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Abstract
Background/aim—There has been no
consistent pattern reported on how mortality for uveal melanoma varies with age.
This information can be useful to model
the complexity of the disease. The authors
have examined ocular cancer trends, as an
indirect measure for uveal melanoma
mortality, to see how rates vary with age
and to compare the results with their
other studies on predicting metastatic
disease.
Methods—Age specific mortality was examined for England and Wales, the USA,
and Canada. A log-log model was fitted to
the data. The slopes of the log-log plots
were used as measure of disease complexity and compared with the results of
previous work on predicting metastatic
disease.
Results—The log-log model provided a
good fit for the US and Canadian data, but
the observed rates deviated for England
and Wales among people over the age of 65
years. The log-log model for mortality
data suggests that the underlying process
depends upon four rate limiting steps,
while a similar model for the incidence
data suggests between three and four rate
limiting steps. Further analysis of previous data on predicting metastatic disease
on the basis of tumour size and blood vessel density would indicate a single rate
limiting step between developing the primary tumour and developing metastatic
disease.
Conclusions—There is significant underreporting or underdiagnosis of ocular
melanoma for England and Wales in those
over the age of 65 years. In those under the
age of 65, a model is presented for ocular
melanoma oncogenesis requiring three
rate limiting steps to develop the primary
tumour and a fourth rate limiting step to
develop metastatic disease. The three
steps in the generation of the primary
tumour involve two key processes—
namely, growth and angiogenesis within
the primary tumour. The step from development of the primary to development of
metastatic disease is likely to involve a
single rate limiting process.
(Br J Ophthalmol 1999;83:588–594)

Cancers of the eye are rare tumours, accounting for less than 0.1% of all cancer deaths in
the USA and England and Wales, with a large
majority of these due to uveal melanoma.1 2
Despite its rarity, this tumour carries a 50% 5
year mortality.3 The two most widely discussed

models—the enucleation hypothesis4 and the
Manschot–Van Peperzeel hypothesis5 6—have
caused considerable controversy. There have
been no recent attempts to model the disease.
Zimmerman et al noted “the rapid rise in
mortality, reaching a peak during the second
postenucleation year”4 and questioned the
safety of enucleation for uveal melanoma. This
peak in mortality was followed by a fall and was
independent of the size of the primary tumour.
The authors argued that the most likely explanation would be some event occurring at the
time of presentation and suggested that surgical manipulation was the cause of metastatic
spread.7 8
The concept of surgical manipulation causing dissemination is a perennial one dating
back at least as far as the work of Joynes and
Rous.9 There is no good evidence to support
this model, however, in the case of uveal
melanoma. The observation of peak hazard at
year two was largely artefactual, owing to an
error in how Zimmerman et al plotted their
hazard functions10 and certainly no such eVect
can be seen on the survivorship curves from
our data (see below). In addition, histological
markers of traumatic enucleation carry no
preadverse
prognostic
significance,11
enucleation radiotherapy carries no benefit,12–15
and the most direct evidence is that no
shedding of cells at the time of surgery can be
found using the highly sensitive technique of
RT-PCR.16
An alternative hypothesis proposed by
Manschot and van Peperzeel was based on
the assumption that metastatic deposits grow
at a similar rate to the primary tumour. This
led to the conclusion that dissemination must
occur at around the third doubling time or, in
other words, close to the onset of the
disease.5 6 Primary melanomas grow at a very
slow rate and the observed lag between
diagnosis of the primary and diagnosis of
metastatic disease is similar to three times the
estimates of the tumour doubling time. The
corollary of this was that the enucleation
hypothesis was clearly incorrect as seeding
must have occurred years before any diagnosis
and surgical intervention, with the implication
that no treatment made any diVerence to
prognosis. The assumption that underlies the
Manschot–Van Peperzeel hypothesis—that
secondary deposits grow at the same rate as
the primary tumour—has been disproved by
evidence that metastatic deposits grow more
aggressively.17 Nor does this hypothesis explain the existence of long term survivors
following enucleation, compared with near
100% mortality among patients refusing
treatment.18 19
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Table 1

Poisson model for England and Wales
Standard
error

CoeYcient

Sex
Female
Age
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85+
Time period
1960–64
1965–69
1970–74
1975–79
1980–84
1985–89
Constant

0.030

0.000

0.570
0.998
1.480
1.838
2.098
2.231
2.249
2.330
2.536

0.108
0.101
0.096
0.94
0.093
0.094
0.097
0.102
0.108

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.359
0.800
1.292
1.656
1.916
2.047
2.060
2.130
2.324

0.091
0.128
0.250
0.164
0.124
0.079
–13.59

0.061
0.059
0.057
0.057
0.058
0.058
0.096

0.133
0.030
0.000
0.005
0.033
0.175
0.000

–0.028
0.012
0.137
0.051
0.010
–0.035
–13.777

Poisson model for the USA

Variable

CoeYcient

–0.294 to
to
to
to
to
to
to
to
to
to

–0.178
0.782
1.120
1.668
2.022
2.280
2.414
2.438
2.531
2.531

to
0.210
to
0.2444
to
0.362
to
0.278
to
0.238
to
0.194
to –13.400

Standard
error

p Value

–0.243

0.030

0.000

0.555
1.042
1.494
1.916
2.233
2.478
2.661
2.974
3.415

0.082
0.076
0.073
0.071
0.070
0.070
0.071
0.073
0.073

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.394
0.893
1.351
1.778
2.096
2.341
2.521
2.521
3.271

–0.072
–0.179
–0.196
–0.389
–0.635
–0.821
–13.85

0.037
0.037
0.042
0.043
0.039
0.040
0.068

0.052
0.000
0.000
0.000
0.000
0.000
0.000

–0.144
–0.252
–0.278
–0.473
–0.711
–0.900
–13.987

Standard
error

p Value

95% confidence interval

–0.297

0.055

0.000

0.643
1.197
1.572
1.981
2.339
2.575
2.942
2.960
3.353

0.201
0.188
0.182
0.177
0.175
0.175
0.175
0.185
0.186

0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.248
0.829
1.216
1.634
1.996
2.232
2.598
2.597
2.989

–0.150
–0.207
–0.115
–0.233
–0.508
–0.424
–13.59

0.110
0.109
0.103
0.103
0.107
0.102
0.176

0.174
0.056
0.267
0.024
0.000
0.000
0.000

–0.366
–0.420
–0.317
–0.436
–0.717
–0.624
–13.940

Table 3

Poisson model for Canada

Variable

CoeYcient

Sex
Female
Age
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85+
Time period
1960–64
1965–69
1970–74
1975–79
1980–84
1985–89
Constant

95% confidence interval

–0.236

Table 2

Sex
Female
Age
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
85+
Time period
1960–64
1965–69
1970–74
1975–79
1980–84
1985–89
Constant

p Value

95% confidence interval
–0.285 to
to
to
to
to
to
to
to
to
to

–0.201
0.715
1.192
1.636
2.056
2.370
2.616
2.800
2.800
3.558

to
0.001
to –0.107
to –0.114
to –0.304
to –0.560
to –0.743
to –13.717

–0.404 to
to
to
to
to
to
to
to
to
to

–0.189
1.038
1.564
1.928
2.329
2.682
2.919
3.286
3.323
3.718

to
0.066
to
0.006
to
0.088
to –0.031
to –0.298
to –0.224
to –13.248

Useful information can be obtained from
epidemiological studies, as observed age variations can be used to estimate the number of
rate limiting steps involved. Cancer of the eye is
a frequently used proxy measure for uveal
melanoma,1 20–22 which we have used to examine the change in age specific mortality rates
for cancer of the eye for England and Wales,
USA, and Canada. The most commonly
observed age pattern in cancer rates is a log-log

Materials and methods
EPIDEMIOLOGY

Melanoma of the eye is not represented as a
unique entity in the International Classification of Disease (ICD). It has, however,
become standard practice1 20–22 to treat eye cancers in adults as a surrogate measure, as 90%
are ocular melanomas1 and the large majority
of these involve the uveal tract.2
Data on the number of deaths from cancer of
eye and population estimates during the period
1955–89 in 5 year age bands and 5 year calendar periods for the USA, Canada, and England
and Wales, were provided by the International
Agency for Research on Cancer. Data on incidence rates for England and Wales for the years
1971–88 were extracted from tables of cancer
notifications for the age range 30–65 years,
provided by the OYce for Populations Census
and Surveys.
The data for each country were modelled
using the Poisson regression technique.26 27 For
each Poisson regression model, the dependent
variable was the count, the population at risk
was the oVset, and the predictor variables were
time period, age period, and sex. Each of the
predictor variables was classified as a categorical variable, with the first category being the
reference category (male for sex, 1955–9 for
time period, and ages 40–44 for age period).
Analysis was performed using STATA ver 3.1.
HISTOPATHOLOGY

This study has been fully reported
elsewhere.24 25 28 In brief, the sample of 123
cases represented all patients treated by
enucleation at Moorfields Eye Hospital from
1979 to 1986 and those treated between 1987
and 1989, who were known to have died from
metastatic uveal melanoma. The information
recorded was largest tumour diameter (mm),
the cell type (according to the Callender classification), the PAS pattern,25 the mitotic count
(the number per 20 high power fields with ×40
objective), the lymphocytic infiltrate and the

Br J Ophthalmol: first published as 10.1136/bjo.83.5.588 on 1 May 1999. Downloaded from http://bjo.bmj.com/ on July 3, 2022 by guest. Protected by copyright.

Variable

relation (rate = ageN), such as that found in
skin, gastrointestinal, and urinary tract
cancers.23 It is also the pattern observed in skin
painting experiments in mice and it has been
interpreted as reflecting life long exposure to
small amounts of a carcinogen starting at, or
within, a decade of birth.23 This pattern is consistent with the results of our previous work
implicating environmental factors in the aetiology of uveal melanoma (based upon observation of a marked decline in age standardised
incidence and mortality over time for the
USA22). An advantage of the log-log model is
that the exponent, N, provides an estimate of
the number of rate limiting steps occurring.
The value of N lies between 3 and 6 for most
cancers. By using incidence and mortality, the
diVerence between these estimates can be used
to determine the number of rate limiting steps
required for a tumour to progress from
primary to metastatic disease. This can be
compared with results from our previous studies on prognostic factors for the development
of metastatic disease.24 25
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Figure 3 Log-log plot of the mortality by age for England
and Wales averaged for the period 1950–89 for the age
range 20–65 years.
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Figure 2 Log odds for the mortality for cancer of the eye
in 5 year age bands for England and Wales, USA, and
Canada for the years 1955–89.

microvessel density (section bleached and
stained with factor VIII related antigen to
demonstrate the blood vessels the density was
determined by counting the number of vessels
in 0.25 mm2 in area of maximum vessel density
and the score underwent the square transformation before further analysis24). The data
were analysed by entering them into a Cox’s
proportional hazard model in a stepwise manner, on the basis of their likelihood ratios
(probability for entry into the model was 0.05
or less and probability for removal of 0.1 or
more).
Table 4 Observed and expected mortality by age based on
the log-log model

Age (years)

Observed
mortality rates
(per million)

Predicted
mortality rates
(per million)

30–34
35–39
40–44
45–49
50–54
55–59
60–64
65–69
70–74
75–79
80–84
>85
Standardised mortality rate*

0.45
0.72
1.27
2.22
3.43
5.55
7.94
10.24
11.59
11.66
12.85
15.69
3.78

0.41
0.77
1.36
2.24
3.52
5.31
7.73
10.94
15.09
20.38
27.02
35.22
4.48

*Standard rates for ages of 30 years and older based on world
standard population.48

We have previously reported that the mortality
in the USA is declining, in contrast with England and Wales.22 Poisson regression was
performed for the age groups 40 and upwards
and the results are presented in Tables 1–3. For
each Poisson regression model, the dependent
variable was the count, population was the oVset, and the predictor variables were time, age,
and sex. Again, each of the predictor variables
was classified as a categorical variable, with the
first category being the reference category
(male for sex, 195–59 for time period, and ages
40–44 for age period). In all three countries,
the rates for women were significantly lower
than those for men. The Poisson regression
confirmed our previously reported finding that
mortality is declining in the USA22 and
demonstrated a similar downward trend for
Canada as well (see Fig 1).
INCIDENCE AND MORTALITY TRENDS BY AGE

The model that was fitted to the data was a
log-log model. This model assumes that the
relation between rate and age is:
rate = ageN
The log of the odds ratio (the odds ratio for
rare diseases approximates the relative risk)
against the natural logarithm of the age is plotted in Figure 2. This provided a reasonable
straight line relation for the data from the USA
Natural logarithm of the incidence rate

Log odds ratio of the mortality rate

Figure 1 Log odds for the mortality for cancer of the eye
in 5 year bands for England and Wales, USA, and Canada
for the years 1955–89.
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Figure 4 Log-log plot of the incidence data for England
and Wales averaged for the years 1971–88 for the age range
30–65 years.
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Final Cox regression model for survival in the study reported in Foss et al24

Table 5

â

Expâ

95% confidence
interval for expâ

Wald

Significance

Transformed* microvessel count
Tumour size (LTD)

0.366
0.124

1.44
1.13

1.23–1.70
1.06–1.21

19.5
12.8

<0.00005
0.0003
MODELLING THE DEVELOPMENT OF METASTATIC

*The count underwent a square root transformation. Most count data can be made to follow a
normal distribution by this technique.

and Canada, but there was significant deviation from a straight line relation for the data
from England and Wales.
There are two explanations for the observed
deviation in rates from the log-log model. One
is underreporting and the other is increasing
underdiagnosis in the older age groups. In
order
to
estimate
this
degree
of
underdiagnosis/underreporting, we first calculated the linear regression coeYcients for the
logarithm of the mortality regressed on the
natural logarithm of the age for the range
30–59 years. The final equation was as follows:
log of the rate (per million population) =
−30.406 + (4.5067 × natural logarithm of the
age (years)). The regression line was then
extrapolated for the age range of 60 years and
over. Table 4 shows the observed mortality and
the expected mortality on the basis of the log
linear model. These results suggest a marked
overall underreporting or underdiagnosis, estimated at 16% for a standard population aged
30 years and over, increasing to 30% among
those aged 60 and over.
As stated earlier, an advantage of the log-log
model is that the exponent, N, provides an
estimate of the number of rate limiting steps
occurring, with the value of N falling between
3 and 6 for most cancers. Figures 3 and 4 show
the log-log plots for incidence and mortality for
England and Wales. The slope of the gradient
is 3.50 for the incidence (using data for
England and Wales for the age range 30–65
years for the years 1971–88) and 3.98 for the
mortality (using data for the years 1950–89 for
the age range 20–65 years for England and
Wales).
These results provide further evidence that
three to four rate limiting steps or events are
required to develop ocular cancer and that four
rate limiting steps are required to die from the
12
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Figure 5 Scatter plot, using sunflowers, of microvessel density against largest tumour
diameter showing the two measures to be independent.
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DISEASE

Further analysis of our previous study provided a similar estimate for the number of rate
limiting steps between developing primary and
disseminated disease.24 25 In that study, angiogenesis was the single most important prognostic factor and one of only two factors, the other
being tumour size, that entered into the final
model (see Table 5). As the scatter plot shows
(Fig 5), and the multivariate analysis confirms,
the two factors of size and angiogenesis were
completely independent. We therefore combined these two factors, which were weighted
according to their beta coeYcients in the Cox
regression model and then summed to generate a composite score (summary score =
1⁄2(vessel count) + largest tumour diameter in
mm). On the basis of this summary statistic, we
divided the 123 cases into three equal sized
groups (or tertiles). Kaplan–Meier curves for
each group are plotted in Figure 6.
The resulting plots gave lines that could be
readily modelled by the equation:
N/No = e−kt
where N is the number of cases, No is the initial number of cases, (therefore N/No is the
proportion of surviving cases), t is time, and k
is a constant which, by analogy with radioactive
decay equations could be called the decay constant. This is the equation of first order
kinetics, arguing that there is only one
unexplained process occurring and that the
diVerence between good and poor prognostic
cases is simply the value of the decay constant.
The k value for the good prognosis curves was
0.0020/month, 0.0066/month for the middle
prognosis curve, and 0.0181/month for the
poor prognostic group. The relation between
median survival and the decay constant is the
relation:
Median survival = ln2/k = 0.6931/k
The median survival of the poor prognosis
group was 38 months and 105 months for the
middle prognostic group. If one extrapolates
for the good prognosis group (one must always
interpret any value obtained by extrapolation
beyond the period of observation with caution), then the figure is 342 months or 28.5
years.
These model curves are presented in Figure
6, demonstrating a good fit to the observed
data.
Discussion
The epidemiological data we have presented
are of cancer of the eye, as it has become
standard practice to treat this as a surrogate
measure of ocular melanoma. The decline in
incidence and mortality over time for this diagnosis is fully discussed elsewhere.22 Empirically, ocular melanoma rates versus age followed the most commonly observed pattern
for cancers and the log-log model gave a good

Br J Ophthalmol: first published as 10.1136/bjo.83.5.588 on 1 May 1999. Downloaded from http://bjo.bmj.com/ on July 3, 2022 by guest. Protected by copyright.

Variable

disease. This suggests that there is, at most,
only a single rate limiting step between
developing an ocular melanoma and dying
from it.
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Figure 6 Kaplan–Meier curves on the basis of the summary statistic (half the microvessel
count per 0.25 mm2 plus the largest tumour diameter in mm) dividing 123 patients into
three equal sized groups. The full study is reported in Foss et al.24 The fitted lines follow the
equation of N/No=e−kt with t being time measured in months, N/No being the proportion of
surviving patients, and k being the “decay constant” with value of 0.0020/month for the
good prognosis group, 0.0066/month for the intermediate group, and 0.0181/month for the
poor prognosis group.

It should be noted that the problem is most
marked in the elderly, raising questions regarding the accessibility of these centralised services to the elderly and infirm.
In passing, it is well known that patients presenting with larger tumours tend to be older33
and this has been taken as evidence that uveal
melanoma is very slow growing. An alternative
explanation, supported by these data, is that
diagnosis is delayed in older patients.
The motivation for fitting the log-log model
is that this is the most commonly observed pattern for cancers, including skin, gastrointestinal, and urinary tract cancers.23 As noted
earlier, it is also the pattern observed in skin
painting experiments in mice and it has been
interpreted as reflecting lifelong exposure to
small amounts of a carcinogen starting at, or
within, a decade of birth.23 The log-log model
is also consistent with our observation of
declining eye cancer rates in the USA, which
argue for an environmental aetiology.22 The
value of N lies between 3 and 6 for most
cancers and this has been interpreted as the
number of rate limiting processes required for
a cancer to develop. This model, therefore,
allows one to calculate the number of independent processes occurring. Clearly, one
would expect that fewer steps would be
required to develop a primary tumour than to
develop a secondary tumour and the difference
between the two can give an indication of the
number of rate limiting steps necessary to
develop metastases from a primary tumour.
The figures obtained for uveal melanoma were
3.5 and 4.0 respectively. This suggests that
approximately three rate limiting steps are
required to develop a primary tumour, whereas
only one additional rate limiting step is
required for a primary tumour to proceed to
metastatic disease.
The quality of the epidemiological data is
dependent on correct diagnoses and on accurate and comprehensive reporting and it is not
possible to directly assess these factors. Accordingly, one must express caution about any
conclusion based purely on the registration
data. However, analyses of our pathological
data gives rise to very similar results which
greatly increases our confidence in the modelling process. The pathology data demonstrate
that tumour growth and angiogenesis are independent (see Fig 5) and therefore belong to
diVerent processes; these would account for at
least two of the three rate limiting steps. In fact
one of the processes may account for two rate
limiting steps, as once these two processes are
taken into account, mortality follows first order
kinetics which argues for only one rate limiting
step unaccounted for (see below).
Evidence is now amassing that angiogenesis
is a key process in many tumour types. The
idea that a blood supply is necessary for
tumour growth is, in itself, unsurprising.34 Of
greater interest is the concept that angiogenesis
is a prerequisite for metastatic spread and that
the degree of angiogenesis present is a major
prognostic factor. This was first shown to be
the case by Weidner et al 35 in breast cancer,
who identified hot spots of microvessel density,
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fit for the America and Canadian data. The
model also fitted the data for England and
Wales up to the age of 65, though not for older
age groups.
The most likely explanation for the lower
rates observed in England and Wales is underdiagnosis, but underreporting cannot be excluded. There is increased incidence of mimicking lesions in the elderly, particularly retinal
detachments, haemorrhages, choroidal detachments, disciform macular degeneration, and
others,29 which may account for this. Other evidence favouring underdiagnosis is the well
known exponential increase in the category
“death from unspecified cause” and death
from “cancer of unknown primary” in the
older age groups in cancer registration data.
The estimated underdiagnosis rate in those
over the age of 65 years was 30%. We have previously reported the decline in incidence and
mortality for the USA and have extended that
observation to Canada in this paper. By
contrast, rates for England and Wales have
remained relatively constant.22 30 This stabilisation, combined with evidence of an increasing
rate of underdiagnosis with age in England and
Wales, is disturbing. There has been concern in
the past regarding overdiagnosis resulting in
inappropriate enucleations running at 10% at
non-specialist, compared with 5% at specialist
institutions,31 but these figures are now dated
and the most recent report gives an error rate
of under 0.5%.32 It would seem that underdiagnosis may now be a greater problem than overdiagnosis. Recently, three national centres (in
Liverpool, London, and SheYeld) have been
established for the treatment of ocular cancer.
It is to be hoped that the establishment of these
centres and increased recognition of the problem of underdiagnosis may result in improved
recognition and management of this condition.
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their small size and lack of progression. It is not
surprising that such microdeposits cannot
readily be detected and it provides an explanation for why screening tests for metastatic disease in uveal melanoma patients are usually
negative at presentation, even in high risk
cases.39–42
The development of metastases depends
upon the disseminated cells undergoing one
final rate limiting step. It is the rate at which
this step occurs that diVerentiates good from
poor prognostic groups. Once this step has
occurred, and overt metastatic disease has
developed, the prognosis is then independent
of the features of the primary tumour and is
universally poor, with median survival of 6
months43 or less.44 The published experimental
evidence referred to above suggests that this
step may consist of the development of angiogenesis in the micrometastatic deposits.37 38
Cancer occurs as the result of somatic or
acquired mutations; it is now thought that
these “rate limiting events” are in fact mutations and it is likely that this “event” also
involves a mutation. The long half life of the
process for the good and intermediate prognostic groups would readily explain the occasionally long time gaps observed between
treatment of the primary and the onset of
metastatic disease45 without the need to invoke
alternative mechanisms (such as immune
modulation). Mutations are quantum events
and this explains why a patient with a “good”
prognostic tumour can die a decade before
someone with a “poor” prognostic tumour.
Quantum events, by their nature, can only be
described in terms of probability functions and
thus is seems that our understanding of the
processes involved is surprisingly complete.
A consequence of this model is that the
prognosis worsens with time as the primary
tumour enlarges and becomes vascularised. It
would therefore argue that prompt treatment,
following diagnosis, would prevent deterioration in the prognosis (reflected by an increase
in the value of the decay constant), but equally
explains why this does not invariably result in a
cure. A second implication is that tumour size
and angiogenesis potentially incorporate all the
prognostic information available in the primary
tumour. The next stage is to try and understand what these events involve at a molecular
level. One such event has probably already
been identified as chromosome 3 monosomy.
Loss of one copy of chromosome 3 is found in
many cancers including uveal melanoma,
where it has been shown to be of major
prognostic significance.46 47 The challenge now
is to explain the others.
We conclude that there is evidence for
significant underreporting or underdiagnosis
of ocular melanoma in England and Wales in
people age over 65 years. In people under 65
years of age, one can generate a model of the
disease which depends upon three rate limiting
steps to generate a primary tumour and a
fourth rate limiting steps to develop metastatic
disease. The first three steps result in angiogenesis and growth of the tumour. The final
rate limiting step from incidence to metastasis
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measured by counting the number of blood
vessels in an area selected for the highest blood
vessel count (termed the microvessel density).
The measure showed powerful predictive value
and, subsequently, this observation has been
replicated both in breast and many other
cancer types (see Craft and Harris for
review36). We applied the same methodology to
a sample of 123 uveal melanomas and obtained
similar results.24 25 Angiogenesis was identified
as the single most important prognostic factor
and one of only two factors that entered into
the final model, the other being tumour size
(see Table 1). As tumour size and angiogenesis
were independent prognostic factors, they were
combined (weighted according to their Cox
regression coeYcients) to generate a summary
statistic. On the basis of this summary statistic,
we divided the 123 cases into three groups;
their Kaplan–Meier curves are plotted in
Figure 6.
The surprising observation is that the
Kaplan–Meier curves follow first order kinetics
(see Fig 6). Although extrapolation beyond the
observation period must be made with great
caution, the diVerence between the good, middle, and poor prognostic groups is simply the
“half life” for this process: 28.5 years, 8.8
years, and 3.2 years, respectively. This finding
has a number of implications. Principally, it
suggests that there is only one rate limiting step
required to develop metastases from the
primary tumour, thus supporting conclusions
drawn from analyses of the incidence and mortality data.
First order kinetics can be characterised by
just one constant, which we have termed the
decay constant. It should be noted that the difference between the good and poor prognostic
group is determined by the value of the decay
constant. These data were generated from enucleation specimens, so the primary tumour had
already been removed and thus the process
that is being modelled must have been
occurring in already disseminated cells. Observed diVerences in the values of the decay
constants must then reflect either the number,
or the nature, of these disseminated cells (or a
combination of the two). This model could
easily be modified to explain long term cures.
For example, one could readily hypothesise
that the median survival of micrometastatic
deposits is only 10 years and that failure for
these cells to progress in this period of time
results in their loss of viability and results in
long term survival.
This model shares features in common with
the Manschot–Van Peperzeel hypothesis,5 6
which states that seeding occurs early in the
disease process. This model agrees that seeding
can occur early. It disagrees with one of the key
assumptions behind the Manschot–Van
Peperzeel model which is the suggestion that
metastatic deposits grow at the same rate of the
primary. Recent work on animal models of
metastatic disease suggests that in the initial
stage, disseminated cells are far from dormant
and show rapid turnover, but that cell division
is balanced by apoptosis.37 38 Such microdeposits are not vascularised and this would explain
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occurs in an already disseminated cell. The
constructed model predicts that prompt treatment of the primary tumour does benefit
survival.

