
Retinoblastoma and low level radiation

Twenty times more common in children whose mothers have lived in Seascale

The village of Seascale, near the Sellafield nuclear reprocessing
plant, is best known in epidemiological circles for its long-
standing high incidence ofmalignant disease in young people,'
which has recently been confirmed as having persisted during
1984-90.2 Throughout, the excess has been largely accounted
for by leukaemia and non-Hodgkin's lymphoma. No cases of
retinoblastoma have been found in Seascale, but at least five
cases have occurred in children whose mothers had lived there
at some time during 1950 onwards. The maternal grandfathers
of three of these children had worked at Sellafield.3 Three
further cases have occurred among children born in Copeland,
the county district that contains both Seascale and Sellafield,
but whose mothers had never lived in Seascale; the father of
one and the paternal grandfather of another had worked at
Sellafield.

Controversy continues over the possible causes of the
excess of leukaemia and lymphoma in Seascale. Gardner and
colleagues concluded that the excess was restricted to children
of mothers who were resident in Seascale at the time of the
birth,45 but Kinlen has recently shown that a similar excess
exists among young people in Seascale who were born
elsewhere.6 In their case-control study of young people in
West Cumbria diagnosed during 1950-85 Gardner et al found
that the excess occurred among children whose fathers had
been exposed to high levels of radiation before the child was
conceived and suggested that some cases may have resulted
from paternal germ cell mutation.7 This does not, however,
account for the excess among those born outside Seascale.

Epidemiological evaluation of the apparent association of
retinoblastoma with Seascale is, if anything, even more
difficult. Retinoblastoma occurs in two forms. Hereditary
retinoblastoma is nearly always bilateral and occurs in families
in which there has been a germ cell mutation of the RB 1 gene;
the pattern of inheritance resembles that of an autosomal
dominant trait with about 90°/0 penetrance. About two thirds
of hereditary cases arise from new and one third from old
germ cell mutations.8 Non-hereditary retinoblastoma is
caused by two mutations to a somatic cell and is invariably
unilateral.
One of the cases linked to Seascale is known to be

hereditary.3 This was in a girl with no family history of
retinoblastoma who developed bilateral tumours; she had a
partial deletion of chromosome 13 including the RB1 gene
locus, which was not present constitutionally in either parent
and thus represents a new germ cell mutation. It seems likely
that most of the remaining, unilateral cases are non-hereditary
as probably under one in 10 cases of unilateral retinoblastoma
is hereditary. At first sight it is puzzling that no case has been
diagnosed among children who were themselves resident in
Seascale, although the observed incidence among children of
mothers who had previously lived there has been calculated to
be about 20 times expected.9 Even if the risk was indeed
20 times that in the rest of Britain, 0 only one case of
retinoblastoma would be expected in Seascale every 40 years.

Virtually nothing is known about the causes of non-
hereditary retinoblastoma or of mutations leading to the
hereditary form. The cumulative incidence for combined
hereditary and non-hereditary forms of the condition ranges
from 45-60 cases per million among mainly white populations
to about 100 per million in Nigeria and Uganda"'; the highest
recorded rate, though based on only 11 cases, is 153 per
million among Navajo of the southwestern United States.'2

Little international variation exists in rates of bilateral
retinoblastoma, with cumulative rates generally of 15-25 cases
per million, whereas the incidence of the unilateral, pre-
dominantly non-hereditary form ranges from 30-40 cases
per million in many industrialised nations with temperate
climates to about 75 per million in tropical Africa"' and
125 per million among the Navajo.'2 These data indicate that
non-hereditary retinoblastoma is more common among
populations of low socioeconomic status and in tropical
climates.
The only published case-control study of retinoblastoma

included 67 sporadic hereditary and 1 15 non-hereditary cases
in North America.'3 There was a significantly raised odds ratio
for non-hereditary tumours among children whose mothers
had never attended high school, again pointing towards an
association with poor socioeconomic conditions. Seascale,
however, has a population of an unusually high socioeconomic
status.

Antenatal obstetric irradiation is the only environmental
factor certain to cause more than a handful of cases of
childhood cancer in Britain. By far the largest body of
evidence for this is the Oxford survey of childhood cancers,"4
but separate analyses of retinoblastoma in the survey have
never been published and, as cases were ascertained from
death certificates and survival with retinoblastoma has been
very high for at least half a century, it contains very few
cases of this tumour. In the American study, for sporadic
hereditary cases there was a non-significant increased odds
ratio associated with preconceptional gonadal exposure to
x rays in either parent, while for non-hereditary cases there
was a non-significant raised risk with exposure to x rays
during pregnancy.13 Many Navajo have been engaged in
uranium mining, but information on exposure to ionising
radiation was apparently not available for the affected Navajo
children or their parents. A large study linking the records of
the National Registry of Childhood Tumours with those of
the National Registry of Radiation Workers is in progress,
and this should show whether there is a raised risk of
childhood cancer in general, or of particular types, in the
offspring of radiation workers and, if so, whether the risk is
related to the dose of radiation."5
The best available method for moving closer to solving this

puzzle may be to study DNA from the affected children, as
this might distinguish somatic from germ line mutations.3 If a
mutation could be found in tumour material this would lead to
a search for constitutional mutations in the child and his or her
parents. Ifgerm line mutations are found the type of mutation
might shed light on their cause.
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Spinal cord stimulation and pain relief

W7hy it works is poorly understood

The "gate" theory of pain, announced to a wide audience by
Melzack and Wall in 1965,1 profoundly changed how doctors
and neuroscientists thought about the treatment of pain. The
older, "classical" hypothesis of direct pain pathways had led
doctors to think in terms of interrupting pain pathways and
resulted in the treatments of rhizotomy, cordotomy, and
thalamotomy. These surgical interruptions relieved some
patients' pain, but each had substantial unwanted effects.
Melzack and Wall's gate theory presented a dynamic

conception of the perception of pain and immediately sug-
gested two new treatments to relieve pain: transcutaneous
electrical nerve stimulation, and the so called "dorsal column"
stimulation. Transcutaneous electrical nerve stimulation is
widely used in pain clinics and in disciplines as diverse as
obstetrics and dentistry.

Dorsal column-now more accurately referred to as spinal
cord-stimulation has had a chequered history. The initial
report of pain relief with dorsal column stimulation by Shealy
et alin 19672 evoked considerable interest. By the mid-
1 970s many spinal cord stimulators had been implanted
somewhat indiscrimately.
The initial reports of pain relief were encouraging, but for

many patients the benefits seemed short lived. There were
many reasons for this. As often occurs with the introduction
of a new technique, criteria for selecting patients were
virtually non-existent. Double blind controlled studies were
impossible because it was soon recognised that the response
evoked by the stimulation, usually a tingling sensation, had to
be perceived as in the painful area for the technique to work.
There were serious problems with the stimulation equipment:
fractured wires; defective receivers, antennas, and trans-
mitters; movement of the electrode; and connector faults all
contributed to the failure rate. Most importantly, however,
patients were often not followed up regularly, and failures of
equipment went undetected.

Gradually neurosurgeons lost their initial enthusiasm for
spinal cord stimulation, and only a few centres used the
technique, although concentrating activity in fewer centres
probably resulted in better selection of patients. The equip-
ment manufacturers considerably improved the design of
wire leads, connectors, and electrodes. Studies were under-
taken which, although uncontrolled, at least had assessments
made by observers other than the surgeon who had implanted
the stimulator. These studies suggested that spinal cord
stimulation with proper following could provide considerable
relief to between half and three quarters of patients with
chronic intractable pain.3 When these patients have often
tried everything from faith healing to drugs and destructive
surgery without relief of pain the results are encouraging and
for some patients spectacular.

In the past 20 years other uses have been developed for
spinal cord stimulation. As early as 1976 Cook et al reported
that pain associated with peripheral vascular disease could be
relieved by spinal cord stimulation.4 Mannheimer and his
colleagues used transcutaneous electrical nerve stimulation to
treat anginal and, encouraged by the results with this
technique, used spinal cord stimulation for those patients who
had difficulty using the apparatus.6
While the diverse clinical applications of spinal cord

stimulation were developing, physiologists greatly increased
our knowledge of the pathways and transmitters involved in
the perception of pain.7 Unfortunately, we still do not
understand the mechanisms by which spinal cord stimulation
affects perception of pain. We have a technique that
we believe considerably benefits patients with intractable
pain, but we have little idea ofhow it works. Understandably,
there is some unease about using a technique whose basic
mechanisms are not understood. This is particularly true
when the technique involves the use of "electricity" on the
nervous system.
The paper ofMannheimer and his colleagues in this issue is

particularly welcome (p 477).8 The authors' careful investiga-
tions into the physiological changes in cardiac function during
spinal cord stimulation for intractable angina are part of con-
tinuing efforts by this group to understand the mechanisms
entailed in the relief of the pain of angina.
A natural anxiety exists that the electrical control of pain

may mask "the protective warning" that angina presents to the
patient, but should it be found that stimulation improves
function this fear well be allayed, despite the lack of full
understanding of the mechanisms of action.
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