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Immunosuppressive drugs have been widely used to control severe cases of ocular
inflammation. Azathioprine—a purine nucleoside analog which acts as an antimetabolite by
interfering with DNA and RNA synthesis—is one of the immunosuppressive drugs
recommended for this purpose.l Azathioprine is approved by the US Food and Drug
Administration for the treatment of rheumatoid arthritis,? and also has been widely used for
organ transplantation3, and various dermatologic?, gastrointestinal®, and rheumatologic
diseases including psoriatic arthritis® and systemic lupus erythematosus.” For ophthalmic
diseases, azathioprine has been used for treatment of corneal graft rejection® and non-infectious
ocular inflammatory conditions,! such as chronic active iridocyclitis,? retinal vasculitis,10
Behget's disease, 11+ 12 and sympathetic ophthalmia.13 It also has been used in combination
with other immunosuppressive agents for serpiginous retinochoroiditis.14 Randomized clinical
trials data are limited to use of azathioprine for Behget's disease!: 12 and a small trial evaluating
its use for anterior uveitis.?

The Systemic Immunosuppressive Therapy for Eye Diseases Cohort Studyl® includes
information regarding the outcomes of a large number of ocular inflammation patients managed
at tertiary ocular inflammation centers in the United States using a variety of agents, including
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azathioprine. In this report, we evaluate the incidence of successful control of inflammation,
of corticosteroid-sparing benefits, and of treatment-related complications leading to

discontinuation of therapy in patients from the cohort treated with azathioprine as a sole (non-
corticosteroid) immunosuppressive agent, followed from the initiation of azathioprine therapy.

Data Collection

Patients

The methods of the SITE Cohort Study already have been published.1® In brief, all patients
with non-infectious ocular inflammatory disease managed at four ocular inflammation
subspecialty centers were identified by a comprehensive chart review at four centers, and an
approximate 40% random sample was identified at a fifth center. However, data from one
center were excluded from this analysis because of its co-management approach-many follow-
up observations were missing since they were made by local ophthalmologists and patients
were less likely to return if treatment succeeded than if it failed, both of which biased
ascertainment of the time-to-occurrence of the primary outcomes of this analysis. The ocular
inflammatory diseases included were uveitis, scleritis, mucous membrane pemphigoid (MMP)
with ocular involvement, and other less common conditions such as inflammatory orbital
disease, peripheral ulcerative keratitis, and autoimmune cicatricial keratitis. Patients with HI\V
infection and those with infectious ocular inflammation were excluded.

Data for every eye of every patient at every visit were entered into a database by study-trained
and -certified expert chart reviewers. Demographic and clinical data recorded included date of
birth, sex, race, follow-up time, ocular inflammatory disease diagnosis, associated systemic
inflammatory disease diagnoses (when applicable), and previous use of immunosuppressive
treatments. Visual acuity, intraocular pressure, and slit-lamp biomicroscopic and
ophthalmoscopic findings indicating inflammatory disease status and the presence or absence
of complications of inflammation were noted for each eye with an ocular inflammatory
diagnosis at each visit. Real-time quality control systems, site visiting, and data quality queries
were implemented in order to maximize data quality.

With regards to the retrospective assessment of inflammatory activity at each visit, an overall
assessment of activity was used, given that no single clinical finding could establish
inflammatory status for all the kinds of ocular inflammation studied. Patients were graded as
“inactive” when the chart indicated that there was no inflammatory activity on that visit, as
represented by terms such as “quiet”, “quiescent”, “no cells”, and “no active inflammation”.
“Slightly active” was chosen when the record indicated minimally active disease, described
by words such as, “mild”, “slightly”, “few”, or “trace”. For patients with uveitis, if “occasional”
or “rare” cells were recorded without other indications that the examining clinician thought
the disease was “active” or “slightly active”, an “inactive” grade was recorded. An “active”
grade was applied when statements were recorded indicating signs of active inflammation,
including anterior chamber cells of 1+ or higher, vitreous haze of 1+ or more, or the terms
“active”, “worsening inflammation”, or “disease progression”. When none of these could be
ascertained, data regarding activity at the visit in question were regarded as “missing.” Grades
of anterior chamber and vitreous cells and of vitreous haze were recorded in a manner as similar
as possible in a retrospective study to the systems adopted by the Standardization of Uveitis
Nomenclature Group.16

Among the 8,562 patients included in the SITE database, all patients starting azathioprine
“monotherapy” (no other corticosteroid-sparing immunosuppressive agents) for non-
infectious ocular inflammation during follow-up were identified. Use of topical, periocular,
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and oral corticosteroids was common in this cohort of patients and the ability to taper oral
corticosteroids while maintaining control of inflammation serve as a primary outcome measure
of treatment success (see below). Because patients were only included in this analysis if they
initiated azathioprine monotherapy during observation, ocular complications prior to initiation
of azathioprine therapy and previous use of immunosuppressive drugs were available in the
database.

Outcomes Measurements

Statistics

RESULTS

Each patient's experience was followed at the centers from the initiation of azathioprine until
azathioprine was discontinued, an additional immunosuppressive agent was added, the patient
stopped attending a SITE clinic, or the study data collection ended, whichever happened first.
Treatment success in terms of control of inflammation was evaluated among patients with
“active” or “slightly active” disease at the time of initiation of azathioprine monotherapy by
the time-to-sustained improvement of global disease activity to the “inactive” level over at
least 2 visits spanning at least 28 days. This evaluation was done without regard to use of
corticosteroids, which were used according to best medical judgment. Time-to-sustained
improvement of global disease activity from “active” to either “slightly active” or “inactive”
level also was evaluated as a sensitivity analysis. Treatment success in achieving
corticosteroid-sparing benefits was evaluated by the time-to-successful tapering of prednisone
to <10 mg, <5 mg, and 0 mg daily while maintaining control of inflammation over at least 2
visits spanning at least 28 days. Corticosteroid-sparing outcomes were assessed among the
patients who did not meet each criterion for corticosteroid-sparing success at the outset of
treatment. Prednisone-equivalent doses of alternative systemic corticosteroids were used when
needed. The time-to-discontinuation of azathioprine therapy and reasons for discontinuation
of azathioprine therapy also were evaluated.

Frequency distributions of variables for the study population were tabulated. Time-to-event
outcomes and incidence rates were calculated using survival analysis methods!’ in by-person
and by-eye analyses, among patients free of the outcome at the time of initiation of azathioprine
therapy. In the primary analyses, outcomes were not accepted until they had been observed for
a minimum of 2 visits spanning at least 28 days, to avoid counting transient improvements and
brief interruptions of therapy as successes or failures. However, time-to-the first observation
of a success or failure outcome (with no requirement that the success continue to be observed
over time) was calculated as a sensitivity analysis, given that some patients may have obtained
durable benefits of therapy at their last visit. Multiple regression analysis using the Cox
proportional hazards model” was applied to determine adjusted hazard ratios for age, gender,
race, type of inflammation, previous treatment, azathioprine dosage, and presence or absence
of extraocular immune-mediated disease. By-eye Cox regression analyses incorporated
methods to adjust for non-independence of eyes of the same patient.18 All statistical analyses
used SAS version 9.1 (SAS Corporation, Cary, North Carolina).

Baseline characteristics of the study subjects

Two hundred and nine patients with ocular inflammatory diseases (2.4% of the total SITE
Cohort) initiated azathioprine as a single (non-corticosteroid) immunosuppressive agent during
observation. Of the 209 patients, 64 patients from the center employing a co-management
approach were excluded so as to avoid underascertainment of outcomes (see above); the
remaining 145 patients were included for data analysis in this study (Table 1, see also
Supplemental Table, available at www.ajo.com). The median age at initiation of therapy was
50.6 years. Female (68%) and Caucasian (77%) patients formed the majority of the cohort.
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Ninety-one patients (63%) had uveitis, 16 patients (11%) had scleritis, 33 patients (23%) had
MMP, and five patients (3%) had other diagnoses (three with peripheral ulcerative keratitis
and two with orbital inflammation). Approximately 76% of patients had bilateral disease.
Among the patients with uveitis, 21 (23%) had anterior uveitis, 18 (20%) had intermediate
uveitis, and 52 (57%) had posterior uveitis or panuveitis. The median duration of inflammation
prior to azathioprine treatment was 1.8 years (interquartile range, 0.51-5.33 years). At the
inception of azathioprine therapy, 48% of patients were receiving systemic prednisone > 10
mg daily. Regarding the global activity of inflammation among affected eyes at the time of
starting azathioprine, 64% were inactive, 10% were slightly active, and 26% were active.

Outcomes

Among patients with active inflammation at the initiation of treatment, the Kaplan-Meier
estimate of the proportion with sustained control of inflammation for at least 28 days at or
before 6 months was 41% (95% confidence interval (Cl), 31-52%), and was 62% (95% Cl,
50-74%) at or before 12 months of azathioprine therapy (Table 2). Liberalizing the definition
of success to include patients improving to either “slightly active” or “inactive”, an estimated
57% (95% CI, 46-68%) met this success criterion within six months, and 73% (95% Cl,
61-83%) within one year. Omitting the requirement that control be sustained, the proportion
of initially active patients whose inflammation was “inactive” at any visit within the first 6
months of therapy also was 57% (95% Cl, 46-68%), indicating that up to 16% had non-
sustained improvement during this period.

Success in achieving complete inactivity of inflammation sustained for at least 28 days varied
by the site of ocular inflammation. Approximately 69% (95% CI, 41-93%) of patients with
active intermediate uveitis had control of their ocular inflammation within 6 months of
treatment, versus 44 % (95% CI, 28-64%) of posterior or panuveitis patients, 43% (95% ClI,
26-66%) of MMP patients, 24% (95% CI, 10-52%) of anterior uveitis patients, and 20% (95%
Cl, 3-80%) of scleritis patients.

Regarding the corticosteroid-sparing benefits of azathioprine, among patients initially
receiving >10 mg of prednisone daily, an estimated 32% (95% Cl, 24-43%), 21% (95% ClI,
14-30%), and 5% (95% ClI, 2-11%) succeeded in tapering their prednisone dose to < 10 mg, <
5 mg and 0 mg respectively within the first six months of therapy while maintaining control
of inflammation across successive Visits spanning at least 28 days. These results continued to
improve after six months of therapy, with 46.9 (95% ClI, 36.9 - 58.0), 40.6 (95% ClI, 30.8 -
52.2), and 9.5 (95% ClI, 5.2 - 17.1) respectively achieving these outcomes with 12 months of
therapy. Corticosteroid-sparing success by six months was highest for intermediate uveitis
(47%; 95% ClI, 23-79%), followed by MMP (39%; 95% CI, 23-63%), posterior or panuveitis
(36%; 95% ClI, 22-55%), scleritis (22%; 95% CI, 6-64%), other ocular inflammatory diseases
(20%; 95% ClI, 3-80%) and anterior uveitis (17%; 95% ClI, 6-43%). Among those who had
required oral corticosteroids at the beginning of azathioprine therapy, only a small number of
patients with MMP (12%; 95% Cl, 4-33%) and posterior or panuveitis (7%; 95% Cl, 2-21%)
succeeded at completely discontinuing prednisone while maintaining sustained control of
inflammation for at least 28 days. No patients in the other groups were observed to successfully
discontinue prednisone while maintaining sustained control of inflammation.

Table 3 gives the crude and adjusted hazard ratios for demographic and clinical characteristics
evaluated as potential risk or protective factors. Males tended to gain treatment success less
often than females, after adjusting for other factors. No consistent patterns of variation in
treatment success across age and racial groups were observed.

Compared to those with other sites of ocular inflammation, patients with intermediate uveitis
and mucous membrane pemphigoid generally were more likely to achieve both control of
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inflammation and corticosteroid-tapering success than the other groups (see Figure). Patients
with posterior or panuveitis also tended to gain success more often than those with anterior
uveitis, although results were not statistically significant. For corticosteroid-sparing success
outcomes, intermediate uveitis patients were several-fold more likely to achieve corticosteroid-
sparing success compared to anterior uveitis patients at the <10 mg (crude HR=4.08, p=0.021,
adjusted HR=6.42, p=0.010) and <5 mg prednisone levels (crude HR=3.50, p=0.048; adjusted
HR=6.68, p=0.005) respectively. The MMP patients also achieved corticosteroid-sparing
success more often than anterior uveitis patients at the <10 mg (crude HR=3.34, p=0.028;
adjusted HR=2.11, p=0.219), <5 mg (crude HR=4.55, p=0.012; adjusted HR=4.64, p=0.017)
and complete discontinuation of prednisone levels (crude HR=4.94, p=0.017; adjusted
HR=6.93, p=0.060).

Prior use of antimetabolites other than azathioprine was associated with an approximate 60%
lower likelihood of control of inflammation (see Table 3). Prior use of T-cell inhibitors also
tended to be associated with a lesser likelihood of success, although results were less consistent.
Prior use of alkylating agents was not associated with a significantly different likelihood of
favorable response. Patients with an associated systemic inflammatory disease tended to fare
less well, but in most analyses the difference observed was not statistically significant (see
Table 3). Use of higher dosages of azathioprine (125 mg or more per day) did not appear to
affect the chance of achieving treatment success to an important degree.

Discontinuation of azathioprine

During a median follow-up of 230 days (interquartile range, 62-679 days), 99 patients (68%)
were observed to discontinue azathioprine (Table 4). The overall rate of discontinuation was
0.45/person-year (95% CI, 0.37-0.55), and the Kaplan-Meier estimate of the proportion
discontinuing therapy for any reason within one year was 47% (95% CI, 39-57%). Within the
first year of therapy, an estimated 17% discontinued therapy because of ineffectiveness, and
an additional 9% were placed on a second immunosuppressive agent. Thirty-five patients
(24%) stopped therapy because of adverse drug effects (24.1% by one year). The rate of
discontinuation of azathioprine due to systemic adverse effects was 0.16/person-year (PY)
(95% ClI, 0.11-0.22/PY). The most common side effect leading to discontinuation was
gastrointestinal upset (9%, 0.06/PY), followed by bone marrow suppression (5%, 0.03/PY),
elevated liver enzymes (4%, 0.03/PY), infection (2%, 0.01/PY), and allergic reaction (1%,
0.01/PY). Other developments leading to discontinuation of azathioprine in single patients
were paresthesia, arthralgia, unspecified bladder disease, emotional disturbance, and severe
fatigue. The reasons for discontinuation were not specified for 22 patients (15%). If these
patients had the same distribution of reasons for discontinuing azathioprine, the proportion
discontinuing treatment because of toxicity by one year would be 28.4%.

Forty-six patients (32%) remained on azathioprine at the end of observation. The majority of
these cases (35 patients) continued on azathioprine monotherapy, although 11 patients had
been placed on additional immunosuppressive agents. Of these 11, only 2 had been placed on
a second agent because of ongoing active inflammation, while the others received additional
immunosuppression to facilitate corticosteroid tapering as part of a multiple
immunosuppressive drug regimen. Twenty patients (14%) stopped therapy because of disease
remission. The Kaplan-Meier estimates of the proportion discontinuing therapy for disease
remission within one and two years respectively were 6% (95% Cl, 2-14%) and 14% (95% ClI,
7%-27%).

DISCUSSION

These results indicate that azathioprine is moderately effective for patients with active ocular
inflammation or in need of a corticosteroid-sparing agent, particularly if several months can
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be allowed for the drug to have its effect. However, some patients will not respond to therapy,
and so clinicians must be prepared to change to alternative immunosuppressive agents in the
event of failure to achieve treatment goals within 6-12 months, particularly if patients' clinical
status is unstable while awaiting the therapeutic effect of azathioprine. Our results suggest that
azathioprine may be especially favorable for patients with intermediate uveitis.

A previous, moderate-sized study of the outcomes of azathioprine conducted at one of the
centers participating in the present study found that 58% (95% CI: 42%-82%) of a similar
spectrum of ocular inflammation cases were controlled using 10 mg or less or prednisone within
six months of therapy.1® Using the same approach (omitting the requirement that controlled
inflammation be sustained and a 10 mg or less prednisone threshold for corticosteroid-sparing),
our six month results (46.8% success) were within this confidence interval. However, because
up to 16% of patients were observed to have transient success, our lower estimates of sustained
corticosteroid-sparing success with azathioprine (approximately one-third by six months and
one-half by 12 months) may provide a more realistic assessment of treatment success. Smaller
prior studies in uveitis patients also observed moderate benefits of azathioprine therapy.®: 20

A 2-year double-masked, placebo-controlled trial of azathioprine therapy in 73 Turkish male
patients with Behget's disease found that azathioprine reduced the incidence of ocular
involvement in patients initially free of ocular inflammation by more than 50%.11 Follow-up
of the subset of these patients with ocular involvement treated with azathioprine found that 17
patients (68%) were in remission after discontinuation of treatment during the median follow-
up time of 90 months.12 In our cohort, results for patients with Behcet's Disease were similar
to those for patients with other forms of ocular inflammation in this study (data not shown).
Extrapolating the rate of discontinuation for remission observed in our study to 90 months
yields similar remission results.

Our results were consistent across the various outcomes in finding that cases of intermediate
uveitis responded significantly better to azathioprine than anterior uveitis, with 89.8%
achieving complete control of inflammation sustained for at least 28 days and 68.2% meeting
corticosteroid-sparing objectives before 12 months of therapy. This pattern of response was
not observed in our study of patients treated with methotrexate,?! suggesting that azathioprine
might be especially effective for intermediate uveitis. Patients with MMP and posterior or
panuveitis also tended to respond better to azathioprine than patients with anterior uveitis in
our hands. However, because this is an observational study, indications-for-treatment bias
cannot be excluded as a potential explanation of these associations, for instance if clinicians
tended to use azathioprine after alkylating agent therapy for MMP, which might have lingering
benefits after its discontinuation. Our observation that patients who previously had used other
antimetabolites or T-cell inhibitors tended to respond to azathioprine less often may reflect that
such patients on average may have more severe disease.

Our results indicated that azathioprine was discontinued due to side effects at a rate of 0.16 /
PY (95% Cl, 0.11-0.22), and provided an estimate that 24% (95% Cl, 17.2% -33.2%) of patients
would discontinue azathioprine due to side effects within one year, versus 0.13/PY and 17.5%
within one year in our similar study evaluating methotrexate for ocular inflammatory diseases.
21 The true incidence rate of drug-induced side effects would be higher than this, because only
adverse events resulting in discontinuation of treatment are captured in this rate, and because
15% (0.10 /PY; 95% CI, 0.06-0.15) discontinued treatment for reasons not specified in the
medical records, some of whom may have discontinued for toxicity. Among 38 patients treated
with azathioprine therapy in the previous report from one of our centers, the rate of side effects
was 0.29 /PY and the rate of discontinuation of azathioprine due to side effects was 0.24 /
PY19 _slightly higher than our overall results. Gastrointestinal complications, which are well-
known,22 were the most common side effects leading to discontinuation in our study. Other
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side effects we observed also have been previously described; nearly all would be detectable
by following guidelines for the administration of the drug,! and reversible with dose reduction
or discontinuation of therapy. Our previous review of the available literature regarding cancer
risk with azathioprine suggested there is likely no or little increase in the risk of cancer with
use of this agent for ocular inflammation.23 Absence of increased risk of mortality with
azathioprine therapy was confirmed in ocular inflammation patients from this cohort, among
whom the risk of mortality from any cause for patients treated with azathioprine with respect
to those not treated with immunosuppressive drugs was 0.99 (95% CI: 0.72 - 1.38), and the
relative risk of mortality due to cancer was 1.13 (95% CI: 0.60 - 2.14), after adjusting for
confounding variables.2*

Potential methodological limitations of this retrospective, observational study include
indications-for-treatment bias, missing data, and incomplete follow-up. While the patients
studied appear to have had severe ocular inflammation, based on the presence of a large number
of ocular complications of ocular inflammation at the onset of therapy (see Supplemental Table,
available at www.ajo.com), such patients are commonly encountered in the tertiary ocular
inflammation practices where immunosuppressive therapy often is administered. The
percentage of missing data (0.4% for overall inflammatory activity) was low in this study. The
survival analysis approach assumes that patients lost to follow-up fared similarly to those
continuing at the center. Censoring of patients who were started on a second agent may in fact
have slightly inflated the proportion of patients counted as having treatment success, because
such patients likely were placed on a second agent because of inadequacy of response to
azathioprine. We were unable to directly compare success with other agents because the reasons
for selection of azathioprine as opposed to other agents were unknown and may have varied
substantially. It was necessary to group cases by site/type of inflammation (anterior uveitis,
intermediate uveitis, etc) in order to achieve group sizes sufficiently large for meaningful
statistical comparison; there may be heterogeneity in the responsiveness of specific disease
subtypes to azathioprine that is not captured by this approach.

The major strength of this study is a larger sample size than that of previous reports, improving
the study's ability to estimate treatment success or failure, adverse effects and safety profiles.
Standardization of data entry by expert chart reviewers, including site visiting to ensure correct
application of pre-specified data entry protocols across the different sites, and appropriate
statistical analyses® also were strengths of our study methodology. The outcome definitions
we used (requiring sustained control of inflammation for at least 28 days before scoring a
success) are likely more realistic than other approaches, as indicated by the large proportion
of patients who achieved “success” in controlling inflammation for just a single visit, followed
by a relapse of inflammation.

In conclusion, our data suggest that azathioprine can be tolerated by the majority of ocular
inflammation patients, and that the side effects which do occur are likely to be reversible with
discontinuation of therapy or dose-adjustment. The drug appears moderately effective for
contributing to control of inflammation and allowing tapering of systemic corticosteroids to 5
or 10 mg/day of prednisone when given as a single non-corticosteroid immunosuppressive
therapy in addition to management with corticosteroids according to best medical judgment.
Patients with intermediate uveitis appear to fare especially well with azathioprine. We would
benefit from additional studies to evaluate whether combination therapy would increase the
likelihood of treatment success and/or adverse effects, and whether genetic or other factors
might be useful to identify patients especially likely or unlikely to respond to therapy,
approaches which could potentially increase the success rate with azathioprine therapy.
Although the success rate with azathioprine is moderate, and treatment-limiting (reversible)
toxicity is not uncommon, its advantages include relatively lower cost especially compared to
most alternative agents, some evidence for safety during pregnancy,2> 26 and decades of
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clinical experience making it less likely that unrecognized long-term toxicities of therapy exist
than with newer treatments.

Supplementary Material

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

Time-to- control of inflammation sustained for at least 28 days while taking a prednisone dose
of 10 mg/day or less among patients with ocular inflammation, by type of inflammation.
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