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Retinoblastoma (brief information)

1.

3.

General disease information

Retinoblastoma is a rare eye cancer arising from the retina, the inner layer of the eye, which is
specialised in colour- and light perception. It almost only occurs during childhood. The development
of retinoblastoma is initiated by genetic alterations (mutations) of the retinoblastoma (RB1) gene
in immature retina cells (retinoblasts). There is a hereditary (congenital) and a non-hereditary form
of the disease.

Retinoblastoma may affect one or both eyes. In the majority of patients, only one eye is affected
(unilateral retinoblastoma); in approximately one third of the children, the tumour develops in both
eyes (bilateral retinoblastoma). Bilateral disease is mostly seen with hereditary retinoblastoma,
while most unilateral retinoblastomas are non-hereditary. Tumours may develop either at one site
in the eye (unifocal) or at multiple sites (multifocal).

In general, retinoblastomas grow very fast. They can spread within the eyeball, into the orbit, and
along the optic nerve into the central nervous system (CNS). In advanced stages, they may also
spread into other organs via the blood and/or lymphatic system. If not treated appropriately, the
outcome will be lethal. Only in very few patients (1 to 2 %), the tumour disappears without treatment
(spontaneous regression).

Incidence

Retinoblastoma is the most common childhood cancer of the eye. About 40 children under 15 years
of age are diagnosed with this type of malignancy in Germany each year. This means that there is
one child with retinoblastoma among 18,000 children born alive. Overall, retinoblastoma is a rare
disease. According to the German Childhood Cancer Registry (Deutsches Kinderkrebsregister) in
Mainz, retinoblastomas account for approximately 2 % of all malignant diseases in children and
adolescents.

Most retinoblastomas are diagnosed in infants and small children, i.e. before the fifth year of
life. About 80 % of the patients are younger than four years old. Beyond the sixth year of life
retinoblastomas are extremely rare.

Causes

The causes for a retinoblastoma to arise in the eye include certain genetic alterations (mutations)
in the precursor cells of the retina, the so-called retinoblasts. Such alterations may occur
spontaneously in single retinoblasts before or after the child's birth. Sometimes, however, the
altered gene is transferred to the child by the germ cell of either parent or the mutation occurs at a
very early stage of fetal development, thus causing the mutated gene to be present in all body cells,
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including all retinal cells and all germ cells (germline mutation). This means, the patient is born with
a predisposition for the disease and can pass it on to his own offspring, too.

In the majority of patients (about 60 %), the altered gene is only found in the tumour itself. They have
the non-hereditary (sporadic) type of retinoblastoma. About 40 % of retinoblastoma, though, are
congenital (hereditary), which means, the affected children have a predisposition for the tumour to
develop. Only about one quarter of the these children (10 to 15 %) are presenting with a family story
of retinoblastoma, this means, other family members are known to have this type of cancer, too
(familial retinoblastoma). In the remaining three quarters of patients with congenital retinoblastoma,
the underlying genetical alterations are believed to have happenend spontaneously (see above).

Regardless of hereditary or non-hereditary, the mutations causing retinoblastoma are found in
the retinoblastoma (RB1) gene, which is located on chromosome 13. Since in human cells
chromosomes occur in pairs, there are also two RB-genes in each cell. If a retinoblast has at least
one healthy RB1 gene, retinoblastoma won’t occur. Only when both RB genes are altered, the
tumour will form.

Good to know: The RB1 gene is a so-called tumour suppressor gene. This means that it makes a
protein (RB1 protein), which usually controls the growth of cells, thereby promoting them to mature
into functional cells and preventing them from growing too fast. If the gene is mutated, it is unable
to make a functional RB protein. Impaired RB1 protein lacks the capacity of helping retinoblasts to
mature as well as to let them know when to stop dividing. As a result, they get out of control, divide
rapidly, thereby forming a malignant tumour of the retina.

4. Symptoms

Very small retinoblastomas usually do not cause any complaints; the disease frequently progresses
without any symptoms for a long period of time. Health problems usually occur with tumour growth
into adjacent eye tissue. This can result in an impairment of vision or even loss of sight. Differences
in visual acuity of the eyes lead to crossed eyes (strabismus) in about 25 to 30 % of patients.

The most common and typical sign, which is found in about two thirds of patients, is a white flashing
of the pupil (white pupillary reflex, leukocoria) under certain light conditions, for example, after a
flash photograph was taken — in contrast to the well-known red or black appearance of the pupils
in healthy eyes. This condition, also referred to as “amaurotic cat's eye” is caused by expansive
tumour growth behind the lens. Less often, patients also complain about irritated, swollen, red or
painful eye as a result of increased eye pressure caused by the growing tumour.

Warning signs indicative of retinoblastoma may be:

» “amaurotic cat’s eye” (leukocoria)
+ different colour of each eye
» crossed eyes (strabismus) along with vision problems

+ irritated eye (redness of the white part of the eye, bulging of the eye, eye pain)
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Occurrence of one or more of these symptoms, however, does not necessarily prove underlying
retinoblastoma or any other malignancy. Some of these symptoms may be caused by relatively
harmless health conditions that are not associated with cancer at all. Nevertheless, it is
recommended to consider these symptoms as warning signs and therefore to consult a physician
promptly upon their appearance. If retinoblastoma (or another malignant disease) is present, early
diagnosis is the best precondition for a successful treatment of the disease.

Diagnosis
If a child’s medical history, presenting complaints and symptoms, as well as the physical, particularly
the eye exam are suggestive of retinoblastoma, the patient should immediately be referred to

a children’s cancer centre. There, diagnostics and treatment can be initiated and performed by
specialists with the necessary expertise in childhood cancer.

Close collaboration between various specialists (such as paediatric oncologists, eye doctors,
surgeons, radiologists, radiation oncologists, to name a few) as well as special tests are required
to confirm the diagnosis and to determine the type of retinoblastoma (hereditary or non-hereditary)
and how the disease has spread. Knowing these details is absolutely essential for optimal treatment
planning and prognosis.

One essential initial diagnostic procedure for a young patient presenting with suspected
retinoblastoma is the examination of the eye (fundoscopy). If a retinal tumour is seen, further tests
are necessary to assess the disease characteristics such as size and spread. These tests include
ultrasound as well as magnetic resonance imaging (MRI) of the eye.

Rarely, for example in patients with advanced stages of the disease and/or prior to chemotherapy,
additional tests are performed, such as chest X-ray, spinal tab (lumbar puncture), bone marrow
aspiration and biopsy, and/ or bone scan.

The diagnostic procedures are usually not limited to the affected child only. Children in families with a
known mutation of the retinoblastoma (RB1) gene, or with a known family history of retinoblastoma,
are recommended to get genetic testing for the RB1 gene (a special blood test which reveals the
defect in the gene) shortly after birth. Based on the results, and even if the child does not present
with any complaints or symptoms, the doctors will assess the risk of inheritance. They will also
recommend how often the child should be seen by an eye doctor, in order to detect any tumour
development early and to promptly initiate appropriate treatment.

After necessary diagnostics are completed, the doctors will discuss the treatment options with you.

6. Treatment

Children with retinoblastoma should be taken care of in a children’s cancer centre by specialists,
because they provide the expertise necessary to manage this rare type of childhood malignancy.

Current treatment options for children with retinoblastoma include surgery, radiotherapy, laser
therapy, cryotherapy, thermotherapy, and chemotherapy.
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The appropriate type of treatment is individually assessed for each patient with retinoblastoma.
Treatment planning is generally based on the child’s age, whether one or two eyes are affected by
the tumour, how far the disease has already spread (disease stage), and how good the vision is
at the time of diagnosis (disease stage).

The major aims of each treatment option are: to safe the patient’s life by getting rid of the
malignancy, to — if possible — not remove the eyeball and to salvage as much eye sight as possible.

In general, the following two treatment strategies currently exist:
» surgical removal of the tumour by removal of the eyeball (enucleation)
» saving the eye by using radio-, laser-, cryo-, thermo, and/or chemotherapy

Saving the eyeball is only an option if retinoblastoma has been diagnosed at an early stage. The
goal in this case is to kill the tumour cells while preserving as much vision as possible, but also
making sure that the treatment is efficient enough so the patient won't die from the disease. If
retinoblastoma has been diagnosed at an advanced stage, enucleation is usually performed. If
the tumour has spread into other parts of the body (metastasised), treatment may also include
chemotherapy and/or radiation therapy in addition to surgery.

6.1. Treatment of patients with retinoblastoma in one eye
(unilateral retinoblastoma)

For patients with an advanced tumour in one eye (unilateral retinoblastoma) and with already severe
loss of vision at diagnosis, surgery — that is, the removal of the affected eye (enucleation) —
is known to be the most efficient method of tumour control. Usually, an artificial eyeball (orbital
implant), for example made of silicone, is implanted later. This implant is surgically connected with
the eye’s muscles, so it moves as the original eyeball would.

The benefit of enucleation for patients with large unilateral tumours is that the treatment is limited
to the sick eye only, leaving the healthy eye unaffected by any possible side-effects of treatment.
However, the patient will completely lose vision in the treated eye. But considering that most patients
with large tumours already present with severely reduced sight in that eye at diagnosis may justify
this approach.

Important to know: Most patients with non-hereditary retinoblastoma can be completely cured
by enucleation.

Patients who have been diagnosed with small retinoblastoma in one eye may sometimes benefit
from an eye-preserving strategy, such as local radiation therapy (brachytherapy). This type of
treatment, however, is only recommended for patients with remaining preservable eye sight and for
whom sufficient anti-tumour effects can be guaranteed. The benefits of this approach in comparison
to enucleation still need to be determined.

Patients with unilateral retinoblastoma, who underwent complete surgical removal of the tumouir,
usually do not require any additional treatment after surgery (adjuvant therapy). However, if
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histology of the removed eye reveals extended disease within the eye or even spread of malignant
cells into adjacent tissue (like optic nerve), adjuvant chemotherapy is recommended in order to
destroy both locally remaining tumour cells and potential small metastases in other parts of the
body. Additional percutaneous radiotherapy is an option, but rarely required.

6.2. Treatment of patients with retinoblastoma in both eyes
(bilateral retinoblastoma)

For patients with bilateral retinoblastoma, tumour control can be achieved by a combination of
different treatments. The major goal is — in addition to destroy the cancer — to preserve vision in
at least one eye.

Initial treatment of choice is local treatment, such as by means of laser coagulation, cryo-, thermo,
or brachytherapy. In particular patients with small retinoblastomas can efficiently be treated by
single or multiple applications of these local therapies. For patients presenting with larger-sized
retinoblastoma, shrinking the tumours by chemotherapy (chemoreduction) prior to local treatment
has proven to be a feasible approach.

For some children with bilateral retinoblastoma, who have been diagnosed with already advanced
disease in one eye, such as spread into adjacent tissue (for example the optic nerve, the vitreous
body, or outer eye layers), and/or complete vision loss, the removal of this eye (enucleation) is
usually the treatment of choice.

For patients, who later develop progressive disease in the initially less affected eye, but still
have remaining vision, percutaneous radiotherapy may be considered, often remaining the only
possible therapy to preserve the eye. But if progressive disease has already caused blindness,
enucleation of the second eye also is the only chance to safe the child’s life.

Considering that the risk of long-term side effects after chemotherapy seems to be lower than
after percutaneous radiotherapy, the current trend is a radiation-sparing approach, especially for
children younger than one year of age. However, since the efficacy of percutaneous radiation for
the extremely radiosensitive retinoblastomas is proven, the up- and downsides of this treatment
form always require thorough balancing on an individual basis.

6.3. New therapy approaches

The goal of new treatment methods for children with retinoblastoma is to reduce the necessity
of enucleation or local radiotherapy, respectively, as well as to prevent as many side-effects of
intravenous (systemic) chemotherapy as possible.

One of the most promising therapy approaches is the so-called intra-arterial chemotherapy, by
which a cytostatic agent is given directly into the tumour’s blood vessels. This approach is still
experimental, which means that it is currently only being applied in a few treatment centres and
mostly to individual patients, whose disease did not respond to standard therapy. The preliminary
results are promising, but long-term follow-up of these patients is necessary in order to assess the
overall outcome, including long-term side-effects.
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7. Trials and Registries

Since retinoblastoma is rare, so far only few data have been acquired that can be used as a basis
for treatment strategies which both consider a patient’s individual risk of recurrent disease (risk-
adapted therapy) and are statistically proven (evidence-based therapy).

In contrast to treatments of other childhood cancers, a standardised therapy plan (protocol) for the
management of retinoblastoma still needs to be established, for example as a therapy optimising
trial.

Therefore, the Retinoblastoma-Registry (RB-Registry) was opened for patients in Germany and
Austria by the end of 2013. This clinical registry aims at gathering various data on retinoblastoma
over several years, such as incidences and clinical courses of the different types of the disease
as well as their response to different treatment forms, in order to fill the information gap mentioned
above and, thus, to optimise current therapy and outcomes.

All children and adolescents under the age of 18 years who have been diagnosed with
retinoblastoma or have a germline mutation of the retinoblastoma (RB1) gene and who have
not yet received any retinoblastoma-specific treatment can be included in the RB-Registry. The
headquarters of the RB-Registry are located in the Childhood Cancer Centre of the University of
Essen, Germany. The registry is coordinated by the Dr. Petra Temming.

In addition to registration in the RB-Registry, patients with hereditary retinoblastoma, who are
between 8 and 18 years old and who have received local radiotherapy, have the option to participate
in a study investigating the risk of developing another, second cancer. The study is called ,Screening
for secondary malignancies in children with hereditary retinoblastoma®“. The screening includes
yearly magnetic resonance imaging (MRI) of the brain in order to detect the development of a brain
tumour as early as possible.

Also, a study about local chemotherapy is underway.

Prognosis

Due to continuously optimised diagnostic procedures and treatment forms, more than 95 %
of children with retinoblastoma can be cured of their disease today. Children with unilateral
retinoblastoma still have one completely unaffected eye with normal vision. Their life quality may
not differ from that of their healthy peers at all. Also, most patients with retinoblastoma in both eyes
will keep a certain amount of visual acuity in at least one eye.

The individual prognosis primarily depends on the patient's stage of disease at diagnosis as
well as on whether they have the hereditary or non-hereditary type of retinoblastoma.

Patients with tumour growth limited to the eye(s) only (intraocular retinoblastoma) usually have
a bigger chance of successful treatment than children whose disease is further progressed at
diagnosis.

The overall prognosis of children with hereditary retinoblastoma is generally less favourable
compared to the outcome of patients with the non-hereditary form, because, regardless of the
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treatment, hereditary retinoblastoma is associated with a higher risk of developing a second
malignant tumour somewhere else in the body (for example a soft tissue sarcoma or an
osteosarcoma). This risk increases if radiotherapy forms part of the treatment.

About 5 % of children with hereditary, unilateral retinoblastoma develop the disease in the
contralateral eye within one and a half years after diagnosis of the first tumour.
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