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Abstract

Purpose In a nonrandomized, prospective

study the efficacy of radiotherapy with 16 and

20 Gray (Gy) for subfoveal neovascularization

in age-related macular degeneration (ARMD)

was analysed.

Material and Methods From 1996 to 1998, 63

eyes were irradiated with 16Gy and 38 eyes

with 20Gy for exudative ARMD. A total of

12 eyes had classic ARMD, 89 eyes occult

ARMD, median baseline visual acuity (VA)

was 6/30 (range: 3/60–6/9.5), median age was 78

years. Risk factors (type of ARMD, baseline

VA) were evenly distributed in both groups.

Median follow-up was 1.3 years (range:

4 months–4.7 years). VA of 71 line or better

and unchanged size and activity of the

membrane in fluorescein angiography were

defined as stable. Actuarial methods were used.

Results Median loss of VA was �3 lines

(range: �14 to þ 5), neovascularization

remained unchanged or decreased in size and

activity in 35 eyes. At 18 months, the

probability of stabilized VA was 0.4

(95% confidence interval (CI): 0.3–0.5), at

24 months 0.3 (95% CI: 0.2–0.4). Radiation

dose, type of ARMD or baseline VA had no

significant impact on outcome of VA and

membrane size and activity (P40.05). Side

effects were mild and transient increased

tearing.

Conclusion In this study, the results after

radiotherapy were comparable to the natural

course of the disease. An impact of

radiation dose (16 vs 20Gy) on stabilizing

visual acuity and subfoveal

neovascularization could not be shown. The

results of studies on dose escalation using very

small fields and high radiation doses should

be awaited.
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Introduction

The exudative form of age-related macular

degeneration (ARMD) accounts for the majority

of the patients with ARMD registered as blind.1

It is characterized by the formation of a

subfoveal choroidal neovascularization (CNV),

frequently associated with exudation of fluid,

haemorrhage, and retinal detachment. Most of

the lesions are not amenable to laser therapy

because of their vicinity to the fovea. Earlier

studies suggested that radiotherapy may inhibit

further loss of visual acuity but following

studies rendered contradictory results.2–6 A

randomized double-blinded study failed to

demonstrate any benefit for patients treated

with 16 Gy. However, in a randomized study,

patients treated with high radiation doses

(24 Gy, 6 Gy per fraction) had significantly better

visual acuity than the untreated controls.7 The

dose–response relation of radiation of CNV

remains to be established before abandoning

radiotherapy for ARMD.8 This is a prospective

study of two different radiation doses.

Materials and methods

In a prospective, nonrandomized study, patients

with the classic or occult type of ARMD who

did not meet the criteria of small, well-defined

subfoveal choroidal neovascularization (CNV),

as defined by the Macular Photocoagulation

Study Group (MPSG),9 were treated with

radiotherapy. To be eligible, patients had to

have clinical signs of exudative ARMD, a visual

acuity (VA) of p6/9.5 and X3/60, and no signs

of retinopathy. Patients with classic CNV were

eligible because photodynamic therapy with
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verteporfin was not proven or available at the time of

study. Eyes with conditions relevant to visual acuity

other than the membrane or exudation itself (mostly

haemorrhage near the macula at baseline examination or

planned lens surgery during follow-up) were excluded

from the study.

The baseline evaluation included binocular indirect

ophthalmoscopy, slit-lamp biomicroscopy, the testing of

VA, and fluorescein angiography (FAG). VA was

determined monocular with best correction, at 5 m

distance with figures of uniform luminescence. For FAG,

the pupil was dilated and the first picture was taken in

red-free light. After injection of 5 ml fluorescein (5%

concentration), pictures were taken in quick succession

every second. Late photographs were taken after

5–10 min.

Radiotherapy was initiated after obtaining the

patient’s informed consent. The head was immobilized

with a thermoplastic head mask in the supine position.

Irradiation was administered with a lateral treatment

portal angled posteriorly 51 and shaped with a

D-absorber to spare the ipsi- and contralateral lens, as

well as surrounding structures. The field position and

dose distribution were checked with a CT-assisted three-

dimensional planning system and, if necessary,

corrected. Patients were treated with 6 MeV photons

from a linear accelerator at 1 m source skin distance with

fractions of 2 Gy 5 days per week. From December 1996

to February 1998, a total dose of 16 Gy was administered

in the macular region; from March 1998 onwards, the

total dose was raised to 20 Gy. Follow-up visits were

scheduled 3, 12, and 24 months after treatment. The

follow-up examinations included ophthalmoscopy, slit-

lamp biomicroscopy, testing of VA and FAG, as well as

evaluation of possible radiation sequelae by a radiation-

oncologist.

Patients’ characteristics

From December 1996 to December 1998, 169 eyes were

treated. In all, 31 eyes did not meet the inclusion criteria

because of conditions relevant to VA other than the

membrane or exudation itself (mostly haemorrhage in the

macular region at baseline examination or planned lens

surgery during follow-up). A total of 31 patients/eyes

were lost to follow up immediately after therapy.

In most cases, the elderly patients were not able or

unwilling to travel large distances to the clinic. Six

patients refused FAGs. In all, 14 of 37 eyes lost to follow

up had been treated with 16 Gy and 23 of 37 eyes

with 20 Gy.

The study group consisted of 88 patients/101 eyes who

were available for follow-up. The median age was

78 years (range: 52–98). In all, 12 eyes had classic and

89 eyes occult ARMD (Table 1). Median baseline VA was

6/30 (range: 3/60–6/9.5). A total of 63 eyes (62%) were

treated with 16 Gy and 38 eyes (38%) with 20 Gy total

reference dose. The type of ARMD, baseline VA and time

of follow-up were evenly distributed between dose

groups. All patients received the planned radiation dose.

Radiation sequela was mild and transient increased

tearing. The median follow-up time was 1.3 years (range:

4 months–4.7 years). A total of 95 eyes had a minimum

follow-up of 10 months and 38 eyes at least 2 years

follow-up.

Table 1 Patients’ characteristics

Treatment Group

16Gy 20Gy

63 eyes 38 eyes

Classic CNV 8 (13%) 4 (10%) P¼ 1
Occult CNV 55 (87%) 34 (90%)

Median VA (range) 6/30 6/30 P¼ 0.2
(3/60–6/9.5) (3/60–6/9.5)

Baseline VA*
p6/30 33 eyes (52%) 26 eyes (68%) P¼ 0.14
46/30 30 eyes (48%) 12 eyes (32%)

Follow-up (years) 1.3 (0.3–4.6) 1.2 (0.8–3.6) P¼ 0.9

Eyes available for follow-up X10 months 57 eyes (90%) 38 eyes (100%) P¼ 0.12
Eyes available for follow-up X2 years 23 eyes (37%) 15 eyes (40%)

Differences were analysed with w2 test or Mann–Whitney test.
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Evaluation

The primary end point was the rate of stabilization of VA

18 months after radiotherapy. VA of 71 line or better to

the base line evaluation was defined as stable.

Considering the time course of the disease, follow-up

is usually performed at approximately 1 year after

therapy. In order to account for differing time of follow-

up, statistical analysis was performed with the Kaplan–

Meier method. As secondary end point, the actuarial rate

of severe loss of vision, defined as loss of X5 lines, was

estimated. To facilitate comparison with previous

studies, the crude rate of stabilization of VA 10–

18 months after radiotherapy are stated.

FAGs were evaluated with respect to the criteria of

activity and size of the subfoveolar lesion by two

experienced ophthalmologists blinded to the total dose.

Enlargement of size and/or activity was defined as

progressive disease. The actuarial rate of stable SNV, that

is, unchanged or decreased size and activity, was

estimated.

The impact of prognostic and treatment factors on VA

and morphology of the disease were analysed with the

log-rank test and Cox proportional hazards estimation.

Results

During the entire follow-up, the VA changed by a

median of �3 lines (range: �14 to þ 5) and severe loss of

vision (X5 lines) occurred in 40 eyes (40%), vision

improved or remained stable in 35 eyes (35%) (Table 2).

At 2 years, 11 of 38 eyes had stable or improved VA, eight

of 23 eyes in the 16 Gy group and three of 15 in the 20 Gy

group.

At 12 months after treatment, the probability of

stabilized VA was 0.6 (95% confidence interval (CI):

0.5–0.8) overall, 0.6 (95% CI: 0.5–0.7) in the 16 Gy group

and the 20 Gy group alike, P¼ 0.9 (Figure 1). At 18

months, the probability was 0.4 (95% CI: 0.3–0.5) overall,

0.4 (95% CI: 0.2–0.5) in the 16 Gy group and 0.4 (95% CI:

0.3–0.6) in the 20 Gy group. It remained nearly

unchanged until 24 months after treatment. At 18

months, the probability of less than five lines loss of VA

was 0.6 (95% CI: 0.5–0.7) in the 16 Gy group and 0.8 (95%

CI: 0.7–0.9) in the 20 Gy group; the difference not

significant (P¼ 0.7).

At 18 months, the probability of unchanged size

and/or activity of the subfoveal lesions was 0.5 (95%

CI: 0.3–0.6) for the 16 Gy group as well as the 20 Gy group

(P¼ 0.7). Visual loss and morphologic changes correlated

(P¼ 0.01); however, FAG findings were a weak predictor

of visual loss.

In multivariate analysis, the impact of the form of

ARMD (occult vs classic), low baseline VA as indicator of

advanced disease (p6/30 vs46/30) and total dose (16 vs

20 Gy) had no significant impact either on the probability

of retaining stable vision (P40.05) or the probability of

unchanged or decreased size/activity of subfoveolar

neovascularization. The impact of initial lesion size was

not studied.

Discussion

The prognosis of subfoveal CNV is poor. VA will

deteriorate to 6/60 within 18 months in approximately

70% of the affected eyes.10 The pathogenesis of ARMD is

complex. Degenerative changes in the retinal layers

result in lipofuscein-related metabolism changes and

tissue hypoxia that upregulate growth factors, especially

vascular epithelial growth factor (VEGF), in the retinal

pigment epithelium. Growth factors stimulate

endothelial proliferation and new vessel formation and

may be responsible for vessel permeability change and

leakage. Capillary proliferation may also be induced by

Table 2 Loss of VA in relation to radiation dose

Visual acuity in
comparison to baseline
examination

Follow-up time

12–18 months X24 months

Stable Overall 33/89 eyes 12/38 eyes
(71 line or better)a 16 Gy 20/56 eyes 9/23 eyes

20 Gy 13/33 eyes 3/15 eyes
Severe loss Overall 27/89 eyes 18/38 eyes
(�5 lines or more)a 16 Gy 19/56 eyes 12/23 eyes

20 Gy 8/33 eyes 6/15 eyes

aPatients examined 12 and 24 months after radiotherapy are counted both

times, that is twice.
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Figure 1 Impact of treatment, 16 vs 20 Gy total dose, on VA.
Stable VA is defined as 71 line or better than baseline
examination. The probability of stable VA is estimated with
Kaplan–Meier analysis. Patients at risk (in follow-up) overall:
16 Gy, n¼ 63; 20 Gy, n¼ 38. At 12 months: 16 Gy, n¼ 34 (57);
20 Gy, n¼ 23 (38). At 24 months: 16 Gy, n¼ 9 (23); 20 Gy,
n¼ 9 (15).
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peroxidated lipids and other fatty-acid products

(prostaglandin precursors).11–14 In surgically removed

CNV, an inflammatory reaction including macrophages

and foreign body giant cells has been observed that may

stimulate CNV growth.15,16

Radiotherapy was suggested as a promising,

noninvasive treatment option. In vitro and in vivo

experiments demonstrated that irradiation inhibits the

proliferation of endothelial cells, reduces the neovascular

component of healing ocular wounds and may induce

vessel obliteration.17–20 Low-dose radiation (p25 Gy) has

been shown to cause DNA-breaks, decrease cell

replication and reduce prostacyclin synthesis and

prostacyclin production.21–23 Radiation also increases cell

permeability and induces vascular cell apoptosis in

vitro.24,25 The rationale for radiotherapy of ARMD with

fairly low doses is to suppress the inflammatory and

exudative component of ARMD as well as to inhibit

further pathologic endothelial cell proliferation.17,18,26 All

of these features were demonstrated in experimental

choroidal neovascularization in rabbit eyes.27 The

degenerative process itself and the persistence of the

stimuli that upregulate the growth factors are probably

not altered by radiotherapy.28

A variety of dose schedules has been employed in

the recent decade. Low-dose radiotherapy with

4� 0.2–0.5 Gy was ineffective.29

More often, a higher but safe dose of 10–16 Gy with

2 Gy per fraction was chosen. In an earlier study, external

beam radiation therapy with 10–15 Gy (fraction size

2–3 Gy) appeared to be effective.4 The mean change in

VA of treated eyes was less than 1 Bailey–Lovie line as

opposed to a mean loss of 3.7 and 4.5 lines in untreated

eyes at 1 and 2 years, respectively. However, the results

of further prospective studies were disappointing.6,28,30–32

In a group of 91 patients, radiotherapy with 10 Gy in five

fractions was not effective in comparison to a historical,

well-defined, control group of untreated patients.28 In an

Austrian study with 14.4 Gy in eight fractions,30 a

German study of 73 patients with classic ARMD with

16 Gy in eight fractions,31 and a similar study of

69 patients with classic or occult CNV, the VA at 1 year

was similar to the expected natural course of disease (25,

37, and 38%, respectively).6 Finally, a German

multicentre study, testing 16 Gy in eight fractions vs sham

irradiation in 205 patients, has proven radiotherapy with

this dose to be ineffective.32 It is noteworthy that the

double-masked design of the study avoids any

uncertainties caused by the testing of VA, which is

subjective. Also, a dose of 14 Gy in seven fractions vs

sham irradiation seemed to show no benefit in a double-

masked study of 82 patients and was closed early.33

The results of our study are within the range of similar

studies. Within 18 months follow-up, the mean loss of VA

was �3 lines and the actuarial rate of stable VA was

06/15. This is comparable to the expected natural

course.10 There was a clear drop of VA 12–18 months

after radiotherapy as has been shown by Schittkowski

et al.34

Considering a possible dose relationship,5,21,25,35 in this

institution, the dose was raised to 20 Gy in 10 fractions in

1998. Only mild acute radiation effects (transient tearing)

were observed. However, the higher dose did not

improve the results in this study group. However,

although prognostic relevant factors were evenly

distributed between groups, this was a nonrandomized

study and the sample size was only sufficient to detect a

benefit of minimum 27% (a error 0.05, power 80%).

Stalmans et al36 reported that irradiation with 20 Gy in

10 fractions failed to control the growth of CNV and was

ineffective in stabilizing vision in a group of 89 patients

with initial low VA. In a small, randomized nonblinded

study with 20 Gy in 10 fractions vs nil (including patients

with minimum VA of 6/600), the average loss of VA at

6 months did not differ between the groups.37

Comparison of the studies is limited by differing

inclusion criteria (predominant type of ARMD, initial

vision) and definitions of loss of VA.

Considering the low mitotic activity of endothelial

cells, high dose per fraction and high total doses may

prove more effective than the conventional therapy with

10–20 Gy. To our knowledge, only two prospective dose

escalation studies have been published and one study

using 5� 4 Gy is ongoing.9,38,39 Recently, a double-

masked dose-escalation study on 1 Gy (4� 0.25 Gy,

control group), 8 Gy (4� 2 Gy) and 16 Gy (4� 4 Gy) in

150 patients was reported.38 Patients treated with 8 or

16 Gy lost significantly less VA than the 1 Gy group, but

did not benefit of the higher dose (16 vs 8 Gy). Reading

ability and size of the CNV worsened alike in all three

groups. The rate of patients with stable VA was not

stated. In a dose-escalation study with 14 Cobalt Gray

Equivalent single-dose proton therapy, very good results

with stabilization of VA in 90% of patients at 21 months

were achieved.39

Studies using high-dose levels reported favourable

results. In a randomized study of 74 patients, the patients

treated with 4� 6 Gy had significantly better

preservation of vision than the untreated control group

(50 vs 30%).8 A French group reported an impressive

improvement of VA in 31% and stabilization in 33% of

patients 18 months after treatment with 16–20 Gy in four

to five fractions in a prospective, nonrandomized study.5

The radiation tolerance of eyes with ARMD may be

reduced due to the underlying retinal changes so that the

therapeutic window is probably small.5,36,40 So far, only

one of the above studies using high dose per fraction has

demonstrated an increased rate of radiation late effects:
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15 of 212 patients developed retinopathy, choroidal

teleangiectasia, optic neuropathy, or branch vein

occlusion of varying severity within 2 years of

treatment.5 This study reported the longest follow-up

and had therefore a higher probability of recording late

effects. It may be crucial to reduce the field size as far as

possible if high doses per fraction are given. The small

radiation volume in other high-dose studies may

contribute to the lack of severe late effects.8,39

Conclusion

In this study, the results after radiotherapy were

comparable to the natural course of the disease. An

impact of radiation dose (16 vs 20 Gy) on stabilizing VA

and controlling the growth of the subfoveal choroidal

membrane could not be shown. The results of studies on

dose escalation using small radiation volumes should be

awaited before abandoning radiotherapy in the treatment

of ARMD.
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