
Change in logMAR visual acuity, median (IQR)" -0.10(-0.32t00.00) -0.12(-0.31t0 0.00) .83
Reduction in central macular thickness, -26.00 -14.00 95

median (IQR) [No.], pum™

(-89.00t0 5.00) [42] (-80.00 to 3.25) [55]

Abbreviations: IQR, interquartile range; logMAR, logarithm of the minimum

angle of resolution; OR, odds ratio.

2 Mycophenolate mofetil is the reference group.

b Logistic regression with treatment group as a fixed effect and study site
as a prespecified random effect.

 Treatment success was defined by achieving corticosteroid-sparing control
of inflammation in both eyes at the month 6 visit.

dTreatment failure due to efficacy was defined by not achieving the treatment
success definition at month 6 or could be declared earlier if patient had
persistent worsening inflammation.

€ Treatment failure due to intolerability was declared if a patient was unable
or unwilling to continue medication due to adverse effects.

f Treatment failure due to safety was declared if a patient had an abnormal
laboratory result that met the serious adverse event threshold.

8 |nteraction between anatomical subtype and treatment group was significant
(P=.004).

" Of patients who achieved treatment success at 6 months, 60 patients originally
randomized to methotrexate and 54 patients originally randomized to
mycophenolate mofetil continued on same antimetabolite through 12 months.

I Of patients who had treatment failure at 6 months, 29 patients originally randomized
to mycophenolate mofetil switched to methotrexate, and 20 patients originally
randomized to methotrexate switched to mycophenolate mofetil.

J Indicates the number of missed doses over total expected doses throughout
a patient’s enrollment in the trial.

P values computed from a linear mixed-effects model.

' Decrease indicates gain in visual acuity.

"MIndicates eyes with macular edema excluding patients who had a serous
retinal detachment in the setting of Vogt-Koyanagi-Harada disease.

-30.3%[95% CI, -51.6% t0 1.1%]; OR, 0.29[95% CI, 0.08 t0 1.05];
P=.07).

There was no significant difference in the change in vi-
sual acuity between treatment groups (0.2 lines greater in the
mycophenolate mofetil group [95% CI, 1.7 lines less to 2.0 lines
greater]; P = .83). There was also no significant difference in
the change in central subfield macular thickness between treat-
ment groups at 6 months (2.4 pum greater in the methotrexate
group [95% CI, -78.0 pm to 82.8 pm]; P = .95). Best spectacle-
corrected visual acuity improved by a median of 1.0 line in the
methotrexate group (IQR, 0.0 to 3.2 lines), and by a median
of 1.2 lines in the mycophenolate mofetil group (IQR, 0.0 to
3.1lines; Table 2). The central subfield macular thickness de-
creased by a median of 26 um in the methotrexate group (IQR,
-891t05) and 14 pm in the mycophenolate mofetil group (IQR,
-80t03.25). Seven patients (7 eyes) in the methotrexate group
and 5 patients (5 eyes) in the mycophenolate mofetil group were
treated per protocol for macular edema with a corticosteroid
injection within 90 days of randomization. Four patients (7
eyes) in the methotrexate group and 4 patients (4 eyes) in the
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mycophenolate mofetil group received a corticosteroid injec-
tion that was considered a protocol deviation (>90 days post-
randomization).

The mean (SD) proportion of expected doses missed was
4.6% (1.0%) for patients receiving weekly methotrexate and
4.3% (0.5%) for patients receiving daily mycophenolate mofetil
(P = .87). A sensitivity analysis of the primary model that in-
cluded only patients who missed less than 20% of their doses
did not substantially change the result. Twenty-one (19.6%)
patients in the methotrexate group and 15 (13.8%) patients in
the mycophenolate mofetil group reduced their study medi-
cation (P = .27), mostly due to intolerability.

Subgroup and Sensitivity Analyses of 6-Month Outcomes

In sensitivity analyses of the primary outcome assessing the
effect of clinic location, interaction tests in all models were
found not to be statistically significant, indicating a lack of evi-
dence of heterogeneity (India and treatment group, P = .15;
country [United States and Mexico combined] and treatment
group, P = .45; eTable 7 in Supplement 1). Treatment success
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Figure 2. Six-Month Primary Outcome and Sensitivity Analyses of the Primary Outcome

. o 0Odds Ratio
No./Total No. of Patients (%) of Treatment Favors : Favors
Model  Analysis Methotrexate ~ Mycophenolate Success (95% Cl) Mycophenolate | Methotrexate P Value
12 Primary analysis 64/96 (67) 56/98 (57) 1.50(0.81-2.81) —— .20
2b Sites in India® 42/60 (70) 41/59 (69) 1.02 (0.44-2.37) —a— .93
3d Sites not in India® 22/36 (61) 15/39 (38) 2.51(0.89-7.08) —— .08
4e Per protocol 61/90 (68) 54/94 (57) 1.56 (0.84-2.96) ——— 17
| T 7
0.1 1 10

Odds Ratio of Treatment
Success (95% Cl)

2 Primary model is a logistic regression with treatment group as a fixed effect
and study site as a prespecified random effect (n = 194).

b Primary model with patients from sites in India only (n = 119).

 Treatment group and Indian site interaction term was not significant (P =.15).
9 Primary model with patients from sites not in India only (n = 75).
© Primary model with patients who missed less than 20% of study medication (n = 184).

was achieved in 22 patients in the methotrexate group vs 15
patients in the mycophenolate mofetil group outside of India
(61.1% vs 38.5%; difference, 22.7% [95% CI, —2.6% to 43.1%];
OR, 2.5[95% CI, 0.9 to 7.1]; P = .08; Figure 2).

A total of 22 of 216 patients (10.2%) missed the 6-month
primary outcome visit, 11 patients (50.0%) in the methotrex-
ate group and 11 patients (50.0%) in the mycophenolate mofetil
group. Sensitivity analysis of the primary outcome using mul-
tiple imputation showed a similar result as the prespecified
analysis with treatment success achieved in 66 patients (61.7%)
in the methotrexate group vs 59 patients (54.1%) in the my-
cophenolate mofetil group (difference, 7.6% [95% CI, -5.9%
t019.1%]; OR, 1.4 [95% CI, 0.8 t0 2.4]; P = .27).

Prespecified 12-Month Outcomes

Ofthe 120 patients who were declared a 6-month treatment suc-
cess, 114 were followed up for an additional 6 months. Forty-
eight of 60 (80.0%) patients in the methotrexate group and 40
of 54 (74.1%) patients in the mycophenolate mofetil group re-
mained a treatment success at 12 months, with the majority
(50.0% for methotrexate and 55.0% for mycophenolate mofetil)
discontinuing prednisone. Forty-nine of the 68 eligible pa-
tients in whom treatment failed in the first 6 months and who
did not have a serious laboratory adverse event switched to the
other antimetabolite: 20 of the 32 (62.5%) patients originally ran-
domized to methotrexate and 29 of the 42 (69.0%) originally
randomized to mycophenolate mofetil. There was greater treat-
ment success at 12 months in the methotrexate group (69.0%)
in patients for whom mycophenolate mofetil had previously
failed vs patients in the mycophenolate mofetil group (35.0%)
in whom methotrexate had failed (difference, 34.2% [95% CI,
6.6% t0 52.6%]; OR, 4.2 [95% CI, 1.3 t0 13.2]; P = .02).

Adverse Events

Table 3 shows the frequency and proportion of patients expe-
riencing nonserious or serious ocular, laboratory, and sys-
temic adverse events in each treatment group at 6 months.
Nonserious liver function test abnormalities occurred more fre-
quently in patients receiving methotrexate (14 [13.0%]) vs my-
cophenolate mofetil (8 [7.4%]). Fatigue and headache were the
most common nonserious systemic adverse events (62 pa-
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tients [57.9%] and 55 patients [51.4%]) in the methotrexate
group and also in the mycophenolate mofetil group (59 pa-
tients [54.6%] and 45 patients [41.7%]). Fourteen serious ad-
verse events occurred through the primary outcome with 5
deemed drug-related by the masked medical monitor: 3 (2.8%)
in the methotrexate group and 2 (1.9%) in the mycophenolate
mofetil group. All drug-related serious adverse events were el-
evated liver function tests. Twelve-month adverse events are
reported in eTables 8 and 9 in Supplement 1.

|
Discussion

Among adults with noninfectious uveitis, the use of myco-
phenolate mofetil compared with methotrexate as first-line cor-
ticosteroid-sparing treatment did not result in superior con-
trol of inflammation.

Exploratory hypothesis-generating secondary analyses as-
sessed treatment success by anatomical subgroup of uveitis and
at 12 months. Methotrexate was found to be more effective in
patients with posterior uveitis or panuveitis—the most severe
type of uveitis and the largest subgroup in this trial. Although
the results favored mycophenolate mofetil, no significant dif-
ference was found in treatment success with the less-severe sub-
group, intermediate uveitis. Ultimately, treatment success by
anatomical location needs to be explored further. In both treat-
ment groups, most patients who achieved treatment success at
6 months remained a success through 12 months. Treatment
success in the 12-month analysis of patients switching treat-
ment after not achieving control was superior in patients switch-
ing to methotrexate after mycophenolate mofetil.

Overall, treatment failures due to intolerability and safety
were low. Abnormalities in liver function tests were more com-
mon with methotrexate treatment as expected.

Although the biologic adalimumab is US Food and Drug Ad-
ministration-approved for uveitis, antimetabolites are still com-
monly used as initial corticosteroid-sparing therapy because
of their lower costs and fewer associated risks. Retrospective
noncomparative case series suggest that mycophenolate
mofetil may be more effective than methotrexate as a corti-
costeroid-sparing therapy for uveitis, but the heterogeneity in
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Table 3. Six-Month Adverse Events From a Randomized Clinical Trial Comparing Methotrexate

and Mycophenolate Mofetil for Noninfectious Uveitis

No. (%) of Patients Reporting =1 Adverse Event

Methotrexate Mycophenolate Mofetil
Event Type? (n=107) (n = 109)°
Nonserious ocular
Ocular hypertension >24 mm Hg 10(9.3) 13(12.0)
Peripheral and/or central vitreous hemorrhage 3(2.8) 3(2.8)
Suspect or confirmed glaucoma diagnosis 2(1.9) 2(1.9)
Intraocular pressure <5 mm Hg without structural damage 0 1(0.9)
Visually significant cataract, surgery indicated 5(4.7) 2(1.9)
Decrease in vision or defective vision (self-reported) 9(8.4) 19 (17.6)
Eye pain (self-reported) 9(8.4) 4(3.7)
Serious ocular
Glaucoma 0 1(0.9)
Retinal detachment 1(0.9) 0
Nonserious laboratory
Elevated ALT or AST (2 to 5 times upper limit of normal <28 d) 14 (13.0) 8(7.4)
Low hemoglobin (>6.5 to <9 g/dL lasting <28 d) 2(1.9) 3(2.8)
Low leukocyte count (>1000 and <2500/pL lasting <28 d) 3(2.8) 1(0.9)
Elevated creatinine (>1.5 to <2 mg/dL lasting <28 d) 1(0.9) 0
Serious laboratory
Extremely_ elevated ALT or_A$T (>5 times the upcper limit of normal 32.8) 2(1.9)
or 2 to 5 times the upper limit of normal 228 d)
Nonserious systemic
Fatigue 62 (57.9) 59 (54.6)
Headache 55(51.4) 45 (41.7)
Mood changes (self-reported, not requiring therapy) 33(30.8) 26 (24.1)
Hair loss 6 (5.6) 2(1.9)
Nausea 42(39.3) 30(27.8)
Muscle weakness, no decrease in function 32(29.9) 26 (24.1) Abl_areviations: ALT, alanine
Numbness or tingling 25 (23.4) 18(16.7) ::::gg::z::::: AST. aspartate
2IEITII coee) 2ien) Sl conversion: for creatinine to
Dyspnea 21(19.6) 22(20.4) pmol/L, multiply by 88.4.
Vomiting 26 (24.3) 24(22.2) 3 Criteria for defining serious and
Allergic reaction 14 (13.1) 11(10.2) nonserious adverse events are
Fever <39°C for 12 h 11(10.3) 18(16.7) included in eTable 1in Supplement 1.
Mild congestive heart failure or arrhythmia not requiring therapy 4 (3.7) 2(1.9) ®One patient in the mycop.ohenolate
Systemic infection 25(23.4) 27 (25.0) 2322'@: ;Zt';e;irfzﬁﬂ .
Other systemic (no treatment required) 65 (60.7) 63 (58.3) medical contraindication discovered
Serious systemic postrandomization.
Death 1(0.9) 0 ¢ All drug-related serious adverse
i) : 168 levatedALTAST, orboth msome
Disability or permanent damage 1(0.9) 0 patients.
Hospitalization 2(1.9) 2(1.9) 9Indicates stroke, injury to finger, and
Serious systemic infection 0 1(0.9) lower limb pain within the
Vomiting 1(0.9) 0 methotrexate group and extreme
Other serious event? 3(2.8) 1(0.9) flank pain within the

mycophenolate mofetil group.

definitions of treatment success, patient populations, and
medication dosing in these reports make it difficult to com-
pare the effectiveness of methotrexate and mycophenolate
mofetil.>1112:17:21-26 Additionally, low doses of methotrexate
(<15 mg) were routinely used in these previous case series.>1%-20
A pilot trial, conducted as a precursor to this trial, with 25 mg
of weekly oral methotrexate but a lower dose of daily myco-
phenolate mofetil (2 g daily) found consistent results to the cur-
rent finding. In this trial, the standard maximum doses for

jama.com

methotrexate and mycophenolate mofetil were compared.
Even with these high doses, few patients’ treatment failed due
to intolerability. The higher dose of methotrexate used in this
trial compared with previous retrospective studies on uveitis
may have contributed to the finding that mycophenolate
mofetil was not superior. It is possible that using 25 mg of
methotrexate subcutaneously may result in even greater uve-
itis control given the increased bioavailability with subcuta-
neous administration.?”
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Inrheumatology, disease-specific treatment guidelines ex-
ist. For example, methotrexate is the preferred initial treat-
ment for rheumatoid arthritis and mycophenolate mofetil for
lupus nephritis.?8-3° Comparative trials are important to evalu-
ate the relative efficacy of available treatment options, and this
has been lacking for uveitis. The findings of this trial have im-
plications for clinical practice because they provide scientific
justification that mycophenolate mofetil is not more effective
than methotrexate as a corticosteroid-sparing immunosuppres-
sive therapy for uveitis. Patients with posterior uveitis and panu-
veitis have more vision complications than other types of uve-
itis and often have chronic inflammation requiring long-term
immunosuppressive therapy.2®-?! Methotrexate may be an ef-
fective, reasonable, first-line choice for these patients.

The strengths of this study include its randomized design,
a large and geographically diverse patient population that in-
creases generalizability, standardized treatment, and the mask-
ing of graders to reduce bias. The definition of treatment suc-
cess in this trial was a clinically relevant composite outcome of
assessing inflammation in all parts of both eyes and incorpo-
rating tolerability and safety. Many uveitis trials have focused
on only 1aspect of inflammation, yet in clinical practice, treat-
ment is not adequate if it does not control inflammation in all
parts of the eye and corticosteroids cannot be tapered.

Corticosteroid-Sparing Treatment With Mycophenolate Mofetil vs Methotrexate in Patients With Uveitis

Limitations

This study has several limitations. First, patients were not masked
to their medication. However, study personnel responsible for
measuring outcomes were masked through 12 months, includ-
ing when patients switched medication. The masking of grad-
ers, along with using highly reproducible grading scales, mitigated
the limitation of subjective inflammation grading for the defi-
nition of treatment success.?!' Second, patients with a heteroge-
neous group of uveitis etiologies were included to facilitate en-
rollment. A difference in treatment effect between intermediate
uveitis vs posterior uveitis and panuveitis was found, but there
was not sufficient statistical power to compare between uveitis
diagnoses. Third, most patients were enrolled in India, but those
results did not drive the primary outcome.

. |
Conclusions

Among adults with noninfectious uveitis, the use of mycophe-
nolate mofetil compared with methotrexate as first-line
corticosteroid-sparing treatment did not result in superior con-
trol of inflammation. Further research is needed to determine
if either drugis more effective based on the anatomical subtype
of uveitis.
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