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Abstract

Purpose: To examine the effect of proton beam irradiation on subfovea choroidd neovascular
membranes (CNVM) in age-related macular degeneration (AMD).

Methods: Thirty-seven subjects with subfoveal CNVM due to AMD were enrolled in a progpective,
randomized, double masked trid of 16 Gy of proton irradiation delivered in two fractions, 24 hours
gpart, versus sham control trestment. Eligibility criteriaindude subjective visud acuity impairment of
less than six months duration, and best corrected visua acuity between 20/40 and 20/400. The
radiation treatment involved atota dose of 16 Gy in two fractions. Masked assessment of angiography
and visua acuity was performed at 3, 6, 12, 18 and 24 months. Recruitment was halted at 37 subjects
for ethica reasons regarding randomization to sham treatment when FDA-gpprova of Visudyne was
anticipated.

Reaults: Both trested and sham+-treated control groups exhibited stable vision, on average, at 12
months. Datafor the second year is more preiminary and there are fewer data points due to dropout.
Proton irradiation was associated with atrend towards stabilization of visua acuity, but this did not
reach satigticd dgnificance. No correations were found within the fluorescein angiography data,
including greatest linear dimension of CNVM tota size, area of active leskage, area of associated sub-
retind hemorrhage, and intengity. Thisradiation protocol gppears to cause no great harm in subfoved
CNVM dueto AMD.

Concluson: With the introduction and acceptance of photodynamic thergpy for subfoved,
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predominatey-classc CNVM for AMD, future studies will require more complex and larger design, in

order to determine if radiation can play ether a primary or adjunctive rolein treating these lesions.
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Since choroida neovascular membranes (CNVM) are composed of endothelid cdls, which are
proliferating more rapidly than the endothelia cdlls of the reting, they are more radiation senstive than
the retind vasculature. In the mid-1990's, early pilot studies of radiation therapy for exudative age-
related macular degeneration (AMD) indicated stabilization or regresson of CNVM treated with
radiation.[1-17] One of these early studies suggested that higher doses of radiation may have amore
beneficid effect in maintaining a stable visud acuity and CNVM on fluorescein angiography.[ 18, 19]
Given this apparent dose response effect, severd groups designed studies to ddliver ionizing radiation to
the macula usng moddities that limited the exposure of ionizing radiation to normd radiosengtive
sructures of the eye, such asthe optic nerve or lens. These methods included stereotactic externa
photon beam irradiation of the posterior pole, gammaknife therapy,[20] brachytherapy, during which
radioactive plaques are sutured to the posterior pole of the eye and explanted severd days later,[1, 21]
and proton beam irradiation,.[12] This current report describes a prospective, randomized, controlled
double-masked study of proton radiation for exudative AMD to evduate the efficacy of radiaion
therapy versus no treatment in patients with exudative AMD.  Control subjects were randomized to
sham treatments. At the time of recruitment for this study photodynamic therapy for subfoved CNVM

was not approved.

M ethods

Subject Recruitment
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Petients were recruited from the retina referral practice, generd ophthamology clinics a Indiana
University Medica Center, and the optometry clinics at Indiana Universty School of Optometry.
Eligible patients were asked to participate and Sgn a consent form.  Subjects were randomized to

proton thergpy or sham thergpy in adouble masked fashion. Eligibility criteriawere asfollows

Inclusion Criteria

1. Subfoved CNVM due to age-related macular degeneration, as defined by the internationa

classfication system

2. Subjective visud acuity impairment of affected eye less than Sx months duration

3. Best corrected visud acuity of affected eye equal to or less than 20/40 and better than or equa to

20/400

Exclusion Criteria

[ —

. Ingbility to maintain steady fixation with ether eye

N

. Pre-exiging microangiopathy, including diabetic retinopathy[22]

w

. Media opacity sufficient to preclude examination and follow-up

SN

. Inability to give informed consent

(62

. Inability to comply with follow-up regimen
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Patient enrollment began in June, 1998 and ceased in January of 2000. Recruitment was hated
at 37 subjectsfor ethica reasons regarding randomization to sham treatment when FDA-approva of

Visudyne was anticipated.

Subject Assessment

All patients underwent a basdline examination to evaduate their visua function and to document
their ocular hedth. Best corrected visud acuity was measured using the Early Treatment of Diabetic
Retinopathy Study (ETDRS) charts and the best corrected refraction was achieved through a
standardized refraction protocol. Near reading performance was measured using the MNREAD Acuity
Charts and atimer whenever possible. The examination included, intraocular pressure determination,
cataract grading, and dilated fundus examination. Fundus examination included direct, indirect, and
contact lens techniques as necessary.  Stereo fundus photography and fluorescein angiography were
performed within 1 week of proposed trestment. The location and dimensions of the CNVM were

confirmed on fluorescein angiography.

Treated and control patients underwent visual function reassessment (according to the
techniques noted above) aong with photography and fluorescein angiography at 3, 6, 12, 18 and 24

months. Masked assessment of angiography and analysis of visua acuity between groups was
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performed. Masked assessment of the angiograms included measurement of the greatest linear
dimension of the choroidal neovascular lesion; angiograms were graded as improved, steble, or
worsened compared to basdline with regard to tota leson Size, intendty of leskage, area of active

leskage, and area of associated subretinal fluid and hemorrhage.

Proton Radiation Treatment Methods

The proton radiation treatment arm included atota dose of 16 Gy in two fractions on two
consecutive days.  This dose was selected because the preliminary reports from the Lima Linda study
showed no early radiation retinopathy with 8 Gy protons in asingle fraction, but did show some
radiation retinopathy at 14 Gy in asnglefraction.[23, 24] Trestment planning, Smulation, and bite
block fabrication were performed at the Indiana University Cyclotron Facility. Heed fixation with bite
block augmentation was used for anatomica immobilization. Eye gaze fixation on alighted cross hair
target and red time treatment observation achieved alocdization accuracy of 0.5mm. Video
magnification x 12 alowed direct function interruption by the treating oncologist. Trestment was paused

should the position limit be exceeded.
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Results

Thirty seven subjects with subfoved CNVM from exudative AMD, symptomeatic for fewer than
6 months and with visua acuity no worse than 20/400, were randomized to sham trestment or proton
treatment with 2 fractions of 8 Gy in a prospective double masked fashion.
As noted above, recruitment was hated a 37 subjects when FDA-gpprovd of Visudyne was
anticipated. The median age of the entering subjects was 71.1 years and the mean entering best

corrected visua acuity measured 0.6 +/- 0.3 logMAR units.

Of the 37 subjects enrolled in thisinvestigation, there were 14 women and 23 men. No data
was recovered from 7 subjects, due to 4 basdine discrepancies, 1 off-protocol treatment due to
equipment failure, and 2 discontinuations prior to the first treetment. One subject suffered retina
detachment not associated with the trestment, one exhibited non-impairing optic neuropathy. There
were no cases of radiation retinopathy noted to date. Of the remaining subjects in whom angiograms
were interpretable, baseine CNVM morphology included 13 classic, 11 mixed classc and occult, and
4 occult CNVM. The CNVM morphology was not considered in the randomization scheme. The

mean greatest linear dimengion of the CNVM at basdine measured 3796 microns.

The average visua acuity data for both the treated and the sham group is presented in the table.
The average visud acuity for the untreated group was gpproximately 2 lines worse than that recorded
for the sham group at the time of the entry into the investigation (0.5 logMAR unitsin 20 trested

subjects compared to 0.7 logMAR unitsin 10 untreated control subjects). However, this difference
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was not satisticaly sgnificant. This relationship was maintained throughout the 24 months observation
period
Both treated and sham-treated control groups exhibited stable vision, on average, at 12 months.

Datafor the second year is more preliminary and there are fewer data points due to dropout. Proton
irradiation was associated with a trend towards stabilization of visud acuity, but this did not reach
datistica sgnificance. No correations were found within the fluorescein angiography data, including
greatest linear dimension of CNVM totd size, area of active leskage, area of associated sub-retind
hemorrhage, and intengty. There were no corrdations between changesin visud acuity and changesin

CNMYV totd sze, area of active leskage, area of subretina hemorrhage, or intengity of leskage.

Discussion

Since the mid 1990's, there have been conflicting many reports regarding the efficacy of
radiation therapy for exudative AMD. Some studies, for example, which used nonrandomized or
historic controls, suggested no beneficid effect of low dose radiation thergpy for exudative AMD,[27-
30] while some recent smdl randomized[ 31, 32] and non-randomized[ 24, 33-38] trids suggested that
radiotherapy was beneficia. With regard to CNVM morphology, some of these trids suggested a
possible beneficid effect particularly with classc CNVM compared to occult CNVM.[39, 40] A smdl
uncontrolled prospective trid suggested that radiation can stabilize occult subfoved CNVM, [41] but
another uncontrolled trid suggested no benefit in occult CNVM.[42] More recently, some relatively

large randomized dlinicd trids suggested benefit[43] while others showed no satigticdly sgnificant
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benefit.[44, 45]

In this current study, a prospective, randomized, controlled double-masked study of proton
radiation for exudative AMD was performed. Control subjects were randomized to sham treatments,
as photodynamic therapy for subfovea CNVM was not approved for use a the time of study
recruitment (June, 1998 to January of 2000). However, recruitment was halted at 37 subjects when
FDA-approva of Visudyne was anticipated, for ethica reasons regarding randomization to sham
treatment. Consequently, athough there was a trend toward stabilization of best-corrected visua acuity
in the proton-treated group, the study was too small to show a dtatisticaly sgnificant result.  However,
the study does suggest that proton radiation thergpy cauises no great harm in, or great benefit for,
subfoved CNVM dueto AMD. With the introduction and acceptance of photodynamic therapy for
subfoved, predominately-classc CNVM for AMD, future sudies will require more complex and larger
design, in order to determine if radiation can play ether aprimary or adjunctive role in tregting these

lesons.
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Table: Best-Corrected Visual Acuity
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THE AVERAGE VISUAL ACUITY FOR TREATED AND UNTREATED SUBJECTSOVER 24 MONTHS

Basdline 3 Months 6 Months | 12 Months | 18 Months | 24 Months
Treated
(LogMAR) 0.5 0.7 0.6 0.6 0.7 0.6
Range 02-12 04-14 02-12 02-11 03-13 0.2-10
# Subjects 20 18 17 16 12 8
Control
(LogMAR) 0.7 0.8 0.9 1.0 0.9 0.7
Range 04-13 02-16 0.3-16 04-16 03-12 04-11
# Subjects 10 10 9 8 7 5




Proton Therapy for CNVM in ARMD Page 12

References

1.

Finger, P.,, A. Berson, D. Sherr, et d., Radiation therapy for subretinal neovascularization.
Ophthalmolgy, 1996. 103: p. 878-889.

Berson, A.M., P.T. Finger, D.L. Sherr, et d., Radiotherapy for age-related macular
degeneration: preliminary results of a potentially new treatment [ see comments]. Int J
Radiat Oncol Biol Phys, 1996. 36(4): p. 861-5.

Brady, L.W., Radiotherapy in macular degeneration [editorial; comment]. Int J Radiat
Oncol Biol Phys, 1996. 36(4): p. 963.

Chakravarthy, U., Radiation therapy for age-related macular degeneration [letter]. Jama,
1997. 278(4): p. 288-9.

Finger, P.T., Radiation therapy for age-related macular degeneration [letter]. Jama, 1997.
278(4): p. 288; discussion 288-9.

Freire, J, W.A. Longton, C.T. Miyamoto, et a., External radiotherapy in macular
degeneration: technique and preliminary subjective response [ see comments]. Int J Radiat
Oncol Biol Phys, 1996. 36(4): p. 857-60.

Harino, S, Y. Oshima, K. Tsujikawa, et d., [ Treatment of age-related subfoveal choroidal
neovascularization by low-dose external radiation: a preliminary study] . Nippon Ganka
Gakkai Zasshi, 1997. 101(4): p. 341-8.

Hart, P.M., U. Chakravarthy, G. MacKenzie, et d., Teletherapy for subfoveal choroidal



Proton Therapy for CNVM in ARMD Page 13

10.

11.

12.

13.

14.

neovascularisation of age-related macular degeneration: results of follow up in a non-
randomised study. Br J Ophthamol, 1996. 80(12): p. 1046-50.

Matsuhashi, H., D. Takahashi, Y. Noda, et d., [ Low-dose radiation, therapy for choroidal
neovascularization in age-related macular degeneration]. Nippon Ganka Gakkai Zasshi,
1996. 100(10): p. 803-9.

Skalnick, A.A., Radiation therapy for "wet" type macular degeneration shows promisein
early trials [ news] . Jama, 1997. 277(9): p. 698, 700.

Vamaggia, C., P. Bischoff, and G. Ries, [ Low dosage radiotherapy of subfoveal
neovascularizations in age related macular degeneration. Results after 6 weeks and 6
months] . Klin Monatshl Augenheilkd, 1996. 208(5): p. 315-7.

Yonemoto, L.T., JD. Sater, E.J. Friedrichsen, et d., Phase I/1l study of proton beam
irradiation for the treatment of subfoveal choroidal neovascularization in age-related
macular degeneration: treatment techniques and preliminary results. Int JRadiat Oncol
Biol Phys, 1996. 36(4): p. 867-71.

Vamaggia, C., P. Bischoff, G. Ries, et d., Low dose radiation for subfoveal choroidal
neovascularization in age-related macular degeneration. A pilot study: radiotherapy for
age-related macular degeneration. Doc Ophthamol, 1997. 93: p. 317-326.

Chakravarthy, U., T. Gardiner, C. Maguire, et d., Localised gamma irradiation and
experimental intraocular proliferation. Trans Ophthalmol Soc U K, 1985. 104 ( Pt 7): p.

792-9.



Proton Therapy for CNVM in ARMD Page 14

15. Archer, D., W. Amoaku, and T. Gardiner, Radiation retinopathy--clinical,
histopathological, ultrastructural and experimental correlations. Eye, 1991. 5 ( Pt 2): p.
239-51.

16.  Chakravarthy, U., R. Houston, and D. Archer, Treatment of age-related subfoveal
neovascular membranes by teletherapy: a pilot study [ see comments]. Br J Ophthamal,
1993. 77(5): p. 265-73.

17. Hart, P., D. Archer, and U. Chakravarthy, Asymmetry of disciform scarring in bilateral
disease when one eye is treated with radiotherapy. Br J Ophthamol, 1995. 79(6): p. 562-8.

18. Bergink, G., A. Deutman, J. van den Broek, et d., Radiation therapy for subfoveal
choroidal neovascular membranes in age-related macular degeneration. A pilot study.
Graefes Arch Clin Exp Ophthdmol, 1994. 232(10): p. 591-8.

19. Bergink, G., A. Deutman, d.B.J. van, et d., Radiation therapy for age-related subfoveal
choroidal neovascular membranes. A pilot study. Doc Ophthalmol, 1995. 90(1): p. 67-74.

20. Haes, A., G. Papaefthymiou, G. Langmann, et a., Gamma knife treatment of subfoveal,
classic neovascularization in age- related macular degeneration: a pilot study. J
Neurosurg, 2000. 93 Suppl 3: p. 172-6.

21. Finger, P.T., A. Berson, T. Ng, et d., Ophthalmic plague radiotherapy for age-related
macular degeneration associated with subretinal neovascularization. Am J Ophthamal,
1999. 127(2): p. 170-7.

22. Mauget-Faysse, M., R. Coquard, C. Francais-Maury, et d., [ Radiotherapy for age-related



Proton Therapy for CNVM in ARMD Page 15

23.

24,

25.

26.

27.

28.

29.

30.

macular degeneration: risk factors of complications, prevention and treatment of side-
effects] . J Fr Ophtalmol, 2000. 23(2): p. 127-36.

Fridrichsen, E., J. Slater, L. Loredo, et a., Proton beam irradiation of subfoveal choroidal
neovascularization in age related macular degeneration. Invest Ophthalmol Vis Sci (Suppl),
1995. 36: p. 224.

Flaxd, C.J., E.J. Friedrichsen, J.O. Smith, et d., Proton beam irradiation of subfoveal
choroidal neovascularisation in age-related macular degeneration. Eye, 2000. 14(Pt 2): p.
155-64.

Kaplan, E. and P. Meer, Nonparametric estimation from incomplete observations. JAm
Statist Assoc, 1958. 53: p. 457-481.

Armitage, P. and G. Berry, Satistical methods in medical research. second ed. 1987,
Oxford: Blackwell Scientific Publications. 427-433.

Spaide, R.F., D.R. Guyer, B. McCormick, et a., External beam radiation therapy for
choroidal neovascularization [ see comments] . Ophthalmology, 1998. 105(1): p. 24-30.
Prettenhoefer, U., A. Haas, R. Mayer, et d., The photon therapy of subfoveal choroidal
neovascularization in age-dependent macular degeneration. The results of a prospective
study in 40 patients. Strahlenther Onkol, 1998. 12: p. 613-617.

Roesen, B., A. Scheider, A. Kiraly, et a., Choroid neovascularization in senile macular
degeneration. 1 year follow-up after radiotherapy. Ophthamologe, 1998. 95: p. 461-465.

Stamans, P., A. Leys, and E. Van Limbergen, External beam radiotherapy (20 Gy, 2 Gy



Proton Therapy for CNVM in ARMD Page 16

31

32.

33.

35.

36.

37.

fractions) failsto control the growth of choroidal neovascularization in age-related
macular degeneration: areview of 111 cases. Retina, 1997. 17(6): p. 481-92.

Char, D., A. Irvine, M. Posner, et d., Randomized trial of radiation for age-related
macular degeneration. Am J Ophthalmol, 1999. 127: p. 574-578.

Anders, N., H. Stahl, A. Dorn, et d., Radiotherapy of exudative senile macular
degeneration. A prospective controlled study. Ophthamologe, 1998. 95: p. 760-764.
Subas, M., M. Akmansu, and M. Or, Treatment of age-related subfoveal neovascular
membranes by teletherapy: results of a non-randomized study. Radiat Med, 1999. 17: p.
169-173.

Staar, S., R. Krott, R. Muéller, et a., External beam radiotherapy for subretinal
neovascularization in age-related macular degeneration: Isthis treatment effective? Int J
Radiat Oncol Biol Phys, 1999. 45: p. 467-473.

Mauget-Faysse, M., C. Chiquet, D. Mileg, et d., Long term results of radiotherapy for
subfoveal choroidal neovascularization in age related macular degeneration. Br J
Ophthalmoal, 1999. 83: p. 923-928.

Krott, R., S. Staar, R. Muller, et d., External beam radiation in patients suffering from
exudative age-related macular degeneration. A matched-pairs study and 1-year clinical
follow-up. Graefes Arch Clin Exp Ophthamol, 1998. 236: p. 916-921.

Sasa, K., R. Murata, M. Mandal, et al., Radiation therapy for ocular choroidal

neovascularization (phase I/11 study): preliminary report. Int J Radiat Oncol Biol Phys,



Proton Therapy for CNVM in ARMD Page 17

38.

39.

40.

41.

42.

43.

1997. 39: p. 173-178.

Mandai, M., M. Takahashi, H. Miyamoto, et d., Long-term outcome after radiation therapy
for subfoveal choroidal neovascularization associated with age-related macular
degeneration. Jon J Ophthalmol, 2000. 44(5): p. 530-7.

Tholen, A., A. Meigter, P. Bernasconi, et a., Radiotherapy for choroidal neovascularization
in age-related macular degeneration. A pilot study using low- versus high-dose photon
beam therapy. Ophthalmologe, 1998. 95: p. 691-698.

Tholen, A.M., A. Meigter, P.P. Bernasconi, et d., [ Radiotherapy for choroidal
neovascularization (CNV) in age-related macular degeneration (AMD)]. Klin Monatshl
Augenhellkd, 2000. 216(2): p. 112-5.

Donati, G., D. Soubrane, M. Quaranta, et a., Radiotherapy for isolated occult subfoveal
neovascularization in age related macular degeneration: A pilot study. Br J Ophthamoal,
1999. 83: p. 646-651.

Weinberger, A., S. Walf, T. Kube, et d., Radiation therapy of occult choroidal
neovascularization in age-related macular degeneration. Klin Monatshl Augenheilkd, 1999.
214: p. 96-99.

Bergink, G., C. Hoyng, R. vanderMaazed, et d., A randomized controlled clinical trial on
the efficacy of radiation therapy in the control of subfoveal choroidal neovascularization
in age-related macular degeneration: radiation versus observation. Graefes Arch Clin Exp

Ophthalmol, 1998. 236: p. 321-325.



Proton Therapy for CNVM in ARMD Page 18

45.

RadiationTherapyforAge- RelatedM acularDegenerationStudyGroup, A prospective,
radomized, double-masked trial on radiation therapy for neovascular age-related
macular degeneration. Ophthalmology, 1999. 106: p. 2239-2247.

Marcus, D.M., W. Sheils, M.H. Johnson, et d., External beam irradiation of subfoveal
choroidal neovascularization complicating age-related macular degeneration: one-year
results of a prospective, double-masked, randomized clinical trial. Arch Ophthamol, 2001.

119(2): p. 171-80.



