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V
ision loss from age-related macular degeneration
(AMD) places an increasing burden on patients,
physicians, and the health care delivery system in
the United States. Patients are on average 75

years of age at the time of diagnosis of AMD with an addi-
tional life expectancy of almost 12 years.1 With current treat-
ments for choroidal neovascularization (CNV) in AMD
labeled for monthly or 6-weekly administration,2,3 patients
theoretically may face a decade or more of nine to 12 yearly
visits for monitoring and treatment of their disease. 

Variable dosing schedules for vascular endothelial growth
factor (VEGF) inhibitors show promise for reducing the
treatment burden,4 but these strategies have not yet been
evaluated in prospective randomized clinical trials.

A number of combination therapies are under investiga-
tion in small case series. The goal of these combination treat-
ments is to take advantage of possible synergy or comple-
mentary modes of action of different agents to provide simi-
lar efficacy to already approved therapies while reducing the
frequency of treatment required. 

This article reviews the rationale for combination therapy
and presents results of a prospective case series in which we
evaluated the effectiveness of one particular combination of
therapies—reduced-duration photodynamic therapy (PDT)
plus intravitreal injection of dexamethasone and ranibizum-
ab (Lucentis; Genentech, South San Francisco, California)—in
treatment-naïve patients with CNV due to AMD.

R ATIONALE: SAFETY
The underlying rationale for combination therapy is to

reduce risk. Reducing the frequency of dosing of VEGF
inhibitors decreases hypothetical systemic risk. 

Chronic use of a nonselective VEGF-blocker theoretically

may increase the risk of thromboembolic events5,6 and
bleeding events and may affect neuroprotection, with possi-
ble implications for stroke recovery,7 Alzheimer’s disease,8

and Parkinson’s disease.9

An interim data analysis in the SAILOR (Safety Assessment
of Intravitreal Lucentis for AMD) clinical trial showed a high-
er incidence of stroke with a higher dose of ranibizumab
(1.2% in the group treated with 0.5 mg vs. 0.3% in the group
treated with 0.3 mg).10 This information was announced by
Genentech in a letter to health care providers in January
2007, when average follow-up time in the trial was 230 days.
The 1-year data from the trial have not yet been published. 

In addition to the theoretical systemic risk, there are also
potential intraocular risks with use of VEGF inhibitors.
Potential risks include damage to the retinal pigment epithe-
lium (RPE) and choriocapillaris with exacerbation of RPE geo-
graphic atrophy and risk of neuronal damage with progres-
sive retinal thinning with the use of anti-VEGF monotherapy.
There are also risks associated with intravitreal injection,
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Figure 1. Visual acuity changes,baseline to month 12 (N = 40).

Mean visual acuity (Snellen) improved from approximately

20/200 to 20/80 by month 2 and to almost 20/70 by month 12.
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including infection and retinal detachment,
and these are multiplied with schedules that
call for multiple injections. 

R ATIONALE: EFFICACY
The pathophysiology of CNV in AMD is

multifactorial, and anti-VEGF monotherapy
does not address all aspects of the condition.
VEGF inhibition targets angiogenesis, but
CNV also includes an inflammatory compo-
nent and a vascular component—larger ves-
sels with established structural elements. 

Combinations of different modes of treatment for CNV
may help to address these other disease components. For
instance, intravitreal corticosteroids, which are angiostatic
and help to reinforce the blood-retinal barrier,11,12 may quiet
the inflammatory component of CNV. And PDT may be
used to occlude the more mature blood vessels not suscepti-
ble to anti-VEGF agents.13,14 On the other hand, PDT also
upregulates the production of VEGF and other inflammato-
ry mediators,15 but steroids may help to limit the VEGF
upregulation and other inflammatory activity.16,17 Some of
these characteristics may offer complementary or synergistic
effects in combination treatment of CNV.

Also, it must be remembered that not all patients respond
to anti-VEGF monotherapy. Up to 20% of patients respond
slowly to ranibizumab5,6 so this must be considered in our
treatment approach.

COMBINATION THER APY TRIALS
To take advantage of these potential synergies, a number

of investigators have evaluated combinations of two or more
of these treatment modalities. Published reports of combina-
tions used to treat CNV in AMD have included anti-VEGF
agents plus PDT,18,19, steroids plus PDT,20,21 and all three
modalities together.22-24

Ongoing trials of combination therapies include VERITAS
(Verteporfin Intravitreal Triamcinolone Acetonide Study),
combining PDT and steroid; LEVEL (Evaluation of Efficacy
and Safety in Maintaining Visual Acuity with Sequential
Treatment of Neovascuar AMD), evaluating induction with

ranibizumab and maintenance with pegaptanib (Macugen,
OSI/Eyetech, New York, New York); and a pair of trials evalu-
ating monthly ranibizumab versus ranibizumab plus PDT,
called the SUMMIT series—the US study DENALI and its
European conterpart, MONT BLANC. Also ongoing is the
RADICAL trial (Reduced Fluence Visudyne–anti-
VEGF–Dexamethasone in Combination for AMD Lesions),
which includes double- and triple-therapy arms with
reduced-fluence PDT. A number of single-center, investigator-
sponsored trials or case series have also reported results.

TRIPLE-THER APY TRIAL
We performed a prospective 1-year study to examine the

efficacy and safety of a triple combination of ranibizumab,
reduced-duration PDT, and the corticosteroid dexametha-
sone over a 12-month period.25

We chose the steroid dexamethasone because it has five
times the potency of triamcinolone26 and it is short-acting,
with faster clearance from the vitreous. Because it is short-
acting, and it is administered in pulse form, it is less likely to
result in glaucoma or cataract progression than use of sus-
tained-delivery triamcinolone or dexamethasone.23,27

The study included 40 eyes of 40 patients with CNV
secondary to AMD. Eyes with any of the following were
excluded: intraocular surgery between treatments; pre-
vious PDT; previous anti-VEGF treatment; myocardial
infarction within 2 months of baseline; stroke within 6
months of baseline; incomplete follow-up.

For initial treatment, all eyes received triple-therapy:

Figure 2. Mean visual acuity, baseline to month 12 (N = 40).

Mean Visual Acuity Single Triple Second Triple Ranibizumab

Improvement Improved Treatment Treatment Booster

Classic (n=14) 3.00 lines 100% 79% 21% 36%

Occult (n=16) 2.00 lines 88% 75% 25% 38%

Minimally classic (n=10) 2.40 lines 80% 80% 20% 20%

Overall (n=40) 2.45 lines 90% 78% 22% 33%

*No patient received more than two cycles of triple therapy and one ranibizumab booster.

TABLE 1.  VISUAL ACUITY AND NUMBER OF TREATMENTS BY LESION SUBTYPE (N=40)*



66 I RETINA TODAY I JANUARY/FEBRUARY 2008

COVER STORY

reduced-duration PDT, intravitreal dexamethasone 0.8 mg
within 1 to 2 days after PDT, and intravitreal ranibizumab
0.5 mg within 3 to 5 days after administration of dexam-
ethasone. Reduced-duration PDT in this trial was adminis-
tered for 42 seconds, at 600 mW/cm2, for a light dose of 25
J/cm2.

Patients were followed for 12 months. Visual acuity testing
and optical coherence tomography (OCT) were performed
monthly, and fluorescein angiography (FA) was taken at
months 3, 6, 9, and 12. Injections of ranibizumab were
administered every 4 weeks if any of the following were
observed: increase of central retinal thickness by >75 µm on
OCT; decrease of visual acuity with any evidence of fluid on
OCT; evidence of new blood. The triple therapy was repeat-
ed if leakage was noted on FA.

Mean age of the patients was 80.2 years, and 58% were
female. Lesions were occult in 40% of eyes, minimally clas-
sic in 25%, and classic in 35%. Mean baseline visual acuity
was 20/200, and mean center point retinal thickness was
378 µm.

RESULTS
No subjects discontinued the study, and compliance was

excellent. Nine of the 40 patients received a second round of
triple therapy between 3 and 12 months. Thirteen subjects
received a “booster” of ranibizumab, based on the study cri-
teria, at 1 to 2 months after triple therapy. Five of these
patients had also received the triple-therapy cycle a second
time. At 12 months, 90% of study eyes improved by at least
one line of vision from baseline. Mean gain in visual acuity
gain was 2.45 lines (Figure 1). Mean Snellen visual acuity
improved from approximately 20/200 to 20/80 by month 2
and to nearly 20/70 by month 12 (Figure 2).

Visual acuity in eyes with all lesion subtypes is shown in
Table 1. At least 75% of eyes in each subtype required only a
single treatment. Overall, 78% of eyes received only one
treatment, and 22% received one additional triple treatment.
Mean center point retinal thickness decreased 190 µm from
baseline to month 12 (P<.0001).

Regarding safety, no cases of stroke, myocardial infarction,
endophthalmitis, or intraocular pressure elevation >25 mm
Hg were seen. No cataract progression was observed. Retinal
pigment epithelial tear occurred in two patients. These
encouraging results reflect safety and the maintenance or
increase of visual acuity outcomes over a 1-year period with
reduced frequency of intravitreal treatment in comparison
with available monotherapies. It is not our recommendaton
to replace anti-VEGF monotherapy with combination thera-
py. Rather, with multiple approaches available for the treat-
ment of CNV in AMD, therapy can be tailored to the indi-
vidual patient. The majority of patients may do well with
anti-VEGF monotherapy, while others may benefit from

some combination of therapies. The evaluation of these
treatments in prospective randomized clinical trials remains
to be addressed. ■
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