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Purpose: To evaluate the outcomes of cyclophosphamide therapy for noninfectious ocular inflammation.

Design: Retrospective cohort study.

Participants: Two hundred fifteen patients with noninfectious ocular inflammation observed from initiation
of cyclophosphamide.

Methods: Patients initiating cyclophosphamide, without other immunosuppressive drugs (other than corti-
costeroids), were identified at 4 centers. Dose of cyclophosphamide, response to therapy, corticosteroid-sparing
effects, frequency of discontinuation, and reasons for discontinuation were obtained by medical record review of

every visit.

Main Outcome Measures: Control of inflammation, corticosteroid-sparing effects, and discontinuation of
therapy.

Results: The 215 patients (381 involved eyes) meeting eligibility criteria carried diagnoses of uveitis (20.4%),

scleritis (22.3%), ocular mucous membrane pemphigoid (45.6%), or other forms of ocular inflammation (11.6%).
Overall, approximately 49.2% (95% confidence interval [Cl], 41.7%-57.2%) gained sustained control of inflam-
mation (for at least 28 days) within 6 months, and 76% (95% CI, 68.3%-83.7%) gained sustained control of
inflammation within 12 months. Corticosteroid-sparing success (sustained control of inflammation while tapering
prednisone to 10 mg or less among those not meeting success criteria initially) was gained by 30.0% and 61.2%
by 6 and 12 months, respectively. Disease remission leading to discontinuation of cyclophosphamide occurred
at the rate of 0.32/person-year (95% CI, 0.24-0.41), and the estimated proportion with remission at or before 2
years was 63.1% (95% ClI, 51.5%-74.8%). Cyclophosphamide was discontinued by 33.5% of patients within 1
year because of side effects, usually of a reversible nature.

Conclusions: The data suggest that cyclophosphamide is effective for most patients for controlling inflam-
mation and allowing tapering of systemic corticosteroids to 10 mg prednisone or less, although 1 year of therapy
may be needed to achieve these goals. Unlike with most other immunosuppressive drugs, disease remission was
induced by treatment in most patients who were able to tolerate therapy. To titrate therapy properly and to
minimize the risk of serious potential side effects, a systematic program of laboratory monitoring is required.
Judicious use of cyclophosphamide seems to be beneficial for severe ocular inflammation cases where the
potentially vision-saving benefits outweigh the substantial potential side effects of therapy, or when indicated for
associated systemic inflammatory diseases.
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Corticosteroids, first introduced for ophthalmic use in 1951,
remain a mainstay of treatment for ocular inflammation.?
However, dose-dependent side-effects resulting from chronic
use (particularly with systemic corticosteroids) and some-
times inadequate response are limitations of such therapy.>
Immunosuppressive agents are indicated for the manage-
ment of ocular inflammatory diseases in these settings, for
diseases that have shown better response to early initiation
of immunosuppression, or both.?

Cyclophosphamide, an alkylating agent developed for
cancer chemotherapy, first was introduced in 1952 for treat-
ment of uveitis of unknown cause* and has been used
subsequently for various forms of ocular inflammation.? It
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acts by exerting a cytotoxic effect on rapidly proliferating
cells by alkylating nucleophilic groups on DNA bases—
particularly the 7-nitrogen position of guanine. This leads to
cross-linking of DNA bases, abnormal base pairing, or
DNA strand breakage, damaging cells when they undergo
mitosis. This action profoundly suppresses the function of
both T cells and B cells, broadly inhibiting the immune
system.>® Cyclophosphamide can be administered both
orally (1-2 mg/kg daily) and intravenously (750-1000
mg/m? body surface area every 3 to 4 weeks).
Cyclophosphamide has been reported to be effective for
the treatment of ocular manifestations of systemic autoim-
mune diseases including Wegener’s granulomatosis,’ 4
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rheumatoid vasculitis, polyarteritis nodosa, Sys-
temic lupus erythematosus,'>?® and mucous membrane
pemphigoid (MMP),>1=2% as well as for primary ocular
inflammatory conditions including Mooren’s ulcer,?” Be-
heet’s disease,®3° and Vogt-Koyanagi-Harada syn-
drome.?!"*? Most of these reports, however, have been based
on series with small numbers of patients, resulting in im-
precise estimates of success and of side effects. To provide
more information regarding the use of cyclophosphamide
for ocular inflammatory diseases, the outcomes of 215 pa-
tients followed up from the point of initiation of cyclophos-
phamide at 4 ocular inflammation referral centers in the
United States are reported herein.

Patients and Methods

Study Population

The Systemic Immunosuppressive Therapy for Eye Diseases Co-
hort Study is a multicenter cohort study for identifying long-term
treatment adverse events, the methods of which have been de-
scribed previously.** For this report, all patients at 3 academic
subspecialty centers with noninfectious ocular inflammation since
the inception of the center and an approximate 40% random
sample of such patients from a fourth center potentially were
eligible. Sampling was carried out because of logistical con-
straints; to avoid selection bias, computer-generated random num-
bers were used with a probability of selection based on the site of
inflammation (such that conditions with greater likelihood of using
immunosuppression—the primary focus of the study—were over-
sampled). Patients from a fifth center participating in the study
were not included in this analysis because the center’s comanage-
ment approach to treatment produced a bias in ascertaining time-
to-treatment success, because most visits were conducted at part-
ner centers—both delaying the time-to-ascertainment of treatment
success and reducing the likelihood that successfully managed
patients would return.

Patients observed to start cyclophosphamide during follow-up
were eligible for inclusion in the present analysis. Patients who
were taking another immunosuppressant in addition to cyclophos-
phamide were excluded to isolate better the effects of cyclophos-
phamide therapy, but patients were not excluded if they used
corticosteroids; systemic corticosteroid-sparing effects were a pri-
mary outcome of the study.

Because patients had to have had at least 1 visit in which they
were not taking cyclophosphamide, 1 when they started cyclophos-
phamide, and at least 1 or 2 additional visits to ascertain outcomes
(depending on the outcome), effectively patients had to have at
least 3 visits to be included in analyses of outcomes (see below).
Patients were followed up until discontinuation of cyclophospha-
mide, until addition of a second immunosuppressive drug, until
cessation of patient visits at the study clinic, or until the end of data
collection, whichever occurred first.

Data Collection

A database developed in Access (Microsoft Corporation, Red-
mond, WA) for the Systemic Immunosuppressive Therapy for Eye
Diseases Cohort Study with an extensive suite of real-time quality
control checks was used to collect information on every eye of
every patient at every visit by trained expert reviewers.>* In-
formation on demographic characteristics, ophthalmologic ex-
amination findings, presence or absence of systemic illnesses, all
medications in use at every clinic visit (including all use of

corticosteroids and immunosuppressive drugs), and reasons for
stopping cyclophosphamide were used for this analysis.

Main Outcome Measures

The main outcomes studied were measures of effectiveness (con-
trol of inflammation and corticosteroid-sparing effects) and of
toxicity leading to discontinuation of cyclophosphamide therapy.
Inflammatory status was categorized as active, slightly active, or
inactive for every eye at every visit according to the clinician’s
judgment at the time of each visit, where slightly active inflam-
mation reflected activity that was minimally present, described
also by terms such as mild, few, or trace cells, and inactive
indicated there was no active inflammation, also expressed by
words such as quiet, quiescent, or controlled. Control of inflam-
mation was evaluated as the transition from either active or slightly
active to inactive. A sensitivity analysis evaluating transition from
active either to slightly active or inactive also was performed. The
time to success in reducing the prednisone dose to 10 mg, 5 mg, or
0 mg without recurrence of ocular inflammation activity was
evaluated in patients who did not meet these success criteria at
the beginning. When corticosteroids other than prednisone were
used, their equivalent doses were calculated for evaluation of
corticosteroid-sparing success.** For study of time to discontinu-
ation of cyclophosphamide, the dates and the reasons for discon-
tinuation of cyclophosphamide were noted.

Statistical Methods

Statistical analyses used SAS software version 9.1 (SAS, Cary,
NC). The distribution of demographic and clinical characteristics
at the outset of therapy was tabulated. Control of inflammation and
corticosteroid-sparing effects were evaluated according to the time
to success using survival analysis. To avoid counting a transient
improvement as a success, these outcomes were not accepted
unless they were observed over 2 visits or more spanning 28 days.
Sensitivity analyses evaluating time to success observed at a single
visit also were performed to allow comparisons with other reports
using various immunosuppressive drugs that have used such an
approach. Discontinuation of therapy was assessed using a simple
time-to-discontinuation approach. Kaplan-Meier methods were
used to summarize the occurrence of success and failure by person,
by eye, or both. Factors potentially associated with success or
failure, such as demographic characteristics, anatomic location of
inflammation, dosage, and prior use of immunosuppressive thera-
pies were evaluated by multiple regression analysis using Cox
proportional hazards models.?>

Results

Two hundred fifteen patients (77.2% with bilateral ocular inflam-
mation; 381 eyes) were identified who started cyclophosphamide
as a single immunosuppressive agent during follow-up, with or
without local or systemic corticosteroids and nonsteroidal anti-
inflammatory drugs. The demographic and clinical characteristics
of this cohort are summarized in Table 1. The overall median age
was 61.3 years (range, 11.5-91.4 years). Most patients were white
(83.3%) and female (58.1%). The patients with uveitis were
younger than the patients with other forms of ocular inflammation.
Mucous membrane pemphigoid was the most common diagnosis
in affected eyes (45.6%), followed by scleritis (22.3%) and uveitis
(20.4%). A total of 86 patients (40.0%) had received some form of
immunosuppressive therapy before starting cyclophosphamide;
161 eyes (42.3%) had a visual acuity of 20/50 or worse at
presentation.
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Table 1. Presenting Characteristics of Patients with Ocular Inflammation at the Time of Starting Cyclophosphamide

Characteristic Upveitis

Mucous Membrane

Scleritis Pemphigoid Other Total

Person-specific characteristics
No. of patients
Median age (range), yrs
Female gender (%)

44
433 (11.5-76.4)
27 (61.4%)

5

Race (%)
White 33 (75.0%)
Black 7 (15.9%)
Other 4(9.1%)
Duration of inflammation (range), yrs 3.2 (0.0-35.5)
Bilateral inflammation 37 (84.1%)
Prednisone dose =10 mg/day 14 (31.8%)
Maximum cyclophosphamide dose <75 mg/day 19 (43.2%)
75 mg/day < maximum cyclophosphamide 4 (9.1%)
dose =100 mg/day
100 mg/day < maximum cyclophosphamide 10 (22.7%)
dose =150 mg/day
150 mg/day = maximum cyclophosphamide 11 (25.0%)
dose
Oral cyclophosphamide 32 (72.7%)
Prior cyclophosphamide 3 (6.8%)
Prior antimetabolites (other than 18 (40.9%)
cyclophosphamide)
Prior alkylating 4(9.1%)
Prior T cell 14 (31.8%)
Prior biologics 4(9.1%)
Prior immunosuppressive agent 25 (56.8%)
Eye-specific characteristics
No. of affected eyes 81
20/50 or worse 44 (54.3%)
20/200 or worse 27 (33.3%)
Ocular complications in affected eyes (%) 31 (38.3%)
Overall activity
Inactive 64 (79.0%)
Slightly active 7 (8.6%)
Active 10 (12.3%)
Missing 0 (0.0%)

48 98 25 215

6.3(21.2-81.4) 68.7 (42.8-914)  61.3(30.3-82.1) 61.3(11.5-91.4)
33 (68.8%) 50 (51.0%) 15 (60.0%) 125 (58.1%)
36 (75.0%) 87 (88.8%) 23 (92.0%) 179 (83.3%)
6 (12.5%) 6 (6.1%) 1 (4.0%) ZO (9.3%)
6 (12.5%) 5(5.1%) 1 (4.0%) 6 (7.4%)
0.7(-0t021.5) 1.0 (0.0-18.1) 0.7 (0.0-9.8) 10( 0to 35.5)
28 (58.3%) 91 (92.9%) 10 (40.0%) 166 (77.2%)
20 (41.7%) 33 (33.7%) 14 (56.0%) 81 (37.7%)
21 (43.8%) 38 (38.8%) 12 (48.0%) (41 9%)
8 (16.7%) 3(13.3%) 5(20.0%) 0(14.0%)
7(14.6%) 30 (30.6%) 6 (24.0%) 53 (24.7%)
12 (25.0%) 17 (17.3%) 2 (8.0%) 42 (19.5%)
40 (83.3%) 89 (90.8%) 21 (84.0%) 182 (84.7%)
6(12.5%) 3(3.1%) 1 (4.0%) 13 (6.0%)
18 (37.5%) 28 (28.6%) 7(28.0%) 71 (33.0%)
1(2.1%) 1 (1.0%) 0 (0.0%) 6(2.8%)
6 (12.5%) 1 (1.0%) 2 (8.0%) 23 (10.7%)
1(2.1%) 0(0.0%) 1 (4.0%) 6(2.8%)
23 (47.9%) 30 (30.6%) 8 (32.0%) 86 (40.0%)
76 189 35 381
23 (30.3%) 76 (40.2%) 18 (51.4%) 161 (42.3%)
8 (10.5%) 41 (21.7%) 12 (34.3%) 88 (23.1%)
18 (23.7%) 38 (20.1%) 8(22.9%) 95 (24.9%)
48 (63.2%) IZO (63.5%) 25 (71.4%) 257 (67.5%)
6 (7.9%) 7(9.0%) 2(5.7%) 2(8.4%)
22 (28.9%) 52 (27.5%) 7(20.0%) 91 (23.9%)
0(0.0%) 0(0.0%) 1(2.9%) 1(0.3%)

Table 2 and Figure 1 summarize the therapeutic outcomes of
cyclophosphamide therapy by patient using Kaplan-Meier esti-
mates. Within 6 months, complete control of inflammation (inac-
tive), sustained over at least 2 visits spanning at least 28 days, was
observed in 50.2% of patients with uveitis, in 53.3% of patients
with scleritis, in 43.0% of patients with ocular MMP, and in 72.0%
of patients with other forms of ocular inflammation. When the
success criterion was eased to count either completely inactive or
slightly active categories by 6 months as a success, the percentage
of improvement changed to 52.5%, 61.5%, 56.4%, and 78.0%,
respectively, for uveitis, scleritis, MMP, and other forms of ocular
inflammation. Success continued to improve through 12 months,
by which time sustained, complete inactivity was observed in
81.3% patients with uveitis, in 82.2% of patients with scleritis, in
68.7% of patients with MMP, and in 89.5% of patients with other
forms of ocular inflammation. In a sensitivity analysis omitting the
requirement that control of inflammation be sustained for at least
28 days, the proportion achieving success increased by approxi-
mately 10%. Outcomes were similar within subgroups of uveitis
patients, although results for anterior and intermediate uveitis were
imprecise because small numbers of patients were treated.

The overall corticosteroid-sparing success rate for complete,
sustained control of inflammation at a prednisone dose of 10
mg/day or less within 6 months was 30.1% (95% confidence
interval [CI], 23.8%-37.6%), which improved to 61.2% (95% CI,
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53.0%—-69.5%) by 12 months. The success in reducing corticoste-
roids to less than 5 mg and 0 mg by 6 months while maintaining
complete, sustained control of inflammation was 22.8% and 3.3%,
respectively, and 47.8% (95% Cl, 39.9%-56.4%) and 12.6% (95%
CI, 8.3%-18.9%), respectively, by 12 months. As with control of
inflammation, the proportion with corticosteroid-sparing success
continued to improve over time. In the sensitivity analysis, omit-
ting the criterion that success be sustained resulted in the overall
proportion achieving corticosteroid-sparing success within 6
months increasing to 43.9%.

Disease remission leading to discontinuation of cyclophosph-
amide occurred in a large proportion of patients, given enough
time (see Fig 2 and Table 4). The rate of remission was 0.32/
person-year (95% CI, 0.24-0.41), mostly observed after the first
year of therapy (clinicians typically continued therapy for 1 year
before attempting discontinuation in controlled patients). The es-
timated proportion of patients with remission at or before 2 and 3
years, respectively, was 63.1% (range, 51.5%-74.8%) and 74.8%
(range, 61.6%—86.3%). A Cox regression of time to remission
found no relationship between maximum dose and the likelihood
of remission (P = 0.55). The mean follow-up of patients after
remission was 6.2 years.

Factors potentially affecting the likelihood of a favorable out-
come were evaluated using multiple regression analysis (see Table
3). Compared with white persons, black persons had a similar
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Table 2. Therapeutic Outcomes of Cyclophosphamide Therapy for Inflammatory Eye Disease

Outcome Uveitis

Scleritis

Mucous Membrane

Pemphigoid Other Total

Used as only immunosuppressive drug therapy 44
Treatment success at or before 6 mos, %
(95% confidence interval)
Controlled inflammation
No activity at 6 mos
No activity or slightly active at 6 mos
Corticosteroid sparing
Controlled inflammation and prednisone

50.2 (33.8-69.2)
52.5(34.4-73.1)

30.9 (18.3-49.1)

=10 mg/day

Controlled inflammation and prednisone 29.4 (17.0-48.0)
=5 mg/day

Controlled inflammation and prednisone 5.71 (1.46-21.0)
0 mg/day

Treatment success at or before 12 months, %
(95% confidence interval)
Controlled inflammation
No activity at 12 mos
No activity or slightly active at 12 mos
Corticosteroid sparing
Controlled inflammation and prednisone

81.3 (63.6-93.8)
88.9 (70.8-98.0)

64.8 (46.5-82.6)

=10 mg/day

Controlled inflammation and prednisone 49.1 (32.6-68.6)
=5 mg/day

Controlled inflammation and prednisone 16.2 (7.0-34.9)
0 mg/day

53.3 (37.4-71.0)
61.5 (45.1-78.1)

30.2 (17.8-48.1)
17.9 (8.91-34.1)

0.00 (0.00-0.00)

82.2 (65.4-94.0)
80.0 (62.5-92.9)

60.5 (44.0-77.5)
37.8(23.7-56.7)

15.9 (6.90-34.1)

48 98 25 215

43.0 (33.0-54.5)
56.4 (45.4-68.0)

72.0 (49.1-91.0)
78.0 (55.0-94.3)

49.2 (41.7-57.2)
58.9 (51.0-67.0)
25.6 (17.6-36.3)

50.2 (29.1-75.7)  30.1 (23.8-37.6)

19.7 (12.7-29.8) 33.6 (17.3-58.6)  22.8(17.3-29.7)

2.22 (0.56-8.60) 10.7 (2.76-36.8)  3.31(1.50-7.23)

68.7 (57.0-80.1)
80.8 (68.5-90.5)

89.5 (65.4-99.2)
89.0 (64.2-99.1)

76.3 (68.3-83.7)
83.4 (75.3-90.0)

58.5 (46.8-70.6) 68.9 (43.6-90.7)  61.2 (53.0-69.5)

48.4 (37.0-61.2) 64.6 (40.7-87.2)  47.8 (39.9-56.4)

7.65 (3.49-16.3) 23.5(9.41-51.5)  12.6 (8.30-18.9)

chance of gaining control of inflammation with cyclophosphamide,
but were less likely to achieve corticosteroid-sparing success to
=10 mg than whites (hazard ratio [HR], 0.38; 95% CI, 0.19—
0.76). A similar pattern was observed for corticosteroid-sparing
success to =5 mg (HR, 0.47; 95% CI, 0.23-0.97) and for discon-
tinuation of all steroids (HR, 0.29; 95% CI, 0.12-0.73).
Although patients with ages between 40 to 54 years (HR, 2.28;
95% CI, 1.07-4.86), 55 to 64 years (HR, 2.32; 95% CI, 1.05—
5.17), and 65 years or more (HR, 2.35; 95% CI, 1.11-4.99) tended
to have greater likelihood than young adults between 18 and 39
years of achieving corticosteroid-sparing success to =10 mg, the
effect was not consistent for corticosteroid-sparing success to =5
mg or 0 mg, nor for control of inflammation. Neither the site of
ocular inflammation, prior use of immunosuppression, nor the

Proportion
1

0.75|

0.50

0.25

0.
0 1 2
Years
~——Mucous Membrane Pemphigoid — Other
~—Scleritis — Uveitis

Figure 1. Graph showing the time to complete control of ocular inflam-
mation while taking cyclophosphamide.

presence of autoimmune systemic diseases (not including MMP,
which was counted as synonymous with its associated cicatrizing
conjunctivitis) were predictive of response to cyclophosphamide.
Use of moderate to high dosages of between 100 and 150 mg daily
was associated with significantly greater success in controlling
inflammation (HR, 1.86; 95% CI, 1.08-3.20) than lower doses of
cyclophosphamide (=75 mg) and was associated with a nonsig-
nificant increase in corticosteroid-sparing success (HR, 1.68; 95%
CI, 0.93-3.04). Comparing oral versus intravenous routes of ad-
ministration, no statistically significant differences in time to
control of inflammation (HR, 1.55; 95% CI, 0.82-2.94) or in
corticosteroid-sparing success =10 mg (HR, 0.90; 95% CI, 0.46—

Proportion
1

0.75]

0.50

0.25]

Years

Figure 2. Graph showing the time to remission of ocular inflammation
after cyclophosphamide therapy. Many clinicians do not attempt discon-
tinuing cyclophosphamide until disease has been controlled without cor-
ticosteroids for an extended period.?
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Table 3. Reasons for Discontinuation of Cyclophosphamide*

No. of Events per Person-Year Kaplan-Meier Estimate
Affected (95% Confidence for <1 Year (95%
Reason Patients Interval) Confidence Interval)
Favorable reason
Remission 61 (28%) 0.32 (0.24-0.41)
Unfavorable reasons
Ineffectiveness 19 (8.8%) 0.099 (0.060-0.15) 9.7 (5.7-16.4)
Discontinuation for side effects 75 (35%) 0.39 (0.31-0.49) 33.5(26.8-41.4)
Low leukocyte count 38 (18%) 0.20 (0.14-0.27) 18.1 (12.7-25.3)
Low platelet count 3 (1.4%) 0.016 (0.0032-0.046) 1.7 (0.4-7.2)
Anemia 7(3.3%) 0.036 (0.015-0.075) 3.6 (1.6-8.1)
Opportunistic infection 5(2.3%) 0.026 (0.0084-0.061) 1.3 (0.3-5.2)
Fatal pneumocystosis 1(0.5%) 0.0052 (0.0001-0.029) 0.5 (0.1-3.5)
Cystitis/blood in urine 14 (6.5%) 0.073 (0.040-0.12) 7.7 (4.1-14.2)
Sterility 1(0.5%) 0.0052 (0.0001-0.029) 0.5 (0.1-3.5)
Malaise 1(0.5%) 0.0052 (0.0001-0.029) 0.5 (0.1-3.6)
Gastrointestinal upset 1(0.5%) 0.0052 (0.0001-0.029) 0.5 (0.1-3.6)
Liver problem 1(0.5%) 0.0052 (0.0001-0.029) 0.5 (0.1-3.5)
Other side effects 12 (5.6%) 0.062 (0.032-0.11) 7.9 (4.5-13.6)
Reasons unknown 20 (9.3%) 0.10 (0.064-0.16) 7.7 (4.3-13.3)
Total stopping cyclophosphamide for any reason 164 (76%) 0.85 (0.72-0.99) 50.5 (43.5-57.9)

*More than one cause could have been scored as contributing to discontinuation of the drug.
In most cases, clinicians do not attempt discontinuation on grounds of potential disease remission until disease has
been quiescent for an extended period after discontinuation of corticosteroids.> The Kaplan-Meier estimate for
discontinuation on grounds of remission at 2 and 3 years, respectively, was 63.1% and 74.8%.

1.75) were observed, although for control of inflammation, success
tended to be greater with oral administration. All these results were
similar in a sensitivity analysis where control of inflammation to
either the slightly active or inactive level was considered a success.

Cyclophosphamide was discontinued by 33.5% (95% ClI,
25.9%-39.6%) of patients within 1 year because of side effects,
usually of a reversible nature. Another 10.8% stopped cyclophos-
phamide for unknown reasons. Low white cell count and cystitis or

Table 4. Cox Regression: Factors Associated with Successful Cyclophosphamide Therapy

Corticosteroid-Sparing Success
(=10 mg Prednisone)

Crude Hazard Adjusted Hazard
Ratio (95% Ratio (95%

Control of Inflammation
(Inactive)

Crude Hazard Adjusted Hazard
Ratio (95% Ratio (95%

Characteristic Name Variable Confidence Interval) Confidence Interval) Confidence Interval) Confidence Interval)
Gender Male 1.46 (1.05-2.03) 1.28 (0.88-1.86) 1.33 (0.92-1.92) 1.17 (0.77-1.78)
Race White 1.00 1.00 1.00 1.00
Black 0.64 (0.36-1.14) 0.65 (0.38-1.12) 0.38 (0.20-0.71) 0.38 (0.19-0.76)
Other 0.61 (0.31-1.20) 0.70 (0.34-1.41) 0.57 (0.26-1.21) 0.64 (0.28-1.43)
Age (yrs) <18 6.75 (3.89-11.72)  3.17(0.27-37.95) 37.25(17.91-77.46) 5.95 (0.71-50.19)
18-39 1.00 1.00 1.00 1.00
40-54 1.25(0.72-2.15) 1.13 (0.57-2.26) 2.09 (1.11-3.94) 2.28 (1.07-4.86)
55-64 1.08 (0.58-2.00) 0.92 (0.42-2.01) 2.08 (1.08-3.99) 2.32 (1.05-5.17)

65 or more

0.93 (0.58-1.50)

0.85 (0.44-1.65)

2.05 (1.15-3.64)

2.35(1.11-4.99)

Type of inflammation Mucous membrane 1.00 1.00 1.00 1.00
pemphigoid

Uveitis 1.08 (0.71-1.64) 1.07 (0.59-1.93) 0.96 (0.60-1.54) 1.49 (0.79-2.79)

Scleritis 0.97 (0.64-1.48) 1.09 (0.70-1.69) 0.71 (0.46-1.10) 0.88 (0.56-1.37)

Other 1.58 (0.84-2.96) 1.39 (0.67-2.86) 1.25(0.57-2.73) 1.46 (0.64-3.35)
Previous cyclophosphamide Yes 0.82 (0.41-1.64) 1.17 (0.50-2.73) 1.15 (0.57-2.30) 1.31 (0.56-3.06)
Antimetabolite(s) before treatment Yes 0.77 (0.53-1.11) 0.84 (0.53-1.34) 0.98 (0.66-1.46) 0.84 (0.51-1.37)
Biologic(s) before treatment Yes 3.53(0.89-13.96)  4.82 (0.41-56.46) 10.04 (2.59-38.87) 7.52 (0.90-62.73)
Alkylating agent(s) before treatment Yes 0.82 (0.52-1.29) 1.42 (0.67-3.03) 0.56 (0.17-1.78) 1.08 (0.43-2.71)
Route (oral) Yes 1.95 (1.18-3.20) 1.55 (0.82-2.94) 1.27 (0.76-2.14) 0.90 (0.46-1.75)
Dosage (mg) =75 1.00 1.00 1.00 1.00

75 < dose = 100 1.31 (0.73-2.37) 1.05 (0.57-1.95) 1.12 (0.62-2.03) 1.26 (0.67-2.36)

100 < dose = 150  2.14 (1.33-3.45) 1.86 (1.08-3.20) 1.67 (1.00-2.77) 1.68 (0.93-3.04)

Dose>150 1.71 (1.04-2.82) 1.63 (0.93-2.87) 0.99 (0.56-1.73) 1.18 (0.61-2.26)
Systemic (extraocular) autoimmune disease Yes 1.12 (0.76-1.64) 1.36 (0.86-2.17) 1.01 (0.68-1.49) 1.08 (0.67-1.76)

360



Pujari et al -+ Cyclophosphamide for Ocular Inflammation

blood in the urine were the most common toxicities, leading to
discontinuation in 18.1% and 7.7%, respectively, within the first
year of therapy. Opportunistic infections led to discontinuation in
3.0% (95% CI, 1.2%-7.1%) of the patients in the first year,
including Pneumocystis carinii pneumonia leading to death in 1
patient (0.5%) who had been managed in accordance with com-
monly accepted guidelines,> but who had not taken preemptive
Preumocystis prophylaxis. Therapy was discontinued within 1
year in 9.7% (95% CI, 5.7%-16.4%) of the patients because of
failure to control inflammation.

A search for factors affecting discontinuation of cyclophosph-
amide for toxicity using multiple regression analysis showed that
black persons were less likely to discontinue cyclophosphamide
because of side effects compared with white persons (adjusted HR,
0.23;95% CI, 0.10-0.56). Patients receiving doses between 100 to
150 mg daily tended to discontinue cyclophosphamide for toxicity
more often than patients receiving lesser doses (adjusted HR, 1.81;
95% CI, 0.94-3.48).

Discussion

This report confirms the beneficial effects of cyclophosph-
amide therapy for ocular inflammation. Cyclophosphamide
was successful in achieving complete control of inflamma-
tion in 49.2% and 76.3% by 6 months and 12 months,
respectively. Similarly, corticosteroid-sparing success (sus-
tained control of inflammation while tapering prednisone to
10 mg or less) was gained by 30.1% and 61.2% by 6 and 12
months, respectively. At or before 2 years after initiation of
treatment, 63% were able to discontinue therapy because of
disease remission. Other studies have suggested varying
success rates of cyclophosphamide in treating different
forms of ocular inflammation with small sample sizes, using
different outcome definitions, which makes comparison be-
tween studies difficult.®?>36-41

However, the success in terms of control of inflammation
observed in this study seems lower than in some of these
prior reports,>®38:39 likely because of the more stringent
definition of success, the inclusion of only patients observed
from the initiation of therapy who did not have the benefit
of treatment before the initiation of observation time, and
perhaps publication bias (particularly for the small case
series reported). Although the conservative success crite-
rion, requiring documentation of success at visits spanning
at least 28 days, might have resulted in a lower success rate,
it is arguably a more satisfactory definition of success.
Sensitivity analysis at which success in control of inflam-
mation or corticosteroid sparing omitted the requirement for
sustained success indeed improved success to levels more
similar comparable with some of the above studies (76%).
Although all centers participating in the study were tertiary
centers, which tend to see more severe disease than less
specialized centers, most other reports derive from tertiary
centers as well. Nevertheless, all the available reports sug-
gest that cyclophosphamide is effective for the control of
most, but not all, patients with ocular inflammation.

Sixty-one patients discontinued cyclophosphamide after
achieving remission at the rate of 0.32 remissions/person-
year, which is lower than the 0.50/ person-year (95% CI,
0.37-0.67/person-year) rate in a report of an overlapping
group of ocular pemphigoid patients,*® although the former

reflects the rate of remission among all patients treated and
the latter is the rate of remission only among the 82.9%
subset of patients whose disease initially was controlled by
cyclophosphamide. Thus, although the estimate of the re-
mission rate is lower, it is unlikely that the result is different
to a statistically significant degree. Two possible reasons
why this study observed a lower remission rate include the
possibility that some patients scored as discontinuing cyclo-
phosphamide for toxicity might have gone on to have dis-
ease remission but not be counted as such and the exclusion
of patients who had the benefit of starting cyclophospha-
mide therapy before cohort entry—who may have reached
remission sooner. In addition, the definition of remission
was based on the reason for discontinuation of therapy,
rather than using a definition based on follow-up after
discontinuation,>® because of constraints of the data avail-
able. In any case, the results suggest that the substantial
majority of patients able to continue therapy are likely to
achieve medication-free remission in 2 years or less, a much
higher rate of remission than that observed in studies of
methotrexate,*? azathioprine,*> mycophenolate mofetil (to
be published separately), and cyclosporine (to be published
separately).

Full doses in the range of 100 to 150 mg were more
effective in controlling inflammation compared with doses
of <100 mg, but were more likely to lead to dose-limiting
toxicity, confirming that clinicians should use full dosing
(1-2 mg/kg) whenever it can be tolerated.’ Guidelines about
how to implement such treatment are available.? The obser-
vation that black persons tended to be less likely to achieve
corticosteroid-sparing success compared with white per-
sons, but had no significant difference with respect to con-
trol of inflammation, may be a random effect or a true
difference and requires confirmation by supplemental stud-
ies. Neither the site of ocular inflammation nor prior use of
immunosuppressive therapy seemed to affect the likelihood
of success with cyclophosphamide.

A consensus panel on immunosuppression for ocular
disease concluded, based on previous available studies,*!**
that pulsed cyclophosphamide therapy for uveitis is less
effective than oral cyclophosphamide.® A randomized clin-
ical trial*® in Wegener’s granulomatosis patients concluded
that pulse cyclophosphamide was as effective as oral cyclo-
phosphamide in achieving initial remission and was associ-
ated with fewer side effects and lower mortality. However,
in the long term, treatment with pulse cyclophosphamide
neither maintained remission nor prevented relapses as well
as oral cyclophosphamide had. In the authors’ experience,
the likelihood of treatment success tended to be higher with
oral cyclophosphamide, but not to a statistically signifi-
cantly degree. Bladder toxicity and bladder cancer risk,
some of the major toxicities of cyclophosphamide, may be
reduced when the drug is administered intermittently via the
intravenous route, compared with oral daily dosing.*®+’
Thus, although the available information suggests that oral
administration may be more effective than intravenous ad-
ministration of cyclophosphamide, considerations regarding
the potentially lower risks of side effects with intravenous
cyclophosphamide leave open the question as to which
should be the preferred approach for ocular inflammation.
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Although—given enough time— cyclophosphamide usu-
ally was successful in controlling ocular inflammation, a
clinically important degree of side effects occurred, requir-
ing discontinuation of therapy in a large minority of patients
and leading to 7 (3.3%) opportunistic infections with 1
death. The most common side effects leading to drug dis-
continuation were leukopenia (18.1%) and cystitis or hema-
turia (7.7%). Various other studies have reported a higher
incidence of the side effects in the range of 18% to 46% for
leukopenia and 8% to 33% for hemorrhagic cystitis.?>*8-51
These differences in results probably derive from the fact
that only problems resulting in discontinuation of therapy
were recorded. Gonadal dysfunction has been observed in
60% of the patients after 6 months of treatment with cyclo-
phosphamide.>? In this study, only 1 patient discontinued
because of sterility, although patients likely anticipated this
risk when starting the medication. Ocular side effects including
dry eyes, blurred vision, and rise in intraocular pressure have
been noted,>* which this study did not address. Based on the
authors’ experience with opportunistic infections, they have
adopted the routine use of trimethoprim-sulfamethoxazole pro-
phylaxis in patients treated with cyclophosphamide. This ap-
proach is frequent, but not universal, among rheumatologists
using cyclophosphamide for systemic inflammatory diseases.>*

There is considerable evidence suggesting that cyclo-
phosphamide increases the risk of certain kinds of malig-
nancy, and perhaps the overall risk of malignancy.*”->>->¢ A
study of ocular inflammation patients also demonstrated that
cyclophosphamide is not associated with a statistically sig-
nificant increase in overall mortality (adjusted HR, 1.14;
P = 0.45), but found that cancer mortality tended to be
higher with respect to unexposed cohort (adjusted cancer
mortality HR, 1.61; P = 0.17) and the United States general
population (cancer-specific standard mortality ratio, 1.42;
P = 0.056).5” Thus, the results may be consistent with a
clinically important increase in overall cancer mortality, as
suggested by a minority of reports based on the clinical
experience in other fields.*’->%>° These toxicity consider-
ations suggest that use of cyclophosphamide should be
limited to the most vision-threatening cases of ocular in-
flammation and to cases where associated systemic disease
provides an indication for the use of cyclophosphamide.

Cyclophosphamide also is teratogenic, causing skeletal
and central nervous system abnormalities.®®®! Therefore,
use of effective contraception during cyclophosphamide
therapy is required. Cyclophosphamide also can be excreted
in breast milk, suggesting that mothers of infants should not
breastfeed if cyclophosphamide therapy must be used.®%-6

Limitations of this retrospective, observational study in-
clude potential indications-for-treatment bias, missing data
in chart notes, incomplete follow-up, and potential referral
bias. Alkylating agents typically have been reserved for
severe cases, and it is possible that results would have been
better if the drugs were used in milder cases. However, the
side effect concerns suggest that limiting use to more severe
cases is appropriate. The centers involved were selected in
part because of their habits of maintaining complete records
to minimize missing data problems. Data were collected by
trained expert ophthalmologist reviewers as per protocol in
all the centers®® to minimize ascertainment bias. Ascertain-
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ment of treatment success and side effects likely was good
because the patients typically are assessed every 4 to 6
weeks with monitoring blood work more often than that at
all centers, although occasional successes and adverse ef-
fects might have been missed. The survival analysis ap-
proach assumes that patients lost to follow-up are similar to
patients continuing in the study; that patients starting a
second immunosuppressive drug were censored might have
resulted in a slight overestimation of benefits in the analyses
of successes. Referral bias is a concern in studies from
tertiary care centers, but these results should be generaliz-
able to tertiary ocular inflammation centers, where aggres-
sive immunosuppression with cyclophosphamide typically
is managed.

Strengths of the study include the large size of the cohort,
assessment of the effects of cyclophosphamide as a single
agent to avoid ascribing effects from second agents to
cyclophosphamide, observation of patients from the time of
initiation of therapy, and the ability to compare oral and
intravenous therapies with respectable statistical power.
Uniform data collection was promoted by quality control
checks within the data system and by using data centers
with extensive ophthalmologic clinical experience.>* More
comprehensive analyses were carried out than have been
used by most prior reports; also, a more realistic measure of
treatment success than some prior reports was used. In
addition, sensitivity analyses were conducted by changing
the treatment success criteria to assess the robustness of the
results.

In summary, these data suggest that—given enough
time— cyclophosphamide is effective for most patients with
uveitis, scleritis, ocular MMP, and other forms of ocular
inflammation. Cyclophosphamide also has the advantage of
a high rate of medication-free remission after treatment,
which in the authors’ experience usually is not seen with
alternative immunosuppressive treatments. However, the
risk of side effects is substantially greater than that associ-
ated with alternative agents and requires very careful mon-
itoring and possibly preemptive antiopportunistic infection
prophylaxis.®*%> This concern, along with the apparent in-
crease in the risk of cancer after therapy, suggests that
cyclophosphamide is best reserved for patients at high risk
of substantial vision loss for whom other forms of treatment
have failed or are unlikely to succeed. However, clinicians
should not be hesitant to use cyclophosphamide in instances
where underlying systemic inflammatory diseases require
such therapy, where cyclophosphamide may be life saving.
If tolerable, doses in the 100 to 150 mg/day range seem to
be more likely to succeed than lower doses.
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