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Is irradiation a justifiable treatment of choroidal
melanoma? Analysis of published results
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SUMMARY Analysis of the literature shows that dissemination of choroidal melanomas generally
occurs after the 7 mm diameter stage, that doubling times of uveal melanomas vary from 30 to 365
days, and that death from metastases occurs 30-40 doubling times after dissemination. Tumour
related death within three years after therapy is caused by pre-existing metastases. Survival rates
for less than four years after therapy are therefore irrelevant in evaluating the efficacy of
therapeutic regimens. Considerably higher postirradiation than postenucleation death rates after a
mean 10-year follow-up period have been reported, and this difference can be explained by (1) a
reported mean clinical tumour regression rate of 31% two years after irradiation and
(2) histopathological studies which revealed that 42 out of 43 irradiated melanomas contained
viable tumour, while only 50% showed necrosis. The doubtful value of preserving vision does not
justify the high risk of avoidable death from metastases in irradiated patients.

The purpose of this paper is to present an analysis of
the published survival statistics of patients after
irradiation of a choroidal melanoma, now that
sufficient time has elapsed for the accumulation of
reliable data. This analysis has led to the following
introductory considerations: (1) almost all survival
statistics after enucleation are based on follow-up
periods of 10-25 years or until death; (2) almost all
survival statistics after irradiation are based on
follow-up periods of a few months to no more than
three to four years, despite the fact that much more
time has elapsed since radiotherapy has been
employed; (3) communications on survival statistics
after irradiation never mention that a follow-up
period of less than four years is irrelevant with regard
to the influence of the irradiation on the survival rate.

Time between dissemination and metastatic death

Collins et al.' stated that death from metastases
cannot occur before 35-40 doubling times after
dissemination. A doubling time is the necessary time
for a primary tumour or a metastatic tumour to
double its volume. Rumke et al.2 and Rampen3
measured the increase in size of skin melanomas and
calculated the doubling times: they reached values in
Corrcspondcncc to Profcssor W A Manschot.

the range 20-266 days. Most uveal melanomas are
more slowly growing tumours than skin melanomas,
and plausible assumptions have been advocated,4
and accepted,5 that the doubling times of uveal
melanomas range from 30 to 365 days. This implies
that the shortest possible interval between dissemina-
tion from a uveal melanoma and death from meta-
stases is three years. This interval may extend to
more than 30 years. Therefore death from metastases
within three years after any form of therapy was
started must have been due to metastases which had
been present before this therapy. Differences in
survival rate, when two forms of therapy are com-
pared might thus, after five years, provide an indica-
tion of the effect on survival by these therapies, but
10-year or longer follow-up periods are needed to
achieve decisive arguments in favour of a certain
therapy.

Gass6 reported the first calculated doubling times
of choroidal melanomas. He found in seven patients
with clinically enlarging tumours which necessitated
enucleation a wide spectrum of doubling times,
which ranged between two and 30 months. In 14 cases
of slower growing melanomas which were observed
and the eye not enucleated a much larger range of
10-135 months was calculated for the doubling times.
Gass assumed that part of the latter group of tumours
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were naevi. He admitted that there are important
limitations to the clinical measurement of changes in
size and volume of intraocular tumours. These
limitations can easily be demonstrated in histopath-
ological slides by the presence of lengthy, non-
elevated intrachoroidal extensions of choroidal
melanomas.
Most melanomas studied by Gass appeared to

grow at a relatively constant rate, consistent with that
predicted by Gompertzian curves of exponential
growth. Gass stated that his findings did not support
the conclusions of Zimmerman and colleagues7 that
enucleation is responsible for deaths from meta-
stases. He emphasised that his findings argue against
one of the fundamental assumptions by Zimmerman
et al.,7 namely, that all melanomas have a relatively
uniform slow growth rate prior to enucleation.
According to Gass's figures death from metastases
does not occur before 6-6 years after dissemination,
because his shortest doubling time was 2 months. It is
possible that a shorter calculated doubling time
would have been found if a larger series of patients
with clinically enlarging tumours had been studied.

Stage at which dissemination starts

We still do not know at which stage a choroidal
melanoma develops the capacity to metastasise. This
stage can, however, be derived with a high degree of
certainty from two American reports89 on the
survival rates of patients treated by enucleation for
small melanomas in the <7 mm and < 10 mm

diameter groups. In both series the size had been
assessed by histopathological examination. The
tumour related death rate of all patients with a

melanoma in the <7 mm diameter group was nil,
while death rate from metastases of patients with a

melanoma <10 mm was 22-7% after 10 years in the
first series' and 14-3% after 15 years in the second
series.9 The smaller death rate (14%) after 15 years in
the second series than after 10 years in the first series
(22%) results from a much higher percentage of
melanomas <7 mm diameter in the second series.
Analysis of these figures reveals that, because the
tumour related death rate was nil in both <7 mm
diameter groups, all metastatic deaths in the <10mm

diameter groups had occurred in the 7-<10 mm
diameter groups. Table 1 shows that the tumour
related death rates in these two 7-<10 mm diameter
groups were 35-5% and 40-4% respectively, com-

pared with nil in the two <7 mm diameter groups.
One patient with a melanoma <7 mm diameter in

the series of Thomas et al.9 had metastases but had
not yet died. Only one case of death from metastases
after enucleation in a patient with a melanoma
<7 mm diameter has been separately reported."' It
seems reasonable to postulate that, in general,
choroidal melanomas are unlikely to shed cell emboli
before they have reached the 7 mm diameter stage.

Reported results after radiotherapy

It is relevant at this point to discuss the survival data
obtained from patients treated by enucleation and
the survival data obtained after treatment by irradia-
tion. Many 10-year or longer follow-up reports on
choroidal melanoma patients after enucleation"
reveal without exception a tumour related death rate
of about 50%. Jensen'2 published a 25-year follow-up
of 302 patients-with a follow-up percentage of
99-8%-of whom 51% had died from metastases.
Thus enucleation of eyes containing a melanoma of
any size saves half the patients from tumour related
death. This figure of 50% can be improved consider-
ably by enucleating melanoma containing eyes at the
earliest stage. We can now detect small melanomas
clinically at a much earlier stage than formerly.

It has already been emphasised above that, despite
sufficient lapse of time, almost all survival statistics
after irradiation are still based on follow-up periods
of a few months to no more than three to four years.

This holds for the references'"2" and for the publica-
tions not specifically referred to from these same

sources. Although some authors"" 11 19 21 claim a
longer follow-up period than three to four years,

their reports do not permit an assessment of survival
after these longer periods. All the above mentioned
reports are irrelevant in evaluating the effect of
radiation treatment on the survival rate, because
tumour related death during the first three to four
years after treatment is most likely to be caused by
metastases present before the therapy was started. A

Table 1 Follow-up reports on enucleatedsmallchoroidalmelanomas

Davidorfet al.8 Thomas ct al.9
10 years 15 years

Diameter <10mm <7mm 7-10mm <10mm <7mm 7-10mm
Number 50 18 32 65 42 23
Percentage deaths from metastases 22-7% 0% 35.5%3 14-3% 0% 40-4%6

a=5°x22-7%. b=65 x 14-3%.
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significant difference between the survival rates
within the first three to four years post enucleation
and post irradiation can be due only to a difference in
the selection criteria for treatment.
Char et al. ' reported the results of helium ion and

proton beam irradiation of choroidal melanomas.
Most tumours did not show complete regression, and
the mean regression in tumours two years after
helium ion irradiation was no more than 31%. It
seems justifiable to conclude from these findings that,
after two years in the 107 patients in question, 69% of
the irradiated tumour tissue had not regressed. This
report indicates once more a certain insensitivity of
uveal melanomas to irradiation. It must be appreci-
ated that regression two years after irradiation of
even 50% or 75% of the original volume can only
delay metastatic death by one or two doubling times
and cannot prevent eventual death from metastases.
Only total regression can save a patient's life if
metastasis were absent before treatment.
The few papers which are wholly or partially based

on a follow-up of more than three to four years
include first those of McFaul,2223 who reported a long-
term clinical study on the eventual outcome of cobalt
plaque therapy. The conclusion was that this therapy
'has a limited place in the treatment of choroidal
melanoma, because the disease is not readily suscept-
ible to radiation, while the incidence of major
complications is high'. The second contribution is
that of Lommatzsch ,2 who claimed that his results for
ruthenium radiation were based on a five-year
follow-up period. Analysis of this paper reveals,
however, that more than 60% of the patients had
actually been followed up for less than five years and
in some cases for only six months. This report is
therefore of doubtful relevance for the assessment of
this form of radiotherapy on the survival rate.
Finally, a comparison by Gass24 of the prognosis after
enucleation vs. cobalt irradiation substantiated the
conclusion of McFaul. Survival figures for 27 patients
treated by enucleation between June 1967 and June
1976 were compared with those of 21 patients who
had been treated with cobalt-60 episcleral plaques in
the same period. The combined number of large and
medium sized tumours at the time of treatment was
slightly higher in the enucleation group than in the
cobalt-60 group. The shortest individual follow-up
period was 5-5 years, the longest was 15 years, and
the mean follow-up time was 10 years. After enuclea-
tion the median survival was >10 years; after irradia-
tion it was 3-8 years. Of the enucleated patients, 22%
(six out of 27) had died from metastases against 57%
(12 out of 21) of the irradiated patients. Gass
summarised the probability of death from metastases
within five years after enucleation as 16% against
50% after cobalt irradiation.

Table 2 Histopathology after radiotherapy

Number Tumour Viable
necrosis tumour

Char et al.26* 4 2 4
von Domarus etal.27t 2 1 2
McFauletal.a* 23 6 23
Zinnetal.1t 1 1 1
Seddonetal.2It 3 3 3
Charetal.5"§ 3 2 3
Albert3it 1 1 1
Gass24* 5 5 4
Ferryetal.32: 1 1 1
Total 43 22 42

*Cobalt irradiation. tRuthenium irradiation.
tProton beam irradiation. §Helium ion irradiation.

The great difference in survival after enucleation
and irradiation might be explained by the micro-
scopical findings in irradiated melanomas. McFaul
and Morgan' found absence of tumour necrosis after
cobalt irradiation in 17 out of 23 eyes, while the
surrounding ocular tissues showed radiation damage.
Table 2 shows that various types of radiotherapy

had failed to destroy the tumour in 42 out of 43
histopathologically studied cases, which in the great
majority had come to enucleation in surviving
patients. These 43 cases, however, constitute a small
fraction of the total number of eyes treated by
irradiation and may not show that irradiation had not
had a tumoricidal effect in the non-enucleated cases.
The true success or failure of irradiation can be
evaluated only by a long-term follow-up period. The
only globe in which no viable tumour tissue is
reported is included in the series published by Gass,24
who did not provide detailed histopathological
descriptions. It is noteworthy that 50% of the micro-
scopically studied irradiated melanomas did not show
any evidence of necrosis.
Two clinicopathological case reports33 I claim

successful treatment by irradiation. However,
Grizzard et al.33 describe an incomplete eye, while
Cleasby and Kutzscher3 present a one-sentence
microscopic description of a choroidal mass, of which
only one low-power (x25) microphotograph of an
unbleached section without any cellular detail is
reproduced.

It is obvious that further dissemination is excluded
with certainty after enucleation. After irradiation, on
the contrary, the risk of dissemination will again
increase exponentially in the great majority of cases if
the tumour continues to grow.
Van Peperzeel35 has stressed that melanoma cells

have a greater ability than most other tumour cells to
repair the potential lethal damage induced by radio-
therapy. This author also emphasised the accepted
fact that poorly oxygenated tumour cells are
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generally less sensitive to irradiation than well
oxygenated tumour cells. It is likely that a large
proportion of the cells in a choroidal melanoma are
poorly oxygenated. This condition thus requires high
daily radiation fractions, which cause severe late
damage to the normal tissue in the irradiated area.

Advocates of radiation therapy advance as their
main argument the 'fight for sight' principle. The
justification is that they are helping patients who can
see only with the tumour containing eye. However,
many patients with a healthy, functioning other eye
have also been treated by irradiation. It appears that
the minor visual results of this 'fight for sight', by
which the patient's life is seriously endangered, do
not justify the risk of unnecessary death from meta-
stases. Lommatzsch2' found five years after treatment
a best visual acuity of ¢0*5 in 18 out of 205 irradiated
eyes (8.8%). Gass24 reported that in 15 out of 21
irradiated eyes ¢2 lines of acuity were lost and that
nine of these 15 patients with >0 5 visual acuity at the
time of treatment had <0 1 visual acuity at the last
examination. It is necessary to reiterate that only
nine out of the 21 irradiated patients in Gass's series
had not died from metastases at the time the survival
data were analysed.
An ideal conservative treatment should (1)

eradicate the tumour, (2) retain the intact eye
without prejudice to the chance of survival, and (3)
preserve useful vision.' It is probable that none of
the available radiation techniques comes up to even
one of these requirements.
The present analysis indicates that patients with

irradiated choroidal melanomas run the same risks
that those patients with photocoagulated melanomas
have incurred in the past. It has taken 20 years for
Vogel6 to be able to state that photocoagulation 'was
effective only in very few specific cases'. Photocoagu-
lation remained an experimental form of treatment
for those 20 years, because no conclusive long-term
results were produced. Radiotherapy has not been
justified so far by any relevant long-term survival
statistic. On the contrary, basic oncological know-
ledge, all the 10-25-year survival statistics after
enucleation, and the few relevant long-term statistics
after irradiation'24 indicate that it is medically
unjustified to recommend radiotherapy to patients
with a choroidal melanoma and a healthy, function-
ing contralateral eye. The few justifiable exceptions
are elderly patients with a short life expectancy and
patients who refuse enucleation. The other patients
have the right to be treated by enucleation, which
eliminates any further dissemination. This holds
especially also for patients with small melanomas:
metastatic death after enucleation of <7 mm
diameter melanomas is a great rarity, but occurs in
about 40% of cases within the 7-10mm diameter size

group. It is to be stressed that histopathological
examination of 171 eyes, enucleated in the treatment
of melanomas <10 mm diameter,"937 has confirmed
the clinical diagnosis of malignant melanoma in every
case. The risk of unnecessary enucleation in cases of
small melanomas therefore appears to be negligible.

Seigel et al. I emphasised that, to make therapeutic
progress, alternative treatments must be evaluated
with well designed clinical trials or we run the risk of
continuing to support inferences with inadequate
studies and clinical impressions. It is justifiable to
argue that it is a serious and urgent matter that those
cases which have been treated by irradiation should
be carefully documented and that long-term follow-
up survival and functional data for irradiated uveal
melanomas be published for every individual patient.
Tumour related death after enucleation appeared to
decrease steadily to a low percentage in the second
five-year follow-up period. Our knowledge of
tumour biology suggests that, after irradiation which
is unsuccessful in achieving complete tumour regres-
sion, the remaining tumour tissue will continue its
exponential growth. In these cases dissemination and
the death rate from metastases will tend to increase
exponentially in this same second five-year follow-up
period. Irradiation of choroidal melanomas is still a
medical experiment in which patients incur a progres-
sive risk of death from metastases three to four years
after the therapy has started.

The authors thank Professor W R Lee for his help in the preparation
of the manuscript.
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