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ORIGINAL ARTICLE

Efficacy of Adalimumab in Non-Infectious Uveitis Across Different Etiologies:
A Post Hoc Analysis of the VISUAL I and VISUAL II Trials
Pauline T. Merrill, MDa, Albert Vitale, MDb, Manfred Zierhut, MD, PhDc, Hiroshi Goto, MDd, Martina Kron, PhDe,
Alexandra P. Song, MD, MPHf, Sophia Pathai, MBBS, PhDg*, and Eric Fortin, MDh

aDepartment of Ophthalmology, Rush University Medical Center, Chicago, IL, USA; bJohn A. Moan Eye Center, University of Utah, Salt Lake City, UT,
USA; cUniversity of Tübingen, Tübingen, Germany; dDepartment of Ophthalmology, Tokyo Medical University, Tokyo, Japan; eAbbVie Deutschland
GmbH & Co KG, Ludwigshafen, Germany; fAbbVie Inc., North Chicago, IL, USA; gAbbVie Ltd, Maidenhead, UK; hUniversity of Montreal, Montreal, QC,
Canada

ABSTRACT
Purpose: To assess efficacy of adalimumab versus placebo in patients with active or inactive noninfec-
tious intermediate, posterior, or panuveitis across different etiologies.
Methods: VISUAL I (V–I) and VISUAL II (V–II) clinical trials included adults with active or inactive uveitis,
respectively, randomized to receive adalimumab or placebo. In a post hoc subgroup analysis, time to
treatment failure (TTF) starting at week 6 (V–I) or week 2 (V–II) was analyzed using the Kaplan–Meier
method. Hazard ratios (HR) for TTF with 95% CI were calculated with Cox proportional hazards
regression.
Results: The analysis included 217 V–I patients and 226 V–II patients. Treatment failure occurred later
and risk was significantly lower in patients with idiopathic uveitis receiving adalimumab versus those
receiving placebo in V–I (HR = 0.50 [CI, 0.30–0.84]; P = .006) and V–II (HR = 0.43 [CI, 0.22–0.83]; P = .010).
Conclusions: Treatment failure risk was lower in patients with idiopathic noninfectious uveitis receiving
adalimumab versus those receiving placebo.
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Uveitis refers to a heterogeneous group of intraocular inflam-
matory diseases that can lead to visual impairment and blind-
ness if left untreated.1–3 Uveitis is classified based on the
anatomic location (anterior, intermediate, posterior, or panu-
veitis) or etiology of inflammation (e.g., infectious or
noninfectious).2,4 Noninfectious uveitis is often associated
with systemic disease, such as sarcoidosis, Behçet’s disease,
or ankylosing spondylitis.2,4,5 Idiopathic (undifferentiated)
uveitis, which has no identifiable specific autoimmune or
inflammatory association, represents approximately 30% of
noninfectious uveitis cases.1,6-8

Treatment of noninfectious immune-mediated uveitis may
vary based on the anatomic location and severity of inflam-
mation and includes corticosteroids, immunosuppressive
agents, and biologics, such as tumor necrosis factor (TNF)
inhibitors.2 The TNF inhibitor adalimumab (AbbVie Inc.,
North Chicago, IL) lowers the risk of treatment failure and
visual acuity loss in patients with active or inactive disease, as
reported in the VISUAL randomized controlled trials.9–11

The response of noninfectious uveitis to therapy may vary
by etiology.7,12,13 To date, no prospective analysis has been
conducted to determine the efficacy of adalimumab among
patients with noninfectious uveitis of different etiologies. The
objective of this post hoc analysis of the VISUAL I and
VISUAL II trials was to assess the efficacy of adalimumab in

patients with active or inactive (corticosteroid-dependent),
noninfectious uveitis across different etiologies.

Materials and Methods

Study Designs

VISUAL I (August 2010–August 2014; NCT01138657) and
VISUAL II (August 2010–May 2014; NCT01124838) were
randomized, double-masked, multinational, placebo-
controlled trials of adalimumab. The primary methods and
results of these studies have been previously published.9,10

Briefly, VISUAL I enrolled adult patients ≥18 years old with
active noninfectious intermediate, posterior, or panuveitis
despite oral prednisone (10–60 mg/day) or equivalent corti-
costeroid treatment for ≥2 weeks.9 Key exclusion criteria were
isolated anterior or infectious uveitis, prior inadequate
response to high-dose corticosteroids, corneal or lens opacity
that would preclude visualization of the fundus or that would
likely require cataract surgery during the trial, and previous
exposure to anti-TNF therapy. Eligible patients were rando-
mized 1:1 to receive adalimumab subcutaneously 80 mg fol-
lowed by 40 mg every other week (EOW) or matching
placebo. All patients received a mandatory corticosteroid
burst (60 mg/day week 0) followed by tapering and disconti-
nuation by week 15. Patients could receive stable doses of
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certain immunosuppressants concomitantly; 31% of patients
received treatment with either azathioprine, cyclosporine,
methotrexate, or mycophenolate mofetil.

VISUAL II enrolled adult patients ≥18 years old with
inactive noninfectious intermediate, posterior, or panuveitis
who were dependent on oral prednisone 10 to 35 mg/day for
≥28 days before baseline visit to maintain inactivity.10 Key
exclusion criteria were receipt of >1 immunosuppressive drug
(not including corticosteroids) within 28 days of the baseline
visit, isolated anterior or infectious uveitis, and corneal or lens
opacity that would preclude visualization of the fundus or that
would likely require cataract surgery during the trial. Patients
were randomized 1:1 to subcutaneous adalimumab 80 mg
followed by 40 mg EOW or matching placebo. Prednisone
was tapered for all patients starting from week 2 and reached
0 mg by week 19 at the latest, depending on their dose at
baseline. Patients could receive stable doses of one immuno-
suppressant; at baseline, 48% of the placebo group and 47% of
the adalimumab group were receiving concomitant
immunomodulators.

The study complied with the ethical principles of the
Declaration of Helsinki. Institutional review board or inde-
pendent ethics committee approval was obtained for each
trial, and all patients signed a statement of informed consent
before enrollment.

Efficacy and Safety Analyses

For this post hoc analysis, patients were categorized into
different uveitis etiologies, which they presented at study
entry, as predefined in the VISUAL studies. Patients with
idiopathic uveitis diagnoses were further stratified by location
of uveitis at study entry (intermediate, posterior, or panuvei-
tis). Efficacy was assessed by time to treatment failure, defined
as the time from randomization to occurrence of one or more
of the following four criteria affecting at least one eye: (1)
new, active, inflammatory chorioretinal or vascular lesions;
(2) inability to achieve ≤0.5+ anterior chamber (AC) cell at
week 6 or a 2-step increase in AC cell grade relative to best
state achieved after week 6 (VISUAL I), or a 2-step increase in
AC cell grade relative to baseline at or after week 2 (VISUAL
II); (3) inability to achieve ≤0.5+ vitreous haze (VH) grade at
week 6 or a 2-step increase relative to best state achieved after

week 6 (VISUAL I), or a 2-step increase in VH grade relative
to baseline at or after week 2 (VISUAL II); and (4) worsening
of best corrected visual acuity by ≥15 letters relative to best
state achieved at any other visit (VISUAL I) or relative to
baseline at or after week 2 (VISUAL II; Table 1). Time to
treatment failure was analyzed using time to event analysis, in
which the probability of an event was calculated over time.
The hazard ratio was calculated to compare the risk of an
event between treatment groups. Safety was monitored by
frequency and severity of adverse events (AEs) and reported
for patients who received at least 1 dose of study drug.

Statistical Analyses

Baseline characteristics were compared between treatment
groups using chi-square test for categorical data and t test
for quantitative data. Efficacy analyses were performed using
the intent-to-treat (ITT) data set, excluding patients from
non-compliant sites. Patients without treatment failure
through week 80 and those prematurely discontinuing with-
out treatment failure were counted as censored observations.
A subgroup analysis was done by etiology and among patients
with idiopathic uveitis stratified by location of uveitis at study
entry (intermediate, posterior, or panuveitis). Time to treat-
ment failure was analyzed using the Kaplan–Meier method
and a log-rank test at a 2-sided significance level of 5%, if in
a subgroup at least 20 patients per treatment group were
available. Hazard ratios (HR) for time to treatment failure
with 95% CI were calculated with Cox proportional hazards
regression with treatment as factor. Safety was assessed in all
patients who received ≥1 dose of study drug. All statistical
tests were exploratory in nature.

Results

A total of 217 patients from VISUAL I (adalimumab, n = 110,
54% female, mean age 42.7 y; placebo, n = 107, 61% female,
42.6 y) and 226 patients from VISUAL II (adalimumab,
n = 115, 57% female, 42.9 y; placebo, n = 111, 65% female,
42.2 y) were included in the ITT set in this analysis; 6 patients
(VISUAL I) and 3 patients (VISUAL II) were excluded from
the ITT set because of compliance issues at the study sites.

Table 1. Criteria for treatment failurea for VISUAL I and VISUAL II clinical trials.

Inflammatory, chorioretinal, and/or
retinal vascular lesions Anterior chamber cell gradeb Vitreous haze gradec Visual acuityd

VISUAL I

Week 6 visit
New, active, inflammatory lesions
relative to baseline

Inability to achieve ≤0.5+ Inability to achieve ≤0.5+
Worsening of BCVA by ≥15 letters
relative to best state achieved

After week 6 visit
2-step increase relative to
best state achievede

2-step increase relative to
best state achievede

VISUAL II
At or after
week 2 visit

New, active, inflammatory lesions
relative to baseline

2-step increase relative to
baseline

e 2-step increase relative to
baseline

e Worsening of BCVA by ≥15 letters
relative to baseline

BCVA = best corrected visual acuity.
aTreatment failure defined as ≥1 of the 4 criteria in ≥1 eye.
bStandardization of Uveitis Nomenclature criteria.
cNational Eye Institute/Standardization of Uveitis Nomenclature criteria.
dEarly Treatment Diabetic Retinopathy Study.
eA 2-step increase was represented by a change of grade 0 to grade 2+; or grade 0.5+ to grade 3 +.
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Baseline characteristics were broadly similar between adali-
mumab and placebo groups in both studies (Table 2).

By etiology, the largest subgroup comprised patients with
undifferentiated or idiopathic uveitis (including pars planitis)
in both studies (Table 2). As the subgroup of patients with pars
planitis was small (VISUAL I, n = 7; VISUAL II, n = 5), these
data were pooled with the idiopathic uveitis group. The second
largest subgroups were birdshot chorioretinopathy (BCR) in
VISUAL I and Vogt-Koyanagi-Harada syndrome in VISUAL
II. Slight differences in etiology were observed between treat-
ment groups; a greater proportion of patients in the placebo
group had idiopathic uveitis, whereas Behçet’s disease was
more common in the adalimumab group in both VISUAL
I and VISUAL II. Additionally, in VISUAL II, a greater pro-
portion of patients in the placebo group had intermediate
uveitis, whereas panuveitis was more common in the adalimu-
mab group; none of these differences were statistically signifi-
cant (Table 2).

Time to Treatment Failure

The risk of treatment failure was significantly lower in the
adalimumab group compared with the placebo group in the
idiopathic uveitis subgroup in both trials (VISUAL I: HR, 0.50
[95% CI, 0.30–0.84]; P = .006; VISUAL II: HR, 0.43 [95% CI,
0.22–0.83]; P = .010). All other subgroups showed a trend in
favor of adalimumab, except for the sarcoidosis subgroup in
the VISUAL II trial (Figure 1a,b).

After categorizing the patients with idiopathic uveitis by
anatomic location, a risk of treatment failure trend favoring
adalimumab was observed in patients with intermediate, pos-
terior, or panuveitis (Figure 2a,b). Treatment failure occurred

earlier for patients with idiopathic uveitis receiving placebo
than for those receiving adalimumab in both VISUAL I and II.

Safety

The rates of overall and serious AEs were comparable in the
adalimumab and placebo groups in VISUAL II (Table 3). The
rates of overall and serious AEs were higher in the adalimumab
group than the placebo group in VISUAL I. Analysis of AEs by
etiology subgroups is not presented here because of the low
number of events in most categories.

Discussion

One of the challenges in conducting randomized clinical trials
in uveitis stems from the necessity to pool patients with
different inherent underlying etiologies in order to recruit
numbers of patients sufficient to attain adequate overall
power. There is a paucity of prospective, randomized, con-
trolled clinical trials that inform us on the efficacy of ther-
apeutic agents regarding specific uveitis etiologies.

TNF inhibitors have been reported in case series to suc-
cessfully control uveitis secondary to Behçet’s disease, BCR,
sarcoidosis, juvenile idiopathic arthritis (JIA), ankylosing
spondylitis, and Crohn’s disease.14–18 However, less is
known about whether treatment success is affected by the
underlying cause of uveitis. In a previous prospective study
of 31 patients with refractory noninfectious uveitis, 68%
demonstrated clinical response to adalimumab after
10 weeks of treatment, with 39% maintaining response
through 1 year.19 Although no significant differences in treat-
ment response based on anatomic location of uveitis were
observed, the patient groups were not large enough to

Table 2. Demographics and baseline characteristics of patients (intent-to-treat population).

VISUAL I VISUAL II

Adalimumab
(n = 110)

Placebo
(n = 107) P value

Adalimumab
(n = 115)

Placebo
(n = 111) P value

Female, n (%) 59 (54) 65 (61) 0.29b 66 (57) 72 (65) 0.25b

White, n (%) 88 (80) 86 (80) 0.95b 96 (83) 93 (84) 0.95b

Age, y, mean ± SD 42.7 ± 15.6 42.6 ± 14.2 0.97c 42.9 ± 12.9 42.2 ± 14.0 0.72c

Duration of uveitis, mo, mean ± SD 40.2 ± 51.2 51.0 ± 72.2 0.2c 59.5 ± 64.5 62.9 ± 67.7 0.70c

Duration of treatment, d, median (IQR) 133 (63–315) 91 (62–155) 245 (119–564) 155 (77–357)
Type of uveitis, n (%) 0.96b 0.12b

Intermediate 24 (22) 23 (21) 17 (15) 30 (27)
Posterior 36 (33) 37 (35) 39 (34) 34 (31)
Panuveitis 50 (45) 47 (44) 57 (50) 46 (41)
Intermediate/posterior 0 0 2 (2) 1 (1)

Diagnosis, n (%)
Idiopathic (including pars planitis) 42 (38) 50 (47) 31 (27) 43 (39)
Birdshot chorioretinopathy 24 (22) 20 (19) 15 (13) 15 (14)
Multifocal choroiditis and panuveitis 8 (7) 3 (3) 5 (4) 2 (2)
Vogt-Koyanagi-Harada disease 11 (10) 14 (13) 26 (23) 25 (23)
Sarcoidosis 10 (9) 8 (7) 18 (16) 14 (13)
Behçet’s disease 12 (11) 4 (4) 10 (9) 6 (5)
Othera 3 (3) 8 (7) 10 (9) 6 (5)

Concomitant immunomodulators, n (%)
Azathioprine 4 (4) 4 (4) 3 (3) 11 (10)
Cyclosporine 10 (9) 3 (3) 15 (13) 11 (10)
Methotrexate 9 (8) 12 (11) 19 (17) 14 (13)
Mycophenolate mofetil or equivalent 11 (10) 14 (13) 17 (15) 17 (15)

aAny diagnosis of uveitis other than those listed.
bP value was calculated using the chi-square test.
cP value was calculated using the two-sample t test.
IQR = interquartile range; six patients (VISUAL I) and three patients (VISUAL II) were excluded from the intent-to-treat set for compliance issues at the study sites.
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evaluate differences based on etiology.19 A retrospective study
of 88 patients with refractory uveitis receiving infliximab
demonstrated that patients with BCR or JIA had a higher
rate of remission compared with patients without BCR or
JIA; patients without idiopathic uveitis had a higher rate of
remission compared with patients with idiopathic uveitis.12

Another small study of infliximab across various etiologies
showed that Behçet’s disease was one of the disease entities
associated with complete remission in patients receiving TNF
inhibitor therapy based on logistic regression analyses.13 An
expert panel of the American Uveitis Society reviewed the
available data and recommended TNF inhibitors as primary
treatment for patients with Behçet’s disease in 2014.20

Although the present studies had a small number of patients

with Behçet’s disease, the results may provide further support
for the efficacy of TNF inhibitors in patients with Behçet’s, as
a small trend toward a lower risk of treatment failure was
observed in VISUAL I, and no treatment failures were
reported in the subgroup of patients with Behçet’s disease
who received adalimumab in VISUAL II.

To our knowledge, this is the largest analysis to date to
assess TNF inhibitor efficacy across different uveitis etiologies.
Overall, the study showed significantly lower risk of treatment
failure with adalimumab compared with placebo in patients
with idiopathic uveitis (including pars planitis) irrespective of
anatomic location of inflammation. Furthermore, all other
patient groups showed a numeric trend favoring adalimumab,
except the subgroup of patients with sarcoidosis in the

10.1

0.60 (0.11–3.35)

0.72 (0.30–1.76)

0.47 (0.13–1.67)

0.68 (0.12–3.71)

Vogt-Koyanagi-Harada syndrome
(n=25)

Sarcoidosis
(n=18)

Behçet's
(n=16)

Multifocal choroiditis & panuveitis
(n=11)

Birdshot choroidopathy
(n=44)

Idiopathic (including pars planitis)
(n=92)

0.49 (0.21–1.14)

0.50 (0.30–0.84)a

Overall Population
(n=217)

0.50 (0.36–0.70)

Other
(n=11) 0.73 (0.15–3.63)

10
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10.10.01
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0.17 (0.02–1.93)

0.67 (0.33–1.38)

1.49 (0.55–4.06)

0.57 (0.10–3.11)

0.43 (0.22–0.83)a

Multifocal choroiditis & panuveitis
(n=7)

Vogt-Koyanagi-Harada syndrome
(n=51)

Sarcoidosis
(n=32)

Birdshot choroidopathy
(n=30)

Idiopathic (including pars planitis)
(n=74)

0.57 (0.39–0.84)Overall Population
(n=226)

Other
(n=16) 0.86 (0.14–5.18)

10 100

HR (95% CI)

a

b

Figure 1. Risk of treatment failure by uveitis etiologies. (a) VISUAL I and (b) VISUAL II; in VISUAL II, HR for Behçet’s uveitis (n = 16) was not estimable because there
were 0 events in the adalimumab group. aIdiopathic VISUAL I: P = .006; VISUAL II: P = .010; Birdshot choroidopathy VISUAL I: P = .089; Vogt–Koyanagi–Harada
syndrome VISUAL II: P = .279; overall VISUAL I: P < .001, VISUAL II: P = .004; subgroups with n < 20 per treatment group were not compared with log-rank test.
HR = hazard ratio.
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VISUAL II trial. Other prospective randomized trials have
looked specifically at the efficacy of TNF inhibitor therapy
in sarcoidosis affecting the lungs or other organs.21

Monoclonal antibodies against TNF (adalimumab and

infliximab) are considered effective in treating refractory sar-
coidosis and at the present time are considered as third-line
therapy for this disease after glucocorticoids and antimetabo-
lites (e.g., methotrexate, azathioprine).22 Nonrandomized
trials have also reported positive effects of adalimumab or
TNF inhibitors in uveitis secondary to sarcoidosis, including
improvement of the intraocular inflammatory signs such as
vasculitis, macular edema, papillitis, choroidal involvement,
or corpus vitreous cells in 85% of patients.23 In this setting,
the finding of a trend against the efficacy of adalimumab in
sarcoidosis-related uveitis in only 1 of the 2 VISUAL trials is
most likely due to the relatively low patient numbers with this
diagnosis. Although a numeric trend in favor of adalimumab
efficacy was observed in the other patient groups, the number
of patients in each subgroup was small. Further inference may
be gleaned from the VISUAL III trial, which addressed long-
term efficacy and safety of adalimumab in patients with non-
infectious uveitis, and reported a positive effect of long-term
adalimumab treatment on quiescence across etiologies,
including the 14% of patients with sarcoidosis.24 For patients
who entered with active uveitis, there was an increase in the
proportion of quiescence at week 78 compared with baseline
(60% vs 7%); for those who entered with inactive uveitis, the
proportion of quiescence at week 78 was 74%.24

Therapy with TNF inhibitors may increase the risk of
infections.25,26 In VISUAL I and VISUAL II, the rate of
serious infections with adalimumab treatment was low (3.2–
8.0 per 100 patient-years) and consistent with the overall
safety profile of adalimumab.9,10,27 Neurologic AEs including
demyelination have been reported in some studies of TNF
inhibitors, suggesting a causal association.28 In VISUAL I, one
subject with intermediate idiopathic uveitis receiving adali-
mumab was reported to have demyelinating disease. The
mechanism of action of how TNF inhibitors may be asso-
ciated with demyelination has yet to be established.28 It has
been noted that there is a higher prevalence (~1%) of multiple
sclerosis (MS) in patients with uveitis than in the general
population, and increased prevalence of MS has been reported
within subgroups of uveitis, specifically intermediate uveitis.29

Therefore, patients with intermediate uveitis may need to
consider neurologic screening to exclude the presence of
brain lesions before beginning TNF inhibitor therapy.28

Overall, caution should be exercised when considering the
use of TNF inhibitors in patients with preexisting or recent-
onset central or peripheral nervous system demyelinating
disorders.11 Further analysis of VISUAL III data stratified by
diagnosis is needed to understand the long-term safety of
adalimumab in specific etiologies.

Limitations of this study include the fact that the data may
not reflect real-world clinical practice, as patients were
required to discontinue steroids per trial design. Artificial
prednisone taper in VISUAL I could trigger treatment failure;
in clinical practice, prednisone tapering would be performed
at a slower rate. Although the studies were appropriately
powered to show efficacy of the primary endpoint, the
power is limited for the individual etiologies. Another limita-
tion of this study was the small number of patients in some of
the subgroups; however, small subgroups were anticipated

a

b

Figure 2. Risk of treatment failure by anatomic location of uveitis in patients
with idiopathic uveitis. (a) VISUAL I and (b) VISUAL II; in VISUAL II, two patients
with intermediate and posterior uveitis were excluded from this analysis.
HR = hazard ratio.

Table 3. Summary of AEs in VISUAL I and VISUAL II.

VISUAL I VISUAL II

Events (E/100 PY)

Adalimumab
n = 111
(62.4 PY)

Placebo
n = 112
(44.3 PY)

Adalimumab
n = 115
(94.5 PY)

Placebo
n = 114
(71.0 PY)

Any AE 657 (1052) 430 (972) 831 (879) 642
(905)

SAE 18 (28.8) 6 (13.6) 13 (13.8) 10 (14.1)
AE leading to

discontinuation of
study drug

13 (20.8) 5 (11.3) 11 (11.6) 7 (9.9)

Serious infection 5 (8) 3 (6.8) 3 (3.2) 2 (2.8)
Malignancy 2 (3.2) 0 1 (1.1) 0
AE leading to death 1 (1.6) 0 2 (2.1) 0
Any active TB 1 (1.6) 0 0 0
Any latent TB 1 (1.6) 0 3 (3.2) 1 (1.4)
Any demyelinating

disease
1 (1.6) 0 0 0

Injection site reaction 28 (44.9) 7 (15.8) 36 (38.1) 16 (22.6)

AE = adverse event; SAE = serious adverse event; PY = patient-year;
TB = tuberculosis.
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because all forms of uveitis are rare diseases. The strengths of
the study include the representative etiology distribution and
the stringent definition of the primary endpoint.

Conclusions

This post hoc analysis from the VISUAL I and II trials showed
that patients with an idiopathic diagnosis of either active or
inactive noninfectious uveitis had a lower risk of treatment
failure if they received adalimumab versus placebo.
Furthermore, all other subgroups showed a trend in favor of
adalimumab, with the exception of sarcoidosis in VISUAL II.
Patients with idiopathic uveitis who received adalimumab,
regardless of anatomic location, had a lower risk of treatment
failure compared with those who received placebo. If there is
a differential effect of adalimumab relative to different etiologies,
it was not large enough to become significant with the limited
power in these studies. The study did not identify one etiology
as being non-responsive to adalimumab. This suggests that there
is not a large differential response among different etiologies.
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