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Abstract

Purpose—This study was designed to provide preliminary data regarding the safety and efficacy
of high-dose humanized anti-1L-2 receptor (daclizumab) therapy for the treatment of active
intermediate, posterior or panuveitis.

Methods—Five patients were recruited into this non-randomized, prospective pilot study of high-
dose intravenous induction daclizumab therapy given at doses of 8 mg/kg at day 0 and 4 mg/kg at
day 14. Patients who did not meet a safety endpoint at the 3-week follow-up evaluation were given
the option of continuing therapy with subcutaneous daclizumab at 2 mg/kg every 4 weeks for 52
weeks. The primary outcome assessed was a 2-step decrease in vitreous haze at day 21. Secondary
outcomes evaluated included best-corrected visual acuity, retinal thickness as measured by optical
coherence tomography, retinal vascular leakage assessed by fluorescein angiography, anterior
chamber and vitreous cellular inflammation.

Results—4 male patients and 1 female patient were enrolled. Diagnoses included birdshot
retinochoroidopathy (2 patients), Vogt-Koyanagi-Harada's disease, bilateral idiopathic panuveitis
and bilateral idiopathic intermediate uveitis. By the 41 week, four of five patients demonstrated a 2-
step decrease in vitreous haze. The other participant did not meet this criterion until week 20, but all
5 patients maintained stability in vitreous haze grade throughout their follow-up periods. At
enrollment, mean visual acuity (10 eyes in five patients) was 69.2 ETDRS letters and following
treatment was 78.2 letters (p < 0.12). Anterior chamber cell, vitreous cell, and vitreous haze also
improved in the majority of eyes. Adverse events were generally mild except for one episode of left-
lower lobe pneumonia requiring hospitalization and treatment.

Conclusion—This is the first demonstration that high-dose daclizumab can reduce inflammation
in active uveitis. Daclizumab was well-tolerated but there may be a potential increased risk of
infection associated with immunosuppression. All five patients demonstrated a decrease in vitreous
haze and measures of intraocular inflammation at final follow-up. The results of this small,
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nonrandomized pilot study support the consideration of high-dose daclizumab therapy in cases of
active posterior uveitis.
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Introduction

Daclizumab is a humanized blocking monoclonal antibody that is directed against an epitope
found on the alpha subunit of the interleukin (IL)-2 receptor (CD25), localized on activated T
cells and other cells of the immune system [1]. Daclizumab was first shown to be effective in
the reduction of acute rejection episodes in patients undergoing renal transplantation [1-2] and
has since been utilized for other solid organ transplants including heart [3], lung [4-5],
pancreatic[6-7], and hepatic allografts [8-9]. Besides its use in solid organ transplantation,
daclizumab has been utilized for the treatment of a subset of patients with human T-cell
leukemia virus-1 (HTLV-1) associated T-cell leukemia because of the elevated levels of IL-2
receptor found on leukemic cell populations [10].

We have previously demonstrated the successful use of intravenous daclizumab as a
glucocorticoid and cyclosporin A sparing agent in the treatment of patients with noninfectious
intermediate and posterior uveitis. Patients who required combination systemic
immunosuppressive medications to control their disease were successfully tapered off these
medications and maintained on daclizumab monotherapy [11]. A subsequent study
demonstrated that subcutaneous administration of daclizumab was equally efficacious [12].

While our earlier studies had demonstrated the utility of daclizumab as a corticosteroid and
calcineurin inhibitor-sparing agent, we wished to address the question of whether daclizumab
might be beneficial in the treatment of patients with active intermediate and posterior uveitis.
The primary focus of this feasibility study is to determine whether high-dose daclizumab is
effective in the acute reduction of vitreous haze in active, intermediate, posterior and panuveitis
of noninfectious origin.

Materials and Methods

This study was a prospective, open-label, non-randomized, phase I pilot study of daclizumab
treatments for participants with active, sight-threatening, non-infectious uveitis. The study was
conducted at the Clinical Center of the National Institutes of Health under an Investigational
New Drug (IND) application. The study protocol was reviewed and approved by the
Institutional Review Board of the National Eye Institute and all procedures conformed to the
tenets of the Declaration of Helsinki. Informed consent was obtained from all patients.

Inclusion and exclusion criteria

Inclusion criteria included a diagnosis of active non-infectious intermediate, posterior, or
panuveitis with > Grade 1 (1+) vitreous haze in at least one eye using the SUN criteria and
evidence of retinal vascular leakage or cystoid macular edema (CME) [13], best-corrected
distance visual acuity (BCVA) in the poorer seeing eye of 20/400 or better (i.e. Early Treatment
of Diabetic Retinopathy Study — ETDRS logMAR <1.34), and the participant did not plan to
undergo elective ocular surgery (e.g., cataract extraction).

Exclusion criteria included patients who had received IL-2 or IL-2 receptor-directed therapy
within 90 days, lens or media opacities that would hinder evaluation and grading of the posterior
segment, pregnant or lactating patients, history of active herpes or varicella infection within 6
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months or chickenpox exposure within 21 days before enrollment, known history of human
immunodeficiency virus (HIV) infection, current enroliment in another trial involving the use
of immunotherapy for a non-uveitic condition or any investigational therapy within 30 days,
significant systemic infection requiring treatment, history of cancer within five years, or any
other non-ocular comorbid conditions with significant risks to health or the patient's ability to
follow-up in the study protocol.

All participants, male or female, with reproductive potential and who were sexually active
agreed to use double-barrier contraception methods throughout the course of the study
(minimum of 52 weeks) and for an additional 6 weeks after completion of the protocol treatment
period.

Medication dosing and administration

All enrolled patients received an initial induction regimen of intravenous (V) daclizumab, 8
mg/kg on Day 0 followed by a second 1V dose of 4 mg/kg on Day 14 + 1 day, provided a safety
endpoint had not already been met. Daclizumab was provided by PDL BioPharma (Redwood
City, CA). Participants who showed improvement without serious adverse events, and who
did not experience a > 3 line drop (15 letters) in visual acuity during the induction treatments,
had the option to receive extended treatments of 2 mg/kg subcutaneous (SC) daclizumab
treatments at 4-week intervals for up to one year. Meeting the safety failure criterion (i.e. > 15
letter loss of visual acuity) or having a serious adverse affect directly attributed to daclizumab
therapy was cause for termination from further daclizumab therapy.

Ophthalmic and medical evaluation

All patients underwent baseline medical and ophthalmologic examinations. Ophthalmic
examination included best-corrected visual acuity measurement using the standardized ETDRS
refraction protocol at 4 meters, intraocular pressure by applanation tonometry, slit lamp
biomicroscopic examination, dilated funduscopic examination, fluorescein angiography, and
stereoscopic fundus photography. Imaging with optical coherence tomography (OCT-3) was
performed and mean central retinal thickness (area Al with a 1-mm diameter) was recorded
at interval visits. Medical examination included physical examination and laboratory
measurements including the following values: hemoglobin, hematocrit, platelets, leukocytes,
serum electrolytes (sodium, potassium, chloride, bicarbonate, blood urea nitrogen, creatinine),
serum bilirubin, alkaline phosphatase, alanine aminotransferase, and aspartate
aminotransferase.

Primary and secondary outcome assessment

The primary outcome measure was the reduction of vitreous haze by at least two steps (e.g. 2
+to Trace, or 1+ to 0) from baseline at Day 21 in both eyes. Participants were considered
treatment failures if at any time during the study, a >3 line (>15 letters or >0.30 logMAR)
decrease in best-corrected visual acuity (BCVA, ETDRS method) was observed when
compared to baseline.

Secondary outcome measures included distance BCVA, ocular inflammation grades for
anterior chamber (AC) cells and vitreous cells, the amount of retinal vascular leakage measured
by fluorescein angiography, the presence or extent of cystoid macular edema (CME)
determined by optical coherence tomography and/or visualized by fluorescein angiography,
and weighted grading score of immunosuppressive medications (i.e., immunosuppression
load). During the maintenance phase of the protocol (i.e. following day 28), concomitant
systemic immunosuppressive medications could be tapered as clinically indicated. However,
medications were not tapered during the initial 21-day induction phase.
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Safety assessment and adverse event reporting

Safety outcomes were tabulated by observing the nature, severity and frequency of systemic
toxicities, adverse events (AE), and infections throughout the study. Safety assessments were
made routinely during the study, with a review of the previous visit interval performed at each
scheduled visit. Each participant was encouraged to report any apparent adverse events
between scheduled visits, and returned for additional evaluations and appropriate treatment
between scheduled visits if needed. Safety failure criterion that would result in suspension and
potentially permanent withdrawal of study treatments included a drop of > 3 lines (> 15 letters)
from baseline visual acuity, a serious adverse event, drug reaction or complication (whether
related or unrelated to daclizumab) with an impact on visual function or any other organ system
that would preclude continuation of study treatment (e.g. hypersensitivity, allergic response,
or serious drug reactions), and pregnancy.

Adverse medical events were evaluated and treated by an Internal Medicine service when
clinically indicated, and appropriate consultations were obtained if necessary. Following an
evaluation by the Internal Medicine service, an evaluation of the possible relatedness of the
AE to the administration of daclizumab was determined and recorded.

Statisical analysis

Results

Descriptive statistics were performed using Microsoft Excel and GraphPad Prism software.
The Wilcoxon matched-pairs signed-ranks test was used to determine whether a difference
existed between BCVA and immunosuppressive load before and after daclizumab therapy.

Five uveitis patients with poorly controlled intraocular inflammatory disease participated in
this pilot study.

Demographic and enrollment characteristics

Primary and

The demographic information and baseline characteristics of the patients are summarized in
Table 1. Mean age + standard deviation at enrollment was 37.6 + 12.8 years. Diagnoses
included two patients with birdshot retinochoroidopathy, one patient with Vogt-Koyanagi-
Harada's disease, one patient with idiopathic bilateral, granulomatous panuveitis, and one
patient with idiopathic bilateral intermediate uveitis.

secondary outcome assessment

Using the SUN criteria for evaluation of intermediate uveitis, vitreous haze was measured using
an indirect ophthalmoscope and a 20D lens [13], using a set of standardized photographs for
comparison [14]. The readings were performed by two ophthalmologists who examined the
patients independently of the principal investigator. Any differences in observations were
adjudicated with the help of a third observer.

The vitreous haze results are presented in two graphs (Figures LA-B). The score for the patients'
eye with less vitreous haze appears in the “better” eye graph, while the eye with greater haze
appears in the “worse” eye graph. Of the five patients who participated in the study, two patients
(patients 1 and 3) demonstrated vitreous haze of grade 1 or greater severity in both eyes and
were eligible for the primary outcome assessment in both eyes. Patient 1 demonstrated
decreased vitreous haze in both eyes; however a two-step decrease was seen in only eye (i.e.
a one-step decrease was seen in the opposite eye). Patient 3 demonstrated a one-step decrease
in vitreous haze in both eyes at the primary outcome assessment and a two-step decrease in
both eyes at week four. All of the “better” eyes had no evidence of vitreous haze by four weeks
after the start of the daclizumab infusions, while also undergoing a taper of their
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immunosuppressive medication. Of “worse” eyes with greater haze at the start of the study, all
had either no haze or trace haze four weeks after the first infusion.

Mean visual acuity was 69.2 ETDRS letters at baseline and was 78.2 letters following therapy
(p <0.12, Wilcoxon matched-pairs signed-ranks test). The left eye of patient 4, who underwent
cataract extraction, was excluded from the statistical analysis.

Anterior chamber cells and vitreous cells were also evaluated at the baseline and interval
follow-up visits. Five of five patients experienced a decrease in anterior chamber cell in one
or both eyes at the 4-week follow-up examination. Specifically, 8 of 9 eyes with anterior
chamber inflammation showed a decrease in anterior chamber cells. Of note, 7 of 8 of the eyes
demonstrated a significant decrease in AC cell as defined by SUN criteria (i.e. either trace to
grade O cell or a 2-step decrease in AC cell). At the 12-month follow-up, four of four patients
who completed the follow-up period demonstrated grade 0 cell. The only exception was patient
5 who did not complete the entire 12-month course of SC daclizumab therapy (Table 2).

Five of ten eyes with vitreous cells at baseline showed a decrease in vitreous cellularity at the
4-week follow-up examination. Vitreous cells in the other five eyes remained unchanged at
this time point. In patient 1, both eyes demonstrated a 2-step or greater reduction in vitreous
cells at this visit. At final follow-up, six of eight eyes in four patients who completed the follow-
up period demonstrated reductions in vitreous cells with 4 eyes demonstrating a 2-step or
greater reduction in vitreous cells or a reduction of vitreous cells from trace to grade 0. (Table
2).

Of the five patients, one patient (Subject 1) presented with retinal vascular leakage on his initial
fluorescein angiogram. At his day 21 visit, the retinal vascular leakage was improved bilaterally
with decreased perivascular staining and leakage in the late phases of fluorescein angiography.
This effect was sustained at the 6-month time point with almost complete resolution of retinal
vascular leakage at his 12-month follow-up evaluation. Of some concern, however, was the
occurrence of a 2.5 disc diameter intra-retinal macular hemorrhage observed OD with a
decrease in visual acuity to 20/40 at the 12-month evaluation. Neither increased retinal vascular
leakage nor any evidence of choroidal neovascularization observed, and the retinal hemorrhage
resolved without any known visual sequelae. His visual acuity remains 20/20 at the 24 month
follow-up visit.

The presence or absence of CME was also evaluated in all patients (Supplemental Table 1).
CME was observed in four eyes in two patients (Patients 1 and 2) at the baseline evaluation.
At the final follow-up visit (52 week visit), CME was not observed in either patient.

Immunosuppressive load was also calculated at baseline, and the 6 and 12 month visits using
previously accepted criteria.15 Immunosuppressive load (Mean + SD) at baseline for all
patients was 2.6 + 1.7 (Range 0-4). At the final follow-up visit, mean immunosuppressive load
was 1.4 £ 1.5 (Range 0-3). No significant difference was demonstrated between baseline and
final immunosuppressive load (p < 0.25, Wilcoxon matched-pairs signed-ranks test). However,
three of five patients were able to decrease their baseline immunosuppressive medications.

Safety assessment and adverse event reporting

All patients tolerated the infusions well. No patient stopped the treatment or had adverse events
that could be directly associated with daclizumab. However, several adverse events were noted
and are listed in Table 3. Patient 3 developed a viral syndrome with left lower lobe pneumonia
and gastrointestinal complaints requiring hospitalization, intravenous fluids, and empiric
levofloxacin therapy. Diagnostic workup included sputum, blood, and stool cultures, which
were negative for viral and bacterial etiologies of the pneumonia. This occurred 4 months
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following his initial high-dose induction regimen and 4 weeks subsequent to a dose of
subcutaneous maintenance daclizumab. Patient 2 developed an episode of dizziness, insomnia,
and poor energy, and she was subsequently hospitalized for a medical evaluation. No evidence
of acute medical illness was found during the workup and her symptoms were attributed to
anxiety and not directly associated with daclizumab.

Discussion

The development of an experimental autoimmune uveitis model has been of tremendous help
in elucidating potentially important mechanisms that lead to human uveitis [16]. One major
result of these studies has been the use of various biologic agents, mostly monoclonal
antibodies, directed against specific points in the immune cascade. Daclizumab is one such
agent that demonstrated efficacy in the treatment of uveitis in a non-human primate model
prior to its use in patients with uveitis [17].

The mechanism of action of daclizumab remains under investigation. Ragheb et al suggested
that the medication had a major effect on interferon gamma (IFN-y) production by T cells.
Specifically, daclizumab inhibited the production of IFN-y by activated human peripheral
blood mononuclear cells (PBMCs) via its impact on both IL-12-dependent and 1L-12-
independent pathways [18]. Li and colleagues have found that a CD56°119M population of
regulatory natural killer cells expands in the peripheral blood of patients receiving this dosing
schedule and this daclizumab-induced expansion seems associated with clinical regression of
the disease in treated patients [19]. Others have reported similar observations in patients with
multiple sclerosis [20]. Interestingly, the CD56°"19M cells were found to secrete large amounts
of the immunoregulatory cytokine IL-10, but this was not observed in CD56%™M cells [19].
Amadi-Obi et al found that IL-2 appears to promote the development of T-helper type 17 cells
(TH17), which were found in elevated levels in the PBMCs of patients with uveitis and scleritis
[21]. Based on their findings, one possible mechanism of daclizumab therapy is to inhibit
maturation of Ty17 cells, a new subgroup of T-helper cells involved in chronic inflammatory
diseases that has recently received much attention in uveitis and by the wider immunologic
community as well [22].

The efficacy of daclizumab as a corticosteroid-sparing agent in patients with intermediate and
posterior uveitis has been demonstrated previously. In a phase /11 clinical trial of daclizumab,
eight of ten patients with noninfectious intermediate, posterior or panuveitis were completely
tapered off their other immunosuppressive medications while receiving intravenous
daclizumab at a dose of 1 mg/kg/infusion [11].

Subsequent studies have replicated these findings in a variety of uveitic syndromes including
birdshot retinochoroidopathy [23] childhood uveitis [24], ocular cicatricial pemphigoid,
scleritis, and panuveitis [25]. In a multicenter, interventional case series of patients with uveitis
treated with subcutaneous daclizumab, 10 of 15 patients (67%) were able to taper their
immunosuppressive medications while on daclizumab, achieving their primary endpoint of a
50% reduction in immunosuppressive medication [26].

A longer term (> 4 years), phase I/11 single armed interventional study using IV daclizumab
and a short-term Phase |1 study evaluating the use of a subcutaneous daclizumab formulation
has also been conducted. In this cohort of patients, seven of ten patients were maintained on
daclizumab and were able to taper their immunosuppressive medications [12]. Of the patients
who were unable to be successfully transferred to daclizumab therapy, we observed one patient
whose disease was not as well-controlled as the others. We theorized that saturation of the
CD25 receptor, both in the peripheral blood and in more sequestered areas, such as the lymph
nodes, was necessary to obtain good immunosuppression. Patients receiving the doses of
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daclizumab administered previously (1-2 mg/kg) theoretically may not had have their CD25
receptors in lymph nodes totally saturated although CD25 receptor saturation in peripheral
blood lymphocytes was documented by immunophenotyping. Interestingly, one patient
receiving daclizumab who had a lymph node biopsy for an unrelated medical workup revealed
that indeed a small number of CD25+ T cells did not have all their receptors saturated [12].

Based on the experience of one of us (TW) in treating lymphomas with high numbers of CD25
receptors, we theorized that a higher initial dose of medication could saturate these cells even
in more sequestered areas, followed by the standard daclizumab dose. This theory was
evaluated as the hypothesis in this pilot clinical trial in which patients with active uveitis were
treated initially with high dose intravenous daclizumab followed by a lower subcutaneous dose.
The findings from this trial reveal that this therapeutic regimen appears to decrease active
intraocular inflammatory disease of the posterior segment of the eye.

We did not observe secondary adverse events that could be directly associated with the higher
dose of daclizumab, but only a small number of patients received the medication. Daclizumab
was well-tolerated by the patients in the study; however, the episode of presumed viral
pneumonia in one patient is an important consideration, as there may be a potential increased
risk of infection associated with immunosuppression.

While the power of any small pilot study is limited, our findings suggest that high-dose
daclizumab is efficacious and well-tolerated in patients with active uveitis. All five patients
treated with the induction regimen of high-dose daclizumab demonstrated a decrease in
vitreous haze, which has been accepted as a marker for vitreous inflammation established by
the uveitis community. Secondary outcomes including visual acuity, anterior chamber and
vitreous cellular inflammation, and immunosuppressive load were also improved during the
observation period. If these results are confirmed by subsequent studies, including an ongoing
study in children with uveitis (RBN), it would widen the clinical indications for this medication.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1B.
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Figure 1.

(A) Vitreous haze vs. weeks after infusion in eye with less vitreous haze (better eye) graph
demonstrates a 2-step decrease in vitreous haze in two patients (patients 1 and 3). (B) Vitreous
haze grade vs. weeks after infusion in eye with greater vitreous haze (worse eye) demonstrates
decreased vitreous haze in 5 of 5 patients with four eyes demonstrating a 2-step decrease in
vitreous haze at week 4.
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Figure 2.

Fundus photo (A) and venous phase fluorescein angiogram (B) of patient 3 at baseline
demonstrates 2+ vitreous haze and mild hyperfluorescence of optic nerve and fovea OD.
Following administration of induction doses of high-dose daclizumab therapy and
subcutaneous daclizumab every four weeks, fundus photograph (C) and venous phase
angiogram (D) at final follow-up demonstrate resolution of vitreous haze, decreased optic nerve
hyperfluorescence and staining of a macular scar.
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