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Abstract

Background Ocular inflammatory diseases, including scleritis and uveitis, have been widely treated with immu-
nomodulatory therapies (IMTs) as a steroid-sparing approach. Such strategy includes conventional therapies (antime-
tabolites, alkylating agents, and calcineurin inhibitors) as well as biologic agents like adalimumab, infliximab, rituxi-
mab, and tocilizumab. Cyclophosphamide (CP) is an alkylating agent and mainly inhibits the functioning of both T
and B cells. Though known to have potential adverse events, including bone marrow suppression, hemorrhagic
cystitis, and sterility, CP has been shown to be efficacious, especially in recalcitrant cases and when used intravenous
(IV) for a limited period.

Main findings We conducted a retrospective case-series to assess the safety and efficacy of CP therapy for patients
with severe ocular inflammatory diseases who failed other IMTs. Medical records of 1295 patients who presented

to the Uveitis Clinic at the Byers Eye Institute at Stanford between 2017 and 2022 were reviewed. Seven patients (10
eyes) who received CP therapy for ocular inflammatory diseases with at least one year of follow-up were included. The
mean age of the patients (4 males, 3 females) was 61.6+ 14.9 (43.0-89.0) years. Clinical diagnoses included necrotiz-
ing scleritis (5 eyes), peripheral ulcerative keratitis (2 eyes), orbital pseudotumor (1 eye), HLA-B27 associated panu-
veitis and retinal vasculitis (2 eyes). Ocular disease was idiopathic in 3 patients, and was associated with rheumatoid
arthritis, IgG-4 sclerosing disease, dermatomyositis, and ankylosing spondylitis in 1 patient each. All the patients had
history of previous IMT use including methotrexate (5), mycophenolate mofetil (3), azathioprine (1), tacrolimus (1),
adalimumab (2), infliximab (4), and rituximab (1). The mean follow-up time was 34.4+11.0 (13-45) months, and mean
duration of CP therapy was 11.9+8.8 (5-28) months. Remission was achieved in 5 patients (71.4%). Four patients
(57.1%) experienced transient leukopenia (white blood cell count <4000/mL).

Short conclusion CP therapy can be considered a potentially effective and relatively safe therapeutic option
for patients with severe ocular inflammatory diseases who failed other IMTs including biologics (TNFa and CD20
inhibitors).
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Introduction

Cyclophosphamide (CP) is an alkylating agent and dis-
plays a cytotoxic effect on rapidly proliferating cells
[1]. Its mechanism of action mainly inhibits the func-
tioning of both T and B cells, resulting in suppression
of the immune system [2]. CP was first introduced for
the treatment of uveitis of unknown etiology in 1952
[3], and has since been utilized in the management of
various types of ocular inflammatory diseases, includ-
ing Adamantiades-Behcet’s disease [4], Vogt-Koyan-
agi-Harada (VKH) syndrome [5], ocular cicatricial
pemphigoid (OCP) [6], and peripheral ulcerative ker-
atitis (PUK) [7], as well as systemic autoimmune dis-
eases like granulomatosis polyangiitis [8], rheumatoid
arthritis [9], polyarteritis nodosa [10], and systemic
lupus erythematosus [11]. Though known to have
potential adverse events, including bone marrow sup-
pression, hemorrhagic cystitis, and sterility, CP has
been shown to be efficacious, especially in recalcitrant
cases and when used intravenous (IV) for a limited
period [12, 13].

In recent years, ocular inflammatory diseases, includ-
ing scleritis and uveitis, have been widely treated with
immunomodulatory therapies (IMTs) as a steroid-spar-
ing approach. Such strategy includes conventional thera-
pies (antimetabolites, alkylating agents, and calcineurin
inhibitors) as well as biologic agents like adalimumab,
infliximab, rituximab, and tocilizumab [14]. The Mul-
ticenter Uveitis Steroid Treatment (MUST) Trial and
Follow-up Study has demonstrated that corticosteroid
supplemented IMTs improved visual outcomes, con-
trolled inflammation, and reduced macular edema com-
pared with an intravitreal fluocinolone acetonide implant
in patients with intermediate uveitis, posterior uveitis,
or panuveitis [15]. In addition to successful use of con-
ventional therapies, biologic agents have been increas-
ingly used with promising results, especially in cases of
ocular inflammation refractory to standard therapies
[16]. Scleritis in particular is a potentially vision-threat-
ening condition, and may also require IMTs, particularly
when it presents as necrotizing scleritis or associated
with systemic vasculitis [17]. Sainz de la Maza et al. [18]
indicated that patients most often will respond to IMTs,
mainly alkylating agents like CP, if the underlying vasculi-
tis is potentially lethal. Given the varying severity of these
entities, as well as challenges in treatment, management
of these patients should be tailored to each patient, based
on their clinical findings, associated underlying diseases,
and safety profile of the agent.

Herein, we aimed to describe our experience on the
efficacy and safety of IV CP in treating severe ocular
inflammatory diseases in patients who failed with other
IMTs including biologic agents.
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Materials and methods

Medical records of 1295 patients who presented to
the Uveitis Clinic at the Byers Eye Institute at Stanford
between 2017 and 2022 were retrospectively reviewed
using the Stanford Research Repository (STARR) tool.
Seven patients (10 eyes) who received CP therapy for
severe ocular inflammatory diseases with at least one
year of follow-up were identified and included in the
study. Data review included demographics of patients,
ocular findings, underlying systemic diseases, previous
and concomitant therapies, total treatment duration,
treatment outcomes, adverse events, and total follow-up
time. Remission was defined as the absence of active ocu-
lar inflammation with or without therapy and was docu-
mented based on the clinical exam and imaging findings
depending on the presence of scleral or intraocular
inflammation. Any recurrence of ocular inflammation
(i.e., anterior chamber or vitreous cells; inflammatory
changes with redness on slit lamp examination; pres-
ence of vascular leakage of optic disc/vessels on fluores-
cein angiography), as well as associated comorbidities
and complications during the follow-up period were also
recorded.

The present study was approved by the Stanford Uni-
versity Institutional Review Board and followed the
Helsinki Declaration tenets, the United States Code of
Federal Regulations Title 21, and the Harmonized Tripar-
tite Guidelines for Good Clinical Practice (1996). Each
patient signed a written informed consent. SPSS 25.0
(SPSS Inc., Chicago, IL, USA) was used in the statistical
analysis.

Results
The mean age of the patients (4 male and 3 female) was
61.6+14.9 (range, 43.0-89.0) years. Clinical diagno-
ses included necrotizing scleritis (5 eyes of 4 patients),
peripheral ulcerative keratitis (2 eyes of 1 patients),
orbital pseudotumor (1 eye of 1 patient), HLA-B27
associated panuveitis and retinal vasculitis (2 eyes of 1
patient). Ocular disease was idiopathic in 3 patients, and
was associated with rheumatoid arthritis, IgG-4 scleros-
ing disease, dermatomyositis, and ankylosing spondyli-
tis in 1 patient each (Table 1). All patients had history of
previous IMT use. Previous IMTs included methotrex-
ate (5 patients), mycophenolate mofetil (3 patients), aza-
thioprine (1 patient), tacrolimus (1 patient), adalimumab
(2 patients), infliximab (4 patients), and rituximab (1
patient). The mean total follow-up time was 32.6+11.6
(13—45) months.

CP therapy was given as IV infusions at the dose of
1 g/m? of body surface area every 3 to 4 weeks (pending
schedules of the patients). IV CP infusions were preferred
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Table 1 Summary of characteristics and therapies of patients with ocular inflammatory diseases treated with intravenous cyclophosphamide

Case Age (years), Total Ocular Underlying  CP Side effects  Completion  Final therapy Previous IMTs
Sex follow-up disease systemic therapy of therapy/  after CP
time disease duration flare-ups
(months) during or
after therapy
1 89, Female 32 Necrotizing Rheumatoid 1 Leukopenia, Yes/No IFX (due MTX, ADA, IFX
scleritis, Right  arthritis abdominal to ongoing
eye pain systemic dis-
ease activity)
2 76, Female 40 Necrotizing IgG-4 scleros- 5 None Yes/No MMEF MTX, RTX
scleritis, Right  ing disease
eye
3 65, Male 42 Necrotizing None 28 Leukopenia, No/Yes (recur-  N/A MMF, IFX
scleritis, Both fatigue, rence of scle-
eyes elevated liver  ral inflamma-
enzymes tion 6 months
after CP
stopped;
restarted)
4 70, Male 45 Orbital pseu-  Dermatomy- 6 Hematuria Yes/No MMEF MMF, IFX, Tac-
dotumor, Left  ositis rolimus
eye
5 43, Male 23 HLA-B27 Ankylosing 8 Transient No/No N/A AZA, MMF, MTX,
associated spondylitis fever ADA, IFX
panuveitis
and retinal
vasculitis, Both
eyes
6 65, Female 13 Necrotizing None 13 Leukopenia Yes/No MTX MTX
scleritis, Left
eye
7 50, Male 42 Peripheral None 6 Leukopenia Yes/No MMF MTX
ulcerative
keratitis, Both
eyes

ADA Adalimumab, AZA Azathioprine, CP Cyclophosphamide, IFX Infliximab, MMF Mycophenolate mofetil, MTX Methotrexate, RTX Rituximab

over oral CP given their rapid control of inflammation
with better side effect profile [19]. At the time of CP
initiation, all biologics were discontinued 4—6 weeks in
advance. CP therapy was planned to be continued until
the ocular inflammation got into remission. In addition,
IV methylprednisolone (MP) at the dose of 750-1000 mg
for 1-3 days monthly was given to augment the immu-
nomodulatory effect of IV CP therapy on the day of IV
CP infusion (1** day) and the subsequent days (2" and
3" day of the month) accordingly. Patients were closely
monitored for any possible adverse events. Baseline com-
plete blood count and complete metabolic panel and uri-
nalysis were performed and repeated every two months
during the follow-up of each patient. White blood cell
count (WBC) was monitored to guide dose adjustment,
and was tolerated down to 3.0 to 4.5x10° cells/L. In
cases of lower WBC levels, CP therapy was held until the
WBC count returned to normal range level. The patients
were also hydrated adequately to wash out potential

toxic metabolites from the urogenital system. Trimetho-
prim sulfamethoxazole prophylaxis was initiated (3 times
weekly) to reduce the risk of opportunistic infections.
The mean duration of CP therapy was 10.9+7.5 (range,
5-28) months. Median visual acuity (VA) at the initia-
tion of IV CP therapy was 20/50 (range; 20/400 — 20/20).
Inflammation improved in all patients. Complete remis-
sion was achieved in five patients (71.4%). One patient
achieved resolution of disease but continues CP while
waiting for surgical intervention, and another patient
had a flare of his scleritis and was restarted on CP ther-
apy, leading to stabilization of the disease. Four patients
(62.5%) experienced leukopenia with the lowest WBC
level at 2.2x10° cells/L. Among them, the dose of CP
therapy was required to be reduced to 750 mg/m? of body
surface area per month in one patient along with the use
of pegfilgrastim during the CP infusions. One patient
had to skip four CP infusions until his WBC recovered
to normal range. Additionally, one patient had single
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episode of fever and one patient reported fatigue after the
infusions; one patient experienced hematuria with subse-
quent unremarkable work-up, and one patient had brief
self-limited episode of abdominal pain. One patient tol-
erated CP infusions without any adverse events. Among
the six patients who successfully discontinued IV CP
therapy during the follow-up, two patients had persistent
borderline WBC levels with lack of opportunistic infec-
tions, whereas the adverse events were reversible in the
remaining patients.

Following the discontinuation of IV CP therapy, four
patients were successfully maintained on mycopheno-
late mofetil (2000 — 3000 mg/daily) and one patient on
methotrexate (15 mg weekly) therapy. One patient was
initiated on infliximab (10 mg/kg monthly) therapy given
continued systemic disease activity.

Associated comorbidities and complications noted
during the follow-up period included glaucoma in seven
eyes of six (75%) patients which required tube shunt
implantation in 3 (37.5%) eyes, scleral patch grafting in 3
(27.3%) eyes of two patients due to advanced scleral thin-
ning, tarsorrhaphy in 2 (18.2%) eyes of two patients, and
conjunctivoplasty in one (9.1%) eye of one patient. Visual
acuity (VA) improved in 4 (36.4%) eyes of three patients
and maintained in 5 (45.5%) eyes of four patients during
the follow-up. Two eyes of two patients showed deterio-
ration in VA due to vascularized cornea in one eye and
cataract development in the other eye. Median VA at the
final follow-up was 20/50 (range; 20/400 — 20/20).

Discussion

The index study shows that IV CP therapy is an effica-
cious treatment choice with an acceptable safety profile
in patients with severe ocular inflammatory diseases
who failed with other IMTs including biologic agents.
All patients in the study population responded to IV
CP therapy, 71.4% of whom had complete remission of
disease activity by the end of follow-up. This was espe-
cially conspicuous considering the presence of rapidly
progressive, severe ocular inflammation and the failure
with other IMTs including biologic agents. All patients
had history of previous IMT use, and five (71.4%) of
whom had received [3]1 biologic agent before initiation
of IV CP. Two (25%) patients (3 eyes) had previously used
both adalimumab and infliximab. One patient had scle-
ritis which was refractory to rituximab but was finally
controlled following 5 cycles of IV CP therapy. The most
seen adverse event was decreased WBC levels, which was
largely reversible in the study population. And though, in
this setting of severe, destructive inflammation, the pri-
mary goal was preservation of the structural integrity of
the globe, many patients benefited from stable, and even
improved visual acuity.
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Intravenous CP was first used in ophthalmic inflamma-
tion by Wong et al. [20] and then also shown to be effec-
tive in Adamantiades-Behget’s disease [21] and severe
refractory uveitis [22]. It has several advantages over
oral CP, including faster control of severe ocular inflam-
mation, usually transient (rather than permanent) leu-
kopenia, and reduced risk of toxicity (as it bypasses the
bladder), enabling larger doses [13]. Nonetheless, poten-
tial adverse events should be carefully considered when
choosing patients to receive this therapy. In the index
study, no patients clinically experienced sterility, devel-
oped cancer, nor had any fatalities related to IV CP use,
though it should be noted that the follow up period was
relatively short. However, as with making any clinical
decision, risks must be weighed against the benefits, and
in cases of severe, refractory vision-threatening inflam-
mation, utilization of IV CP therapy should be con-
sidered, given the potential for achieving an otherwise
elusive remission. And, as proposed by the European
League against Rheumatism in order to decrease the risk
of toxicity further [23] providers also have the option to
switch to a maintenance regimen with a milder side effect
profile once remission is achieved.

Biologic agents have been indicated as an effective
treatment option for non-infectious ocular inflamma-
tion, including refractory uveitis and scleritis [24—26]. In
a multicenter study of 34 patients with severe and refrac-
tory PUK, 48% of the patients treated with TNF-alpha
inhibitors were required switching to another biologic
agent, while no switching was needed in those receiving
non-TNF-alpha agents like rituximab and tocilizumab
[27]. Rituximab, a fully humanized monoclonal anti-
CD20 antibody, has been demonstrated as an efficacious
and safe therapy for refractory uveitis or scleritis with
potential relapse of disease following discontinuation of
treatment [28]. Sharma et al. [29] recently reported on an
8-year real-world prospective analysis showing that TNF-
alpha inhibitors successfully induced sustained remission
in 91% of patients with sustained steroid-sparing effect in
75% of the patients with uveitis or scleritis. On the other
hand, 51% of patients experienced at least one relapse
of inflammation during the follow-up. They emphasized
that, despite success with TNF-alpha inhibitors, wider
treatment options are necessary, as well as further assess-
ment of which uveitic entities respond best, in order to
optimize outcomes. Therefore, IV CP therapy should
always be kept in our armamentarium as an alternative
therapeutic option and may be utilized for a short term
in order to achieve swift control of ocular inflammation,
particularly in patients with severe, rapidly progressive
disease which has failed with other IMTs.

The present study is informative as it demonstrates the
efficacy of IV CP profile in the management of severe



Karaca et al. Journal of Ophthalmic Inflammation and Infection

ocular inflammation in the modern era. There are some
limitations of the study including the retrospective
design, small sample size with relatively short follow-
up period considering the adverse events like cancer
development and associated mortality. In addition, as
being the tertiary center setting, the patients usually had
severe and resistant ocular inflammation. In addition, all
patients received IV MP along with IV CP therapy dur-
ing follow-up periods. Certainly, MP can also contribute
to the improvement of the ocular inflammation. How-
ever, prior to IV CP therapy, patients were also receiving
IV MP (at the similar dose of 750-1000 mg for 1-3 days
monthly) during their therapy course with other biologics
such as IFX and RTX. Thus, the confounding effect of MP
would be irrelevant considering the patients had already
failed with prior therapy. In addition, patients who were
successfully discontinued IV CP therapy, were also dis-
continued IV MP therapy at the same time and contin-
ued to be followed up with antimetabolites in 5 patients
(6 eyes) and IFX only in 1 patient (1 eye) (given active
systemic disease). Considering short term pulse effect of
IV MP therapy with no role in immunomodulation, this
remission of disease may likely be attributed to IV CP
therapy itself. Moreover, we have observed clinically that
MP alone often does not lead to remission in eyes with
severe or refractory ocular inflammation. Hence, we have
employed IV CP and added IV MP to achieve synergis-
tic effects as also previously described in the literature
[30]. Importantly, long term treatment of these patients
should not include high-dose corticosteroids, given its
side effects.

In conclusion, IV CP therapy may be considered a poten-
tially effective treatment option with a relatively acceptable
safety profile for patients with severe ocular inflammatory
diseases who failed with other IMTs including biologic
agents (TNFa and CD20 inhibitors). Close monitoring
with regular blood work is essential for the management
of these patients, as leukopenia was the most common
adverse event. Judicious use of IV CP appears favorable for
severe, resistant ocular inflammation particularly when the
potentially vision-saving benefits outweigh the substantial
potential side effects of therapy.
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Precis

Cyclophosphamide therapy can be considered a potentially effective and
relatively safe therapeutic option for patients with severe ocular inflammatory
diseases who failed other immunomodulatory therapies including biologics
(TNFa and CD20 inhibitors).

(2024) 14:12

Page 5 of 6

Authors’ contributions

All authors attest that they met the current ICMJE criteria. IK, MH, HG and QDN
were involved in the conceptualization of the study. Data collection and litera-
ture review were completed by IK, EMT, and AB. Statistical analysis was done by
IK. Language editing was done by EMT. Table was prepared by IK and EMT. IK
prepared the initial and final manuscripts, while critical approval was done by
SWP, HK, and QDN. All authors reviewed and approved the final manuscript.

Funding

Research to Prevent Blindness Department Challenge Award and National Eye
Institute of the National Institutes of Health P30 Award (EY026877) have been
awarded to the Byers Eye Institute at Stanford University.

Availability of data and materials
The datasets generated and analysed is available upon reasonable request
and in compliance with local data protection policy.

Declarations

Ethics approval and consent to participate

The local institutional review board at Stanford Univeristy approved the
study, and an informed consent waiver was obtained as the charts of enrolled
patients were retrospectively reviewed.

Consent for publication
Not applicable — no identifiable data or images were used.

Competing interests
The authors declare no competing interests.

Author details
'Spencer Center for Vision Research, Byers Eye Institute, Stanford University,
Palo Alto, CA, USA.

Received: 23 August 2023 Accepted: 9 November 2023
Published online: 11 March 2024

References

1. Hemady R, Tauber J, Foster CS (1991) Immunosuppressive drugs in
immune and inflammatory ocular disease. Surv Ophthalmol Mar-Apr
35(5):369-385. https://doi.org/10.1016/0039-6257(91)90186-j

2. DA Jabs RJ, Foster CS (2000) Guidelines for the use of immunosuppressive
drugs in patients with ocular inflammatory disorders: recommendations
of an expert panel. Am J Ophthalmol 130(4):492-513

3. Roda Perez E (1952) Nitrogen mustard therapy of uveitis of unknown
etiology. Rev Clin Esp 44(3):173-80

4. Kazokoglu H, Saatci O, Cuhadaroglu H, Eldem B (1991) Long-term effects
of cyclophosphamide and colchicine treatment in Behcet's disease. Ann
Ophthalmol 23(4):148-151

5. Moorthy RS, Inomata H, Rao NA (1995) Vogt-Koyanagi-Harada syndrome.
Surv Ophthalmol Jan-Feb 39(4):265-292. https://doi.org/10.1016/50039-
6257(05)80105-5

6. Branisteanu DC, Stoleriu G, Branisteanu DE et al (2020) Ocular cicatricial
pemphigoid (Review). Exp Ther Med 20(4):3379-3382. https://doi.org/10.
3892/etm.2020.8972

7. Ebrahimiadib N, Modjtahedi BS, Roohipoor R, Anesi SD, Foster CS (2016)
Successful treatment strategies in Granulomatosis With Polyangiitis-Asso-
ciated Peripheral Ulcerative Keratitis. Cornea 35(11):1459-1465. https://
doi.org/10.1097/1C0.0000000000000919

8. Ahmed A, Foster CS (2019) Cyclophosphamide or Rituximab treatment
of Scleritis and Uveitis for patients with Granulomatosis with Polyangiitis.
Ophthalmic Res 61(1):44-50. https://doi.org/10.1159/000486791

9. Suarez-Almazor ME, Belseck E, Shea B, Wells G, Tugwell P (2000) Cyclo-
phosphamide for rheumatoid arthritis. Cochrane Database Syst Rev
2:001157. https://doi.org/10.1002/14651858.CD001157

10. Hocevar A, Tomsic M, Perdan Pirkmajer K (2021) Clinical Approach to
Diagnosis and Therapy of Polyarteritis Nodosa. Curr Rheumatol Rep
23(3):14. https://doi.org/10.1007/511926-021-00983-2


https://doi.org/10.1016/0039-6257(91)90186-j
https://doi.org/10.1016/s0039-6257(05)80105-5
https://doi.org/10.1016/s0039-6257(05)80105-5
https://doi.org/10.3892/etm.2020.8972
https://doi.org/10.3892/etm.2020.8972
https://doi.org/10.1097/ICO.0000000000000919
https://doi.org/10.1097/ICO.0000000000000919
https://doi.org/10.1159/000486791
https://doi.org/10.1002/14651858.CD001157
https://doi.org/10.1007/s11926-021-00983-2

Karaca et al. Journal of Ophthalmic Inflammation and Infection

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

. Petri M (2004) Cyclophosphamide: new approaches for systemic lupus

erythematosus. Lupus 13(5):366-371. https://doi.org/10.1191/09612
03303lu10280a

Martin-Suarez |, D'Cruz D, Mansoor M, Fernandes AP, Khamashta MA,
Hughes GR (1997) Immunosuppressive treatment in severe connective
tissue diseases: effects of low dose intravenous cyclophosphamide. Ann
Rheum Dis 56(8):481-487. https://doi.org/10.1136/ard.56.8.481

. Durrani K, Papaliodis GN, Foster CS (2004) Pulse IV cyclophospha-

mide in ocular inflammatory disease: efficacy and short-term safety.
Ophthalmology 111(5):960-965. https://doi.org/10.1016/j.0phtha.
2003.08.034

Jabs DA (2018) Immunosuppression for the Uveitides. Ophthalmology
125(2):193-202. https://doi.org/10.1016/j.ophtha.2017.08.007

Writing Committee for the Multicenter Uveitis Steroid Treatment T,
Follow-up Study Research G, Kempen JH, et al. Association Between
Long-Lasting Intravitreous Fluocinolone Acetonide Implant vs Systemic
Anti-inflammatory Therapy and Visual Acuity at 7 Years Among Patients
With Intermediate, Posterior, or Panuveitis. JAMA. 2017;317(19):1993-
2005. https://doi.org/10.1001/jama.2017.5103

Dick AD, Rosenbaum JT, Al-Dhibi HA et al (2018) Guidance on Noncorti-
costeroid Systemic Immunomodulatory Therapy in Noninfectious Uveitis:
Fundamentals Of Care for UveitiS (FOCUS) Initiative. Ophthalmology
125(5):757-773. https://doi.org/10.1016/j.ophtha.2017.11.017

Abdel-Aty A, Gupta A, Del Priore L, Kombo N (2022) Management of non-
infectious scleritis. Ther Adv Ophthalmol Jan-Dec 14:25158414211070880.
https://doi.org/10.1177/25158414211070879

Sainz de la Maza M, Molina N, Gonzalez-Gonzalez LA, Doctor PP, Tauber J,
Foster CS. Scleritis therapy. Ophthalmology. 2012;119(1):51-8. https://doi.
0rg/10.1016/j.ophtha.2011.07.043

La-Crette J, Royle J, Lanyon PC, Ferraro A, Butler A, Pearce FA (2018)
Long-term outcomes of daily oral vs pulsed intravenous cyclophospha-
mide in a non-trial setting in ANCA-associated vasculitis. Clin Rheumatol.
37(4):1085-1090. https://doi.org/10.1007/510067-017-3944-7

Wong VG (1969) Immunosuppressive therapy of ocular inflammatory
diseases. Arch Ophthalmol 81(5):628-637. https://doi.org/10.1001/archo
pht.1969.00990010630006

Fain O DL, Wechsler B (1991) Pulse cyclophosphamide in Behget's dis-
ease. In: O'Duffy JD, Kokmen E (eds). Behget's Disease: Basic and Clinical
Aspects. Marcel Dekker, New York, p 569-573

Rosenbaum JT (1994) Treatment of severe refractory uveitis with intrave-
nous cyclophosphamide. J Rheumatol 21(1):123-125

Mukhtyar C, Guillevin L, Cid MC et al (2009) EULAR recommendations
for the management of primary small and medium vessel vasculitis.
Ann Rheum Dis 68(3):310-317. https://doi.org/10.1136/ard.2008.
088096

Nguyen QD, Merrill PT, Jaffe GJ et al (2016) Adalimumab for prevention
of uveitic flare in patients with inactive non-infectious uveitis controlled
by corticosteroids (VISUAL Il): a multicentre, double-masked, randomised,
placebo-controlled phase 3 trial. Lancet 388(10050):1183-1192. https://
doi.org/10.1016/50140-6736(16)31339-3

Suhler EB, Smith JR, Wertheim MS et al (2005) A prospective trial of
infliximab therapy for refractory uveitis: preliminary safety and efficacy
outcomes. Arch Ophthalmol 123(7):903-912. https://doi.org/10.1001/
archopht.123.7.903

Ragam A, Kolomeyer AM, Fang C, Xu'Y, Chu DS (2014) Treatment of
chronic, noninfectious, nonnecrotizing scleritis with tumor necrosis factor
alpha inhibitors. Ocul Immunol Inflamm 22(6):469-477. https://doi.org/
10.3109/09273948.2013.863944

Dominguez-Casas LC, Sanchez-Bilbao L, Calvo-Rio V et al (2020) Biologic
therapy in severe and refractory peripheral ulcerative keratitis (PUK)
Multicenter study of 34 patients. Semin Arthritis Rheum 50(4):608-615.
https://doi.org/10.1016/j.semarthrit.2020.03.023

Ng CC, Sy A, Cunningham ET, Jr. Rituximab for non-infectious Uveitis and
Scleritis. J Ophthalmic Inflamm Infect. Aug 16 2021;11(1):23. https://doi.
0rg/10.1186/512348-021-00252-4

Sharma SM, Damato E, Hinchcliffe AE et al (2021) Long-term efficacy
and tolerability of TNFalpha inhibitors in the treatment of non-infectious
ocular inflammation: an 8-year prospective surveillance study. Br J
Ophthalmol 105(9):1256-1262. https://doi.org/10.1136/bjophthalm
0l-2018-312767

(2024) 14:12

30.

Page 6 of 6

Khan 1J, Barry RJ, Amissah-Arthur KN et al (2013) Ten-year experience of
pulsed intravenous cyclophosphamide and methylprednisolone protocol
(PICM protocol) in severe ocular inflammatory disease. Br J Ophthalmol
97(9):1118-1122. https://doi.org/10.1136/bjophthalmol-2012-302130

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1191/0961203303lu1028oa
https://doi.org/10.1191/0961203303lu1028oa
https://doi.org/10.1136/ard.56.8.481
https://doi.org/10.1016/j.ophtha.2003.08.034
https://doi.org/10.1016/j.ophtha.2003.08.034
https://doi.org/10.1016/j.ophtha.2017.08.007
https://doi.org/10.1001/jama.2017.5103
https://doi.org/10.1016/j.ophtha.2017.11.017
https://doi.org/10.1177/25158414211070879
https://doi.org/10.1016/j.ophtha.2011.07.043
https://doi.org/10.1016/j.ophtha.2011.07.043
https://doi.org/10.1007/s10067-017-3944-7
https://doi.org/10.1001/archopht.1969.00990010630006
https://doi.org/10.1001/archopht.1969.00990010630006
https://doi.org/10.1136/ard.2008.088096
https://doi.org/10.1136/ard.2008.088096
https://doi.org/10.1016/S0140-6736(16)31339-3
https://doi.org/10.1016/S0140-6736(16)31339-3
https://doi.org/10.1001/archopht.123.7.903
https://doi.org/10.1001/archopht.123.7.903
https://doi.org/10.3109/09273948.2013.863944
https://doi.org/10.3109/09273948.2013.863944
https://doi.org/10.1016/j.semarthrit.2020.03.023
https://doi.org/10.1186/s12348-021-00252-4
https://doi.org/10.1186/s12348-021-00252-4
https://doi.org/10.1136/bjophthalmol-2018-312767
https://doi.org/10.1136/bjophthalmol-2018-312767
https://doi.org/10.1136/bjophthalmol-2012-302130

	Intravenous cyclophosphamide therapy for patients with severe ocular inflammatory diseases who failed other immunomodulatory therapies
	Abstract 
	Background 
	Main findings 
	Short conclusion 

	Introduction
	Materials and methods

	Results
	Discussion
	Acknowledgements
	References


