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Table S Cox proportional hazards summaryfor time until <6/12 for the 302 patients
with pre-treatment visual acuity of -6/12

All cases Helium ion I-125 plaque
Variable (n=302) (n= 139) (n= 163)

Ultrasound height (mm) 1-39* 1-31 1-60
1-28-1-51t 1-17-1-47 1-39-1-84
7-63t 4-67 6-60

Patient age (years) 1-03 1-03 1-03
1-02-1-05 1-02-1-05 1 01-1 05
5-37 3-63 3-23

Minimum to nerve or fovea (mm) 0 75 0-70 0-82
0-65-0-87 0-56-087 068-1 00

-3-91 -3-23 -1-98
Minimum to nerve or fovea (mm2) 1-02 1-02 1 01

1 00-1-03 1-00-1 04 1-00-1 03
2-67 2-08 1-59

Ciliary body involvement 1-52 1-87 0 90
(1 if Yes, 0 if No) 0-842-76 0-88-3-96 0-33-2-50

1-37 1-63 -0 19
Visual acuity at treatment (Log2) 0-69 0-81 0-65

0-44-1-08 042-1 56 0-35-1-20
-1-61 -0-63 -1-37

Degree of retinal detachment (0 to 5) 1-14 1-17 1-07
099-1 33 0-95-1-44 0-84-1-37
1-79 1-48 053

Treatment type (1 if 1251, 0 if He) 0-80
0-59-1-08

-1-45
LR Stat§ (dof) 120 55 9 69-3

8 7 7

*Cox model relative risk per unit scale change. tNinety five per cent confidence interval for
relative risk. tZ statistic, absolute values of statistic greater than 1-7, 2-3, and 3-1 (2-0, 2-6, and
3-3) are equivalent to one sided (two sided) p values of less than 0-05, 0-01, and 0-001
respectively. §Likelihood ratio statistic, asymptotically x2 distributed (degrees of freedom).

42% of cases. Other studies have demonstrated
previously that treatment of tumours conti-
guous or involving the fovea or optic nerve have
relatively poorer visual outcome.8 12 21 In
several multivariate analyses, tumour thickness,
initial acuity, patient age, and type of radiation,
in addition to tumour location, are important
factors in visual outcome.8 10 11
Good visual acuity at 3 years after radiation

was an excellent predictor of longer term visual
prognosis. In those patients with >6/12
acuities at over 3 years, 63/73 (86%) were
:6/24 with a mean post-treatment follow up of
7 0 years. Undoubtedly, in older patients acu-
ity will diminish further over time; however, as
previously described with charged particles,
the time frame chosen is such that it is unlikely
that many of these eyes will be lost from neo-
vascular glaucoma, although visually signifi-
cant cataract continues to develop in
approximately 8% per year of follow up.22

This study demonstrates that long term
visual outcome can be predicted based on the
preoperative visual acuity, the tumour location
with respect to the optic nerve and fovea and
ciliary body, the tumour thickness, and the
patient age. For example, 57 of the 74 (77%)
patients with choroidal tumours thinner than
4*5 mm and located at least 3 mm from the
nerve and fovea had kept their preoperative
visual acuity of 6/12 or better at a mean follow
up of 6-5 years. This percentage was higher in
the younger patients. The lower metastatic rate
within this group will contribute less informa-
tion (for example, number of metastatic cases)
than the poorer visual outcome group in the
comparison of treatments. Entering patients in
this subgroup into the COMS trial should be
given careful consideration.23
Tumour related mortality was lower in

patients who retained good vision as compared
with those who did not. The poor prognosis
visual outcome group had a significantly higher
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Figure 4 Kaplan-Meier survival estimates for time until
<6/12 for 302 patients with pre-treatment visual acuity of
36/12 stratified by (A) pre-treatment ultrasound tumour
height; (B) pre-treatment tumour location with respect to
the nerve, fovea, and ciliary body; (C) Cox model
estimated relative risk.

risk of metastatic onset. There were two con-
tributing factors. The poor vision group was
most dependent on tumour height, and these
thicker tumours have larger diameters, a
known prognostic indicator for metastatic risk.
The poor vision group also contained 26 of the
44 tumours involving the ciliary body, another
known metastatic risk indicator. Both the good
and medium visual prognostic groups had 5
year metastatic estimates under 10%.
No significant treatment differences

between helium ion irradiation and 125I
brachytherapy visual outcomes were found
after Cox model covariate adjustments. Some

122

I

d

 group.bmj.com on February 13, 2012 - Published by bjo.bmj.comDownloaded from 



Long term visual outcome of radiated uveal melanomas in eyes eligible for randomisation to enucleation versus brachytherapy

Table 6 Cox proportional hazards summaty for time until -6/120for the 400 patients
with pre-treatment visual acuity of >6/120

All cases Helium ion I-125 plaque
Vaniable (n=400) (n= 186) (n=214)

Ultrasound height (mm) 1-34* 1-32 1-43
1-23-1-45t 1-18-1-47 1-25-1-64
7o00t 5-01 5-20

Patient age (years) 1-02 1-02 1-02
1 01-1 03 1-00-1-03 1-00-1 04
3-19 2-08 2-40

Minimum to nerve or fovea (mm) 0 75 0-71 0-80
0-66-0-85 0-59-0-87 0-67-0-96

-4-40 -3-41 -2-36
Minimum to nerve or fovea (mm2) 1-02 1 01 1-02

1 01-1 02 1 00-1 03 1 00-1-03
2-89 1-51 2-17

Ciliary body involvement 1-84 2-56 1-17
(1 if Yes, 0 if No) 0-983-46 1-17-5-57 0-38-3-59

1.91 2-36 0-28
Visual acuity at treatment (Log2) 0-77 0-84 0-71

0-66-0-89 0-68-1-04 0 56-0 90
-3 40 -1-64 -2-77

Degree of retinal detachment (0 to 5) 1 01 1-05 1-03
0-89-1-16 0-88-1-25 0-83-1-28
0.19 050 0-27

Treatment type (1 if 1251, 0 if He) 1 01
0-741-37
004

LRStat§ (dof) 120 70-1 58-5
8 7 7

*Cox model relative risk per unit scale change. tNinety five per cent confidence interval for
relative risk. tZ statistic, absolute values of statistic greater than 1 -7, 2-3, and 3- 1 (2-0, 2-6, and
3 3) are equivalent to one sided (two sided) p values of less than 0-05, 0-01, and 0 001
respectively. §Likelihood ratio statistic, asymptotically x2 distributed (degrees of freedom).

differences of covariate effects within individ-
ual treatments were evident. Although these
differences did not reach statistical significance
(reflective of the lower power to detect treat-
ment interactions), they were consistent across
all analyses. Larger posterior and anterior loca-
tion effects were present with helium ion irra-
diation. This may reflect the larger doses to the
nerve and fovea with the greater marginal
doses of this treatment. More rapid visual
losses in anterior tumours may be related to
the higher doses and greater inclusion of ante-
rior segment structures in the irradiation port.
The increased risk of neovascular glaucoma
with helium ion irradiation suggests this effect
although we have noted that visual loss almost
always precedes the onset of detectable rubeo-
sis and glaucoma. Larger tumour size effects
were present with brachytherapy. This may
reflect the increased overall radiation area with
plaques. The longer term visual acuity out-
comes suggest that late onset visual loss may be
greater with brachytherapy than with helium
irradiation although further follow up will be
needed to better address this issue.

In this study the overall actuarial rate of
metastases was 6-4% at 3 years and 13-3% at 5
years. Our data, along with previous analysis,
show similar survival with irradiation or enucle-
ation. This issue may be better addressed by the
COMS outcomes, although the significantly
higher tumour control problems with plaque
therapy than with helium ion therapy may com-
plicate the conclusions."1 In this study 27
tumours had local radiation failures. Twenty of
these were following 1251 brachytherapy and
seven were following helium ion irradiation.
Nine patients developed detectable metastases
after the local recurrence.
We have delineated a subgroup with high

probability of visual retention. In this patient
group it appears to us that retention of the eye
is useful and can often be accomplished with
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Figure 5 Kaplan-Meier survival estimates for time until
-6/120for 400 patients with pre-treatment visual acuity of
>6/120 stratified by (A) pre-treatment ultrasound tumour
height; (B) pre-treatment tumour location with respect to
the nerve, fovea and ciliary body; (C) Cox model estimated
relative risk.

retention of good visual function. We also
delineated another subgroup with low proba-
bility of retaining useful visual function. For
this group the benefit of eye retention and
cosmesis versus the need for clinical follow up
and the incidence of radiation complications or
failures need to be considered.

Several issues are not. addressed by this
study. While we attempted to match our
patients to those in another study, differences
in patient populations that we could not
anticipate may have had an effect on our
results. We included some patients who did
not meet non-ocular COMS criteria since we
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Table 7
overall

Stratum

Good (PI<
Medium (I
Poor (PI>
Overall

PI=prognc

The 5 year metastatic rates for each stratum and 1 Seddon JM, Gragoudas ES, Albert DM, Hsieh CC,
Polyvogianis L, Friedenberg GR. Comparison of survival

________rates for patients with uveal melanoma after treatment
No S Year metastatic rate (SE) with proton beam irradiation or enucleation. Am JNo__5__Year_________________ rate___ (SE)__ Ophthalmol 1995; 99: 282-90.

2 Lommatzsch PK. Results after beta-irradiation
1-85) 136 694/0(20/) (106Ru/106Rh) of choroidal melanomas: 20 years'-85<PI<25) 137 9230/ (370%) experience. BrJ Ophthalmol 1986; 70: 844-51.
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426 13-3/(19/° ) JA, Brady LW. Enucleation vs cobalt plaque radiotherapy

for malignant melanomas of the choroid and ciliary body.
)stic indicator. Arch Ophthalmol 1986; 104: 655-61.

4 Gragoudas ES, Seddon JM, Egan K, Glynn R, Munzenrider
J, Austin-Seymour M, et al. Long-term results of proton
beam irradiated uveal melanomas. Ophthalmology 1987;

-ZzL....94: 349-53.
----- 5 Adams KS, Abramson DH, Ellsworth RM,-Haik BG,

Bedford M, Packer S, et al. Cobalt plaque versus enucle-
ation for uveal melanoma: comparison of survival rates.

-,_ - -~... 6 BrJ3 Ophthalmol 1988; 72: 494-7.
6 DePotter P, Shields CL, Shields JA, Cater JM, Tardis DJ.

L Impact of enucleation versus plaque radiotherapy in the
management of juxtapapillary choroidal melanoma on
patient survival. BrJ Ophthalmol 1994; 78: 109-14.

7 COMS. Design and methods of a clinical trial for a rare con-
dition: the collaborative ocular melanoma study.

Good (lower third RR) ControUled Clinical Tials 1993; 14: 362-91.
_ ----- Medium (middle third RR) 8 Char DH, Castro JR, Kroll SM, Irvine AR, Quivey JM,

Poor (higher third RR) Stone RD. Five year follow-up of helium ion therapy for--- tuveal melanoma. Arch Ophthalmol 1990; 108: 209-14.
9 Shields JA, Gragoudas ES, Char DH. Comments on man-

agement of uveal melanomas: a continuing dilemma.
Cancer 1994; 74: 3074-5.

10 Seddon JM, Gragoudas ES, Polivogianis L, Hsieh CC,
Egan K, Goitein M, et al. Visual outcome after protonbeam irradiation of uveal melanoma. Ophthalmology 1986;

0 2 4 6 8 10 93: 666-74.
Time after therapy (years) 11 Char DH, Quivey JM, Castro J, Kroll S, Phillips T.

Helium ions versus iodine 125 brachytherapy in the
Kaplan-Meier survival estimates for time until management of uveal melanoma: a prospective random-
detection for 409 patients with pre-treatment ized, dynamically balanced trial. Ophthalmology 1993;
ity of > 6/120 stratified by Cox model estimated 100: 1547-54.
sk. 12 Cruess AF, Augsburger JJ, Shields JA, Donoso L, Amsel J.Visual results following cobalt plaque radiotherapy for

posterior uveal melanomas. Ophthalmology 1984; 91:
isure how to determine which patients 131-6.

13 Char DH, Stone RD, Irvine AR, Crawford JB, Hilton GF,
mpromised non-tumour related sur- Schwartz A. Diagnostic modalities in choroidal
OMS employed these exclusions as the melanoma. Am J Ophthalmol 1980; 89: 223-30.

14 Kaplan EL, Meier P. Nonparametric estimation fromendpoint for its trial was patient death incomplete observations. J Am Stat Assoc 1958; 53:
t tumour related death. It is doubtful 457-81.15 Cox DR. Regression models and life tables (with discus-
se non-ocular exclusions would affect sion). JR Stat Soc B 1972; 34: 187-220.
ults. Since we have routinely treated 16 Kalbfleisch J, Prentice RL. The statistical analysis offailure

time data. New York: Wiley, 1980.
s contiguous to the optic nerve with 17 Andersen PK, Borgan 0, Gill RD, Keiding N. Statistical
n, we doubt whether our visual result models based on counting processes. New York: Springer-

Verlag, 1993.
-re biased in favour of either brachy- 18 Hill A, Maguire M, Hawkins BS, Newhouse MM. The

or charged particle radiation. Markov process as a general method for nonparametric
analysis of right-censored medical data. J Chron Dis 1986;ly, we are following more than 400 39:595-604.

ninant pigmented choroidal tumours 19 Samuelsen SO, Kongerud J. Interval censoring in longi-
tudinal data of respiratory symptoms in aluminum pot-)bably would have been treated in some room workers: a comparison of methods. Stat Med 1994;

24 Since these tumours are relatively 13: 1771-80.
that if they were treated by us, 20 Caplan RJ, Pajak TF, Cox JD. Analysis of the probabilityis likely that if they were treated by us, and risk of cause-specific failure. Int J Rad Onc Biol Phys

Lal results would have been even better. 1994; 29: 1183-6.
21 Young LH, Gragoudas ES. Macular uveal melanoma

zent studies have assessed visual perfor- treated with proton beam irradiation. 10-year follow-up
)f patients who were treated with either observation with histopathologic correlation. Retina 1994;

14: 43-6.
tLion or radiation. In both studies the 22 Meecham WJ, Char DH, Kroll SM, Collier M, Castro JR.
y of patients did well after either Anterior segment complications after helium ion radiation

therapy for uveal melanoma. Radiation cataract. Archhowever, probably because of age, Ophthalmol 1994; 112: 197-203.
Dut two thirds were working at the time 23 Fine SL. Do I take the eye out or leave it in? Arch

25 26 I s Ophthalmol 1986; 104: 653-4.tment. It iS uncertam, therefore, 24 Butler P, Char DH, Zarbin M, Kroll S. Natural history of
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Ophthalmology 1994; 101: 710-6.working individual confers a definite 25 Augsburger JI, Goel SD. Visual function following enucle-
Lge compared with an enucleated ation or episcleral plaque radiotherapy for posterior uveal
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