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Abstract
Purpose: To compare same-day combined therapy of photodynamic therapy with verteporfin (PDT-V)
and intravitreal ranibizumab versus monotherapy with ranibizumab for the treatment of choroidal neovas-
cularization.

Methods: In this prospective study, the total number of eyes was randomized into two groups: in the first,
treatment consisted of a combined therapy of PDT-V and ranibizumab 0.5 mg on the same day; in the sec-
ond, ranibizumab 0.5 mg in 3 monthly injections. Best-corrected visual acuity (BCVA) and central macular
thickness (CMT) on optical coherence tomography (OCT) were recorded before and 6 months after treat-
ment.

Results: A total of 47 eyes of 47 subjects were enrolled in the study. In the combined-therapy group
(group 1), the mean baseline BCVA ± standard deviation (SD) was 32.65 ± 11.09 letters (Snellen equiva-
lent, 20/59); in the ranibizumab-alone group (group 2), 29.13 ± 9.03 letters (20/70). At 6 months’ follow-
up, in group 1 the mean baseline BCVA was 39.06 ± 10.12 letters (20/42); in group 2, 33.87 ± 12.06 letters
(20/57). Improvement was significant in both group 1 (P = 0.03) and group 2 (P = 0.002). In group 1, the
mean CMT at baseline ± SD was 315 ± 95.49 μm; in group 2, 306.33 ± 71.61 μm. At 6 months’ follow-up,
in group 1 it was 202 ± 52.02 μm; in group 2, 226 ± 65.58 μm. Reduction was significant in both group 1
(P = 0.0007) and group 2 (P = 0.00001). After 6-months, the rate of retreated eyes was 29.4% in group 1
and 43.3% in group 2. The need for retreatment did not depend on the treatment protocol (P = 0.34).

Conclusions: From a functional and anatomic point of view, the two treatments showed equivalent effi-
cacy, with fewer retreatments in group 1. No serious adverse events, such as retinal detachment, endoph-
thalmitis, or ocular hypertension occurred in either group.

 
Introduction
Age-related macular degeneration (AMD) is the leading
cause of blindness and visual disability in patients aged
60 years and older in Europe and North America.
Worldwide, after cataract and glaucoma, AMD is the
third leading cause of blindness, contributing to causing
8.7% of all legal blindness.1 Although the majority of
patients with AMD have the non-neovascular form,
characterized by drusen and atrophic changes in the reti-
nal pigment epithelium, up to 90% of severe vision loss
caused by AMD is attributable to the neovascular (exu-

dative) form of the condition, which is characterized by
choroidal neovascularization (CNV).2 With CNV, new
vessels invade the retina and sub-retinal space and even-
tually bleed and leak serous fluid due to their altered
permeability. The blood and serous fluid causes altera-
tions in the macula, distorting images and causing loss
of visual acuity. Although the natural course of CNV
secondary to AMD is highly variable, the long-term
prognosis is poor.3
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Several therapeutic options are available. In 2000 photo-
dynamic therapy with verteporfin (PDT-V) was
approved by the United States’ Food and Drug Adminis-
tration for the treatment of subfoveal CNV due to
AMD.4 Recently, clinical investigations have studied a
new class of drugs for subfoveal CNV: vascular endo-
thelial growth factor (VEGF) selective inhibitors,
administered via intravitreal injection.5,6 More recently,
clinicians have been offering a combined treatment, con-
sisting of PDT followed by an intravitreal injection of an
anti-VEGF drug within 24 hours. The combination of
two treatments should have better results in preventing
the growth of new vessels.7–10 The purpose of our study
is to compare combined therapy of PDT-V and intravi-
treal ranibizumab versus monotherapy with ranibizu-
mab.

Subjects and Methods
This study was conducted in compliance with the Ethics
Committee of the Department of Ophthalmology of the
University of Rome “La Sapienza” and in accordance
with all state laws in Italy. Prior to determination of full
eligibility for enrollment, all patients provided written,
informed consent.

Our open-label, single-center, randomized controlled
trial was designed to compare the efficacy of combined
therapy, defined as intravitreal ranibizumab 0.5 mg and
PDT administered on the same day, versus a group trea-
ted with ranibizumab-alone in eyes with primary classic
CNV secondary to AMD. Inclusion criteria were a best-
corrected visual acuity (BCVA) letter score equal or bet-
ter than 10 letters (Snellen equivalent 20/200), classic
subfoveal CNV lesions due to AMD, greatest linear
dimension (GLD) of the entire lesion ≤5400 μm, at least
55 years of age, and active CNV secondary to AMD
with evidence of leakage on fluorescein angiography
(FA). Exclusion criteria were previous treatment with
bevacizumab or pegaptanib. Patients previously treated
with PDT were excluded. Patients were also excluded if
they had uncontrolled diabetes, a history of coagulation
disorders, cerebrovascular accidents, pulmonary embo-
lism, deep vein thrombosis, uncontrolled systemic
hypertension, chronic renal failure, myocardial infarc-
tion within the previous 6 months, major surgery within
the previous 6 weeks, ocular diseases that could affect
visual acuity (eg, glaucoma, angioid streaks, trauma,
choroiditis, hereditary diseases [even to fellow untreated
eyes], aphakia), or previous vitreoretinal surgery.
Patients were randomized into two groups with a 1:2
ratio: group 1 patients received the combined therapy;
group 2 patients, monotherapy with ranibizumab.

All patients underwent full ophthalmologic examination
at baseline and during the follow-up period. BCVA of
both eyes was measured by an orthoptist masked to the
study using a modified Early Treatment of Diabetic Ret-
inopathy Study (ETDRS) chart at 3 meters distance.
Visual acuity improvement was defined as a gain of at
least 3 ETDRS lines (15 letters), stability as a change of
less than 3 ETDRS lines, and deterioration as a loss of at
least 3 ETDRS lines. Central macular thickness (CMT)
examinations were performed using a STRATUS OCT
(V4.01 Zeiss Meditec, Dublin, CA). CMT was assessed
using the high-resolution Radial Lines protocol and the
Retinal Thickness Map analysis program. AMD neovas-
cular lesions were defined by intraretinal hemorrhages
and edema. From the baseline thickness, a decrease in
CMT of ≤10% was defined as a reduction and an
increase ≥10% was defined as an increase. Fluorescein
angiography was performed by three trained unmasked
photographers using a HRA2 FA (Heidelberg Engineer-
ing). The presence of CNV leakage was evaluated in the
late (3–5 min) versus the early (first 1–2 min) phase.
The leakage was compared between the times before
and after treatment and was described as absent (CNV
closure) or persistent. A relapse was defined as an evi-
dence of leakage on fluorescein angiography and/or evi-
dence of intraretinal or subretinal fluid on OCT from a
previously closed lesion. OCT imaging procedures and
fluorescein angiographies were evaluated by three expe-
rienced (unmasked) retinal specialists at baseline and
during the follow-up, every month for 6 months. Intra-
ocular pressure (IOP), measured by applanation tonome-
try, was monitored. Diastolic and systolic blood pres-
sures were recorded at baseline and during follow-up. At
baseline, the combined therapy group was treated with
PDT-V and intravitreal ranibizumab administered on the
same day. Monthly, additional ranibizumab injections
were administered at month 1 and 2 in case of persistent
activity of the neovascular lesion. Group 2 was treated
with three monthly injections. Eyes underwent standard
PDT-V (Visudyne; Novartis AG, Basel, Switzerland)
with the following protocol: a 10-minute infusion of ver-
terporfin (6 mg/m2 body surface area) was followed by
its activation (5 minutes later) with a 689-nm diode laser
delivering an energy of 50 J/cm2 for 83 seconds, using a
spot size of a diameter 1000 μm larger than the greatest
linear dimension of the lesion. Each patient was asked to
wear protective sunglasses and to avoid exposure of the
eyes and body surfaces to sunlight for the next 48 hours.
They were given an intravitreal injection of 0.5 mg of
ranibizumab on the same day. Before the injection, tetra-
caine 1% eye drops were instilled and povidone-iodine
was applied to the eyelid margins and the lashes. After
the application of a sterile drape, a lid speculum was
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inserted and povidone-iodine 5% ophthalmic solution
applied to the eye, which was flushed after 90 seconds
with saline solution. A volume of 0.5 mg (0.05 ml) of
ranibizumab was injected through a 30-gauge needle.
Patients self-administered a topical antimicrobial agent
(1% ofloxacin ophthalmic solution) three times daily for
3 days before and 7 days after treatment. Follow-up con-
sisted of monthly examinations for a period of 6 months:
patients received complete ocular examinations; addi-
tionally, BCVA, OCT, IOP, fluorescein angiography,
and blood pressure were recorded. Indications for
retreatment after the first 3 months were evidence of vis-
ual deterioration of at least 5 ETDRS letters together
with evidence of persistent or recurrent leakage on fluo-
rescein angiography and/or evidence of intraretinal or
subretinal fluid on OCT. Patients with persistence of
leakage on OCT and fluorescein angiography but with
stable vision, were treated however with additional
intravitreal injection of ranibizumab. Group 1 patients
requiring further treatment received a second session of
PDT combined with intravitreal ranibizumab; group 2
patients received additional monthly injections. We per-
formed a Wilcoxon rank sum test to compare the BCVA
and CMT at T0 and T6 and to determine whether
retreatments depended on treatment protocol. The signif-
icance level was defined as P < 0.05.

Results
A total of 47 eyes of 47 patients were consecutively
enrolled and randomly assigned to group 1 (n = 17) or
group 2 (n = 30). There were no significant differences
in age, pretreatment BCVA, or initial CMT between the
groups (Table 1). All the patients completed the 6-month
follow-up.

In group 1, the mean baseline BCVA ± standard devia-
tion (SD) was 32.65 ± 11.09 letters (Snellen equivalent,
20/59). Six months after treatment, the mean BCVA was
39.06 ±10.12 letters (20/42). Visual acuity improvement
began to appear after the first month of follow-up. The
mean BCVA increase was 6.41 ± 13.34 letters. In group
2, the mean baseline BCVA ± SD was 29.13 ± 9.03 let-
ters (20/70). Six months after treatment, the mean
BCVA was 33.87 ±12.06 letters (20/57). The mean
BCVA increase was 4.73 ± 13.18 letters. In both groups
improvement in visual acuity was statistically significant
(group 1, P = 0.047; group 2, P = 0.024). There was no
statistically significant difference in the BCVA improve-
ment between groups 1 and 2 (Table 2; Figure 1).

In group 1, the mean central thickness at baseline (± SD)
was 315 ± 95.49 μm. At 6 months’ follow-up the mean

Table 1. 
Combined therapy versus monotherapy for AMD CNV: patient demographics and comparisons at baseline

Combined Therapy
(17 eyes of 17 patients)

Monotherapy
(30 eyes of 30 patients)

P value

 

Age (years) 71.24 70.57 0.838a

Sex
 Male 9 15 0.913b
 Female 8 15

BCVA (no. ETDRS letters ) 32.64 29.13 0.245a

CMT (μm)
 

314.6
 

306.3
 

0.756a
 

BCVA, best-corrected visual acuity; CMT, central macular thickness; ETDRS, Early treatment of Diabetic Retinopathy Study chart.
a
Analysis of variance (ANOVA).

b
Chi-square test.

Table 2. 
Combined therapy versus monotherapy for AMD CNV: visual acuity and optical coherence tomography 6 months
after treatment

Combined Therapy
Percentage of treated eyes (N = 17)

Monotherapy
Percentage of treated eyes (N = 30)

 

BCVA changes at month 6
 Gained ≥15 letters 17.6% 23.3%
 Equal 82.4% 70%
 Lost ≥15 letters 0% 6.67%

CMT changes at month 6
 Decreased by ≥10% 76.47% 76.6%
 Equal 23.53% 16.6%
 Increased by ≥10%

 
0%

 
6.6%
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CMT was 202 ± 52.2 μm. In group 2, the mean CMT (±
DS) before treatment was of 306 ±71.61 μm. At 6
months’ follow-up the mean CMT was 226 ± 65.58 μm,
with a mean CMT reduction of 81 μm (Table 2). In both
groups CMT reduction began to appear after the first
month of follow-up. In both groups CMT reduction was
statistically significant (group 1, P = 0.020; group 2, P =
0.0004). There was no statistically significant difference
in the CMT reduction between groups (Table 2; Figure
2)

In group 1, 5 of 17 eyes (29.4%) showed active signs of
the membrane (evidence of persistent or recurrent leak-
age on fluorescein angiography and/or evidence of intra-
retinal or subretinal fluid on OCT), needing a further
cycle of combined therapy, whereas the remaining 13
(71.6%) needed no further treatments. Before treatment,
fluorescein angiography shows two areas of leakage
with hemorrhagic component and the absence of leakage
and resolution of hemorrhagic component 6 months after
treatment; at baseline OCT shows intraretinal edema and
its resolution 6 month after treatment (Figure 3). The
mean number of intravitreal injections was 1.94 (range,
1–4). In group 2, of 30 eyes, 13 (43.3%) needed a fur-
ther cycle of intravitreal injections. At baseline, fluores-
cein angiography shows two areas of leakage and the
complete resolution of leakage at six months of follow-
up; before treatment OCT shows an area of hypereflec-
tivity intraretinal corresponding to the intraretinal neo-
vascularitation, associated with serous neurosensory
detachment and its complete resolution with return of

Figure 1.  Intravitreal combined therapy versus monotherapy with
ranibizumab for choroidal neovascularitation: mean best-correct
visual acuity from baseline to month 6 after treatment. The differ-
ences in time course between the two subgroups were not signifi-
cant. Error bars depict the standard deviation around the mean
number of letters.
 

normal retinal morphology 6 months after treatment
(Figure 4).

The mean number of intravitreal injections per eye was
3.4 (range, 3–6). The variation of IOP was not signifi-
cant (P = 0.57) in both groups (Table 3). There were no
serious ocular adverse events such as retinal detachment,
endophthalmitis or ocular hypertension. P values of sys-
temic blood pressure were not significant (group 1, 0.33;
group 2, 0.17) (Table 4).

Discussion
PDT combines the intravenous injection of a photosensi-
tizer drug with an activating low-power laser beam. PDT
has shown good results on classic and predominantly
classic subfoveal lesions but has been less effective on
occult lesions. PDT-V alone has been shown in a large
number of cases to require retreatments every 3
months.11 Recently, VEGF selective inhibitors have
been investigated for treatment of exudative AMD. The
“on label” agents used are pegaptanib sodium and rani-
bizumab.12 Ranibizumab is a humanized antibody frag-
ment with low molecular weight (48-kDa) that targets
all isoforms of VEGF-A, including VEGF-110,
VEGF-121, and VEGF-165.13–14 Although anti-VEGF
treatments have been effective, some experimental mod-
els have shown that it becomes less effective in prevent-
ing the neovascularization and promoting its
regression.15–16 An alternative treatment option is the
combined treatment we used for our group 1 patients.
This treatment protocol gives PDT-V a new role, in
which it may complement anti-VEGF drugs.16 Com-

Figure 2.  Intravitreal combined therapy versus monotherapy with
ranibizumab for choroidal neovascularitation: optical coherence
tomography CMT (central macular thickness) from baseline to
month 6 after treatment. The differences in time course between
the two subgroups were not significant. Errors bars depict the
standard deviation around the mean central macular thickness.
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bined therapy allows treatment of neovascularization by
targeting several key points of the physiopathological
processes that are involved in its progression. PDT-V
causes the ablation of the already present neovasculari-
zation with a phototoxic selective process that destroys
endothelial cells and exposes basal membrane.17 Ranibi-
zumab may block neovascularization relapse with an
anti-angiogenetic action toward VEGF-A. A recent
study that evaluated VEGF levels in aqueous humor
before and one month after combined therapy showed a
significant decrease, positively correlated with CMT.18

Several multicenter studies are evaluating the effects of
the combination of PDT-V with anti-VEGF in patients
with subretinal neovascularization. The FOCUS study8

compared the results of ranibizumab therapy combined
with PDT-V and PDT-V alone in patients with subfo-
veal, predominantly classic CNV, not larger than 5400
μm. In this study, one group of patients had PDT-V and

a monthly sham injection and the other PDT-V with a
monthly ranibizumab 0.5 mg injection for 24 months.
After 24 months, 88% of patients treated with combined
therapy and 75% of controls lost fewer than 15 letters.
The percentage of patients that has repeated PDT-V was
significantly less in the group treated with ranibizumab.
The PROTECT study evaluated the efficacy of the com-
bination of a single PDT-V application with a single
ranibizumab intravitreal injection administered on the
same day and followed by two more injections in 3
months, in eyes with CNV due to AMD. After 9 months
of follow-up, 70% (22/33) of eyes had only the sched-
uled 3 ranibizumab injections and a PDT, whereas
21.8% had an additional PDT treatment with vertepor-
fin.9 The CAM study19 showed that the optimal timing
for ranibizumab administration is within the 24 hours
after PDT.

Kumar et al10 evaluated the results of combined therapy
of a single PDT-V treatment and ranibizumab 0.5 mg

Figure 3.  Late-phase fluorescein angiography showing two areas of leakage with hemorrhagic component before treatment with combined
therapy (A) and absence of leakage and resolution of hemorrhagic component 6 months after treatment (B). Optical coherence tomography
showing an intraretinal area of hyporeflectivity corresponding to the edema associated with areas of hyperreflectivity and indicating neovas-
cularitation prior to combined therapy treatment (C) complete resolution of intraretinal edema with return of normal retinal morphology after
treatment (D).
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received on the same day by 17 patients with CNV due
to AMD. Visual acuity was stable (gain/loss <2 lines) in
82.2% of cases, whereas it improved (gain ≥2 lines) in
17.6% of cases. Our combined therapy protocol differs
from others in that it provides only one injection at base-
line and additional ranibizumab injections at 1 and 2
months to address any persistent activity of the neovas-
cular lesion. In our study, there was no statistically sig-
nificant difference (P = 0.23) between groups, and both

treatments experienced significant improvement in
BCVA and CMT. In group 1, the CMT mean reduction
was ≥10% in 13 eyes (76.5%). In group 2, the CMT
mean reduction was ≥10% in 23 eyes (76.7%). Statisti-
cal analysis showed a considerable efficacy of both
treatments in reducing CMT (and intraretinal edema) but
did not indicate significant advantage in using one or the
other (P = 0.06) (Figures 1 and 2) although fewer intra-
vitreal injections were required in group 1 than in group

Figure 4.  Late-phase fluorescein angiography showing two areas of leakage before monotherapy treatment (A) and 6 months after treatment
showing a complete resolution of the leakage (B). Optical coherence tomography before treatment shows an area of hypereflectivity intrareti-
nal corresponding to the intraretinal neovascularitation associated with serous neurosensory detachment (C) and after treatment showing com-
plete resolution of both the neurosensorial detachment and the intraretinal edema with return of normal retinal morphology (D).
 

Table 3. 
Combined therapy versus monotherapy for AMD CNV: IOP at baseline and after 6 months

 

Combined Therapy
(17 eyes of 17 patients)

 

Monotherapy
(30 eyes of 30 patients)

 

Mean IOP at baseline 14.5 mm Hg (SD ± 2.83) 14.2mm Hg (SD ± 3.27)

Mean IOP after 6 months 13.9 mm Hg (SD ± 2.6) 13.6 mm Hg (SD ± 2.6)

P value
 

P = 0.12a
 

P = 0.57a
 

IOP, intraocular pressure; SD, standard deviation.
a
Paired t test
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2. This finding has important ethical and economic
implications. Intravitreal injections require a high com-
pliance by the patients, which has to be strictly moni-
tored to avoid serious ocular complications, such as
endophthalmitis and retinal detachment. Risk is directly
proportional to the number of injections, thus monother-
apy carries a greater risk than the combined therapy.
Conversely, the risk for patients undergoing the com-
bined therapy is reduced due to the limited number of
injections; patients thus have an improved quality of life
and psychophysical wellness. In addition, combined
therapy reduces the costs of intravitreal injections.20

Our study was limited principally by our unmasked pro-
tocol as well as the relatively small number of cases and
limited follow-up period. One year of follow-up and a
larger cohort will provide more conclusive results.
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