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Forty Years of Retinoblastoma; Into the Fifth Age
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Summary

Forty years of research into retinoblastoma has seen wide-ranging changes in our knowledge
of the histogenesis of this childhood tumour and in the treatment of the disease. These changes,
and some of the more recent developments in the molecular biology of this tumour are

reviewed.

Nineteen forty eight, the year the Institute
opened, saw the development by Hyla B Stallard
and George Innes, 23 of the radioactive cobalt
scleral plaque, a technique which revolutionised
treatment and allowed vision to be preserved in
patients with retinoblastoma. Since that time, the
Department of Pathology has examined 1305
specimens of retinoblastoma, from all over the
world. Much beside the treatment has altered in
this period and many of the contemporary con-
cepts about the disease at that time have become
historical footnotes. Although research into the
conventional histopathology of the disease con-
tinues at the Institute, the field has been widened
with collaborative studies to include much more
emphasis on genetics and molecular biology, as
well as investigation of therapies. The mortality
rate for retinoblastoma has dropped, from
almost 100% (still true in some more deprived
countries, where expert ophthalmological and
genetic services are lacking)* in the early 19th
century, falling to 95% in 1867 and 43% in
1916.5 By 1948 it was recognised that survival
was influenced by site, size, multiplicity,
bilaterality and extension of the tumour along the
optic nerve, falling dramatically if there was
involvement of the cut end of the nerve, orbital
extension or metastatic disease.

In countries with good ophthalmic, oncolo-
gical and radiotherapeutic services, survival is
assured for 92 % of children with this disease but
some children still die with intracranial exten-
sion, meningeal disease and haematogeneous
spread.® The last eight percent* represents a
challenge both in terms of diagnosis, and treat-
ment; it includes patients, the nature of whose
disease would not have been recognised in 1948.
The most challenging group of patients to treat
are those with ectopic intracranial retino-
blastoma, ‘trilateral retinoblastoma’.’%%10 These
patients are children, usually with bilateral
retinoblastoma, who develop pineal or supra-
sellar tumours, in the ‘third eye’’ often some
time after the initial presentation.® In the past,
these intracranial tumours would have been
regarded as manifestations of metastatic rather
than protean disease. CT scanning and MRI
imaging have facilitated discovery of these
tumours. Unfortunately, thus far, none of these
patients have survived despite chemotherapy,!!
and radiotherapy. Conventional histopathology
of the globe has nothing to offer in terms of
predicting which patients will develop ectopic
intracranial retinoblastoma, but may influence
the way some bilaterally or unilaterally affected
children are treated.
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Histogenesis
James Wardrop,? the Edinburgh ophthal-
mologist, pioneered early removal of affected
globes, and although his own patien.s did not
survive because of infiltration of the optic nerve,
his work on the clinical and pathological features
of this tumour helped to establish the diagnosis.
He called the tumour, fungus haematodes,
echoing the initial description by Bartholinus
(1667) of Pawin’s patient, who had cranio-orbital
extension of a tumour that was like ‘brain mixed
with dark blood and stone’. The histogensis,
(derivation) of this tumour from the neural retina
was clearly defined by Verhoeff in 1926,
following the descriptions of tumour rosettes by
Flexner (1881) and Wintersteiner (1897).5
Before the discovery of the ophthalmoscope,
19th century Moorfields ophthalmologists had
‘muddied the waters’ considerably. Travers
(1824) attempted to differentiate between
endophthalmitis and retinoblastoma, by incising
the globe from one canthus to the other,
remarking that ‘if discoloured fluid escapes and
the globe collapses this is not malignant disease
and the cure is complete!” He also believed that
the tumour could arise from any part of the globe
except the cornea and lens, whilst his successor
Turnbull (1849) believed it was only derived
from the cornea.!® Neither used a microscope.
Virchow’s assertion that the tumour arose from
glial tissue held great sway until 1926 when
Verhoeff correctly recognised the histogenesis!*
but even in 1941, tumours were still ‘being
classified into neuroepitheliomas and retino-
blastomas, on the absence or presence of
rosettes.® This division proved somewhat
arbitrary since tumours apparently without
rosettes may be necrotic, and tumours often have
a variable distribution of rosettes, being well
developed in one area and scarce or poorly
formed in another. The classification also
supported the incorrect assumption that these
tumours were glial in origin, rather than of
neuroblastic origin,'® (probably specific to the
retinal and pineal region) and that rosette forma-
tion is an attempt at photoreceptor differenia-
tion.” The electron microscopy of rosettes,
including 9 + O cilial elements and subsequently
the discovery of even more differentiated and
less radiosensitive'® photoreceptor-like struc-
tures, fleurettes, has allowed the classification to
distinguish tumours consisting only of this type
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of structure. These latter tumours have been
deemed benign and placed into a separate cate-
gory called retinocytomas, a recently reintro-
duced and re-defined term.!%2°

With the advent of monoclonal antibodies
enabling histopathologists to identify cytological
and cell surface markers consistently and with
some ease, the great controversy of glial versus
neuroblastic origin has re-emerged. Although
retinoblastomas exhibit neurone-specific-eno-
lase positivity, glial fibrillary acidic protein
(GFAP) positivity has also been demon-
strated.?-?2 This latter positivity may be in
reactive glial cells derived from non-tumourous
retina rather than in the tumour cells themselves.
In an electron microscopic study, an area of glial
differention was shown, separate from the
detached retina but also isolated from the
undifferentiated retinoblastoma cells.??> Other
workers?!2 have shown admixtures of both glial
and photoreceptor cells in tumours whilst
differentiation into neuroretinal endocrine cells
of the amacrine type was shown by Sang and
Albert.?’

Histopathological prognosis

Current  histopathological — assessment  of
prognosis, in addition to the factors known of in
1948, takes into account the depth of invasion of
the optic nerve, the amount of choroidal and
scleral invasion, the presence or absence of
intravascular tumour, the proportion of necrosis,
the degree of photoreceptor differentiation and
the possibility of a third site of origin.

In our recently completed series?® on
measurement of choroidal invasion in enucleated
eyes from 80 children having choroidal invasion
on initial histological presentation, multivariate
analysis (MVA) untangled the interdependence
of many of these variables. MVA showed only
two independent predictors of survival, degree of
optic nerve invasion and amount of choroidal
invasion. Used in conjunction with survival
curves, MVA showed that major choroidal
invasion >>3mm? and post-laminal invasion,
(as well as invasion to the cut end) had an
additive effect. This diminished survival in these
patients was probably due to increased shedding
of tumour cells into the choroidal blood stream,
as seven of the 10 children with major choroidal
invasion and post-laminal optic nerve disease,
died of metastases (only four of the seven had
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tumours extending to the cut end of the nerve).
Degree of differentiation and extrascleral
invasion were predictive of clinical outcome by
univariate analysis but not on multivariate.

Taktikos?’ in 1966 reviewed 287 enucleated
eyes from cases of retinoblastoma at the Institute
and showed that most cases are diagnosed at
between one and four years of age. He
commented that diagnosis after seven years is
very rare. A recent case history?® documented a
unilateral sporadic tumour in a seven year old
child with an apparently unique distribution.
There were only two tiny foci of retinal disease
but a massive involvement of the iris and ciliary
body. A more common diffuse form of retino-
blastoma was described by Morgan?® and is said
to occur in up to 2% of cases.°

Taktitos also documented the occurrence of
most metastatic disease within two years of
enucleation. At the time of his survey, chemo-
theraphy was not being widely used. During the
1950s Hyman and Reese’' had treated patients
with a nitrogen mustard and its analogue
(triethylene melamine) plus radiotherapy in
patients with retinoblastoma. Various agents,
including  cyclophosphamide,  vincristine,
adriamycin and 5—fluoracil’? have since been
used. Our indications for chemotherapy in the
absence of overt distant spread, are patients with
involvement of the cut end of optic nerve, those
with extensive choroidal invasion associated
with post laminar spread and in the salvage of
only eyes which have failed to respond to
radiotherapy. The use of cyclophosphamide, an
alkylating agent, is avoided in cases of genetic
retinoblastoma because of the potential risk of
inducing second tumours.

Genetics and retinoblastoma

Although most cases of retinoblastoma arise
sporadically, 20-40 %% will prove to be heredi-
tary. The mutation rate for the disease, which is
inherited as an autosomal dominant, with
variable penetrance, is one in 30,000. The
inheritable nature of this disease was not recog-
nised for many years, and was hotly disputed by
Parsons as late as 1905.°> The heavy mortality,
possibly augmented by the social stigma of
blindness, militated against discovery of the
dominance of this genetic defect. Unfortunately,
the first undisputed case was said to have been
published in the Brazilian literature (in 1886),°
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which led to its being overlooked. Ridley in 1904
documented direct and collateral inheritance,
supporting von Graefe’s hypothesis of 1868. As
the 20th century has progressed, documentation
and pedigree analysis?® has enabled a clearer
picture to emerge and Knudson’s two-hit
hypothesis of 19713 went a long way to
explaining many of the apparent inconsistancies
of inheritable factors.

Lele and Stallard in 19633 reported a patient
with a deletion of a D group chromosome.
Subsequently the deletion was localised to band
14 of chromosome 13,¢ and ‘13q minus’
syndrome has been asserted to be almost
constantly associated with retinoblastoma.3’
However it occurs in less than 5% of patients.
Other deletions on chromosome 13, avoiding this
locus, are not associated with retinoblastoma.
The Esterase D (ESD) gene also lies near the
‘retinoblastoma’ (Rb) locus and patients with the
13q 14 deletion have fibroblasts and erythrocytes
with low levels of ESD enzyme activity. Genetic
counselling and prenatal diagnosis, now
available on chorionic villus samples taken at
eight-10 weeks gestation®® using esterase D
polymorphisms, are now possible and more
recently DNA probes have been prepared and
also used in detection. This prenatal diagnosis in
known familial disease, in patients heterozygous
for ESD, can obviate the necessity of fetal blood
sampling at 18 weeks gestation and possible
termination as late as 21 weeks. This technique
at present is limited to the 17% of the population
who are heterozygous for ESD protein
polymorphism and have more than one affected
member of the family.

Knudson® in 1976 postulated that absent
regions or abnormalities (deletion) of the long
arm of chromosome 13 were the genetic basis of
the disease. When karyotyping was performed,
in some cases of inherited retinoblastoma, the
abnormality was confined to the tumour celis
alone and in some patients who were constitu-
tionally heterozygous at the esterase D locus, the
tumour cells contained only a single enzyme
allele variant, whereas all other cells expressed
both iso-enzymes. This finding suggested that it
is loss of one allele, presumably the normal Rb
gene, from cells in the somatic stage that is
responsible for tumorigenesis and has led to
some new postulates.*

In most cases of retinoblastoma there is no
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discernible morphological abnormality in the
chromosomes at the light or electron
microscopic level at current levels of resolution
but within the last five years DNA probes have
been developed which recognise restriction frag-
ment length polymorphisms.#! (RFLP) RFLP
probes recognised by chromosome 13 can help to
differentiate between differently constructed
chromosome 13 homologues at the molecular
level. The studies have shown that although the
karyotype of tumour cells is ostensibly normal,
there has been complete loss*? of or deletion of
one (normally functioning) chromosome 13
within these cells, which then are then rendered
homozygous for the defective function at the RB
locus. If the loss of an allele was a random
effect, then maternal and paternal alleles should
be lost with equal frequency. Studies are
currently underway to assess this frequency in
retinoblastoma. In Wilm’s tumour, (nephro-
blastoma),* another embryonic tumour of
childhood where there are specific intra-tumour
deletions of and replacement of chromosome 11,
recent research has shown that, in this tumour,
which is similar in many ways to retinoblastoma,
loss of the alleles is not random and that in most
cases, the maternal allele is lost. Subsequently
the ‘“first-hit’ occurs in the paternal allele, which
is then selectively retained and duplicated. It is
thought that maternal genes influence embryonal
development,** whilst paternal genes influence
extra-embryonic tissues such as placenta,
(support for this concept comes with the
exclusively male karyotyping of hydatiform
mole, where loss of the maternal allele and
unopposed paternal allelic domination leads to a
non-development of an embryo and unrestricted
growth of trophoblast. In normal cells the
transforming (tumorigenic) gene alleles are kept
suppressed by the two regulatory genes, on
maternal and paternal, alleles. If only one of the
regulatory gene alleles remains, after the other is
made inactive or lost (by somatic mutation or
inheritance) suppression of transformation genes
still occurs, but if the second regulatory gene is
lost then transforming gene alleles are released
from their suppressed state and expressed. The
process of methylation decreases their expres-
sivity. In the case of nephroblastoma, if the
paternal gene allele is inactivated there is
methylation and low expressivity, whereas if the
maternal gene is made inactive there is no

methylation and high expressivity of the tumour
gene. If the second hit involves complete loss of
the affected chromosome and retention of the
other this would explain the selective retention of
paternal chrumosome 11 in most sporadic Wilm’s
tumours as well as inherited cases. The inheri-
tance of a maternal defective gene may occur if
there is only a localised mutation of the locus,
rather than complete loss of paternal chromo-
some 1. A second postulate suggests that
similarly, in maternal inheritance there may be a
‘leaky’ transforming gene on maternal
chromosome 11, and the paternal gene is lost in
the second mutation. The expression may be late
and of low intensity and it is interesting to
speculate whether this is the basis of retinoma-
lesions or spontaneously regressed tumours,*
in the parents of children who express the gene
more fully with retinoblastoma.

No firm indications as to which allele is lost
in retinoblastoma are available yet but normal
RB locus DNA on chromosome 13 has been
isolated, sequenced and cloned and resynthe-
sised to produce RB mRNA-RNA probes.4® No
normal RB locus protein has been demonstrated
in five tumours examined by Lee et al.*¢ Anti
RB antibodies have been prepared which will
precipitate a phosphoprotein which binds to
DNA.47 This is thought to be a suppressor
protein which would normally regulate the target
(transforming) genes. This has led to the naming
of the RB protein as an antioncogene.*! The RB
gene is also lost or inactive in osteosarcomas
developing as second tumours in patients with
retinoblastoma, and moreover appears to be
absent in those patients with osteosarcoma*? but
without a retinoblastoma. Knudson’s theory was
interpreted as provoking neoplasia by mutagenic
factors, however it may be failure to suppress
genes rather than acquisition of new promotors
that is more important. Another recent piece of
evidence suggests that the failure of growth
inhibition (a response to transforming growth
factor beta 1)*° is abolished at the receptor or
post receptor level in retinoblastomas due to a
RB gene product.

Forty years on:-

Dunphy in his 1963 Jackson Memorial Lecture'
described four ages of retinoblastoma, best
summarised as prehistologic, histologic,
clinicopathological and therapeutic and recently
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Albert heralded a new fifth age of molecular
biology and genetics.> Forty years of research
has yielded a vast amount of information. Con-
ventional microscopy, often scorned as 19th
century, has added to the sum of knowledge in
this period, as has electron microscopy,
immunology, genetics, establishment of tumour
registries,3*> molecular biology, improved
prenatal diagnostic techniques, biochemistry and
an increasingly wide range of surgical, chemo-
therapeutic and radiotherapeutic techniques.’%3!
Communication between groups of workers and
collaboration in obtaining material for research
has increased each year. The last 8% of patients
remains a challenge but 100% survival, rather
than 100% mortality, appears to be almost
tangible and the fifth age is upon us.

The authors wish to thank Mrs Pat Goodwin and Dr
John Cowell for their help in producing this paper.
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