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Abstract

Purpose—To describe tachyphylaxis to intravitreal bevacizumab (IVB) in patients with exudative
age-related macular degeneration (AMD).

Methods—We retrospectively reviewed the records of 59 consecutive patients treated with 1'\VB at
the National Eye Institute over a 14 month period, and identified cases demonstrating loss of treatment
efficacy as revealed by spectral domain optical coherence tomography. We defined tachyphylaxis
asa loss of therapeutic response to VB 28+7 days after administration in an eye which had previously
demonstrated a therapeutic response in the same time interval.

Results—Five patients (6 eyes) were identified as developing tachyphylaxis following repeated
treatment with 1VB. High-dose 1VB (2.50mg) did not restore therapeutic response in these patients.
Bilateral tachyphylaxis to 1\VB was seen following an episode of unilateral post-injection anterior
uveitis. After the first treatment of 1B, the median time taken to develop tachyphylaxis was 100
weeks (range: 31-128 weeks), and the median number of VB treatments to the development of
tachyphylaxis was 8 treatments (range: 5-10).

Conclusion—Tachyphylaxis can occur following long-term intravitreal use of bevacizumab in
patients with AMD. The precise mechanism of tachyphylaxis is unclear, but both local and/or
systemic factors may be involved.

Keywords

Age-related macular degeneration; anti-angiogenic treatment; bevacizumab; intravitreal injection;
neovascularization; optical coherence tomography; tachyphylaxis; vascular endothelial growth
factor

INTRODUCTION

Age-related macular degeneration (AMD) is the leading cause of blindness in the developed

world among people over 50 years of age! . Exudative AMD, characterized by the development
of choroidal neovascularization (CNV), represents the most common form of AMD resulting
in severe visual loss? . Biologic therapies have emerged as effective agents in the treatment of
exudative AMD. Ranibizumab (Lucentis; Genentech, Inc., San Francisco, CA) is a humanized

Correspondences and reprints: Wai T. Wong, MD, PhD Office of the Scientific Director National Eye Institute National Institute of
Health 7 Memorial Drive Bldg 7, Room 217 Bethesda, Maryland 20892 Tel: (301) 905-7301. Fax: (301) 496-1759. wongw@nei.nih.gov.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Forooghian et al.

Page 2

monoclonal antibody fragment targeting vascular endothelial growth factor (VEGF) that is
currently FDA approved for the treatment of exudative AMD3 . Bevacizumab (Avastin;
Genentech, Inc., San Francisco, CA), a humanized monoclonal antibody targeting VEGF, has
gained wide acceptance as an “off-label” agent for the treatment of exudative AMD? .

As experience using biologic agents to treat exudative AMD increases, a better understanding
of the long-term effects of these agents is beginning to evolve. One of these effects may be
tachyphylaxis, which is defined as a diminished therapeutic response to a drug following
repeated administration over time. Tachyphylaxis has been documented in the setting of other
biologic agents including p-interferon, infliximab, and natalizumab®’ . Quantitative analysis
of optical coherence tomography (OCT) volumes measured in patients with exudative AMD
treated with intravitreal ranibizumab and intravitreal bevacizumab has demonstrated an
attenuation of the ability of repeated injections to reduce retinal volume, suggesting
tachyphylaxis® 9 . The purpose of this study was to further describe and characterize the
tachyphylactic response following intravitreal bevacizumab.

In this report we describe longitudinal findings in a retrospective case series of patients with
exudative AMD treated with intravitreal bevacizumab (1\VVB) who developed tachyphylaxis
following long-term treatment. Patient response to treatment was followed with spectral-
domain high-resolution OCT. These patients were identified from a population of patients
treated with IVB in a referral retina practice setting. Our findings illustrate the clinical scenarios
in which tachyphylaxis to IVB can arise and highlight this phenomenon as a potential challenge
in the long-term treatment of exudative AMD using biologic-based anti-angiogenics.

METHODS

We retrospectively reviewed the charts of 59 consecutive patients who presented to the
National Eye Institute with exudative AMD and were treated with IVB from July, 2007 to
August, 2008. Patients were treated on a pro re nata (prn) basis at the discretion of the treating
ophthalmologist based on an OCT-guided treatment protocol similar to that previously
described in a clinical trial using ranibizumab10 . Patients were seen approximately every four
weeks. A comprehensive ophthalmic examination including best-corrected visual acuity
(BCVA) and spectral domain OCT imaging using the Cirrus™ HD-OCT system (Carl Zeiss
Meditec, Dublin, CA) was performed at every visit. HD-OCT images were captured using the
high-resolution 5-line raster protocol positioned through the foveal region, as well as the
512x128 macular cube protocol covering a 6x6mm area centered approximately at the fovea.
Careful inspection of the entire macular area covered was performed by the treating
ophthalmologist. If intraretinal/subretinal fluid was seen on Cirrus™ HD-OCT, the patient was
treated with 1VB (1.25mg). If the macula appeared free of intraretinal and subretinal fluid,
treatment was deferred and the patient was asked to return in 4 weeks for repeat evaluation.
Eyes were not retreated until intraretinal and/or subretinal fluid was observed on repeat
examination. Measurements of central subfield thickness were derived from the 512x128
macular cube scans and calculated using software intrinsic to the Cirrus™ OCT system. This
retrospective study was performed with informed patient consent and conducted under a
protocol approved by the local institutional review board (IRB) and in accordance with the
ethical standards stated in the 1964 Declaration of Helsinki.

From the population of patients followed and treated with VB using the treatment paradigm
described above, individual cases demonstrating evidence of tachyphylaxis were identified and
characterized. As tachyphylaxis is defined as a loss of drug efficacy with repeated
administration, only eyes that had a definite previous therapeutic response to IVB (either
1.25mg or 2.5mg), defined as complete or near-complete resolution of intraretinal or subretinal
fluid 28+7 days following treatment as evaluated on HD-OCT imaging, were considered as
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candidates. Among these, treated eyes that then subsequently failed to respond similarly to
later IVB treatments (either at a 1.25mg or 2.5mg dose), as demonstrated by the persistence of
or increased intraretinal/subretinal fluid 28+7 days following treatment, were identified as
demonstrating evidence of tachyphylaxis.

We identified a total of six eyes (five patients) patients who met the criteria for tachyphylaxis.
All patients were Caucasian, with a median age of 77 years (range: 69-81 years). Four of the
five patients were female. The median time taken to develop tachyphylaxis was 100 weeks
(range: 31-128 weeks) after the first treatment with IVB in either the eye developing
tachyphylaxis or the fellow eye, and 60 weeks (range: 33-121 weeks) after the first treatment
with IVB in the eye developing tachyphylaxis. The median number of VB treatments to the
development of tachyphylaxis was 8 treatments (range: 5-10) considering I'VB treatment in the
eye developing tachyphylaxis or the fellow eye, and 6 treatments (range: 3-9) considering 1VB
treatment in the eye developing tachyphylaxis. A detailed description of each case is provided
below.

An 81 year-old female presented with complaints of visual distortion in the left eye. BCVA
was 20/25 OD, and 20/63 OS. Dilated fundus examination revealed large drusen OU, and
exudative AMD OS. OCT demonstrated the presence of a drusenoid pigment epithelial
detachment (PED) in the fovea with overlying intraretinal cystic fluid (Figure 1A). The
patient’s left eye was treated with IVB (1.25mg), which resulted in resolution of the intraretinal
fluid. The patient was followed approximately every four weeks and was treated with additional
treatments of IVB in the left eye when the intraretinal fluid was observed to recur on HD-OCT.
Complete resolution of intraretinal fluid in the macula was achieved after each IVB treatment
up to and including the fifth I'\VB treatment (1.25mg) (Figure 1B). However, following the
sixth treatment with VB (1.25mg) the intraretinal fluid failed to resolve (Figure 1C). At this
point, the IVB treatment was administered at a higher dose (2.50mg), but this did not result in
any diminution of the intraretinal fluid (Figure 1 D). Final BCV A in the treated eye was 20/100.
The time from the first I\VB treatment to documentation of tachyphylaxis was 100 weeks.

A 71 year-old male presented with vision loss in the left eye. BCVA was 20/400 OD and 20/50
OS. The right eye had previously been diagnosed with exudative AMD and had been treated
with two treatments of IVB (1.25mg). Dilated fundus examination demonstrated a disciform
scar in the right macula, and evidence of exudative AMD in the left eye with subretinal fluid
observed on HD-OCT imaging. IVB treatment was initiated in the left eye. Over the next 6
months, the left eye received a series of VB (1.25mg) treatments, each resulting in a complete
resolution of subretinal fluid approximately 4 weeks following treatment as observed on HD-
OCT (Figure 2A). However, 4 weeks following the eighth treatment, the subretinal fluid failed
to resolve, and this persisted even after an additional treatment with VB (1.25mg) was
administered (Figure 2B, 2C). Final BCVA in the treated eye was 20/40. Clinical definition
for tachyphylaxis was met 77 weeks after IVB treatment was initiated in the left eye.

A 69 year-old female presented with a complaint of visual distortion in the right eye. The left
eye had a previous history of exudative AMD that was treated with photodynamic therapy.
The right eye had more recently developed exudative AMD and had been treated with 7
previous intravitreal injections of ranibizumab (0.50mg) prior to presentation to our clinic.
Visual acuity on presentation was 20/50 OD, and hand-motion OS. Clinical examination
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demonstrated exudative AMD in the right eye with subretinal fluid under the fovea, and a
disciform scar in the left eye. For financial reasons, the patient elected to be treated with IVB.
Treatment with 1VB at a 1.25mg dose was initiated in the right eye but failed to resolve the
subretinal fluid. A higher dose of IVB at the 2.50mg dose was instituted 4 weeks later and this
was successful in completely resolving the subretinal fluid (Figure 3A). This higher dose
(2.50mg) of IVB was administered 3 additional times, each resulting in complete fluid
resolution. Following the fifth treatment with VB (2.50mg), the subretinal fluid again failed
to resolve (Figure 3B). Final BCVA in the right eye was 20/32. Tachyphylaxis in this patient
developed 31 weeks after the first treatment with 1VB (2.50mg). The total number of anti-
angiogenic injections (bevacizumab and ranibizumab) received in this case prior to
development of tachyphylaxis was 15, the largest number of treatments received by a single
eye in our series.

A 79 year-old female presented with a report of new-onset, visual distortion in the right eye.
The left eye had a previous history of exudative AMD that had been treated with photodynamic
therapy. BCVA was 20/50 OD, and 20/800 OS. Fundus examination demonstrated exudative
AMD OD and a disciform scar OS. HD-OCT confirmed the presence of central serous PEDs
with adjacent subretinal fluid. Treatments with VB (1.25mg) resulted in near complete
resolution of the subretinal fluid (Figure 4A). However, this response was not durable and after
the ninth treatment with 1VVB (1.25mg), the subretinal fluid failed to resolve significantly
(Figure 4B). A higher dose (2.50mg) of IVB was then administered, but this similarly did not
resolve the subretinal fluid (Figure 4C). Final BCVA was 20/50 OD. The loss of clinical
response in this patient developed 121 weeks following the first treatment with VB in this
eye.

A 77 year-old woman presented with bilateral exudative AMD in both eyes, with no history
of previous anti-angiogenic treatment. BCVA was 20/25 OD, and 20/63 OS. The left eye was
treated with IVB (1.25mg), and the right eye was given the same treatment one week later.
Both eyes responded to this treatment initially with complete resolution of intraretinal and
subretinal fluid (Figure 5A, 5B), and the patient continued to receive treatment in both eyes at
the present dose. However, after 4 injections in the left eye and 2 injections in the right eye,
the patient developed marked iritis in the left eye with 3+ cells and flare. No posterior segment
inflammation was noted. A vitreous tap was performed in the left eye and intravitreal antibiotic
treatment was instituted for empiric treatment of infectious endophthalmitis. When cultures of
vitreous fluid failed to demonstrate any evidence of infection, the diagnosis of sterile
inflammatory reaction to VB was made. Signs and symptoms of inflammation resolved 10
days later with topical corticosteroids. The patient continued to receive IVB after this episode
with topical corticosteroid given for a few days before and subsequent to IVB treatment. No
further episodes of anterior uveitis occurred.

One month after the anterior uveitis had resolved in the left eye, the right eye was treated again
with IVB (1.25mg). Following this injection, the subretinal fluid failed to resolve completely
in the right eye (Figure 5C). The patient received subsequent IVB treatment (1.25mg) in the
left eye, and this too failed to result in complete resolution of intraretinal fluid. Following this,
the VB dose was increased to 2.50mg but this did not result in complete fluid resolution (Figure
5D). Final BCVA was 20/40 OD, and 20/125 OS. The time to development of tachyphylaxis
in the right eye was 33 weeks after the first treatment with IVB in the right eye, while the time
to development of tachyphylaxis in the left eye was 42 weeks after the first treatment with 1VB
in the left eye.
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DISCUSSION

We have retrospectively reviewed the records of 59 consecutive patients diagnosed with
exudative AMD who were treated with IVB on a prn basis over a 14-month period at the
National Eye Institute. Among this cohort, we have identified and characterized 6 eyes from
5 patients that developed tachyphylaxis to IVB treatment. In these eyes, the amount of
therapeutic response was adequate and successful in resolving all intraretinal and/or subretinal
fluid on OCT early in the course of treatment, but the therapeutic response then diminished as
a function of time and the increasing number of treatments. A recent report? has also described
tachyphylaxis following intravitreal bevacizumab. In this report, we have described additional
features of this tachyphylactic response such as the persistence of tachyphylaxis following
administration of high-dose bevacizumab and development of tachyphylaxis in both eyes of a
patient following unilateral post-injection anterior uveitis. Based on our observations, we
speculate on the possible mechanisms by which this phenomenon of tachyphylaxis may have
arisen in this clinical context.

In eyes developing tachyphylaxis while being treated with the 1.25mg dose of IVB, a
therapeutic response could not be achieved with the subsequent administration of a higher
2.5mgdose. In one patient (case 3), initial VB at the 1.25mg dose did not result in a therapeutic
response but a higher dose of 2.5mg successfully achieved a fluid-free macula. However,
tachyphylaxis also subsequently developed with repeated administrations at this dose.
Although a progressive dose escalation beyond 2.5mg was not performed, these observations
suggest that increasing the dose of VB in patients who develop tachyphylaxis may not be
readily effective in restoring a complete therapeutic response in all cases.

In one patient in our series (case 3), we observed the development of tachyphylaxis following
multiple treatments with both intravitreal ranibizumab and bevacizumab, suggesting the
possibility that both biologics, in sharing a common therapeutic molecular target, may have
both contributed to the emergence of tachyphylaxis. One mechanism for tachyphylaxis may
involve the response of tissue to chronic blockage of signaling mediated by vascular endothelial
growth factor (VEGF). Macrophages have been implicated in the pathogenesis of CNV as
sources of VEGF, as well as inducing VEGF secretion by retinal pigment epithelium (RPE)
cells?113 . The macrophages located within the choroidal neovascular tissue may respond to
VEGF blockade by upregulating the production of VEGF. This hypothesis is supported by
recent findings that macrophages located in surgically excised human CNV membranes in eyes
that previously received VB are increased in density and proliferative activity4, akin to those
found in CNV following PDT treatment> 16  These findings suggest that, in response to
chronic VEGF blockade following long-term use of VB, a compensatory response by
proliferating macrophages may overcome further therapeutic attempts to block VEGF
signaling and contribute to the development of tachyphylaxis.

We also observed tachyphylaxis in both eyes of one patient following an episode of sterile
uveitis in one eye treated with IVB. This case suggests that a systemic immune response may
be involved in the mechanism of tachyphylaxis. Acute uveitis following intravitreal injection
of bevacizumab and ranibizumab has been previously described 3: 17 . In one series, the majority
of cases of acute uveitis following treatment occurred after multiple injections, indicating that
a necessary sensitization or priming may be required in order that an immune response can be
mounted against the therapeutic agent 17 . One component of this systemic immune response
may take the form of neutralizing antibodies. Although bevacizumab is a monoclonal antibody
that has been “humanized” to reduce its antigenicity in patients, it may not be however
completely non-immunogenic. Neutralizing antibodies formed against other therapeutic
humanized monoclonal antibodies such as natalizumab have been previously reported in
treated patients® . Detectable levels of bevacizumab have also been found in serum following
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intravitreal injection8 , and may thus be recognized as an antigen by the systemic immune
system. Interestingly, results from a large randomized clinical trial have previously
demonstrated that antibodies against ranibizumab develop following intravitreal
administration, and that the titers of these antibodies increase with increasing duration of
treatment3 . Although the analysis performed in this study did not find an association between
the presence of anti-ranibizumab antibodies and a decrease in clinical response, a more recent
quantitative OCT subanalysis of patients with exudative AMD treated with long-term
intravitreal ranibizumab indicated that tachyphylaxis may indeed occur, as evidenced by a
decreasing ability of repeated ranibizumab treatments to reduce retinal thickness & .

In addition to proposed local and/or systemic inflammatory mechanisms described above,
several other possibilities may explain the tachyphylactic response observed.

Tachyphylaxis may arise from mechanisms in which the basic physiology of the affected retina
has undergone alterations, such as a change in CNV lesion type, associated loss of RPE
function, or the emergence of chronic inflammatory changes. Permanent structural damage to
the vascular walls of the choroidal neovascular (CNV) complex may also develop in patients
with chronic disease. This structural damage could conceivably result in permanent abnormal
vascular permeability and persistent exudation that is no longer amenable to anti-VEGF
treatment. As the phenomenon of tachyphylaxis is only recently but increasingly recognized,
a number of plausible explanations may be raised, and future investigations may indeed be
required to clarify them.

In summary, we have described tachyphylaxis to IVB in a cohort of AMD patients receiving
long-term treatment with this agent. The mechanisms underlying the development of this
phenomenon are unclear; however, local and/or systemic factors may be involved in its
pathogenesis. With continued long-term use of anti-VEGF biologic agents, tachyphylaxis may
become an increasing therapeutic problem in patients with AMD. A more thorough
understanding of the mechanisms responsible for the development of tachyphylaxis may help
establish treatment strategies to avoid or circumvent this phenomenon.

Summary Statement (50 words): Tachyphylaxis, described as a decrease in therapeutic drug
response following repeated administration, was documented in 5 patients receiving
multiple intravitreal bevacizumab injections for exudative age-related macular
degeneration. The clinical features of the tachyphylactic response, the time-line of its
emergence, and hypotheses concerning its pathogenesis are described in this report.
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Figure 1.

Tachyphylaxis to Intravitreal Bevacizumab in Case 1 (Left Eye).

(A) HD-OCT scan obtained on presentation demonstrating the presence of a drusenoid pigment
epithelial detachment with intraretinal cystic fluid spaces; 1VB treatment was initiated at this
point. (B) HD-OCT scan demonstrated absence of intra- or sub-retinal fluid after each injection,
and the macula remained fluid-free sixty-one days following the fifth consecutive VB
treatment (C) Twenty-eight days following the sixth IVB treatment, HD-OCT imaging
demonstrated the failure of intraretinal fluid to resolve. In response to this, a seventh IVB
treatment of a higher dose (2.5mg) was administered but failed to result in resolution of
intraretinal fluid when evaluated 35 days later (D).
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Figure 2.

Tachyphylaxis to Intravitreal Bevacizumab (IVB) in Case 2 (Left Eye). A series of repeated
IVB treatments was initiated after the detection of exudative age-related macular degeneration.
(A) HD-OCT scan 30 days following a fifth injection of VB (1.25mg), demonstrating a fluid-
free macula (B) Post-treatment resolution of retinal fluid post-treatment was maintained until
the eighth IVB treatment. Twenty-three days following the eighth treatment with intravitreal
bevacizumab (1.25mg), OCT imaging documented the persistence of subretinal fluid
underneath the fovea. (C) Plot of central subfield thickness over time (weeks) during treatment
displays the anatomical response to early VB treatment and the development of tachyphylaxis
later in the course. Red arrows represent treatment with intravitreal bevacizumab (1.25mg),
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while adjacent numbers in red indicate the treatment number since the first treatment in that
eye (at time = 0 weeks).
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Figure 3.

Tachyphylaxis to Intravitreal Bevacizumab (IVB) in Case 3 (Right Eye).

(A) OCT imaging 37 days following the initial injection of intravitreal bevacizumab at the
higher dose of 2.50mg, demonstrated the complete resolution of subretinal fluid. Response to
IVB at the 2.5mg dose was maintained over the next 3 treatments but 28 days following the
fifth treatment, the subretinal fluid failed to resolve as seen on OCT (B)
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Figure 4.

Tachyphylaxis to Intravitreal Bevacizumab in Case 4 (Right Eye).

(A) Thirty-one days following the fourth injection of intravitreal bevacizumab (1.25mg), the
subretinal fluid appeared resolved on HD-OCT. (B) Thirty days following the ninth treatment
with intravitreal bevacizumab (1.25mg), the subretinal fluid failed to resolve. (C) Graphical
representation of response to intravitreal bevacizumab, displaying change in central subfield
thickness over time. Red arrows represent treatment with intravitreal bevacizumab (1.25mg),
while numbers in red indicate the treatment number since the first treatment in that eye (at time
= 0 weeks). Blue arrow represents treatment with intravitreal bevacizumab (2.50mg).
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Figure 5.

Tachyphylaxis to Intravitreal Bevacizumab (1VB) in Case 5 (Both Eyes).

(A) OCT imaging 28 days following treatment with the initial treatment with 1VB (1.25mg)
in the right eye, demonstrating complete resolution of subretinal fluid . (B) OCT imaging 50
days following VB treatment (1.25mg) in the left eye, demonstrating near complete resolution
of intraretinal and subretinal fluid. (C) Thirty days following the third injection on intravitreal
bevacizumab (1.25mg) in the right eye, the subretinal fluid persisted. (D) Twenty-eight days
following 2.50mg 1VB, the intraretinal fluid persisted in the left eye.
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