
Photodynamic Therapy of Subfoveal Choroidal
Neovascularization in Age-related Macular
Degeneration With Verteporfin

One-Year Results of 2 Randomized Clinical Trials—TAP Report 1

Treatment of Age-related Macular Degeneration With Photodynamic Therapy (TAP) Study Group

Objective: To determine if photodynamic therapy with
verteporfin (Visudyne; CIBA Vision Corp, Duluth, Ga)
can safely reduce the risk of vision loss in patients with
subfoveal choroidal neovascularization (CNV) caused by
age-related macular degeneration (AMD).

Design: Two multicenter, double-masked, placebo-
controlled, randomized clinical trials.

Setting: Twenty-two ophthalmology practices in Eu-
rope and North America.

Participants:Patients with subfoveal CNV lesions caused
by AMD measuring 5400 µm or less in greatest linear di-
mension with evidence of classic CNV and best-
corrected visual acuity of approximately 20/40 to 20/200.

Methods: Six hundred nine patients were randomly as-
signed (2:1) to verteporfin (6 mg per square meter of body
surface area) or placebo (5% dextrose in water) admin-
istered via intravenous infusion of 30 mL over 10 min-
utes. Fifteen minutes after the start of the infusion, a la-
ser light at 689 nm delivered 50 J/cm2 at an intensity of
600 mW/cm2 over 83 seconds using a spot size with a
diameter 1000 µm larger than the greatest linear dimen-
sion of the CNV lesion. At follow-up examinations ev-
ery 3 months, retreatment with the same regimen was
applied if angiography showed fluorescein leakage. The
primary outcome was the proportion of eyes with fewer
than 15 letters lost (approximately ,3 lines of loss), ad-
hering to an intent-to-treat analysis.

Results: In each group, 94% of patients completed the
month 12 examination. Visual acuity, contrast sensitiv-
ity, and fluorescein angiographic outcomes were better
in the verteporfin-treated eyes than in the placebo-
treated eyes at every follow-up examination through the
month 12 examination. At the month-12 examination,
246 (61%) of 402 eyes assigned to verteporfin com-
pared with 96 (46%) of 207 eyes assigned to placebo had
lost fewer than 15 letters of visual acuity from baseline
(P,.001). In subgroup analyses, the visual acuity ben-
efit (,15 letters lost) of verteporfin therapy was clearly
demonstrated (67% vs 39%; P,.001) when the area of
classic CNV occupied 50% or more of the area of the en-
tire lesion (termed predominantly classic CNV lesions), es-
pecially when there was no occult CNV. No statistically
significant differences in visual acuity were noted when
the area of classic CNV was more than 0% but less than
50% of the area of the entire lesion. Few ocular or other
systemic adverse events were associated with vertepor-
fin treatment, compared with placebo, including tran-
sient visual disturbances (18% vs 12%), injection-site ad-
verse events (13% vs 3%), transient photosensitivity
reactions (3% vs 0%), and infusion-related low back pain
(2% vs 0%).

Conclusions: Since verteporfin therapy of subfoveal CNV
from AMD can safely reduce the risk of vision loss, we
recommend verteporfin therapy for treatment of pa-
tients with predominantly classic CNV from AMD.

Arch Ophthalmol. 1999;117:1329-1345

A GE-RELATED macular de-
generation (AMD) is a ma-
jor cause of severe vision
loss in people older than
age 65 years in North

America and Europe.1,2 The visual acuity
loss usually results from choroidal neo-
vascularization (CNV), the ingrowth of
new vessels from the choriocapillaris.3

These new vessels are accompanied by fi-
brous tissue4 that can destroy central vi-
sual function over months to years.5-7 In
a few selected situations, laser photoco-

agulation of CNV can reduce the risk of
severe visual acuity loss compared with no
treatment. Photocoagulation is consid-
ered when the lesion is subfoveal (ex-
tends under the center of the foveal

avascular zone), has well-demarcated
boundaries, has evidence of classic CNV,
and is small5; or when the lesion does not
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PATIENTS AND METHODS

The Clinical Study Protocol BPD OCR 002 (originally dated
October 25, 1996) and 8 protocol amendments through No-
vember 20, 1998, are on file with regulatory agencies in
the United States, Canada, and Europe. The highlights of
the protocol are described below. Before patient enroll-
ment at a center began, the design was reviewed by a study
advisory group (members of the TAP Study Group who ad-
vise the study sponsors on the scientific aspects of the in-
vestigation), the institutional review board of the partici-
pating clinical center, and a data and safety monitoring
committee (members are independent of the study spon-
sors and of the TAP Study Group). All investigators, clinic
coordinators, photographers, and vision examiners par-
ticipated in a certification process to optimize adherence
to the protocol. Annual recertification of all vision exam-
iners was performed by a central, experienced group of vi-
sion examiners from the Johns Hopkins Medical Institu-
tions, Baltimore, Md. All photographs were graded by the
Wilmer Photograph Reading Center at the Johns Hopkins
Medical Institutions. Clinic monitors from the sponsors au-
dited data approximately every 6 weeks at each clinical cen-
ter. The Study Advisory Group discussed scientific as-
pects of the study by teleconference at least twice each year.
An operations committee oversaw day-to-day operations
of the protocol through teleconferences held approxi-
mately weekly. The Data and Safety Monitoring Commit-
tee reviewed safety approximately every 6 months after en-
rollment began.

PATIENT SELECTION AND ENTRY EVALUATIONS

Patients were enrolled into 1 of 2 trials from December 1996
through October 1997, when the target sample size was
attained. Vision testing, color photographs, fluorescein an-
giography, medical histories and physical examinations
were completed within 8 days prior to enrollment into the
study.

Patient Selection

Patients had to fulfill eligibility criteria determined by an
ophthalmologist certified to enroll and treat study partici-
pants. The principal eligibility criteria are shown in Table1.
The primary criteria included a best-corrected visual acu-
ity on a retroilluminated Lighthouse for the Blind (New
York, NY) distance visual acuity test chart (using modi-
fied Early Treatment Diabetic Retinopathy Study charts 1,
2, and R) of 73 to 34 letters, inclusive, correctly identified
(visual acuity of approximately 20/40 to 20/200 at a test
distance of 2 m) as determined by a certified visual acuity
examiner following a protocol refraction and visual acuity
determination used in other randomized clinical trials for
patients with CNV from AMD (see the “Vision Testing” sec-
tion below).24

Fluorescein angiographic criteria, using definitions
adapted from the Macular Photocoagulation Study (MPS)
Group,25 included evidence of CNV caused by AMD that
extended under the geometric center of the foveal avascu-
lar zone. Furthermore, the lesion had to have some evi-
dence of the fluorescein angiographic pattern, termed clas-
sic CNV. The lesion could include occult CNV or other

features that could obscure the identification of classic or
occult CNV on fluorescein angiography, including blood,
blocked fluorescence (hypofluorescence) not from blood,
or a serous detachment of the retinal pigment epithe-
lium.25 If features that could obscure the identification of
classic or occult CNV on fluorescein angiography were pres-
ent, these features had to occupy an area less than 50% of
the entire lesion’s area. The greatest linear dimension of
the entire lesion (classic CNV, any occult CNV, and any
features that could obscure the identification of classic or
occult CNV) had to be 5400 µm or less in greatest linear
dimension on the retina as measured by the treating oph-
thalmologist within 1 week of randomization. During the
first 7 months of enrollment, patients with subfoveal le-
sions eligible for laser treatment according to guidelines rec-
ommended by the MPS Group25 were not eligible for par-
ticipation in the TAP investigation. Beginning on July 4,
1997, the criteria were changed to allow such patients to
enroll if they signed an additional written informed con-
sent form indicating a willingness to forgo laser photoco-
agulation at study entry and an understanding that ran-
domization to placebo or verteporfin treatment was being
chosen over the risks and benefits of subfoveal laser pho-
tocoagulation.

Two Trials

Patients who were to participate in the investigation were
recruited from referrals to 22 clinical centers. Two ran-
domized clinical trials were designed to comply with regu-
latory agency requirements that 2 randomized clinical tri-
als independently confirm a statistically significant benefit
for the primary outcome. The study protocols for the 2 ran-
domized clinical trials of the TAP investigation were iden-
tical and ran concurrently, except that 10 of the clinical cen-
ters from North America and Europe were assigned
prospectively to study A and the other 12 clinical centers
to study B. Since the investigation used the same organi-
zational structure (for example, same photograph reading
center and vision monitors) concurrently and since base-
line characteristics, completeness of follow-up, and out-
comes were similar for study A and study B, the Data and
Safety Monitoring Committee recommended, with agree-
ment by the TAP Study Group, that the scientific presen-
tation of the results in peer-reviewed publications should
use the combined data set in accordance with the design
and primary goal of the investigation.

Vision Testing

At the baseline examination, a TAP-certified visual acuity
examiner refracted both eyes and measured distance vi-
sual acuity and contrast threshold according to a protocol
designed to encourage the patient to achieve the best iden-
tification of each letter. The distance visual acuity charts
have 5 letters per line and a doubling of the minimum angle
of resolution every 3 lines. Best-corrected visual acuity was
scored based on the total number of correct letters identi-
fied at 2 m plus 15. If the patient read fewer than 20 letters
at 2 m, the patient was tested on the top 3 lines at 1 m and
the score was the total number of letters read at 2 m plus
the total number of letters read at 1 m. Contrast threshold
for large letters (with a Snellen visual acuity equivalent of
approximately 20/750 or a target image of approximately
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3° at a distance of approximately 1 m from the contrast chart)
was measured using a Pelli-Robson chart.26 For each of the
2 vision tests, the 2 eyes of a patient were tested using dif-
ferent charts.

Photographs

Stereoscopic color photographs of the macula and disc of
each eye and a stereoscopic fluorescein angiogram with pho-
tographs of the macula of the study eye during the transit
phase were taken on 35-mm film by a photographer cer-
tified by the Photograph Reading Center following the MPS
protocol.25 Adherence to photographic eligibility criteria
was reviewed by the Photograph Reading Center at the Johns
Hopkins Medical Institutions after randomization by as-
sessment of fundus and angiographic features from the origi-
nal baseline photographs and fluorescein angiograms. A
drawing of the lesion, including all of its components, was
made by projecting the film on a microfilm reader using
techniques described previously.25 Adherence to eligibil-
ity was judged and recorded by the graders without knowl-
edge of the treatment assignment. All baseline gradings and
drawings were confirmed by a senior ophthalmologist at
the Photograph Reading Center. For cases enrolled by the
clinical center at Johns Hopkins, gradings and drawings were
confirmed by the principal investigator at Harvard Medical
School. Patients judged by the graders not to adhere to pho-
tographic eligibility criteria remained in the data analysis.

Other Medical Aspects

Patients had a complete medical history, physical exami-
nation, electrocardiogram, and blood tests to screen for he-
matologic, renal, hepatic, and other major organ patho-
logic conditions. They also were questioned about the use
of any medications and cigarette smoking history. Vital signs
were measured prior to randomization.

Study Entry

After reviewing and signing a written informed consent form
accompanied by an oral consent process with a certified
investigator (ophthalmologist), patients who were judged
by a TAP-certified enrolling ophthalmologist to satisfy all
eligibility criteria were assigned to placebo or verteporfin
infusion.

RANDOM ASSIGNMENTS

Random assignments were prepared by the statistical de-
partment of CIBA Vision Corp. Sealed envelopes with ran-
dom assignments were prepared by the Quality Assurance
Department within QLT PhotoTherapeutics Inc (Vancou-
ver, British Columbia), which maintained independence
from any other function of the trials. Patients were ran-
domized in a ratio of 2:1 to verteporfin treatement or pla-
cebo, with only one eye of a patient to be randomized. For
cases in which an enrolling ophthalmologist believed that
both eyes of a patient were eligible, the patient and oph-
thalmologist made a subjective judgment as to which eye
would be enrolled in the study. Randomization was strati-
fied by clinical center and by baseline visual acuity (ie, 73
to 54 letters [visual acuity of approximately 20/40 to 20/
80] and 53 to 34 letters [approximately 20/100 to

20/200]) using separate groups of color-coded envelopes.
A study coordinator was instructed to open the sealed en-
velope only after a patient was judged to meet all of the
eligibility criteria and only after the enrolling ophthalmolo-
gist and the patient agreed to have the patient participate.
Treatment was to begin the same day that the treatment
assignment was revealed by opening the envelope.

MASKING

The allocation of verteporfin therapy or placebo was re-
corded on a randomization log that was stored in a locked
cabinet with both opened and unopened randomization en-
velopes at each clinical center. The study coordinator aware
of the treatment assignment and anyone else who might
assist in the setup of verteporfin or placebo solutions were
trained to make every reasonable attempt to maintain mask-
ing of the ophthalmologist, patient, vision examiner, and
Photograph Reading Center personnel. The verteporfin and
placebo solutions were different colors (green vs color-
less). All verteporfin and placebo solutions as well as the
intravenous tubing were covered entirely with foil so that
the patient and treating ophthalmologist were masked dur-
ing the infusion. The ophthalmologist remained masked
while administering the light since the fundus appearance
during treatment does not change in any way to indicate
verteporfin or placebo treatment. On the materials sub-
mitted to them, the Photograph Reading Center graders did
not have any information to indicate that verteporfin or pla-
cebo was administered. The marked hypofluorescence
within a treated area noted within 1 week after vertepor-
fin therapy in phase 1 and 2 studies21-23 is not readily ap-
parent 3 months after treatment. Therefore, this hypofluo-
rescence was not judged to be a likely source of potential
unmasking of the graders evaluating photographs ob-
tained at least 3 months after verteporfin therapy. Clinic
monitors also had no access to information that would in-
dicate treatment assignment. There were no known in-
stances of unmasking of the vision examiners or Photo-
graph Reading Center graders. Only 2 patients who noted
a green solution following extravasation of drug were likely
unmasked. Treating ophthalmologists, but not the pa-
tients, were unmasked in 4 additional cases. In 2 of these
cases, fluorescein angiography was obtained within 1 week
after treatment to evaluate severe visual acuity decrease and
showed hypofluorescence typical for verteporfin therapy.
In another case the ophthalmologist noted the green verte-
porfin leaking onto the cover over the intravenous solu-
tion, and in 1 additional case, the ophthalmologist be-
came unmasked prior to a vitrectomy for a subretinal
hemorrhage; the patient had been assigned to placebo.

VERTEPORFIN THERAPY

Preparation

Verteporfin therapy was performed in all clinical centers
according to a standard protocol. A diode laser at 689 nm
with a slitlamp delivery system (Coherent Inc, Palo Alto,
Calif, or Zeiss Jena GmbH, Jena, Germany) was designed
to deliver 50 J/cm2 at an intensity of 600 mW/cm2 over 83
seconds. Since the light application causes no visible changes

Continued on next page
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extend under the center of the foveal avascular zone (is
juxtafoveal or extrafoveal) and has well-demarcated
boundaries. Many of the juxtafoveal and extrafoveal cases
will have subfoveal recurrences after laser photocoagu-
lation treatment.6,7 For cases in which photocoagula-
tion might be considered, the benefits of laser treatment
are limited, especially for subfoveal CNV, because laser
photocoagulation damages viable neurosensory retina

overlaying the treated CNV. Subfoveal treatment usu-
ally results in immediate, significant visual acuity loss,
especially when visual acuity is better than 20/200.8-10 Un-
fortunately, most patients with subfoveal CNV will not
benefit from laser photocoagulation because the lesions
are too large or they have relatively good visual acuity
(better than 20/200), poorly demarcated boundaries, or
no evidence of classic CNV.8-10

on biomicroscopic examination during treatment, the treat-
ing ophthalmologists noted that they had no way of
confirming that the power output settings on the laser con-
sole matched the power being delivered at the contact lens
on the study eye during treatment. The power output at
the slitlamp was confirmed prior to each treatment begin-
ning in January 1998 using a handheld power meter (La-
ser Check; Coherent Inc). No major deviations in power
output were subsequently identified. The treatment spot
size was determined after measuring the greatest linear di-
mension of the entire CNV lesion using a transparency with
a millimeter ruler placed on a fluorescein angiogram ob-
tained with a fundus camera setting at 32.5 magnifica-
tion. This dimension was divided by 2.5 to account for the
magnification of the camera systems used, resulting in the
approximate greatest linear dimension of the lesion in the
fundus. An additional 1000 µm was added to this dimen-
sion to provide a 500-µm margin of additional treatment
around the lesion. This increased the chance that the le-
sion would be treated in its entirety and would compen-
sate for any slight movements of the study eye during light
application. An unmasked nurse or physician not in-
volved in any outcome assessments and trained in the im-
portance of maintaining masking throughout the study pre-
pared either 30 mL of placebo (5% dextrose in water) or
verteporfin (6 mg per square meter of body surface area)
after calculating the body surface area from a nomogram
based on the height and weight of the patient on the day
of treatment. The solution then was infused through in-
travenous access over a 10-minute period. Fifteen min-
utes after the start of the infusion, the laser light was ap-
plied for 83 seconds to the CNV lesion through a fundus
contact lens of known magnification to result in a light ex-
posure of 50 J/cm2. Patients were instructed to avoid di-
rect sunlight as much as possible and, while outdoors, to
wear special sunglasses with a low (4%) transmittance of
visible light for 48 hours after treatment.

PATIENT FOLLOW-UP

Patients were telephoned within 2 to 4 days after each treat-
ment to determine if they noted any adverse events, such
as new, significant visual acuity loss. If an adverse event
was suspected, the patient was asked to return promptly
for reexamination. All patients also were scheduled to re-
turn approximately 3 months after each treatment (within
2 weeks before or after that date). The patient was seen ev-
ery 3 months and at any other time that the patient or treat-
ing ophthalmologist judged that a severe adverse ocular
event might have occurred. At each regularly scheduled fol-
low-up visit, a protocol refraction, best-corrected visual acu-
ity measurement, contrast threshold measurement, oph-
thalmoscopic examination, stereoscopic color fundus
photography, and fluorescein angiography were per-
formed in both eyes before retreatment. Retreatment could

be considered if there were no serious adverse events judged
likely to be associated with prior therapy. If the treating
ophthalmologist noted any leakage from classic or occult
CNV in the study eye on a fluorescein angiogram taken at
a regularly scheduled follow-up visit every 3 months, re-
treatment with placebo or verteporfin (as assigned at the
baseline examination) was recommended to the patient. A
treatment spot size was chosen that was 1000 µm greater
than the greatest linear dimension of any classic or occult
CNV within or contiguous to an area of prior involvement
by the lesion. Any hypofluorescence from blood contigu-
ous with CNV or a serous detachment of the retinal pig-
ment epithelium contiguous with CNV also was included
within the greatest linear dimension to be retreated. Scar
tissue that was stained with fluoroescein but did not leak
fluorescein at its boundaries and hypofluorescence not from
visible blood were not included in the lesion to be re-
treated. If the area to be retreated included 2 or more non-
contiguous areas of leakage from CNV, a greatest linear di-
mension was chosen that would cover all areas with one
spot size. To qualify for retreatment, the leakage from CNV
at follow-up was not required to be under the geometric
center of the foveal avascular zone, and the greatest linear
dimension did not have to be 5400 µm or less. In cases in
which the greatest linear dimension to be retreated ex-
ceeded the maximum spot size (approximately 6000 µm),
the treating ophthalmologist positioned the spot to encom-
pass as much of the area of leakage as possible.

FLUORESCEIN ANGIOGRAPHIC ASSESSMENT
AT FOLLOW-UP

At follow-up examinations, the extent of fluorescein leak-
age from classic CNV and then from occult CNV was graded
at the Photograph Reading Center in a masked fashion with
reference to the baseline photographs and drawings as fol-
lows: progression of leakage (CNV beyond the area of the
entire CNV lesion noted at baseline, regardless of the amount
of leakage noted within the area of lesion identified at base-
line), moderate leakage (area of CNV occupying $50% of
the area of CNV noted at baseline, with no progression),
minimal leakage (area of CNV occupying ,50% of the area
of CNV noted at baseline, with no progression), and ab-
sence of leakage (no CNV within the area of the lesion noted
at baseline, with no progression). These gradings were based
only on lesion area, not other fluorescein features, such as
the amount of fluorescence or the area of leakage extend-
ing beyond classic CNV or occult CNV. The Photograph
Reading Center graders also evaluated color fundus pho-
tographs and fluorescein angiograms obtained at the month
3, 6, 9, and 12 follow-up examinations for any serious
or potential adverse events that could be identified on
photographs, including the development of any other
fundus or optic nerve disease that could affect visual acu-
ity. The Photograph Reading Center staff reviewed any
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Because of the limitations of laser photocoagulation
for subfoveal CNV and because CNV in AMD is an impor-
tant public health problem, other treatments are under
evaluation in an effort to improve the outcome in this con-
dition. One such treatment is photodynamic therapy with
verteporfin (Visudyne; CIBA Vision Corp, Duluth, Ga). This
treatment, termed verteporfin therapy, involves an intrave-
nous injection of verteporfin, a photosensitizer, or light-

activated, drug. After infusion, the photosensitizer is acti-
vated focally by illumination with light from a laser source
at a wavelength that corresponds to an absorption peak of
the drug but is not strong enough to create any thermal
(photocoagulation) damage. Researchers believe that the
mechanism of action may be as follows: the excited pho-
tosensitizer generates singlet oxygen and reactive oxygen
intermediates associated with damage to cellular compo-

fluorescein angiograms obtained at interim visits at which
a retinal adverse event was suspected by a treating oph-
thalmologist.

STATISTICAL METHODS

Sample Size Estimation

A minimum of 300 treated patients were needed to allow
a 95% chance of detecting at least one adverse event that
had a true occurrence of 1% or greater during the treat-
ment period. Thus, 2 identically sized trials with at least
150 patients assigned to verteporfin therapy were needed.
A randomization ratio of 2:1 would result in 75 patients in
each trial assigned to placebo, with a total of 225 patients
in each trial. If 50% of the patients given placebo were es-
timated to lose fewer than 15 letters at 1 year, with a 2-sided
significance level (a) of .05, then 225 patients in each trial
would provide 80% power to detect a difference from pla-
cebo of 20% (ie, 50% vs 70%). This difference was judged
to be of adequate clinical relevance. The sample size esti-
mate then was adjusted with the assumption that 17% of
enrolled patients would not have data available at the end
of the trial because of death, loss to follow-up, and gross
ineligibility. Therefore, a target sample size of 270 pa-
tients in each trial or 540 patients for both trials was judged
to be needed to enroll 225 evaluable patients in each trial.

Outcome Measurements

The primary efficacy outcome was the proportion of eyes that
had fewer than 15 letters lost (approximately ,3 lines of vi-
sual acuity loss) compared with the baseline examination at
1 year after study entry. Secondary efficacy outcomes in-
cluded the proportion of eyes that had fewer than 30 letters
lost (approximately ,6 lines of visual acuity loss) com-
pared with the baseline examination, mean changes in vi-
sual acuity, mean changes in contrast threshold, and angio-
graphic outcomes (progression of CNV and size of lesion).

Statistical Analysis

The primary efficacy analyses were based on a strict intent-
to-treat analysis; patients were analyzed within the group
to which they were randomized. All 609 randomized pa-
tients were included in the primary efficacy analyses. De-
mographic and baseline characteristics were summarized
and tested for treatment group comparability using a Fisher
exact test for categorical variables and a Wilcoxon rank-
sum test for continuous variables.27,28 The proportions of
eyes that lost fewer than 15 letters and fewer than 30 let-
ters from baseline to 1 year were analyzed using a Pearson
x2 test. The frequency distributions of changes in visual acu-
ity from baseline, visual acuity categories, and changes in
contrast sensitivity from baseline were compared between

groups using a Wilcoxon rank-sum test. The times to a loss
of 15 or more letters and separately for 30 or more letters
were analyzed using the Kaplan-Meier method.27 The loss
only counted as an event if there was confirmation of the
loss at the next visit or if the loss was observed at the pa-
tient’s last included visit. The complements of the Kaplan-
Meier estimates at each scheduled visit are displayed graphi-
cally using point estimates from each visit. Assessments of
fluorescein leakage were compared between groups using
a Pearson x2 test.29 The intent-to-treat analysis included all
patients who were randomized; missing values were im-
puted using the method of last observation carried for-
ward. To test for interactions between treatment and sub-
group variables, an analysis of variance model28 was used
for contrast sensitivity and a logistic regression model was
used for all binary response variables.30

DATA MONITORING AND REPORTING

Since visual acuity was both a primary outcome and a mea-
sure of safety, the Data and Safety Monitoring Committee
semiannually reviewed accumulated visual acuity data un-
masked by treatment assignment and independently ana-
lyzed by the Jaeb Center for Health Research, Tampa, Fla.
Unmasked data were not shared with the study sponsors or
any of the investigators. The emphasis of these reviews was
on safety, so that patient participants, the TAP Study Group,
and the study sponsors could be notified if there was a spe-
cific safety concern identified in this unmasked informa-
tion. No safety concerns were voiced by the committee at
its reviews on November 5, 1997, and June 27, 1998.

Twelve-month data analyzed by the sponsors were re-
viewed by the sponsors, the Data and Safety Monitoring
Committee, the chair of the TAP Study Advisory Group,
and the principal investigator of the Photograph Reading
Center on December 30, 1998, to consider filing for regu-
latory approval of verteporfin therapy. An independent
analysis of the month 12 efficacy analyses was conducted
by the Jaeb Center to verify the accuracy of the sponsors’
data analyses. Based on this review of the data, the spon-
sors concluded that the 1-year outcomes warranted filing
for regulatory approval. To comply with Securities and Ex-
change Commission policies in Canada and the United
States, this decision was shared with the public via a news
release from the sponsors on January 5, 1999. The data on
which this public announcement was based were then re-
viewed by the TAP Study Advisory Group and the TAP Study
Group on January 30, 1999, and are presented in this re-
port. In all instances, the results are given for both trials
combined. The results of the individual trials show no sig-
nificant differences with respect to baseline characteris-
tics, completion of visits, visual acuity outcomes, second-
ary outcomes, or adverse events (data on file with regulatory
agencies but not shown here). No prospectively defined stop-
ping rules were employed.
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nents.11,12 Verteporfin has been demonstrated to be an ef-
fective photosensitizer both in vitro and in vivo.13-17 Pre-
clinical studies showed that light-activated verteporfin could
selectively occlude vessels of experimentally induced CNV
in animal models with minimal effects on the surround-
ing and overlying retina and underlying choroid.18-20

Based on these studies, a phase 1 and 2 investigation
was designed to evaluate the safety of verteporfin therapy
for the treatment of patients with CNV and to determine
the effects of this therapy on fluorescein leakage from
CNV.21-23 A phase 1 and 2 single-treatment study showed
that light-activated verteporfin could cause short-term (1-4
weeks) cessation of fluorescein leakage from CNV with-
out angiographic damage to retinal blood vessels or loss
of vision.21,23 The data suggested a maximum tolerated light
dose less than 150 J/cm2 (to avoid retinal vascular occlu-
sion) and a minimum effective light dose greater than 25
J/cm2. In almost all cases, leakage recurred by 12 weeks af-
ter the initial treatment, even in subjects who had re-
ceived the maximum tolerated light dose. Therefore, the
safety and effects of retreatment with verteporfin therapy
were evaluated after multiple treatments.22 These evalua-
tions suggested that repeated treatments could consis-
tently cause short-term cessation of fluorescein leakage from
CNV without angiographic damage to the retinal blood ves-
sels or short-term visual acuity loss after each treatment.22

However, return of leakage from CNV typically was noted
by 12 weeks after a retreatment (although often involving
an area smaller than was noted prior to treatment), sug-
gesting that periodic retreatment for an unknown time

Table 1. Principal Eligibility Criteria for the Treatment
of Age-related Macular Degeneration With Photodynamic
Therapy (TAP) Investigation

Inclusion Criteria
Choroidal neovascularization (CNV) secondary to age-related macular

degeneration
CNV under the geometric center of the foveal avascular zone
Evidence of classic CNV on fluorescein angiography
Area of CNV at least 50% of the area of the total neovascular lesion
Greatest linear dimension of lesion #5400 µm (not including any area

of prior laser photocoagulation)
Best-corrected TAP protocol visual acuity of 73 through 34 letters

(Snellen equivalent, approximately 20/40 through 20/200)
Age $50 years
Willing and able to provide written informed consent

Exclusion Criteria
Tear (rip) of retinal pigment epithelium
Any significant ocular disease (other than CNV) that has compromised

or could compromise vision in the study eye and confound analysis
of the primary outcome

Inability to obtain photographs to document CNV, including difficulty
with venous access

History of treatment for CNV in study eye other than nonfoveal
confluent laser photocoagulation

Participation in another ophthalmic clinical trial or use of any other
investigational new drugs within 12 weeks prior to the start of study
treatment

Active hepatitis or clinically significant liver disease
Porphyria or other porphyrin sensitivity
Prior photodynamic therapy for CNV
Intraocular surgery within last 2 months or capsulotomy within last

month in study eye

Table 2. Baseline Characteristics by Treatment Group*

Characteristic
Verteporfin,

No. (%)
Placebo,
No. (%) P †

Patients 402 (100) 207 (100) . . .
Gender

Women 214 (53.2) 130 (62.8)
.02

Men 188 (46.8) 77 (37.2)
Race

White 396 (98.5) 203 (98.1)
.74

Other 6 (1.5) 4 (1.9)
Age, y

50-64 39 (9.7) 10 (4.8)
65-74 155 (38.6) 77 (37.2)
75-84 179 (44.5) 100 (48.3)
$85 29 (7.2) 20 (9.7)

Mean 74.9 76.0 .12
Definite hypertension‡ 170 (42.3) 77 (37.2) .26
No. of letters read

(visual acuity§) in
study eye

73-54
(20/40-20/80)

203 (50.5) 101 (48.8)

53-34
(20/100-20/200)

199 (49.5) 106 (51.2) .66

Mean 52.8 (20/80−2) 52.6 (20/80−2)
No. of letters read

(visual acuity§) in
fellow eye

.73 (.20/40) 146 (36.3) 79 (38.2)
54-73

(20/40-20/80)
57 (14.2) 34 (16.4)

34-53
(20/100-20/200)

44 (10.9) 23 (11.1) .24

,34 (,20/200) 155 (38.6) 71 (34.3)
Mean 48.9

(20/100−1)
51.8

(20/100+2)
Mean study eye

contrast sensitivity,
No. of letters

24.2 24.3 .74

Micronutrient
supplement use

220 (54.7) 120 (58.0) .49

Smoking history
Never 135 (33.6) 90 (43.5)
Previous 205 (51.0) 94 (45.4) .045
Current 62 (15.4) 23 (11.1)

Lesion area composed
of CNV, %

$50 393 (97.8) 200 (96.6)
.0 to ,50 6 (1.5) 6 (2.9) .55
0 or could not

grade
3 (0.7) 1 (0.5)

CNV location
Subfoveal 358 (89.1) 187 (90.3)
Probably subfoveal 24 (6.0) 9 (4.3)

.58
Not subfoveal 17 (4.2) 11 (5.3)
Could not grade 3 (0.7) 0 (0.0)

Lesion area composed
of classic CNV, %

$50 160 (39.8) 84 (40.6)
.0 to ,50 201 (50.0) 103 (49.8)

..99
0 38 (9.5) 19 (9.2)
Could not grade 3 (0.7) 1 (0.5)

Evidence of occult CNV
Yes 305 (75.9) 157 (75.8)
No 94 (23.4) 49 (23.7) ..99
Could not grade 3 (0.7) 1 (0.5)
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would be required in further evaluations of verteporfin
therapy for CNV in AMD.

Based on this phase 1 and 2 investigation, 2 phase 3
trials were begun in December 1996. Two identically de-
signed randomized clinical trials (study A and study B),
together called the Treatment of Age-Related Macular De-
generation With Photodynamic Therapy (TAP) Investi-
gation, were initiated in North America and Europe to de-
termine if verteporfin therapy could reduce the risk of vision
loss compared with placebo in people with subfoveal CNV
caused by AMD. This article describes findings regarding
the effect of verteporfin therapy compared with placebo
therapy through 1 year of follow-up based on all patient
visits completed as of September 25, 1998.

RESULTS

Six hundred nine eyes in 609 patients were assigned ran-
domly to verteporfin therapy (402 eyes) or placebo treat-
ment (207 eyes). Four patients who were randomized ac-
cording to the wrong visual acuity stratum by the clinical
center coordinator at baseline were analyzed subse-
quently within the treatment group to which they were
assigned originally. The baseline characteristics for these
participants were statistically balanced (Table 2), ex-
cept that there were more women assigned to placebo than
verteporfin treatment, more past or current smokers as-
signed to verteporfin treatment, and more lesions with
blood assigned to placebo treatment. Of the 57 eyes judged
to have no evidence of classic CNV at baseline, 54 had oc-
cult CNV. The other 3 eyes had evidence of fluorescein
staining of fibrovascular tissue from CNV but no fluores-
cein leakage to meet the criteria for classic or occult CNV.
Ninety-four percent of patients in each group completed
the month 12 follow-up examination (Figure 1). The

Randomization (n = 609)

Received Verteporfin
(n = 402)

Received Placebo
(n = 207)

Follow-up at Month 3
(n = 398 [99.0%])

Received Treatment: n = 365 (90.8%)
No Treatment Because No CNV 

Leakage: n = 28 (7.0%)

Follow-up at Month 3
(n = 203 [98.1%])

Received Treatment: n = 194 (93.7%)
No Treatment Because No CNV 

Leakage: n = 7 (3.4%)

Follow-up at Month 6
(n = 392 [97.5%])

Received Treatment: n = 318 (79.1%)
No Treatment Because No CNV 

Leakage: n = 67 (16.7%)

Follow-up at Month 6
(n = 199 [96.1%])

Received Treatment: n = 190 (91.8%)
No Treatment Because No CNV 

Leakage: n = 7 (3.4%)

Follow-up at Month 9
(n = 379 [94.3%])

Received Treatment: n = 280 (69.7%)
No Treatment Because No CNV 

Leakage: n = 91 (22.6%)

Follow-up at Month 9
(n = 194 [93.7%])

Received Treatment: n = 172 (83.1%)
No Treatment Because No CNV 

Leakage: n = 18 (8.7%)

Follow-up at Month 12
(n = 379 [94.3%])

Received Treatment: n = 256 (63.7%)
No Treatment Because No CNV 

Leakage: n = 108 (26.9%)

Follow-up at Month 12
(n = 194 [93.7%])

Received Treatment: n = 163 (78.7%)
No Treatment Because No CNV 

Leakage: n = 22 (10.6%)

Figure 1. Profile of participants randomized, receiving treatment, and
completing follow-up (at least a protocol visual acuity assessment) through
12 months.

Table 2. Baseline Characteristics by Treatment Group (cont)

Characteristic
Verteporfin,

No. (%)
Placebo,
No. (%) P †

Evidence of prior laser
photocoagulation

Yes 59 (14.7) 23 (11.1)
No 341 (84.8) 184 (88.9) .32
Could not grade 2 (0.5) 0 (0.0)

Lesion included blood
Yes 133 (33.1) 87 (42.0)
No 266 (66.2) 120 (58.0) .053
Could not grade 3 (0.7) 0 (0.0)

Lesion with blocked
hypofluorescence
not caused by
visible blood

Yes 156 (38.8) 85 (41.1)
No 243 (60.4) 122 (58.9) .59
Could not grade 3 (0.7) 0 (0.0)

Serous pigment epithelial
detachment

Yes 1 (0.2) 0 (0.0)
No 398 (99.0) 207 (100.0) .71
Could not grade 3 (0.7) 0 (0.0)

CNV cause
AMD only 387 (96.3) 197 (95.2)
Other cause, or AMD

plus other cause
14 (3.5) 9 (4.3) .70

Could not grade 1 (0.2) 1 (0.5)
Area of lesion, MPS disc

areas
#3 140 (34.8) 68 (32.9)
.3 to #6 191 (47.5) 102 (49.3)
.6 to #9 55 (13.7) 31 (15.0) .95
.9 6 (1.5) 2 (1.0)
Could not grade 10 (2.5) 4 (1.9)

Greatest linear
dimension, diameter of
MPS disc area circle

#3 107 (26.6) 46 (22.2)
.3 to #6 152 (37.8) 97 (46.9)
.6 to #9 109 (27.1) 52 (25.1) .26
.9 25 (6.2) 8 (3.9)
Could not grade 9 (2.2) 4 (1.9)

Eligible for laser
photocoagulation\

New subfoveal CNV 20 (5.0) 13 (6.3)
Recurrent

subfoveal CNV
12 (3.0) 3 (1.4)

.65

No 367 (91.3) 190 (91.8)
Could not determine 3 (0.7) 1 (0.5)

*CNV indicates choroidal neovascularization; AMD, age-related macular
degeneration; and MPS, Macular Photocoagulation Study.

†Fisher exact test for nominal categorical variables, Wilcoxon rank-sum
test for continuous categorical variables.

‡Definite hypertension was defined as systolic blood pressure of 160
mm Hg or higher or of 140 to 159 mm Hg with a history of hypertension or
use of antihypertension medications or diastolic blood pressure of 95
mm Hg or higher or of 90 to 94 mm Hg with a history of hypertension or
use of antihypertension medications.

§Approximate Snellen equivalent.
\According to the MPS guidelines, new subfoveal CNV was judged eligible

for laser photocoagulation when the lesion had well-demarcated boundaries,
evidence of classic CNV, and size of 2 MPS disc areas or smaller; recurrent
subfoveal CNV was judged eligible for laser photocoagulation when the
lesion had well-demarcated boundaries, evidence of classic CNV, and a size
(including area of prior laser treatment) of 6 MPS disc areas or smaller.
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number of treatments administered at specific follow-up
examinations is shown in Figure 1. By the month 12 ex-
amination, but prior to any retreatment at that visit, pa-
tients treated with verteporfin had received an average of
3.4 treatments per participant compared with 3.7 treat-
ments per participant for patients given placebo.

VISION OUTCOMES

The change in visual acuity from baseline at the month
3 and month 12 examinations is shown in Table 3. Ben-
eficial effects of verteporfin treatment compared with pla-
cebo with respect to change in visual acuity were noted
starting with the month 3 examination. For the primary
outcome at the month 12 examination, 61.2% of the eyes
treated with verteporfin compared with 46.4% of the eyes
given placebo had lost fewer than 15 letters or approxi-
mately less than 3 lines of visual acuity (P,.001). The
entire change in visual acuity distribution differed by 1.3
lines, on average, in favor of the eyes treated with verte-
porfin 1 year after study entry. Eyes treated with verte-
porfin had more improvements of 1 or more lines of vi-
sual acuity (16% vs 7%) and were more likely to avoid a
loss of 6 lines or more (85% vs 76%). Based on estimates
from Kaplan-Meier rates at every follow-up examina-

tion after study entry through the month 12 examina-
tion, the proportion of eyes with a loss of 15 or more let-
ters (approximately $3 lines) (Figure 2) or a loss of
30 or more letters (approximately $6 lines) (Figure 3)
was lower in the verteporfin-treated group.

The level of visual acuity at the month 3 and month
12 examinations is shown in Table 4. Although both
groups had a similar mean visual acuity at baseline (ap-
proximate Snellen equivalent of 20/80 − 2), by month 12
the mean visual acuity in eyes treated with verteporfin
compared with eyes given placebo was 20/160 +
2 vs 20/200. The entire visual acuity distribution at this
visit shifted in favor of the verteporfin-treated eyes, which
were less likely to have a visual acuity worse than 20/
200 and more likely to have a visual acuity better than
20/80. The mean number of contrast sensitivity letters
lost (Figure 4) was approximately 1 in the eyes treated
with verteporfin compared with approximately 3 to 5 in
the eyes given placebo at every follow-up visit through
the month 12 examination.

FLUORESCEIN ANGIOGRAPHIC OUTCOMES

The proportion of eyes with progression of classic CNV
beyond the area of the lesion identified at baseline is shown
in Figure 5 for the eyes with classic CNV at baseline.
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Figure 2. Kaplan-Meier estimates of the cumulative proportion of eyes
treated with verteporfin or given placebo with moderate visual acuity loss
($15 letters or approximately $3 lines) at each 3-month study visit over
time.
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Figure 3. Kaplan-Meier estimates of the cumulative proportion of eyes
treated with verteporfin or given placebo with severe visual acuity loss ($30
letters or approximately $6 lines) at each 3-month study visit over time.

Table 3. Frequency Distribution of Changes in Visual Acuity From Baseline by Treatment and Visit

Change in Visual Acuity*

No. (%) of Patients

3-Month Follow-up 12-Month Follow-up

Verteporfin
(n = 402)

Placebo
(n = 207)

Verteporfin
(n = 402)

Placebo
(n = 207)

$6-line increase 1 (0.2) 0 (0.0) 4 (1.0) 0 (0.0)
$3-line to ,6-line increase 8 (2.0) 3 (1.4) 20 (5.0) 5 (2.4)
$1-line to ,3-line increase 62 (15.4) 22 (10.6) 42 (10.4) 10 (4.8)
No change 132 (32.8) 67 (32.4) 87 (21.6) 34 (16.4)
$1-line to ,3-line decrease 126 (31.3) 55 (26.6) 93 (23.1) 47 (22.7)
$3-line to ,6-line decrease 55 (13.7) 37 (17.9) 97 (24.1) 62 (30.0)
$6-line decrease 18 (4.5) 23 (11.1) 59 (14.7) 49 (23.7)

P = .007† P,.001†

Mean −1.2 −2.0 −2.2 −3.5

*Values are approximate; there are 5 letters per line.
†Wilcoxon rank sum test; the verteporfin-treated group had the better outcome.
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By the month-12 examination, 166 (46%) of 361 eyes
treated with verteporfin that had classic CNV at base-
line had progression compared with 133 (71%) of
187 eyes given placebo, and fluorescein leakage was
absent in 68 (19%) of the eyes treated with verteporfin
compared with 17 (9%) of the eyes given placebo
(Figure 6).

For eyes without classic CNV at baseline, 12 (32%)
of 38 eyes treated with verteporfin compared with 10
(53%) of 19 eyes given placebo had evidence of classic
CNV identified on the fluorescein angiogram obtained
at month 12. This classic CNV was classified as progres-
sion (extending beyond the area of the lesion identified
at baseline) in 5 (13%) of the eyes treated with vertepor-
fin compared with 9 (47%) of the eyes given placebo.

With respect to eyes with evidence of occult CNV
at study entry, no major differences were noted be-
tween the verteporfin and placebo groups based on an-
giographic outcomes of occult CNV. Progression of oc-
cult CNV was noted in 72% of eyes treated with
verteporfin compared with 80% of eyes given placebo by
month 12.

The lesion size at the month 12 examination is
reported in Figure 7. Beginning with the month 3
examination, the lesions had less growth in the verte-
porfin-treated group (Figure 8) compared with the
placebo-treated group. By the month 12 examination,
placebo-treated lesions were almost twice as likely as
verteporfin-treated lesions to be 6 or more disc areas
in size.
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Figure 4. Mean number of letters of contrast sensitivity lost at each 3-month
study visit over time for eyes assigned to verteporfin treatment or placebo.
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Figure 5. Percentage of eyes treated with verteporfin (n = 361) and eyes
given placebo (n = 187) identified at baseline with classic choroidal
neovascularization (CNV) with progression of classic CNV beyond the
lesion’s area at baseline at each 3-month study visit over time.

30

25

20

15

10

5

0

Time After Study Entry, mo
3 6 9 12

Ey
es

 W
ith

 N
o 

Le
ak

ag
e 

Fr
om

 
Cl

as
si

c 
CN

V,
 %

Verteporfin
Placebo

7.2

3.2

11.6

3.2

15.2

7

18.8

9.1

Figure 6. Percentage of eyes treated with verteporfin (n = 361) and eyes
given placebo (n = 187) with complete absence of leakage from classic
choroidal neovascularization (CNV) at each 3-month study visit over time
when classic CNV was present at baseline.
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Figure 7. Distribution of lesion sizes at the month 12 examination for 402
eyes assigned to verteporfin treatment and 207 eyes assigned to placebo.

Table 4. Visual Acuity Categories in Study Eyes by Treatment and Visit

Visual Acuity,
No. of Letters
(Approximate Snellen
Equivalent)

No. of Patients

3-Month Follow-up 12-Month Follow-up

Verteporfin
(n = 402)

Placebo
(n = 207)

Verteporfin
(n = 402)

Placebo
(n = 207)

.73 (.20/40) 14 (3.5) 0 (0.0) 19 (4.7) 2 (1.0)
54-73 (20/40-20/80) 123 (30.6) 65 (31.4) 93 (23.1) 30 (14.5)
34-53 (20/100-20/200) 181 (45.0) 81 (39.1) 150 (37.3) 76 (36.7)
#33 (,20/200) 84 (20.9) 61 (29.5) 140 (34.8) 99 (47.8)

P = .06* P,.001*

Mean 47 (20/126+2) 43 (20/126−2) 42 (20/160+2) 35 (20/200)

*Wilcoxon rank sum test; the verteporfin-treated group had the better outcome.
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SUBGROUP ANALYSES

Subgroup analyses for the primary outcome at the
month 12 examination (Table 5), based on the trial
assignment (study A and study B) and selected lesion
characteristics listed in Table 2, were undertaken to
understand treatment effects in different subpopula-
tions. No subgroups were identified in which eyes given
placebo fared better than eyes treated with verteporfin
to suggest any harmful effect. Only the lesion compo-

nents at baseline affected the magnitude of the treat-
ment benefit to a statistically significant degree (Table
5) (Pi#.05 for the test of interaction). Specifically, sub-
group analysis showed a large treatment benefit when
the lesion was predominantly classic CNV (ie, the area
of classic CNV occupied $50% of the area of the entire
lesion) at baseline, with 33% of the 159 eyes treated
with verteporfin compared with 50 (61%) of the 84
eyes given placebo losing 15 or more letters at the
month 12 examination.

A B

C D

E F

Figure 8. Example of verteporfin treatment of subfoveal choroidal neovascularization (CNV) in which no progression of classic CNV was noted by the month 12
examination beyond the area of the lesion identified at baseline. A, Color fundus photograph at baseline shows subretinal fluid under the center of the foveal
avascular zone, with subretinal hemorrhage and lipid. B, Late-phase fluorescein angiogram at baseline shows leakage from classic (straight arrow) and occult
(curved arrow) CNV. C, Color fundus photograph 3 months after initial treatment shows marked decrease in subretinal fluid, hemorrhage, and lipid. D, Late-phase
fluorescein angiogram shows a decrease in the area of leakage within the area of the lesion identified at baseline, with some progression of leakage noted along
the nasal aspect of the lesion (arrow). E, Color fundus photograph 12 months after initial treatment with retreatments applied at the 3-, 6-, and 9-month follow-up
examinations shows complete resolution of the subretinal fluid, hemorrhage, and lipid, with small area of fibrosis within the area of the lesion identified at
baseline. F, Late-phase fluorescein angiogram shows some staining and questionable leakage within the central area of the lesion identified at baseline and no
progression of leakage from the CNV boundaries identified at baseline.
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When the entire study population was subgrouped
by absence or presence of occult CNV, the subgroup with
no occult CNV also had a substantial treatment benefit.
This latter finding, though, did not account for all of the
treatment benefit noted for cases with predominantly clas-
sic CNV. Specifically, for the eyes with predominantly
classic CNV and no occult CNV, 21 (23%) of the 90 pa-
tients treated with verteporfin compared with 32 (73%)
of the 44 patients given placebo had lost 15 or more let-
ters (P,.001); 9 (10%) of the 90 patients treated with
verteporfin compared with 18 (41%) of the 44 patients
given placebo had lost 30 or more letters (P,.001). For
the eyes with predominantly classic CNV and occult CNV
present, 31 (45%) of the 69 patients treated with verte-
porfin compared with 19 (47%) of the 40 patients given
placebo had lost 15 or more letters (P = .80); 10 (14%)

of the 69 patients treated with verteporfin compared with
10 (25%) of the 40 patients given placebo had lost 30 or
more letters (P = .17).

No appreciable difference was observed in the group
of patients with lesions in which the area of classic CNV
was greater than 0% but less than 50% of the area of the
entire lesion at baseline. In contrast, the subgroup with
no classic CNV had a large treatment benefit; however, the
number of patients in this subgroup was small and did not
meet the eligibility criteria for the trials according to the
Photograph Reading Center’s interpretation of the angio-
gram. In the subgroup with no classic CNV, all patients
but 3 had occult CNV but no classic CNV. The other 3
patients were judged by the Photograph Reading Center
to have fluorescein staining of a scar from CNV but no leak-
age pattern consistent with either classic or occult CNV.

Table 5. Eyes With a Loss of Less Than 15 Letters at Month 12 by Treatment Group and Baseline Characteristics*

Characteristic
Treatment

Group
No. of
Eyes

Loss ,15
Letters, %

Difference,
Percentage Points P † Pi ‡

All eyes V 402 61.2
14.8 ,.001 NA

P 207 46.4
Trial .84

Study A V 204 59.8
14.0 .02

P 107 45.8
Study B V 198 62.6

15.6 .01
P 100 47.0

Age, y .09
,75 V 194 68.0

22.0 ,.001
P 87 46.0

$75 V 208 54.8
8.1 .16

P 120 46.7
Gender .45

Men V 188 58.5
19.5 .004

P 77 39.0
Women V 214 63.6

12.8 .02
P 130 50.8

Systemic hypertension .46
Definite§ V 170 60.6

19.0 .005
P 77 41.6

Others V 232 61.6
12.4 .02

P 130 49.2
Smoking history .75

Never V 135 62.2
13.3 .048

P 90 48.9
Past V 205 59.5

18.0 .004
P 94 41.5

Current V 62 64.5
8.0 .50

P 23 56.5
Initial No. of letters read (visual acuity\) in study eye .46

73-54 (20/40-20/80) V 203 54.7
12.1 .047

P 101 42.6
53-34 (20/100-20/200) V 199 67.8

17.8 .002
P 106 50.0

Greatest linear dimension, diameter of MPS
disc area circle¶

.76

#3 V 107 67.3
10.8 .20

P 46 56.5
.3 to #6 V 152 62.5

17.1 .008
P 97 45.4

.6 to #9 V 109 53.2
10.9 .20

P 52 42.3
.9 V 25 56.0

31.0 .13
P 8 25.0

Continued on next page
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To explore these subgroup findings further, visual acu-
ity distributions (Figure9), mean change in contrast sen-
sitivity (Table 6), and angiographic outcomes (Table 6)
at the month 12 examination were evaluated, based on le-
sion components noted at baseline. The lesion compo-
nents at baseline affected the magnitude of the treatment
benefit with respect to the visual acuity distributions. The
lesion component also affected the magnitude of the treat-
ment benefit with respect to mean change in contrast sen-
sitivity to a significant degree (Pi= .02 for the test of in-
teraction), but did not affect the magnitude of the treatment
benefit with respect to progression of classic CNV or le-
sion size greater than 6 disc areas.

SAFETY

An adverse event (irrespective of relationship to treat-
ment) was reported in 333 patients treated with verte-

porfin (83%) and 178 patients given placebo (86%). Ad-
verse events considered by the treating ophthalmologist
to be associated with treatment were reported in 185 pa-
tients (46%) treated with verteporfin and 74 (36%) of
those given placebo. Adverse events judged to be clini-
cally relevant, listed in Table 7, were slightly more com-
mon in patients assigned to verteporfin treatment. For
nonocular adverse events, there were increased inci-
dences of adverse events related to injection site, includ-
ing injection site pain, edema, hemorrhage, inflamma-
tion, or other events, in 13.4% of patients treated with
verteporfin compared with 3.4% of patients given pla-
cebo. Photosensitivity reactions were noted only in 12
patients (3.0%) treated with verteporfin. In 2 of these pa-
tients, the reactions were judged not to be caused by verte-
porfin. The reactions were generally transient, mild to
moderate sunburns caused by direct sunlight exposure
shortly after drug administration, usually within 24 hours.

Table 5. Eyes With a Loss of Less Than 15 Letters at Month 12 by Treatment Group and Baseline Characteristics* (cont)

Characteristic
Treatment

Group
No. of
Eyes

Loss ,15
Letters, %

Difference,
Percentage Points P † Pi ‡

Lesion area composed of classic CNV, %# .004
$50 V 159 67.3

28.0 ,.001
P 84 39.3

.0 to ,50 V 202 55.9
0.6 .92

P 103 55.3
0 V 38 63.2

31.6 .02
P 19 31.6

Evidence of occult CNV** ,.001
Yes V 305 56.4

4.8 .33
P 157 51.6

No V 94 76.6
46.0 ,.001

P 49 30.6
Evidence of prior laser photocoagulation†† .31

Yes V 59 59.3
2.8 .82

P 23 56.5
No V 341 61.3

16.2 ,.001
P 184 45.1

Area of lesion considered to be fibrosis, %‡‡ .53
0-25 V 313 60.1

14.3 .004
P 153 45.8

26-50 V 44 56.8
6.8 .59

P 24 50.0
.50 V 39 71.8

25.4 .04
P 28 46.4

Lesion included blood§§ .22
Yes V 133 63.9

21.4 .002
P 87 42.5

No V 266 59.8
10.6 .052

P 120 49.2

*V indicates verteporfin-treated group; P, placebo-treated group; NA, not applicable; MPS, Macular Photocoagulation Study; and CNV, choroidal
neovascularlization.

†x2 test for treatment effect within subgroups.
‡Test of interaction between subgroups (logistic regression).
§Definite hypertension was defined as systolic blood pressure of 160 mm Hg or higher or of 140 to 159 mm Hg with a history of hypertension or use of

antihypertension medications or diastolic blood pressure of 95 mm Hg or higher or of 90 to 94 mm Hg with a history of hypertension or use of antihypertension
medications.

\Approximate Snellen equivalent.
¶Nine additional patients treated with verteporfin and 4 additional patients given placebo had a greatest linear dimension that could not be graded on

photographs.
#Unknown for 3 additional patients treated with verteporfin and 1 patient given placebo.
**Unknown for 3 additional patients treated with verteporfin and 1 patient given placebo.
††Unknown for 2 additional patients treated with verteporfin.
‡‡Unknown for 6 additional patients treated with verteporfin and 2 patients given placebo.
§§Unknown for 3 additional patients treated with verteprofin.
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There were 8 deaths (2.0%) among patients assigned to
verteporfin treatment and 4 (1.9%) among those given pla-
cebo; none of these deaths were considered to be related
to treatment. Seven patients (1.7%), all in the verteporfin-
treated group, stopped treatment because of an adverse re-
action that the treating ophthalmologist judged could have
been related to study treatment. Events included 1 al-
lergy to fluorescein dye, 1 subretinal hemorrhage, 1 gas-
trointestinal bleeding episode, 1 possible allergic reac-
tion to treatment, 1 patient with severe back pain possibly
related to the infusion, 1 suprachoroidal hemorrhage with
retinal detachment and vitreous hemorrhage, and 1 in-
jection site (drug extravasation) reaction.

An increase in subretinal or intraretinal hemor-
rhage as determined by the Photograph Reading Center
at the month 3 examination was more likely in the eyes
given placebo (93 [45%] of 207 eyes) compared with the
eyes treated with verteporfin (116 [29%] of 402 eyes).
At each subsequent 3-month follow-up examination, the
proportion of eyes with increased subretinal or intrareti-
nal hemorrhage compared with baseline was lower than
at previous visits and always lower at a particular visit
in the verteporfin-treated group compared with the pla-
cebo-treated group. The distribution of the size of the le-
sion plus any surrounding atrophy for each group was

not significantly different than the distribution of the size
of the lesion without the inclusion of surrounding atro-
phy, suggesting that verteporfin-treated eyes developed
no additional surrounding atrophy compared with pla-
cebo-treated eyes.

COMMENT

These 2 randomized clinical trials show that verteporfin
therapy reduces the risk of vision loss compared with pla-
cebo for at least 1 year in some patients with AMD who
also have subfoveal CNV. The visual acuity results were
complemented by similar outcomes for contrast sensi-
tivity evaluations. Fluorescein angiographic assess-
ments at follow-up examinations suggested that verte-
porfin treatment reduced lesion growth, was associated
with cessation of leakage from classic CNV, and de-
creased the progression of classic CNV. These angio-
graphic outcomes support the identification of a benefi-
cial effect on vision. The therapy was well tolerated, with
few adverse events. The retinal arteriolar and venular non-
perfusion that were noted at higher light doses in a phase
1 and 2 study21 were not noted at the light dose used in
the present study. The overall beneficial results were noted
in a broad group of patients with respect to a wide range
of visual acuities and lesion sizes. Subgroup analyses, how-
ever, showed that the lesion composition affected the mag-
nitude of the treatment benefit to a statistically signifi-
cant degree. Predominantly classic CNV lesions (in which
the area of classic CNV was $50% of the area of the en-
tire lesion at baseline) had a significant treatment ben-
efit; lesions in which the area of classic CNV was greater
than 0% but less than 50% of the area of the entire le-
sion at baseline had no visual acuity benefit with treat-
ment (ie, no difference in the proportion of cases with a
loss of $15 letters). Even after adjustment for possibly
confounding effects of several baseline covariates (data
not shown, but detailed descriptions of the methods and
results are planned for future reports), the relationship
remained for the baseline lesion components (P,.001).

The treatment benefit is highly unlikely to be due
to chance because of consistent results across 2 identi-
cally designed studies at multiple sites, 2 vision out-
come assessments (visual acuity and contrast sensitiv-
ity), and confirmatory information on fluorescein
angiography. Bias is highly unlikely given the masking
of the patients, treating ophthalmologists, vision exam-
iners, and photograph graders. Differences in the base-
line characteristics of the treatment groups do not seem
to weaken the confidence in the study results. Specifi-
cally, the slight imbalance of more women, more life-
time nonsmokers, more lesions with blood, and more pa-
tients with no prior laser treatment at baseline assigned
to placebo did not seem to diminish the magnitude of
these positive results. The use of the last observation car-
ried forward method to account for missing data had little
impact on the overall results since the loss to follow-up
was so small (6%) in each group at the month 12 exami-
nation. Analysis without the last observation carried for-
ward resulted in the same conclusions (data not shown).

The angiographic outcomes for progression of clas-
sic CNV, absence of leakage from classic CNV, and size
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Figure 9. Distribution of change in visual acuity at the month 12 examination
for eyes treated with verteporfin and eyes given placebo by lesion
components at baseline.
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of the lesion provided an objective, masked confirma-
tion of the vision results. Fluorescein angiographic as-
sessment of leakage from occult CNV at all follow-up ex-
aminations showed little difference for eyes treated with
verteporfin vs eyes given placebo with respect to pro-
gression of occult CNV. Nevertheless, the entire lesion
size, which incorporates the total area of the fibrovascu-
lar lesion, including all classic and occult CNV, was more
likely to be less than 6 disc areas at the 12-month ex-
amination for patients treated with verteporfin, regard-
less of the proportion of the lesion that was classic or oc-

cult CNV at baseline (Table 6). One possible explanation
for these findings is that the treatment effect on classic
CNV accounted for most of the treatment effect on le-
sion size. Another possibility was that the treatment ef-
fect (a 500-µm margin of additional treatment sur-
rounded the boundaries of the lesion) might have affected
the retinal pigment epithelium immediately surround-
ing the lesion to create a fluorescein staining pattern that
was impossible to differentiate from the fluorescein stain-
ing pattern of occult CNV, resulting in false-positive pro-
gression of occult CNV in some of the eyes treated with
verteporfin. This possibility could result in absence of a
treatment effect on progression of occult CNV despite a
treatment effect that confined the lesion size for lesions
that incorporated both classic and occult CNV.

Since patients were to be enrolled only if their le-
sions had evidence of classic CNV, and since the lesion
components may have an impact on the treatment ben-
efit, as suggested by the subgroup analyses reported, the
ability to identify classic CNV may be important in verte-
porfin therapy. Furthermore, since the treatment in-
volves identification of the entire area of a CNV lesion, in-
cluding not only classic CNV, but also any occult CNV to
determine the proportion of the lesion that is classic CNV,
recognition of occult CNV is important in verteporfin
therapy. Although the subgroup analyses showed benefi-
cial visual acuity outcomes for lesions that were predomi-
nantly classic CNV at baseline, lesions with classic CNV
that occupied less than 50% of the area of the lesion did
fare better when assigned to verteporfin therapy with re-

Table 6. Secondary Outcomes at Month 12 Examination by Baseline Lesion Components*

Baseline Lesion
Components

Treatment
Group No. of Eyes P † Pi‡

Mean No. of Contrast Sensitivity Letters Lost
No. Difference, No.

Classic CNV $50% of lesion V 159 0.4
5.1 ,.001 .02

P 84 5.5
Classic CNV ,50% of lesion V 202 2.0

2.1 .008
P 103 4.1

No classic CNV V 38 1.5
0.8 .65

P 19 2.3

Patients With Progression of Classic CNV
% Difference,

Percentage Points
Classic CNV $50% of lesion V 159 57.2

24.9 ,.001 .54
P 84 82.1

Classic CNV ,50% of lesion V 202 37.1
25.0 ,.001

P 103 62.1
No classic CNV V 38 13.2

34.2 .005
P 19 47.4

Patients With Lesion Size .6 Disc Areas
% Difference,

Percentage Points
Classic CNV $50% of lesion V 159 39.6

34.2 ,.001 .20
P 84 73.8

Classic CNV ,50% of lesion V 202 45.5
26.3 ,.001

P 103 71.8
No classic CNV V 38 21.1

52.6 ,.001
P 19 73.7

*V indicates verteporfin-treated group; P, placebo-treated group; and CNV, choroidal neovascularization.
†x2 test for treatment effect within subgroups.
‡Test of interaction between treatment subgroup (analysis of variance for contrast sensitivity, logistic regression for progression of classic CNV and lesion size).

Table 7. Clinically Relevant Adverse Events
Irrespective of Relationship to Treatment

Event

Verteporfin
(n = 402),
No. (%)

Placebo
(n = 207),
No. (%)

Visual disturbance* 71 (17.7) 24 (11.6)
Vitreous hemorrhage 4 (1.0) 1 (0.5)
Retinal capillary nonperfusion 1 (0.2) 2 (1.0)
Injection site adverse events† 54 (13.4) 7 (3.4)
Infusion-related back pain 9 (2.2) 0 (0.0)
Allergic reactions 5 (1.2) 7 (3.4)
Photosensitivity reactions 12 (3.0) 0 (0.0)

*Includes reports of abnormal vision, decreased vision, and visual field
defect irrespective of judgment of relationship to study treatment.

†Includes edema and extravasation (12 patients treated with verteporfin
[3.0%]), fibrosis, hemorrhage, hypersensitivity, inflammation, and pain (35
patients treated with verteporfin [8.7%] and 1 patient given placebo [0.5%]).
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Treatment of Age-related Macular Degeneration With Photodynamic Therapy (TAP) Study Group
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Zweng Memorial Retinal Research Foundation, Menlo Park, Calif: Hunter Little, MD, Mark Blumenkranz, MD,
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Bascom Palmer Eye Institute, University of Miami, Miami, Fla: Robert H. Rosa, Jr, MD, Philip J. Rosenfeld, MD, PhD,
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spect to contrast sensitivity measurements, progression of
classic CNV, and lesion growth. These findings may or may
not become associated with a beneficial visual acuity out-
come by the month 24 follow-up examination. It is diffi-
cult to compare the subgroup analysis by baseline lesion
components in this investigation with similar subgroup
analyses of laser photocoagulation. In the largest re-
ported randomized clinical trial evaluating laser photo-
coagulation for subfoveal CNV from AMD,5 lesion com-
position did not affect the magnitude of treatment benefit,
although there were only 21 treated eyes and 28 ob-
served eyes that had both classic and occult CNV.

Although there was a small proportion of cases en-
rolled in this trial with no evidence of classic CNV as
judged by the Photograph Reading Center graders, it is
not known whether these cases represent the universe
of occult CNV lesions without classic CNV in AMD since
the enrolling ophthalmologist believed that these cases
had some evidence of classic CNV. Even though a treat-
ment benefit was noted for this subgroup of cases, the
total number of cases was small, so that the effects of treat-
ment for these cases remains imprecise. A companion
phase 3b investigation, the Verteporfin in Photody-
namic Therapy Trial, which includes a large proportion
of subfoveal lesions in AMD with occult CNV but no clas-
sic CNV, should provide further understanding with re-
spect to the benefits of this therapy in small and large
lesions with occult CNV but no classic CNV.31

It is unknown at this time whether the overall ben-
eficial outcomes noted in this report will remain the same,

increase, or decrease with a longer follow-up period. The
TAP investigation has been designed to obtain fol-
low-up within the group to which the patient was as-
signed for up to 2 years. The TAP Study Group antici-
pates reporting the results of further analyses, including
the second year of follow-up examinations, in subse-
quent reports.

CONCLUSIONS

The significant reduction in risk of vision loss noted with
verteporfin therapy in this investigation, coupled with
the absence of any clinically significant risk of systemic
or ocular harm through 1 year of follow-up, leads us to
recommend, if the drug is approved by regulatory agen-
cies for commercial availability, verteporfin therapy in
the treatment of patients with predominantly classic sub-
foveal CNV caused by AMD, especially when the lesion
has classic CNV and no occult CNV.

Accepted for publication June 24, 1999.
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H. Andrew Strong, PhD (TAP clinical project director), Noël Buskard, MD, Ulrike Manjuris, PhD, Yong Hao, MD, PhD, So-
nia Rychel, Heidi Biagi, Kate Thorne, Mohammad Azab, MD, Alexandra Mancini, Lee Anne Pilson.

Committees
Writing Committee: Jennifer Arnold, FRACO, Mark Blumenkranz, MD, Neil M. Bressler, MD, Susan B. Bressler, MD,

Jean-Yves Deslandes, MD, Guy Donati, MD, Gary Fish, MD, Evangelos S. Gragoudas, MD, Patricia Harvey, MD, Gustave
Huber, PhD, Peter K. Kaiser, MD, Lisa Kaus, Françoise Koenig, MD, John Koester, Hilel Lewis, MD, Louis Lobes, MD, Ray-
mond R. Margherio, MD, Joan W. Miller, MD, Jordi Monés, MD, Sandra Murphy, RGN, Al Reaves, PhD, Philip J. Rosenfeld,
MD, PhD, Andrew P. Schachat, MD, Ursula Schmidt-Erfurth, MD, Michel Sickenberg, MD, Lawrence Singerman, MD, Jason
S. Slakler, MD, H. Andrew Strong, PhD, Michael Stur, MD, George A. Williams, MD.

Operations Committee: Neil M. Bressler, MD, Ulrike Manjuris, PhD, Al Reaves, PhD, H. Andrew Strong, PhD.
Data and Safety Monitoring Committee: Roy W. Beck, MD (chair), Alan C. Bird, MD, Gabriel Coscas, MD, August

Deutman, MD, Lee Jampol, MD, Ronald Klein, MD, Maureen Maguire, PhD.
Study Advisory Group: Neil M. Bressler, MD (chair), Susan B. Bressler, MD, Gustave Huber, PhD, Ulrike Manjuris,

PhD, Joan W. Miller, MD, Michel Sickenberg, MD, Ursula Schmidt-Erfurth, MD, Al Reaves, PhD, H. Andrew Strong, PhD.
Rotating members: Guy Donati, MD, Lisa Kaus, Raymond R. Margherio, MD, Jordi Monés, MD, Jason Slakter, MD, Gisèle
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without them.
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Correction
Correction

Omission in Financial Disclosures. In the Clinical Sciences articles by Miller et al titled “Photodynamic Therapy With Verte-
porfin for Choroidal Neovascularization Caused by Age-related Macular Degeneration: Results of a Single Treatment in a
Phase 1 and 2 Study,” published in the September issue of the ARCHIVES (1999;117:1161-1173); by Schmidt-Erfurth et al
titled “Photodynamic Therapy With Verteporfin for Choroidal Neovascularization Caused by Age-related Macular Degen-
eration: Results of Retreatments in a Phase 1 and 2 Study,” published in the September issue of the ARCHIVES (1999;117:
1177-1187); and by the Treatment of Age-related Macular Degeneration With Photodynamic Therapy (TAP) Study Group
titled “Photodynamic Therapy of Subfoveal Choroidal Neovascularization in Age-related Macular Degeneration With Verte-
porfin: One-Year Results of 2 Randomized Clinical Trials—TAP Report 1,” published in the October issue of the ARCHIVES

(1999;117:1329-1345), journal omissions of financial disclosure, properly reported at the time of manuscript submission,
occurred in the acknowledgment sections on pages 1172, 1187, and 1344, respectively. The following statement should have
appeared in all 3 articles: “Drs Sickenberg and Bressler are consultants for CIBA Vision Inc, Duluth, Ga, and QLT Photo-
therapeutics Inc, Vancouver, British, Columbia.” The journal regrets the errors.
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