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Table 4 Metastatic death after local resection. Multivariate analysis including postoperative events

95% Confidence intervalfor RR

No of Relative rate of Lower Upper
Variable Categories patients metastatic death limit limit p Value

Age at diagnosis (years) s60 235 1 00 - - 0-002
>60 87 2-68 1-45 4-96

Superior tumour with No 279 1 00 - - 0 001
epithelioid cells Yes 43 3-13 1-57 6-25

Tumour diameter (mm) <16 250 1 00 - - 0-002
(pathology measurement)* 16 72 2-65 1-42 4 95

Cell type Spindle 191 1 00 - - 0 003
Mixed/epithelioid 131 3-13 1-48 6-55

Adjunctive brachytherapy No 274 1 00 - - 0 040
Yes 48 0-27 0-08 0 95

Subsequent enucleation for No 299 1 - - 0-017
persistent tumour Yes 33 2-25 1-15 4-39

*Total number of patients is adjusted to 322 because pathological diameter is not recorded for 10 patients.

explanations for such results. It is possible that
in a proportion of cases metastatic death after
local resection (and indeed after radiotherapy)
is caused by malignant cells which disseminate
from viable tumour persisting in the eye after
inadequate treatment. An alternative explana-
tion is that large size and extraocular extension
of recurrent tumours are indicators of aggres-
sive tumour behaviour, with tumour dissemi-
nation occurring before treatment and with
microscopic tumour deposits in the liver
behaving in the same aggressive manner as

microscopic deposits in the eye. In other
words, the question is whether persistent viable
tumour after unsuccessful conservative treat-
ment causes metastatic death or whether per-
sistent tumour and metastatic death are both
indicators of adverse prognostic factors that
were not included in predictive statistical
models.

In this study, (i) histologically incomplete
tumour resection, and (ii) small persistent
tumours treated by enucleation were not associ-
ated with an increased risk ofmetastatic disease.
This is possibly because prompt and successful
secondary treatment prevented growth and
dedifferentiation of residual tumour cells in the
eye, or because many of the persistent tumours
had a low metastatic potential, or both of these
reasons. Treatment of known residual or recur-
rent disease may also have inadvertently pre-
vented metastatic spread. from unrecognised
microscopic tumour deposits, as implied by the
efficacy of adjunctive plaque radiotherapy (see

below). Some patients with apparently com-
plete excision on histology and ophthalmoscopy
developed local tumour recurrence and this
suggests that microscopic tumour seedlings and
extensions were sometimes missed both by the
pathologist and the surgeon.

Adjunctive plaque radiotherapy was intro-
duced in 1986 as a routine procedure to
reduce the incidence of local tumour recur-
rence, and indeed in a parallel study, we show
that adjunctive plaque radiotherapy is effec-
tive at preventing local tumour recurrence
after trans-scleral local resection (Cox multi-
variate analysis, p=O0018).34 In 1989, we

adopted more aggressive resection with wider
clearance margins, and adjunctive laser
photocoagulation to reduce the incidence of
radiational complications. The finding that
adjunctive plaque radiotherapy is associated
with a better prognosis for survival is
serendipitous. Our results suggest that in
eradicating microscopic tumour deposits left
in the eye after local resection, adjunctive
plaque radiotherapy prevents not only local
tumour recurrence but also metastasis. The
effect of adjunctive plaque radiotherapy on

metastasis was not studied in a randomised
and prospective fashion so that further inves-
tigation is necessary. Nevertheless, it is note-
worthy that patients treated with adjunctive
plaque radiotherapy tended to have larger
tumours and would therefore have been
expected to have a higher incidence of
metastatic disease not lower.

Table S Metastatic death after local resection. Multivariate analysis adjustingfor size ofpersistent tumour in enucleated
eyes and extraocular extension

Relative 95% Confidence intervalfor RR
rate of

No of metastatic Lower Upper
Variable Categories patients death limit limit p Value

Age at diagnosis (years) <60 235 1 00 - - 0 001
-60 87 2-92 1-57 5-45

Superior tumour with No 279 1 00 - - 0 001
epithelioid cells Yes 43 3 50 1-72 7-13

Tumour diameter (mm) <16 250 1 00 - - <0-001
(pathology measurement)* 216 72 3-59 1-83 7-01

Cell type Spindle 191 1-00 - - 0-003
Mixed/epithelioid 131 3 03 1-45 6-34

Adjunctive brachytherapy No 274 1 00 - - 0-031
Yes 48 0-25 0 07 0-88

Enucleation for persistent No 299 1 -

tumour Yes, for large tumour 9 5-98 1-95 18-34 0-002
Yes, for small tumour with

extraocular extension 9 3-65 1-24 10-74 0 019
Yes, for small tumour without

extraocular extension 15 1 10 040 300 0-855

*Total number of patients is adjusted to 322 because pathological diameter is not recorded for 10 patients.
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Risk factors for metastatic uveal melanoma after trans-scleral local resection

Lack of adjunctive plaque radiotherapy
seemed to be associated with an increased
mortality even in patients without residual or
recurrent disease (28/206 14% versus 2/44
5%). This crude estimate is in keeping with the
results of our multivariate analyses, which
show adjunctive plaque radiotherapy to be an
independent prognostic indicator even when
enucleation for persistent tumour is included
in the model (p=0-031) (Table 5). These
results would seem to suggest that adjunctive
plaque radiotherapy may prevent metastatic
disease in some cases because it prevents seed-
ing from microscopic deposits. We, therefore,
share the concerns expressed by Robertson
and associates about residual tumour after
local resection, although we find that deposits
in uveal tissue are more troublesome than
deposits in sclera or retina.39 On the basis of
these findings, we now excise tumours with
wider clearance margins than before and
routinely perform adjunctive treatment, which
consists either of (i) ruthenium plaque radio-
therapy or, if this is not technically possible,
(ii) laser photocoagulation and cryotherapy to
the margins and bed of the coloboma.
The 5 year mortality rates for patients with

largest basal tumour diameters of <11 mm,
11-15 mm, and > 15 mm were approximately
3%, 20%, and 44°/O (Fig 3). These results seem
better than those reported in a meta-analysis:
by Diener-West and associates, which shows
the 5 year mortality rates after treatment of
uveal melanoma to be 16% for small tumours
(large tumour diameter < 10-11 mm and
tumour thickness <2 mm-3 mm), 32% for
medium tumours (large tumour diameter < 15
mm-16 mm and tumour thickness 3-8 mm),
and 53% for large tumours (large tumour
diameter >15 mm-16 mm or tumour thick-
ness -8 mm).3 If we had classified our
tumours according to both height and diame-
ter, then 103 of our tumours would have been
placed in a less favourable category so that our
survival figures would have been even better
than those of Diener-West and associates. The
most likely explanation for better survival after
local resection is selection bias related to the
need for good general health for hypotensive
anaesthesia. In view of the hazards of compar-
ing apparently similar data from different pub-
lications we would prefer to assess only our
own data. We have previously shown that sur-
vival in 220 patients treated by local resection
was not significantly different from that in a
matched series of 239 patients treated by
enucleation.40 On the basis of our findings, we
continue to regard trans-scleral local resection
as a reasonable alternative to enucleation,
especially if some form of adjunctive local
treatment is administered, and this applies to
all tumours irrespective of size and location.

Overall 5 year survival figures have been
reported as approximately 75-85% after
helium ion radiotherapy,2' proton beam radio-
therapy,20 cobalt plaque radiotherapy,4' and
ruthenium plaque radiotherapy.42 These results
do not seem markedly different from our own
data, although as mentioned above there are
severe limitations inherent in comparing results

from different studies. Because we reserve local
resection for patients we consider to be unsuit-
able for radiotherapy, there would not seem to
be much scope for performing comparisons
between these two treatments in a randomised
prospective fashion.
The results of the present study with regard

to the influence of adjunctive plaque radio-
therapy on survival are only tentative as they
were not obtained in a randomised prospective
fashion. If survival is indeed improved by
adjunctive treatment, this would imply that (i)
residual tumour can cause metastatic disease,
(ii) fatal tumour dissemination can occur after
the patient presents, even if the tumour is of
medium size or large, and that (iii) all patients
without evidence of metastasis should receive
urgent and total tumour destruction.

In the present study, differences in survival
rates according to adjunctive radiotherapy
seem to appear as early as the fourth year after
treatment (Fig 4). This tentative result is not in
keeping with the views expressed by others that
(i) metastatic death within the first 7 years
postoperatively is always due to tumour dis-
semination before treatment and that (ii) a
minimum follow up interval of 7 years is essen-
tial to allow any comparisons between different
forms of treatment.43 In this respect, it is note-
worthy that (i) factors predicting metastatic
death within the first 2 years may be different
from those that predict more delayed onset of
metastatic disease and death,'6 and that (ii) the
prognostic values of pretreatment variables
may decline with time.44

In conclusion, this study confirms the find-
ings of other workers that epithelioid cell type,
largest basal tumour diameter, and old age are
useful predictors of metastatic death and, in
addition, identifies other adverse prognostic
factors, such as lack of adjunctive plaque radio-
therapy, delayed or inadequate treatment of
residual or recurrent tumour, and superior
tumour location within the eye of mixed and
epithelioid tumours. These tentative results
appear to contradict some general beliefs about
the natural history of uveal melanomas and
imply that these tumours should be treated
aggressively and urgently. The prognostic
score developed in this study allows survival
after local resection to be described in a more
meaningful manner than has hitherto been
possible and in future may facilitate the
selection of patients for adjunctive systemic
immunotherapy or chemotherapy.
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