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INTRODUCTION

RETINOBLASTOMA (Rb) 1s the most common malignant intra-
ocular tumour in childhood, with an incidence of 1/15000—
20000 births. Two-thirds of these tumours are unilateral,
mostly non hereditary, with a median age of 2 years at diag-
nosis. One third are hereditary and bilateral, with a median
age of 1 year at diagnosis [1].

This cancer, although curable for many years, still poses
major problems in terms of:

(1) The prognosis related to the tumour itself: Rb is rarely
a life-threatening disease in economically advanced
countries, but remains a major concern in developing
countries because of the frequency of orbital and
metastatic extension.

(2) The prognosis related to the hereditary type: these Rb
patients also have a pleiotropic genetic predisposition
to other types of tumours—rarely, an ectopic intra-
cranial Rb, arising in cells of photoreceptor origin in
the pineal gland and suprasellar area (trilateral retino-
blastoma) and, more frequently, secondary tumours,
usually sarcomas and mostly bone sarcomas.

(3) The visual prognosis: there are major difficulties
planning therapy which will allow eye preservation as
well as a useful central or peripheral vision.

(4) The limitations of the current available genetic infor-
mation given to the parents of affected children and to
cured adult patients treated for Rb during childhood.

If an early diagnosis, essential for an effective treatment, is
still based upon full attention paid by the paediatrician and/or
the ophtalmologist to the description by the parents of an
unusual appearance of the eye, some traditional concepts
concerning this disease have now become more sophisticated.
We shall focus on current staging procedures, new ther-
apeutic strategies leading to revision of the indications for so-
called ‘reference’ treatment and persistent genetic uncertain-
ties making counselling of affected families often difficult or
limited.

STAGING PROCEDURES
The best staging procedure in intra-ocular disease is
ophtalmoscopic examination under general anaesthesia. A
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qualified ophtalmologist is needed to determine the size and
the location of the tumour(s) and its closeness to the most
important structures of the fundus: the macula and the head
of the optic nerve. The tumour’s dimensions and extension
should be clearly defined at diagnosis by sketches and clinical
photographs, which will be the basis of a close and long-term
follow-up. The classification of Reese and Ellsworth is still
useful but may be insufficient. It was designed in 1969 [2] in
order to predict the likelihood of tumour control and pre-
servation of vision with a conservative approach using exter-
nal beam radiation therapy, but it does not take into account
the difficulties of the treatment of posterior pole tumours
when using new conservative techniques. The examination
under general anaesthesia must also be completed by an
ultrasonographic examination of the eye, which is useful for
measuring the size of the tumour(s) and evaluating tumour
response when a conservative treatment is indicated.

Computerised tomography (CT) scan or magnetic reson-
ance imaging (MRI) of the orbit and brain is mandatory for
almost all patients, but can be avoided in young children with
small tumours which are not close to the optic disc. In these
children, often early diagnosed because of a familial disease,
the only staging procedure may be the examination of the eye
and ultrasonography.

Other staging procedures have selected limited indications
[3-7]. CSF cytology and bone marrow cytology are required
when enucleation has been necessary and has shown histo-
pathological risk factors. Brain and spinal axis MRI and bone
scan are mandatory in case of orbital involvement, pre-auri-
cular and/or submandibular lymph nodes, and/or distant
metastatic disease.

Finally, there is no standard commonly agreed staging
system for Rb which could, as in other paediatric malig-
nancies, be predictive of survival, but an international
Rb party is currently attempting to come to an agreement on
the basis of the well-established prognostic factors in this
disease.

NEW THERAPEUTIC STRATEGIES
Adjuvant trearments after enucleation
Rb is most often unilateral and diagnosis is usually estab-
lished after the tumour has already spread intra-ocularly, with
a combination of endophytic growth from the inner surface of
the retina towards the vitreous and exophytic growth from the
outer layers of the retina causing retinal detachment. Thus,
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the possibility of conservative treatment is, unfortunately,
unrealistic for many cases and enucleation must be per-
formed by a qualified surgeon following precise guidelines:

(1) Removal of a long section of the intra-orbital optic
nerve and preservation of all of the eyeball.

(2) Insertion of an implant which improves the quality of
the subsequent prosthesis.

(3) Collection of tumour samples, in collaboration with
the pathologist, for genetic studies.

Histopathological examination must be performed by an
experienced pathologist, examining the site of tumour spread
in the retina, vitreous, choroid, sclera, optic nerve (by study-
ing the relationship with the cribriform plate and meninges)
and the anterior chamber of the eye. Rb cells resemble pri-
mitive photoreceptor cells and possess photoreceptor cell-
associated proteins such as rhodopsin and S antigen. The
degree of differentiation is also defined according to the
abundance of ‘rosette’ cell groups, classically observed in
neuroectodermal tumours. Histopathological investigations
can define prognostic criteria indicating the need for adjuvant
treatment after enucleation [8-10]. Some risk factors have
been clearly established (for example, dysruption of the sclera
with microscopic invasion of the orbital soft tissues, invasion
of the optic nerve resection margin). Such patients require
not only irradiation of the orbital cavity but also adjuvant
chemotherapy. The need for complementary treatments for
patients with other types of extraretinal invasion (selective
choroidal and optic nerve retrolaminar invasion) is much
more controversial [11], although in our experience these
criteria justify the use of postoperative chemotherapy [8].
Finally, there is a consensus that chemotherapy is necessary
when choroidal invasion is associated with optic nerve
invasion [9,12]. Ultimately, new molecular prognostic
criteria could prove useful in the future to indicate adjuvant
treatment [13].

Antimitotic drugs which are efficient against Rb are those
which are active in other embryonic neuroectodermal
tumours, including alkylating agents (cyclophosphamide),
platinum compounds (carboplatin), vincristine, anthracy-
clines (doxorubicin) and epipodophyllotoxins (etoposide)
[14-16].

Trearment of orbital and metastatic forms

The objective of adjuvant treatment after enucleation is to
prevent the development of orbital recurrence or metastases
(metastases occur usually in bone, bone marrow and central
nervous system). The prognosis of these forms, considered
until recently to be almost always fatal, has been improved by
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the use of new chemotherapy modalities and, maybe, high-
dose chemotherapy with haematopoietic stem cell rescue
[17,18]. Today, there is no standard treatment for extra-
ocular retinoblastoma. The use of an intensive chemotherapy
regimen allows the cure of some patients with orbital disease
[17], lymph node metastases [16] and even distant metastatic
disease [18]. The prognosis of patients with CNS metastases
is still very poor. Embryonic tumours in the pineal gland,
which is structurally and functionally a photoreceptor organ,
are known as pinealoblastomas or ‘trilateral retinoblastomas’.
They arise from optic vesicle cells [19, 20], can occur in the
context of hereditary retinoblastomas and their clinical and
radiological symptoms may precede the discovery of the eye
tumour; these have a particularly poor prognosis.

Conservative ocular treatments

Conservative treatments must be performed in specialised
centres, with close cooperation between the ophtalmologist,
the radiotherapist and the paediatric oncologist. Such treat-
ments are usually indicated in bilateral forms of Rb, although
they can sometimes be used in selected unilateral diseases.
Such situations include:

(1) Diagnosis following screening in children with a
family history of retinoblastoma: the tumour is thus
often diagnosed at an early intra-ocular stage and a
high risk of developing a metachronous lesion of the
other eye is to be taken into account.

(2) Young age at diagnosis: even if there is no family his-
tory, young age suggests an hereditary form and,
therefore, a risk of subsequent development of a
tumour of the contralateral eye.

(3) The tumour not affecting the most important struc-
tures (macula, optic disc): the chance of preserving
vision in the affected eye may be possible.

The gold standard conservative treatment is still, until
recently, external beam radiotherapy which achieves tumour
control in the great majority of cases [1]. However, its use
should be increasingly limited in view of its late adverse
effects (Table 1).

Classical conservative ophthalmological treatments are
highly effective, but can generally only be used when the
tumour is located anteriorly to the equator of the eye. These
treatments include cryotherapy and radioactive iodine or
ruthenium disc brachytherapy, avoiding any irradiation of the
muscles and bones of the orbit. Photocoagulation can usually
only be used in the posterior pole for tumours not exceeding
2mm in diameter. In 1992, Murphree described the use of
thermochemotherapy for posterior pole tumours up to 8 mm

Table 1. Side-effects of external beam radiotherapy for retinoblastoma

Ophthalmological hazards

The commonest is posterior cataract which may require subsequent surgical operations; Dry eye and

photophobia require tedious replacement treatments. Other less common complications include keratitis,
maculopathy, optic neuropathy, radiation retinopathy.

Cosmetic effects

Temporal bone undergrowth after use of a lateral beam is frequent, leading to facial assymmetry in the case of

unilateral irradiation; use of an anterior beam for all or part of the irradiation carries a risk of palpebral
retraction, loss of eyelashes and enophthalmos.

Endocrine effects

Pituitary irradiation, beyond the threshold of 25 Gy, can lead to subsequent growth hormone deficiency,

possibly requiring replacement therapy [21].

Secondary tumours

A major long term danger in hereditary forms of Rb is the predisposition to secondary sarcomas [22].

Irradiation actually potentiates the spontaneous predisposition associated with the constitutional anomaly of

the RBI gene.
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in diameter [23]. This treatment is based on the synergy
between platinum-based chemotherapy, such as carboplatin,
delivered by intravenous injection and hyperthermia induced
by a diode laser with a direct impact on the tumour. This new
technique has made posterior pole tumours even more often
accessible to conservative treatments other than external
beam radiotherapy [23, 24].

Demonstration of the efficacy of chemotherapy in the rare
forms of Rb with orbital involvement or metastases [25] has
also encouraged the use of ‘neoadjuvant’ chemotherapy for
ocular tumours [24,26-28]. In order to make tumours
accessible to conservative treatment in order to avoid enu-
cleation; to make tumours accessible to conservative treat-
ment other than external beam radiotherapy; and to improve
the visual prognosis by decreasing the area of the retinal
tumour and, sometimes, by decreasing macular and/or optic
disc involvement or overlapping,

Preferred drugs for neoadjuvant chemotherapy of intra-
ocular Rb are epipodophyllotoxins (etoposide more often
than teniposide) associated with carboplatin and, for some,
vincristine.

The use of cyclosporin, a multidrug resistant blocker,
combined with chemotherapy, has been described to improve
tumour response and to increase the chances of success of a
non-radiotherapeutic conservative treatment [26]. However,
there are two essential points which should not be forgotten
when considering these new conservative modalities (1) very
extensive intra-ocular tumours do not appear to be accessible
to conservative treatments other than external beam radio-
therapy: all other conservative approaches are limited in
terms of accessible tumour volume; and (2) most anticancer
drugs are potentially mutagenic and, in the context of her-
editary retinoblastoma, the risk of an increased incidence of
sarcoma by the simple use of chemotherapy is not negligible
[29-31].

PERSISTENT GENETIC UNCERTAINTIES

Retinoblastoma is a ‘model’ disease for the development
of tumours due to loss of an anti-oncogene. In the great
majority of unilateral, unifocal forms, the two anomalies of
the RBI gene are situated on retinal somatic cells. The other
forms (bilateral, unilateral multifocal) correspond to a
combination of a constitutional anomaly of the RBI gene
and a second event occurring on retinal somatic cells. The
RB1 gene, situated at 13ql.4, has been cloned [32] and
analysis of its structure and expression in retinoblastoma has
confirmed its anti-oncogene activity [33]. Despite this
detailed knowledge about the RBI gene, genetic counselling
of patients and their families is still difficult for a number of
reasons:

(1) Some unilateral unifocal forms are hereditary [34];

(2) Even exhaustive analysis of the RBI gene in clearly
hereditary forms only reveals a causal constitutional
anomaly of the RBI gene in less than 30% of cases
[35,36];

(3) Interpretation of anomalies detected on non coding
sequences of the RBI gene is still hazardous;

(4) The RBI gene mutation can occur at a late stage of
embryogenesis, resulting in variable expression
depending on the tissue. This mosaicism may prevent
detection of the constitutional anomaly in blood lym-
phocytes;
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(5) Penetrance is classically high, but rare spontaneously
involuted forms (‘retinomas’) [37], or even skipped
generations in hereditary forms have been reported;

(6) There is little established correlation between the type
of genetic anomaly detected in the RBI gene and the
phenotypic course of the disease [38,39], and no
established correlation with the development of sec-
ond tumours;

(7) Paternal gametogenesis confers a higher mutation rate
on the RBI locus [40]; and finally

(8) Exhaustive analyses of the RBI gene are expensive
and complex and, at the present time, cannot be
performed routinely in all patients and their families.

CONCLUSIONS

Current therapeutic strategies of adjuvant chemotherapy
after enucleation should be able to reduce the incidence of
high risk Rb with orbital and metastatic involvement, which
are frequent in developing countries. New strategies of con-
servative treatment, avoiding external beam radiotherapy,
tend to be more effective the smaller the intra-ocular tumour
volume. It is, therefore, essential to promote retinoblastoma
screening and early diagnosis by seriously considering symp-
toms reported by parents (leukocoria, strabismus) which are
still too frequently neglected.

1. Donaldson S, Egbert PR, Newsham I, Cavenee WK. Retino-
blastoma. In Pizzo PA, Poplack DG, eds. Principles and practice of
pediatric oncology, 3rd edn. Philadelphia, JB Lippincott, 1997,
699-716.

2. Ellsworth RM. The practical management of retinoblastoma.
Trans Am Ophtalmol Soc 1969, 67, 462.

3. Karcioglu ZA, Al-Mesfer SA, Arbound E, er al. Workup for
metastatic retinoblastoma. A review of 261 patients. Ophthalmol
1997, 104, 307-312.

4. Pratt CB, Meyer D, Chenaille P, Crom DB. The use of bone
marrow aspirations and lumbar punctures at the time of diag-
nosis of retinoblastoma. ¥ Clin Oncol 1989, 7, 140-143.

5. Pratt CB, Crom DB, Magill L, er al. Skeletal scintigraphy in
patients with bilateral retinoblastoma. Cancer 1990, 65, 26-28.

6. Moscinski LC, Pendergrass TW, Weiss A, er al. Recommenda-
tions for the use of routine bone marrow aspiration and lumbar
punctures in the follow-up of patients with retinoblastoma. ¥
Pediatr Hematol Oncol 1996, 18, 130-134.

7. Mohney BG, Robertson DM. Ancillary testing for metastasis in
patients with newly diagnosed retinoblastoma. Am ¥ Ophthalmol
1994, 118, 707-711.

8. Khelfaoui F, Validire P, Auperin A, ez al. Histopathologic risk
factors in retinoblastoma. A retrospective study of 172 patients
treated in a single institution. Cancer 1996, 77, 1206—-1213.

9. Shields CL, Shields JA, Baez K, er al. Choroidal invasion of
retinoblastoma: metastatic potential and clinical risk factors. Br ¥
Ophthalmol 1993, 77, 544-548.

10. Shields CL, Shields JA, Baez K, et al. Optic nerve invasion of
retinoblastoma. Metastatic potential and clinical risk factors.
Cancer 1994, 73, 692-698.

11. Kopelman JE, McLean IW, Rosenberg SH. Multivariate analysis
of risk factors for metastasis in retinoblastoma treated by enu-
cleation. Ophthalmology 1987, 94, 371-377.

12. Hungerford J. Factors influencing metastasis in retinoblastoma.
Br ¥ Ophthalmol 1993, 77, 541.

13. Doz F, Peter M, Schleiermacher G, et al. Nmyc amplification,
loss of heterozygosity on the short arm of chromosome 1 and
DNA ploidy in retinoblastoma. Eur § Cancer 1996, 32A, 645—
649.

14. White L. Chemotherapy in retinoblastoma: current status
and future directions. Am ¥ Ped Hematol Oncol 1991, 13, 189—
201.



1048

15. Pratt CB, Fontanesi J, Chenaille P, ez al. Chemotherapy for extra-
ocular retinoblastoma. Ped Hematol Oncol 1994, 11, 301-309.

16. Schvartzman E, Chantada G, Fandino A, et al. Results of a
stage-based protocol for the treatment of retinoblastoma. ¥ Clin
Oncol 1996, 14, 1532-1536.

17. Doz F, Khelfaoui F, Mosseri V, et al. The role of chemotherapy
in orbital involvement of retinoblastoma: the experience of a
single institution with 33 patients. Cancer 1994, 74, 722-732.

18. Namouni F, Doz F, Tanguy ML, er al. High-dose chemotherapy
with carboplatin, etoposide and cyclophosphamide followed by
haematopoietic stem cell rescue in patients with high risk reti-
noblastoma: a SFOP and SFGM study. Eur ¥ Cancer 1997, 33,
2368-2375.

19. Kingston J, Plowman P, Hungerford J. Ectopic intracranial reti-
noblastoma in childhood. Br ¥ Ophthalmol 1985, 69, 742-748.

20. Blach LE, McCormick B, Abramson DH, Ellsworth RM. Tri-
lateral retinoblastoma, incidence and outcome: a decade of
experience. Int ¥ Radiat Oncol Biol Phys 1994, 29, 729-733.

21. Pomarede R, Czernikow P, Zucker JM, et al. Incidence of ante-
rior pituitary deficiency after radiotherapy at an early age: study
in retinoblastoma. Acta Ped Scand 1984, 73, 115-119.

22. Draper GJ, Sanders BM, Kingston JE. Second primary neo-
plasms in patients with retinoblastoma. Br ¥ Cancer 1986, 53,
661-671.

23. Murphree AL, Villablanca JG, Deegan WF, er al. Chemotherapy
plus local treatment in the management of intraocular retino-
blastoma. Arch Ophthalmol 1996, 114, 1348-1356.

24. Levy C, Doz F, Quintana E, Pacquement H, er al. The role of
chemotherapy alone or in combination with hyperthermia in the
primary treatment of intraocular retinoblastoma: preliminary
results in 30 patients treated at Institut Curie. Br § Ophthalmol
1988, in press.

25. Doz F, Neuenschwander S, Plantaz D, ez al. Etoposide and carbo-
platin in extraocular retinoblastoma a study by the Société Fran-
caise d’Oncologie Pédiatrique. ¥ Clin Oncol 1995, 13, 902-990.

26. Gallie, B., Budning A, Deboer G, ez al. Chemotherapy with focal
therapy can cure intraocular retinoblastoma without radio-
therapy. Arch Ophthalmol 1996, 114, 1321-1328

27. Shields C, De Potter P, Himelstein B, ez al. Chemoreduction in
the initial management of intraocular retinoblastoma. Arch Oph-
thalmol 1996, 114, 1330-1338.

J.M. Zucker et al.

28. Kingston JE, Hungerford JL, Madraperla SA, Plowman PN.
Results of combined chemotherapy and radiotherapy for
advanced intraocular retinoblastoma. Arch Ophthalmol 1996,
114, 1339-1343.

29. Doz F, Pinkerton R. What is the place of carboplatin in paedia-
tric oncology? Eur ¥ Cancer 1994, 30A, 194-201.

30. Winick NJ, McKenna RW, Shuster JJ, ez al. Secondary acute
myeloid leukemia in children treated with acute lymphoblastic
leukemia with etoposide. ¥ Clin Oncol 1993, 11, 209-217.

31. Jeha S, Jaffe N, Robertson R, er al. Secondary acute non-lym-
phoblastic leukemia in two children following treatment with a
cis-diamminedichloroplatinum-II-based regimen for osteo-
sarcoma. Med Pediatr Oncol 1992, 20, 71-74.

32. Friend SH, Bernards R, Rogelj S, ez al. A human DNA segment
with properties of the gene that predisposes to retinoblastoma
and osteosarcoma. Nature 1986, 323, 643-646.

33. Dunn JM, Phillips RA, Becker AJ, er al. Identification of germ-
line and somatic mutations affecting the retinoblastoma gene.
Science 1989, 241, 1797-1800.

34. Lohman D, Gerick M, Brandt B, ez al. Constitutional RB1-gene
mutations in patients with isolated unilateral retinoblastoma. Am
F Hum Gener 1997, 61, 282-294.

35. Blanquet V, Turleau C, Gross-Morand MS, et al. Spectrum of
germline mutations in the RB1 gene: a study of 232 patients with
hereditary and non-hereditary retinoblastoma. Hum Mol Genet
1995, 4, 388.

36. Lohmann DR, Brandt B, Hopping W, et al. The spectrum of
RB1 germline mutations in hereditary retinoblastoma. Am ¥
Hum Genet 1996, 58, 940-949.

37. Gallie BL, Ellsworth LM, Abramson DH, et al. Spontaneous
regression of retinoblastoma or benign manifestation of the
mutation. Br ¥ Cancer 1982, 45, 513-521.

38. Bremner R, Chan Du D, Connoly-Wilson M], et al. Deletion of
RB exons 24 and 25 causes low-penetrance retinoblastoma. Am
¥ Hum Genet 1997, 61, 556-570.

39. Onadim Z, Hogg A, Baird PN, Cowell JK. Oncogenic point
mutations in exon 20 of the RBI gene in families showing
incomplete penetrance and mild expression of the retino-
blastoma phenotype. Proc Natl Acad Sci 1992, 89, 6177-6181.

40. Dryja T, Mukail S, Peterson R, et al. Parental origin of mutations
of the retinoblastoma gene. Narure 1989, 339, 556.

PII: S0959-8049(98)00192-0

Commentary
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RETINOBLASTOMA Is an eminently curable childhood cancer
with survival rates in excess of 90% [1]. However, cure is
often achieved at a cost, particularly in terms of visual
impairment and psychological morbidity. Approximately 1 in
10 children with bilateral disease eventually require bilateral
enucleations or have such severely limited vision that an
independent existence is hard to achieve, whilst the facial
deformity resulting either from enucleation or shrinkage of
the bone and soft tissues of the face following external beam
radiotherapy, may have a major deleterious psychological
impact. Many patients with the genetic form of the disease
live under a constant cloud of anxiety, engendered by the
knowledge that they have a cancer susceptibility gene and,
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therefore, are at considerable risk of a second malignancy, a
risk which increases with time. In addition, they also have to
face the prospect of passing this potentially lethal gene on to
their offspring.

Notwithstanding, the last decade has seen a remarkable
and exciting change in the management of retinoblastoma,
primarily with the intention of avoiding many of the long
term complications seen with previous standard treatments.
The spectrum of therapeutic options now available, including
cryotherapy, chemotherapy, infra-red and green light lasers,
scleral plaques, external beam radiation and surgery, has
made the management of retinoblastoma very much more
complex than previously. No longer is the ophthalmologist
able to work in isolation. Close liaison between ophthalmol-
ogist, paediatric oncologist, radiotherapist and geneticist is
now essential.



