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Preface

The management of patients with an ophthalmic tumor presents particular
challenges. Ophthalmic tumors are rare and diverse so that their diagnosis
can be quite complex. Treatment usually requires special expertise and equip-
ment and, in many instances, is controversial. The field is advancing rapidly
because of accelerating progress in tumor biology, pharmacology, and instru-
mentation. Increasingly, the care of patients with an ocular or adnexal tumor
is provided by a multidisciplinary team comprising of ocular oncologists,
general oncologists, radiotherapists, pathologists, psychologists, and other
specialists. Therefore, several chapters authored by radiation oncologists,
pediatric oncologists, hematologist-oncologists, and medical geneticists have
been included to provide a broader perspective. For all these reasons, we felt
that there was a continued need for a textbook of ophthalmic oncology, which
would amalgamate knowledge from several different disciplines, thereby
helping the various specialists to understand each other better and to cooper-
ate more efficiently, eventually moving ophthalmic oncology in the realm of
evidence-based medicine.

As several important studies have been published in recent years, the pur-
pose of Clinical Ophthalmic Oncology (2™ edition) is to provide up-to-date
information of the whole spectrum of the eyelid, conjunctival, intraocular,
and orbital tumors, including basic principles of chemotherapy, radiation
therapy, cancer epidemiology, angiogenesis, and cancer genetics. Several
chapters authored by radiation oncologists, medical physicists, pediatric
oncologists, hematologist-oncologists, and medical geneticists have been
included to provide a broader perspective.

Although each section of Clinical Ophthalmic Oncology now represents a
stand-alone volume, each chapter has a similar layout with boxes that high-
light key features, tables that provide comparison, and flow diagrams that
outline therapeutic approaches. Each chapter has been edited (with the
author’s approval) to present a balanced view of current clinical practice, and
special attention has been paid to make the text easily readable.

The authors followed a tight timeline to keep the contents of the book cur-
rent. As we undertook this ambitious task of editing a multiauthor, multivol-
ume textbook, we were supported and guided by the staff at Springer; Sverre
Klemp, Ulrike Huesken, Ellen Blasig, and Mahalakshmi Sathish Babu.
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Preface

It is our sincere hope that readers will find as much pleasure reading this
volume as we had writing and editing it. If you find Clinical Ophthalmic
Oncology informative, it is because (paraphrasing Isaac Newton) “we have
seen further, by standing on the shoulders of the giants.”

Cleveland, OH, USA Arun D. Singh, MD
Los Angeles, CA, USA A. Linn Murphree, MD
San Francisco, CA, USA Bertil E. Damato, MD, FRCS
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Retinoblastoma: Evaluation

and Diagnosis

Brian P. Marr and Arun D. Singh

Contents 1.1 Historical Background
1.1  Historical Background...................ccccc....... 1
12 Clinical P ati . In 1809, a Scottish surgeon named James
. inical Presentation................................ Wardrop wrote a monograph where he described
1.3 Misdiagnosis.............ccceceeevenininenenienienns 2 a subset of fungus haematodes cases distinguish_
14  Stepwise Evaluation ing them from other cases of “soft cancer,” med-
for Retinoblastoma..................ccccccereenenens 2 ullary sarcoma, or inflammation. He was the first
LAl HiStory.ooooosoossssenes 2 o recognize retinoblastoma (RB) as a discrete
1.4.2 Initial Examination. 4 . . . v fi h . 1
1.4.3 Ophthalmic Ultrasonography...........c.c........ 5 tumor ar.lsmg primarily from the r?tma [ ]
Virchow in 1864 used the name of glioma reti-
1.5 Examination Under Anesthesia................. 5 . s .
I nae because of retinoblastoma’s similarity to
1.5.1 External Examination.............. 6 ) | R
152 Anterior Segment Examination.. 6 intracranial glial tumors. Verhoeff, in 1922,
1.5.3 Posterior Segment Examination................... 6 observed the retinal origin and the presence of
1.5.4 Ancillary Testing........cccccecevvevenenenencnnenne 7 immature, embryonic cells that formed the tumor
1.6 Neuroimaging .............cccooocoomvveiervennenes 9 and coined the term retinoblastoma. In 1926, the
1.7 Counseling...........c.ccoveeineueiecncniireienneen. o American Ophthalmologlcal Society accepted
the term retinoblastoma and the older terms,
References.............ccccccoceiniiiiiiinnniiice 10 such as glioma retinae and fungus haematodes,
were abandoned [2]. In 1809, it was the astute
clinical observations and descriptions of the dis-
ease that made the diagnosis of what we now
know as retinoblastoma.
1.2 linical Presentation
B.F. Mars, MD (=) Clinical Presentatio
Department of Surgery, Memorial Sloan-Kettering
Cancer Center, 1275 York Avenue, New York, The symptoms of retinoblastoma are most often
NY 10065, USA first detected by a parent or family member
e-mail: marrb@mskec.org directly or occasionally from an abnormal light
A.D. Singh, MD ‘ reflex in a photograph. To a lesser extent spo-
Department of Ophthalmic Oncology, radic cases of retinoblastoma are first discov-
Cole Eye Institute, Cleveland Clinic, . . R
Cleveland, OH, USA ered by a routine pediatric exam or screening,
e-mail: singha@ccf.org less commonly by pediatric ophthalmologists
A.D. Singh et al. (eds.), Clinical Ophthalmic Oncology: Retinoblastoma, 1
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Table 1.1 Presenting features of retinoblastoma (United
States)

Leukocoria or cat’s eye reflex 45 %
Strabismus 25 %
Inflammatory symptoms (preseptal cellulitis) 10 %
Poor vision 10 %
Screening due to family history 5%
Incidental detection 5%

Modified from Abramson et al. [13]

and rarely incidentally on imaging for other
conditions. In the United States and other devel-
oped nations, the most common presenting find-
ings in intraocular retinoblastoma are leukocoria
or cat’s eye reflex (45 %) (Chap. 2), strabismus
(25 %), inflammatory symptoms (pseudo-preseptal
cellulitis) (10 %), and poor vision (10 %)
(Table 1.1) [3].

For several reasons discussed elsewhere in
developing nations, retinoblastoma tends to be
more advanced at presentation with extraocular
disease (Chap. 5). One of the major limitations to
prompt treatment of retinoblastoma worldwide is
access to health care. As retinoblastoma care pro-
viders, it is important for us to increase accessibil-
ity for our patients into a system that is equipped
to treat this condition adequately. Community
education and awareness and training of ancillary
staff that are able to triage and arrange prioritized
evaluations are some of the important compo-
nents of this approach (Chap. 5).

1.3  Misdiagnosis

Histopathological studies of enucleated eyes
report misdiagnosis rates from 11 to 40 %, and
clinical studies of referral patterns report misdi-
agnosis rates from 16 to 53 % [3]. This may be
attributed to many factors including rare inci-
dence of retinoblastoma, multiple conditions that
simulate retinoblastoma, the unfamiliarity of the
primary health care providers, the age of presen-
tation, and the difficulty in examining children
(Chap. 2). Consequently, a thorough and detailed
assessment should be done on patients suspected
of having retinoblastoma.

1.4  Stepwise Evaluation

for Retinoblastoma

A practical stepwise approach specifically to
evaluate a child suspected to have retinoblas-
toma includes detailed history taking, initial
office examination, and focused ophthalmic
ultrasonography, followed by examination
under anesthesia and neuroimaging if necessary
(Fig. 1.1). This approach is merely a guide that
can be modified as needed based upon clinical
setting.

1.4.1 History

For a child suspected of having retinoblas-
toma, it is important to examine the patient and
family promptly upon referral, and the initial
consultation may be performed in an office
setting (Table 1.2, Box 1.1). The story of how
and over what time course the condition was
noted, the health care professionals that saw
the patient, and what was done to the child
before they arrived must be recorded. A birth
history including the pre- and perinatal history
is important. Typically the gestational age at
birth, type of delivery, birth weight, and any
delivery or pregnancy complications, includ-
ing infections or medications taken during
the pregnancy, are noted. It is also important
to inquire if any abnormalities were noted on
the eye screening exam after birth or if there
were any unusual birthmarks or malformations.
The current history should include the child’s
health, any medical conditions, and environ-
ment including pets, recent trauma, or illness.
For retinoblastoma suspects, the family history
should include number of siblings, their health
and ocular history, and any family medical dis-
orders. It should be noted if there was any poor
vision, blindness, or loss of an eye in the family.
Both parents should be questioned about their
ocular health and examined if no recent dilated
exam has been preformed. A small subset of
parents of children with RB will have evidence
of retinoma/retinocytoma and even unknown
treated retinoblastoma (Chap. 7) [4].


http://dx.doi.org/10.1007/978-3-662-43451-2_2
http://dx.doi.org/10.1007/978-3-662-43451-2_5
http://dx.doi.org/10.1007/978-3-662-43451-2_5
http://dx.doi.org/10.1007/978-3-662-43451-2_2
http://dx.doi.org/10.1007/978-3-662-43451-2_7
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Detailed history

Initial office
examination

Focused ophthalmic
ultrasonography

Examination under
anesthesia +
Ancillary testing

Retinoblastoma Other diagnosis

\ Neuro imaging

Counseling
Nature of retinoblastoma
Genetic aspects (and testing)
Available therapeutic options

Initiate treatment

Fig.1.1 Stepwise evaluation for retinoblastoma. This approach is merely a guide that can be modified as needed based
upon clinical setting
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Table 1.2 Elements of medical history in a child sus-
pected of having retinoblastoma

Time since onset Duration

Prior evaluation Prior diagnosis

Prior treatment

Prior surgical procedure
Prior biopsy

Perinatal history Pregnancy complications
Prematurity

Birth weight

Type of delivery

Use of oxygen

Personal history Malformations
Exposure to pets
Recent trauma
Systemic illness
Family history Genetic disease
Blindness
Enucleation
Amblyopia
Retinoblastoma

Box 1.1 Elements of fundus examination
in a child with retinoblastoma

Tumor size
Tumor location
Associated Subretinal fluid Localized, diffuse

features Subretinal seeds Localized, diffuse
Vitreous seeds  Localized, diffuse
1.4.2 Initial Examination

The initial examination of the child can be started
in the office while taking the history, by observing
the comfort and behavior of the child, and noting
any size, proportion, or facial abnormalities
(Table 1.3). It may be possible to observe leuko-
coria, strabismus, or periorbital swelling and
visual behavior before initiating the formal exam-
ination. Assessing the vision is dependent on the
age of the patient and the amount of cooperation;
however, the condition of each eye should be
assessed and recorded along with the pupillary
response and the presence or absence of hetero-
chromia of the irises. A brief observation of the
periorbital tissues, cornea, conjunctiva, and sclera

Table 1.3 Elements of initial examination (office) in a
child suspected of having retinoblastoma

External examination Facial abnormalities
(13q deletion syndrome)
Strabismus
Periorbital swelling
Presence of heterochromia
Visual acuity
Pupillary response

Pupillary light reflex Normal

Abnormal Leukocoria absent

Leukocoria present

Anterior segment May be limited
examination
Indirect May be limited
ophthalmoscopy
Ultrasonography Mass

Calcification
Retinal detachment
Other abnormalities

should be performed before administrating dila-
tion drops. Using a direct ophthalmoscope, the
pupillary light reflex can be noted in both eyes.

Upon completion of this portion of the exami-
nation, drops for pupillary dilation can then be
administered (tropicamide 0.5 % and ophthal-
mic phenylephrine 2.5 %). It is worth emphasiz-
ing that both eyes should be examined in equal
detail. The examination of the posterior pole
is best done with an indirect ophthalmoscope.
Depending on the age, the child may cooperate or
parents may be needed to help secure the patient
while lying supine on a table or chair (Fig. 1.2).
Younger children can be swaddled with a blanket
or sheet. The goal of the indirect examination at
this point is to confirm the suspicion of retino-
blastoma and determine whether further evalua-
tion is necessary with an exam under anesthesia
(EUA). It may be necessary to place an eyelid
speculum in for proper visualization of the pos-
terior pole; appropriate topical anesthesia such as
ophthalmic proparacaine 0.5 % solution should
be administered before placing the speculum. A
detailed fundus examination with scleral depres-
sion may be performed with an anesthetic, eyelid
speculum, and restraint; however, this is fairly
traumatic for both the child and the family and
is generally unnecessary if a planned exam under
anesthesia is possible.
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Fig.1.2 An indirect ophthalmoscopic examination being
performed in an office setting with the mother helping to
hold the child

1.4.3 Ophthalmic Ultrasonography

A limited ophthalmic ultrasonography can be
done in A/B scan mode using a 10 MHz trans-
ducer to visualize the presence of a mass, calcifi-
cation, retinal detachment, or abnormalities of
the posterior pole. Intraocular calcification can be
highlighted during the ultrasound in B scan mode
by turning down the gain of the unit.

If retinoblastoma is recognized and further
examination is necessary, ideally the child is
scheduled for an EUA, and neuroimaging is
ordered (MRI of the brain and orbit with and
without contrast) to visualize the orbit and poste-
rior portion of the optic nerve and assess for pine-
aloblastoma (Chap. 19).

Examination Under
Anesthesia

1.5

The type and method of general anesthesia vary
depending on institution and availability. Safe
anesthesia methods can range from mask anes-
thesia or laryngeal mask airway (LMA) using
inhaled anesthetics, with or without intravenous
anesthesia to using intravenous anesthetics alone
[5]. As with all anesthesia, children must limit
intake of food and liquids before the procedure.
Guidelines suggest all food, milk, or formula be
discontinued 8 h prior to the exam. Breast milk
is allowed up to 4 h before the exam and clear

Table 1.4 Elements of initial examination (office) in a
child suspected of having retinoblastoma

Facial abnormalities
(13q deletion syndrome)

External examination

Strabismus

Periorbital swelling

Presence of heterochromia
Intraocular pressure
Corneal diameter
Pupillary response
Pupillary light reflex ~ Normal
Abnormal Leukocoria absent

Leukocoria present

Anterior segment
examination

Conjunctiva/sclera

Cornea

Anterior chamber

Iris

Lens

Retrolental (anterior) vitreous
Vitreous

Optic disk

Macula

Indirect
ophthalmoscopy

Peripheral retina
Pars plana

Mass
Calcification

Ultrasonography

Retinal detachment
Other abnormalities

liquids up to 2 h before; however, requirements
vary by institution and are determined by the
anesthesiologist and type of anesthesia used.
Some younger infants require extended obser-
vation after anesthesia to be monitored for
apnea. Current recommendations are that pre-
term infants less than 36 weeks must be at least
55 weeks post conceptual age to go home after
anesthesia without extended monitoring, other-
wise an overnight stay is recommended. Full-
term infants must be 50 weeks post conceptual
age to go directly home, and full-term infants
between 40 and 50 weeks post conceptual age
require 6 hours of observation before discharge.
Family members should be made aware of these
recommendations so they can make arrange-
ments for the examination.

Once the patient is asleep, a full ophthalmic
examination that includes all components of the
initial office examination repeated in greater
detail of both eyes is performed (Table 1.4).
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1.5.1 External Examination

The overall appearance of the patient should be
assessed by looking at the face, ears and hands
for any abnormalities that may aid in diagnosis or
that are associated with retinoblastoma such as
13q deletion syndrome. As an example, a patient
with 13q deletion syndrome may have hyper-
telorism, flat nasal bridge, small mouth and nose,
high arched or cleft palate, micrognathia, and/or
microcephaly which may be noted during this
part of the examination (Chap. 8).

1.5.2 Anterior Segment
Examination

Intraocular pressure should be measured using a
Schiotz tonometer, Tono-Pen, Perkins tonometer,
or pneumotonometer. Substantially elevated
intraocular pressure in retinoblastoma patients
due to iris neovascularization or angle closure
has been associated with higher risk of optic
nerve involvement and metastatic disease [6].

Next, using a caliper, the horizontal and
vertical corneal diameters (CD) are measured.
Simulating conditions such as persistent fetal
vasculature (PFV) can have significant discrep-
ancies between eyes (Fig. 1.3), and eyes with
chronically elevated intraocular pressure can
have increased corneal diameters.

A handheld slit lamp or illuminated magnifi-
cation system should be used to assess the ante-
rior segment. Care should be taken to look for
any shallowing of the anterior chamber, neovas-
cularization of the iris, iris atrophy, cataract, reti-
noblastoma seeding of anterior segment, or
hyphema. It is important to evaluate the conjunc-
tiva and sclera as well as the anterior vitreous and
posterior portion of the lens. It may be possible to
see the underlying retina or tumor against the
posterior portion of the lens or a retrolental mass
or persistent tunica vasculosa lentis in simulating
conditions. As an example, observation of the
blood vessel branching patterns behind the lens
can give a clue to their origin and help differenti-
ate certain entities. Retinal vessels will have a
branching pattern opening toward the periphery

Fig. 1.3 (a) A patient with persistent fetal vasculature
showing the discrepancy between the corneal diameters.
(b) A patient with advanced retinoblastoma showing
increased corneal diameter and heterochromia from iris

neovascularization

of the lens whereas persistent tunica vasculosa
lentis in PFV will have a branching pattern
toward the center of the lens or a retrolental mass
will have disorganized vessels (Fig. 1.4).

1.5.3 Posterior Segment
Examination

Indirect ophthalmoscopy is used to evaluate the
fundus. An organized systematic approach to thor-
oughly assess the posterior pole is recommended
to prevent overlooking important findings. This
examination can be broken down into four parts to
evaluate the vitreous, optic disk, macula, and
peripheral retina including the pars plana.


http://dx.doi.org/10.1007/978-3-662-43451-2_8
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Fig. 1.4 Anterior segment photograph of a patient with
advanced retinoblastoma (a). Note the branching patterns
of the retinal blood vessels toward the periphery of the lens.
Anterior segment photograph of the patient with persistent
fetal vasculature (b). Note the retrolental vascular mass

The vitreous should be examined for the pres-
ence or absence of retinoblastoma seeding, hem-
orrhage, presence of abnormal vessels, fibrous
membranes, inflammatory cells, or other abnor-
malities. If the optic disk and macula are visible,
the size and presence of any abnormalities should
be noted. Continued examination of the periph-
ery can be done by working in a clockwise fash-
ion and scleral depressing the ora serrata and then
looking along that longitudinal segment to the
posterior pole until the whole 360° of the eye is
covered.

The appearance of retinoblastoma lesions can
vary depending upon the size and location of the
tumor; smaller tumors are round glazed eleva-
tions of the retina; as they grow they acquire large

feeder vessels and have a gray-white hew and
develop surrounding serous retinal detachments.
The larger tumors develop intrinsic calcification
and a whiter color with seeding into the subreti-
nal and or the vitreous space. Specifically for
retinoblastoma, the size and number of all tumors
should be documented noting any associated reti-
nal detachment or subretinal fluid; the presence
of subretinal seeds and vitreous seeds and their
location and pattern of distribution should be
incorporated into a detailed fundus drawing
(Table 1.4). This information should be used to
make group and stage the eyes according to the
classification systems (Chap. 3).

1.5.4 Ancillary Testing

1.5.4.1 Photography

It is useful to document both the anterior segment
as well as the posterior segment findings with a
photograph. A wide-angle handheld fundus cam-
era is useful for taking photos of the front and
back of the eye using different lenses (Fig. 1.5).
Fundus photos should be taken at each EUA to
aid in assessing the response. Care should be
taken to standardize the orientation and position
of the photographs to help with future
comparisons.

1.5.4.2 Fluorescein Angiography
Fluorescein angiography (FA) can be a useful
tool during an EUA to differentiate retinoblas-
toma from simulating lesions. The FA vascular
pattern of retinoblastoma shows normal filling
of enlarged dilated vessels diving in and through
a hyper- and hypofluorescent tumor mass that
stains and leaks depending on its size. FA is espe-
cially useful in differentiating RB from advanced
Coats’s disease. In contrast to RB, Coats’s dis-
ease has large dilated telangiectatic vessels that
remain in the plane of the retina and have marked
areas of peripheral capillary non-perfusion
(Fig. 1.6).

1.5.4.3 Ophthalmic Ultrasonography
During the EUA it is useful to obtain ultrasound
imaging on both eyes to assess the orbit, measure
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Fig.1.5 Photography of a patient during an examination
under anesthesia. The external lens used to photograph the
anterior segment (a). The wide-angle fundus lens is used
to take photographs of the posterior pole (b)

the thickness of lesions, and obtain the axial
lengths of the eyes. Historically ultrasound has
been useful in the diagnosis and treatment of reti-
noblastoma by providing information of the size
and extent of the disease as well as differentiating
it from simulating lesions [7, 8]. Ultrasound can
be done in A and/or B scan mode using a 10 MHz
transducer to image the posterior pole and visu-
alize the size and location of disease, the pres-
ence of a retinal detachment, or extraocular
extension. Ultrasound is specifically useful for
evaluating lesions inside the eye when there is a
limited view with ophthalmoscopy. Larger reti-
noblastoma lesions have a characteristic appear-
ance on ultrasound because they produce calcium

Fig. 1.6 Fluorescein angiograms taken during an exam
under anesthesia. A fluorescein angiogram of a patient
with retinoblastoma demonstrating irregular vessels
within the retina and slower filling vessels within the
tumor inferiorly (a). Fluorescein angiogram of a patient
with Coats’s disease demonstrating light bulb telangiecta-
sia and peripheral non-perfusion (b)

that is easily detected by ultrasound showing
multiple areas of hyperreflectivity with acoustic
shadowing (Fig. 1.7a).

1.5.4.4 Ultrasound Biomicroscopy

Ultrasound biomicroscopy (UBM) also can be
performed during an EUA and is useful in visual-
izing the pars plana, pars plicata, and ciliary body.
In advanced cases, areas of anterior seeding can
be detected using the UBM as well as extension of
the tumor into the ciliary body or against the lens.
This technique is important particularly for cases
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1.7 Calcification within retinoblastoma.

Fig.
Ultrasonography of an eye with retinoblastoma in B scan
mode showing a hyperreflective mass and acoustic shad-
owing (a). A CT scan of a patient with retinoblastoma
demonstrating the intraocular calcification seen within the
tumor in the right eye (b)

that are being considered for intravitreal chemo-
therapy injection (Chap. 13).

1.5.4.5 Electroretinogram

An electroretinogram (ERG) has been used to
monitor retinal function prior to, during, and
after treatment of retinoblastoma particularly
with intra-arterial chemotherapy (Chap. 12). It is
a useful surrogate for obtaining information
about visual potential in preverbal children and
the effect of treatment toxicity on retinal function.

During the EUA a photopic 30 Hz flicker can be
performed prior to the examination in the stan-
dard fashion [9]. It is preferable to perform the
ERG before any physical manipulation, ophthal-
moscopic examination, or photography is per-
formed because such manipulations can affect
the reliability of the readings [10].

1.6 Neuroimaging

Neuroimaging is ordered on all patients diag-
nosed with retinoblastoma at the time of diagno-
sis to assess the orbits and optic nerves and to
screen for pinealoblastoma. Repeat imaging may
be performed every 6 months for all germ-line
cases up to the age of 6 (x1) years for pineal
screening (Chap. 20) [11]. Computed tomogra-
phy (CT) historically had been very useful in
identifying intraocular calcified lesions of retino-
blastoma; however, it is currently not recom-
mended in children with retinoblastoma in order
to limit their exposure to ionizing radiation
(Fig. 1.7b) [12]. MRI of the brain and orbits with
and without contrast is currently the preferred
initial study. Intraocular retinoblastoma on
T1-weighted images appears hyperechoic com-
pared to vitreous and enhances with contrast. On
T2-weighted images the RB lesions appear
hypoechoic compared to vitreous. There should
be no significant enhancement of the optic nerves
post contrast (Fig. 1.8).

1.7  Counseling

After taking the detailed history, performing a
thorough examination, and reviewing the ancil-
lary studies, a detailed discussion regarding the
nature of retinoblastoma, genetic aspects (and
testing) (Chap. 8), and of the available therapeu-
tic options (Chap. 9) can be held with the family
and patient so as to devise and initiate a treat-
ment plan.
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Fig. 1.8 Magnetic resonance imaging (MRI) of a patient
with retinoblastoma. A T1-weighted image demonstrating
an intraocular mass in the right eye (a). On T2-weighted
image, the tumor is darker than the adjacent vitreous (b).

References

1. Kiveld T. 200 years of success initiated by James
Wardrop’s 1809 monograph on retinoblastoma. Acta
Ophthalmol. 2009;87:810-2.

2. Dunphy EB. The story of retinoblastoma. Am J
Ophthalmol. 1964;58:539-52.

3. Maki JL, Marr BP, Abramson DH. Diagnosis of reti-
noblastoma: how good are referring physicians?
Ophthalmic Genet. 2009;30:199-205.

4. Shields CL, Shields JA, Baez K, Cater JR, De Potter
P. Optic nerve invasion of retinoblastoma. Metastatic
potential and clinical risk factors. Cancer. 1994;73:
692-8.

5. Gallie BL, Ellsworth RM, Abramson DH, Phillips
RA. Retinoma: spontaneous regression of retinoblas-
toma or benign manifestation of the mutation? Br J
Cancer. 1982;45:513-21.

A T1-weighted image following administration of contrast
demonstrating enhancement of the tumor (c). With fat
suppression, enhancement of the tumor is highlighted (d)

10.

. Lin BA, Messieha ZS, Hoffman WE. Safety and effi-

cacy of pediatric general anesthesia by laryngeal
mask airway without intravenous access. Int J Clin
Med. 2011;2:328-31.

. Sterns  GK, Coleman DJ, Ellsworth RM.

Characterization and evaluation of retinoblastoma
by ultrasonography. Bibl Ophthalmol. 1975;83:
125-9.

. Abramson DH, Ellsworth RM. Ancillary tests for the

diagnosis of retinoblastoma. Bull N Y Acad Med.
1980;56:221-31.

. Liu CY, Jonna G, Francis JH, Marr BP, Abramson

DH, Brodie SE. Non-selectivity of ERG reductions in
eyes treated for retinoblastoma. Doc Ophthalmol.
2014;128:13-23.

Francis JH, Abramson DH, Marr BP, Brodie SE.
Ocular manipulation reduces both ipsilateral and con-
tralateral electroretinograms. Doc Ophthalmol. 2013;
127:113-22.



1 Retinoblastoma: Evaluation and Diagnosis

n

11. Albert DM. Trilateral retinoblastoma: insights into
histogenesis and management. Surv Ophthalmol.

1998;43:59-70.

12. de Graaf P, Goricke S, Rodjan F, Galluzzi P, Maeder
P, Castelijns JA, Brisse HJ, European Retinoblastoma

Imaging Collaboration (ERIC).

Guidelines for

13

imaging retinoblastoma: imaging principles and
MRI standardization. Pediatr Radiol. 2012:;42:
2-14.

. Abramson DH, Frank CM, Susman M, Whalen MP,

Dunkel 1J, Boyd 3rd NW. Presenting signs of retino-
blastoma. J Pediatr. 1998;132(3 Pt 1):505-8.



Differential Diagnosis
of Leukocoria

Jonathan W. Kim and Arun D. Singh

Contents 2.7 ROP (Retinopathy of Prematurity) .......... 24
. 2.7.1 Clinical Presentation ............cccceccvvevervenuenene 24
2.1 Introduction................c.ccooeviiininininnn. 13 272 Demographics .........ccoocomvveevereeerreeeresennns 24
22 Retinoblastoma ..o 14 2.7.3  DiagnosiS.....ccccceveevierienieniieniienienieneeieeee e 24
2.2.1 Clinical Presentation..... 14 28  Hereditary Retinal Syndromes ................. 25
2.2.2 Demographics/History .. 16 281 FEVR (Familial Exudative
2.2.3  DIagnosiS......cceceveeuiieieireeinieieeeeeeeneenns 16 Vitreoretinopathy) ...........c.ooveeeeeereereeeeneenn. 25
2.3 Coats’ DiSease ...........c.ccccvveevvecveeceeieeeennen. 18 282 Norrlejs D1§eas§ nnrrrisssseessessssse s 26
231 Clinical Presentation . 18 2.8.3 Incontinentia Pigmenti .........ccceccvvevenennennne 26
2.3.2  Demographics ........ w200 29 ColobOma...........oovvoeeeeeeeeeeeeeeen 26
2.3.3  DIagnosiS....ccccoeeuevieieirinininienieneieieeene 20
References..........c..ccooeveviiieniiiiciiinineseseee 27
24 PHPV/PFV .......... 20
2.4.1 Clinical Presentation . .20
242 Demographics ........ccccceveeerenenenenienieneenns 20
2.4.3 DiagnOSiS....cccerverieieieieiieieeienienie e 21 2.1 Introduction
2.5  Astrocytic Hamartoma ................cccccceeeee 21
2.5.1 Clinical Pre§entat10n .................................... 21 Leukocoria is the most common presenting sign
2.5.2 Demographics ........cccceveeiriniiinienienieiennns 22 . . .
) ) of intraocular retinoblastoma in developed coun-
2.5.3  Diagnosis.......ccccocouviiriiiiiiiiiiriinecnnens 22 . . ] o
tries [1]. The asymmetric white pupil light reflex
2.6 ToxXOCAriasis..............cccevveieininrinienieieieane 23 mav be noted on photoeraphs. in dimlv lit envi-
2.6.1 Clinical Presentation ............cccccoeveeveeveevennans 23 Y p . grapas, Y .
262 Demographics ... »3 ronments by the family, or by a general pediatri-
2.6.3 Diagnosis...... 24 cian at a well-child visit [2]. An abnormal pupil
reflex is also frequently observed in several pedi-
atric ocular conditions including cataract
(Fig. 2.1), and it is important to clinically dif-
ferentiate retinoblastoma from simulating diag-
J.W. Kim, MD (5) noses (Tab.le 2.1). . D1r§cted by the available
Department of Ophthalmology, Retinoblastoma demographic and historical data, a comprehen-
Service, The Vision Center, Children’s Hospital Los sive clinical and ultrasound examination in the
Angeles, University of Southern California, office is usually sufficient to make the correct
4650 Sunset blvd, #88, Los Angeles, CA, USA diagnosis. Occasionally, an examination under
e-mail: jonkim@chla.usc.edu . L. . .
_ anesthesia may be necessary to distinguish reti-
A.D. Singh, MD . noblastoma from simulating conditions, such as
Department of Ophthalmic Oncology, Cole Eye 1 . R .
Institute, Cleveland Clinic, Cleveland, OH, USA Coats’ disease, persistent hyperplastlc primary
e-mail: singha@ccf.org vitreous (PHPV), retinal dysplasia, or astrocytic
A.D. Singh et al. (eds.), Clinical Ophthalmic Oncology: Retinoblastoma, 13

DOI 10.1007/978-3-662-43451-2_2, © Springer-Verlag Berlin Heidelberg 2015


mailto:jonkim@chla.usc.edu
mailto:singha@ccf.org

JW. Kim and A.D. Singh

Fig.2.1 Leukocoria due to cataract induced by a chronic
retinal detachment

Table 2.1 Differential diagnosis of childhood leukocoria

1. Tumors
Retinoblastoma
Medulloepithelioma
Leukemia
Combined retinal hamartoma

Astrocytic hamartoma (Bourneville’s tuberous
sclerosis)

2. Congenital malformations
Persistent fetal vasculature (PFV)
Posterior coloboma
Retinal fold
Myelinated nerve fibers
Morning glory syndrome
Retinal dysplasia
Norrie’s disease
Incontinentia pigmenti
Cataract

3. Vascular diseases
Retinopathy of prematurity (ROP)
Coats’ disease
Familial exudative vitreoretinopathy (FEVR)

4. Inflammatory diseases
Ocular toxocariasis
Congenital toxoplasmosis
Congenital cytomegalovirus retinitis
Herpes simplex retinitis
Other types of fetal iridochoroiditis
Endophthalmitis

5. Trauma
Intraocular foreign body
Vitreous hemorrhage
Retinal detachment

hamartoma. Clinical findings associated with the
commonly diagnosed conditions are summa-
rized in the following section (Table 2.2) [3-5].
It is important to carefully and urgently
evaluate any child with leukocoria for the pos-
sibility of retinoblastoma, although fortunately
many children referred for this complaint will
have a normal examination (i.e., pseudo-leuko-
coria). Commonly, it is the parents who first
notice the abnormal or asymmetric pupil reflex
in a photograph. The flash from a camera typi-
cally causes the eye to appear red, since the
pupil does not have time to contract and the
camera captures a red reflection from the nor-
mal retina. Any condition that blocks the cam-
era’s flash from reaching the retina may
produce a unilateral whitish pupil reflex (i.e.,
photoleukocoria) [2]. However, it should be
kept in mind that photoleukocoria does not
always indicate an underlying pathologic con-
dition. There are case series of patients with
documented unilateral leukocoria on photo-
graphs who had normal ocular examinations
[6]. This phenomenon has been termed pseudo-
leukocoria since the examination did not reveal
any pathology. In these cases, the child appears
to be fixating 15° off axis (inward deviation),
which likely resulted in an abnormal light
reflex off the optic nerve in that eye (Fig. 2.2).
Therefore, photoleukocoria is expected to be
unilateral (i.e., one eye in a given photo).
Alternating photoleukocoria may occur.
Simultaneous bilateral photoleukocoria indi-
cates either true leukocoria or esotropia.
However, it is critical that any child with pos-
sible leukocoria noted by the parents or any
health care professional have an urgent eye
examination by an experienced pediatric oph-
thalmologist or ocular oncologist [7].

2.2 Retinoblastoma

2.2.1 Clinical Presentation

The most important clinical finding associated
with retinoblastoma is the presence of a retinal-
based intraocular mass, which is typically absent
with the other conditions on the differential
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Table 2.2 Differential diagnosis of retinoblastoma: demographics and ultrasonographic features

Age of Axial
Condition presentation Risk factors Laterality length  USG
Retinoblastoma 90 % <3 years old Family history Unilateral or Normal Intraretinal/subretinal mass
bilateral with calcification
Coats’ disease ~ 4-10 years of age Male gender Unilateral Normal Exudative RD
Subretinal hyper-reflective
particles
PFV Days to weeks Unilateral Short Vitreous band from lens to
after birth optic nerve
Toxocariasis Variable Contact with dogs  Unilateral Normal Peripheral mass, vitreoretinal
band, traction RD
ROP Days to months ~ Prematurity, oxygen Bilateral Short RD with retinal bands

after birth supplementation

Reproduced with permission from Turell et al. [11], chapter 11
USG ultrasonography, ROP retinopathy of prematurity, RD retinal detachment, PFV persistent fetal vasculature

e

&7

Fig. 2.2 Pseudo-leukocoria noticed on a photograph.
Notice unilateral occurrence in the eye that appears to be
fixating 15° off axis (inward deviation)

diagnosis. Dilated fundus examination in the
office will reveal a whitish tumor often with
prominent vascularity (Fig. 2.3). Endophytic
tumors grow into vitreous and are typically whit-
ish with associated seeding and sometimes with-
out much vascularity. The identification of
vitreous or subretinal seeding is therefore very
suggestive of retinoblastoma (Fig. 2.4). Exophytic
tumors grow in the subretinal space causing exu-
dative retinal detachment (Fig. 2.5).

Subretinal lipid exudation can be rarely
observed with exophytic tumors and should not
be considered pathognomonic for Coats’ disease

Fig. 2.3 Typical appearance of retinoblastoma. Note a
whitish tumor with prominent retinal vascularity

[8]. Diffuse infiltrative growth pattern is rare and
typically presents in older children but can be
difficult to distinguish from endophthalmitis or
uveitis (Fig. 2.6) [9]. Vitreous hemorrhage can be
seen occasionally with very advanced tumors. As
a general rule, retinal traction or cataracts are not
seen with untreated retinoblastoma. Anterior seg-
ment involvement by retinoblastoma can cause
pseudohypopyon or hyphema (Fig. 2.7). In
advanced cases, rubeosis iridis, neovascular glau-
coma, buphthalmos, and even orbital cellulitis
and proptosis may be encountered (Fig. 2.8)
(Chap. 17) [7].
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Fig.2.4 Endophytic retinoblastoma. Prominent vitreous seeding without intrinsic vessels (a). Histopathology of vitre-

ous seeding (b)

Fig. 2.5 Exophytic retinoblastoma grows in the subretinal space (a). When large, they can cause exudative retinal

detachment (b)

2.2.2 Demographics/History

Approximately 90 % of diagnosed cases of reti-
noblastoma cases are sporadic, while 10 % have
a positive family history. The average age of
diagnosis is 18 months, but retinoblastoma may
be present at birth or as old as 8 years. The major-
ity of cases diagnosed below age 1 tend to have
bilateral disease while children older than 2 years
typically have unilateral disease. Overall, retino-
blastoma is unilateral in 70 % and bilateral in
30 % of cases. The incidence is equal in males

and females and there is no significant racial or
ethnic predilection. There is a genetic association
with 13q deletion syndrome, which also presents
with other systemic anomalies including mental
retardation.

2.2.3 Diagnosis
For many children referred for leukocoria, an

unremarkable dilated fundus examination in the
office and normal B-scan ultrasound findings
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Fig.2.6 Diffuse variant of retinoblastoma. External pho-
tograph demonstrating the appearance of diffuse retino-
blastoma (a), B-scan ultrasonography revealed irregularly
thickened retinal detachment with vitreous cells (b).
Typical features of retinoblastoma including intraocular

Fig. 2.7 Anterior segment involvement by retinoblas-
toma presenting as pseudohypopyon (Courtesy of Paul
Rychwalski MD, Cleveland Clinic, Abu Dhabi, UAE)

mass and intraocular calcification were not present.
Magnetic resonance imaging confirmed enhancing thick-
ened retina (c). Enucleated globe with diffuse infiltrating
retinoblastoma (d) (Reproduced with permission from
Turell et al. [11], Chapter 11)

are sufficient to rule out the diagnosis (Chap. 2).
If there is any suspicion for retinoblastoma
after the office evaluation, both eyes should be
examined very carefully under anesthesia to
confirm the diagnosis and properly stage the
patient. Often, more characteristic findings in
the contralateral eye may be very helpful in
making the diagnosis. It is important to empha-
size that retinoblastoma is diagnosed clinically
and intraocular biopsy is always contraindi-
cated. On fundoscopy, the abnormal vessels
associated with the tumor involve both the large
and small retinal vasculature with dilation, tor-
tuosity, and occasionally bizarre vascular pat-
terns. There can be small vessel telangiectasias
although not as large or as extensive as with
Coats’ disease. Ultrasound examination will
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Fig. 2.8 Retinoblastoma presenting as orbital cellulitis.
External appearance (a). B-scan ultrasonography reveals a
large intraocular mass extending from the optic disk.
Multiple hyperechogenic intensities are present through-
out the mass consistent with calcium deposition (b).
T2-weighted axial magnetic resonance image reveals an
intraocular mass emanating from the optic nerve and ret-

show a dome or placoid-shaped intraocular
mass, and larger tumors typically demonstrate
intralesional calcification. Calcification within
the mass may be demonstrated on CT scans,
although they are discouraged because of the
risk of radiation in children with the RB1 muta-
tion (Fig. 2.9). MRI is useful to assess patients
for extraocular extension, optic nerve involve-
ment, and pineoblastomas.

ina of the left eye (c). Retrobulbar stranding as well as
preseptal edema are evident as well. Histopathologic sec-
tion (hematoxylin—eosin, original magnification x40) of
the enucleated globe consists of fibrin, detached and
degenerating retina, inflammatory cells, prominent vascu-
larity, a small amount of necrosis, and calcification (d)
(Reproduced with permission from Sachdeva et al. [12])

2.3 Coats’ Disease

2.3.1 Clinical Presentation

The leukocoria caused by advanced Coats’ dis-
ease is often more yellowish than in retinoblas-
toma due to the presence of subretinal lipid
exudation. Fundus examination will demonstrate
exudative retinal detachment with retinal vessel
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Fig. 2.9 Intrinsic calcification. A 2-year-old girl with
left-sided leukocoria (a). Closer examination of the ante-
rior segment reveals a quite eye with whitish-yellow
pupillary mass with intrinsic vasculature (b). B-scan ultra-
sonography confirmed the mass with intrinsic calcification

(c), which is evident when the gain is reduced (d), about
30 dB. Prior to referral, CT scan had also revealed an
intraocular mass with calcification (e). Enucleation was
performed (f). The tumor was well differentiated (g) with-
out optic nerve extension (h)
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Fig.2.9 (continued)

tortuosity and telangiectasia (most prominent in
the periphery) (Fig. 2.10) [8]. The exudation
from telangiectatic vessels may become so mas-
sive that the entire posterior pole becomes
detached and filled with subretinal lipid, simulat-
ing a mass. The retina may be visible behind the
lens and the view into the fundus obscured.
Neovascular glaucoma can develop from the
chronic retinal detachment, and cholesterosis can
be seen in the anterior chamber in rare cases [10].
It is critical to recognize that calcification is
almost never seen with Coats’ disease, whereas it
is common in advanced retinoblastoma.

2.3.2 Demographics

Coats’ disease is almost always unilateral, and
boys represent 80-90 % of cases. The age of
diagnosis can range from 12 months to adult-
hood, with an average age between 5 and 9 years
(older age group than retinoblastoma). Coats’
disease is a nonheritable, sporadic disorder.

2.3.3 Diagnosis
The fundus examination is diagnostic in most

cases, showing subretinal lipid exudation associ-
ated with peripheral retinal telangiectasia (fusiform

dilation). In more advanced cases with a poor view
into the fundus, ultrasound examination will show
the complete retinal detachment, absence of calci-
fication, and exudative, mobile lipid material
under the retina. Fluorescein angiography will
show characteristic telangiectasias of small to
medium-sized retinal vessels (Fig. 2.10).

24  PHPV/PFV

2.4.1 Clinical Presentation

Persistent hyperplastic primary vitreous (PHPV)
is now known by the newer term persistent fetal
vasculature (PFV) [9]. This condition is often
diagnosed in infancy with leukocoria, commonly
in the presence of a microphthalmic eye. The
most common ocular finding is the presence of
retrolental fibrovascular tissue, with or without a
secondary cataract.

2.4.2 Demographics

PFV is always congenital (present at birth) and
sporadic in the vast majority of cases (no family
history). Almost all cases are unilateral, although
rare bilateral cases have been reported with pro-
tein C deficiency (autosomal recessive pattern).
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Fig.2.10 Coats’ disease. A 5-year-old boy with normal
right eye (a). Note the presence of yellowish subretinal
lipid exudation in the macula (b). Fundus examination
also revealed retinal vessel tortuosity and telangiectasia in

2.4.3 Diagnosis

An examination under anesthesia is recommended
in most cases to carefully document the ocular find-
ings including microphthalmia, intraocular pressure,
and posterior segment findings (Fig. 2.11).
Prominent vessels in the iris or in the retrolental
mass can be seen, and the lesion can simulate retino-
blastoma, although there is no seeding or calcifica-
tion. An almost pathognomonic clinical feature is
the presence of elongated ciliary processes contract-
ing into the retrolental mass [10]. In addition to the
anterior segment findings, there may be fundus
abnormalities such as retinal folds, vitreous

the temporal periphery (c). Fluorescein angiography
showing characteristic telangiectasias of small to medium-
sized retinal vessels (d)

membranes and stalks, and other persistent hyaloid
artery remnants. More severe forms of PFV can have
total secondary retinal detachment. An ultrasound
evaluation is typically necessary to demonstrate the
posterior segment findings (due to the poor fundus
view) and to measure the axial lengths of both eyes.

2.5  Astrocytic Hamartoma

2.5.1 Clinical Presentation

Patients present with gray-yellow or translucent
tumors involving the posterior pole, often near
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Fig. 2.11 Persistent hyperplastic primary vitreous/per-
sistent fetal vasculature. A 3-month-old boy with left leu-
kocoria and microphthalmos (a). Fundus appearance of
the right eye was normal (b). In the left eye, retrolental

the optic nerve. The lesions are typically small
and often discovered on fundus examinations for
prematurity in the nursery or on routine optomet-
ric evaluations in young children.

2.5.2 Demographics
Astrocytic hamartomas can be sporadic, congeni-

tal lesions diagnosed at any age. They can also be
associated with tuberous sclerosis in patients

fibrovascular proliferation with central dragging of ciliary
processes is evident (¢) On B-scan, persistent hyaloid
remnants arising from the optic nerve simulating a tightly
closed, funnel-shaped retinal detachment is present (d)

with the classic triad of adenoma sebaceum,
mental retardation, and seizures. They may also
be associated with neurofibromatosis type I.

2.5.3 Diagnosis

Fundoscopy is adequate to make the diagnosis in
almost all cases, although it can be difficult to
distinguish small astrocytic hamartomas from
early retinoblastoma. The tumors demonstrate a
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Fig. 2.12 Astrocytic hamartoma. Fundus photograph of
typical retinal astrocytic hamartoma (a). Calcified astro-
cytic hamartoma with “tapioca” or “fish egg” appearance
(b) (Reproduced with permission from Aronow et al. [13])

sessile shape and arise from the inner aspect of
the sensory retina (Fig. 2.12). The tumors typi-
cally contain small areas of calcification at the
time of diagnosis and become calcified in older
patients (i.e., “glistening calcification”). The
lesions typically have fine blood vessels on their
surface, and fluorescein angiography can show
the characteristic reticular pattern of fine blood
vessels to support the diagnosis. At birth, typi-
cally the only sign of tuberous sclerosis is the
hypopigmented macules in the skin (i.e., ash-leaf
spot). If there is no previous diagnosis of tuber-
ous sclerosis, it may be necessary to follow the

Fig. 2.13 Toxocara granuloma. Peripheral granuloma
with characteristic vitreous traction (Courtesy Jonathan

Sears, MD, Cole Eye Institute, Cleveland Clinic,
Cleveland, OH)

patient carefully for a few months to monitor for
stability before the diagnosis of an astrocytic
hamartoma can be made.

2.6 Toxocariasis

2.6.1 Clinical Presentation

Toxocariasis has been identified as a frequent
simulating condition to retinoblastoma. There are
three subtypes of ocular toxocariasis: (a) macular
granuloma, (b) peripheral granuloma, and (c)
endophthalmitis. Any of these subtypes may sim-
ulate retinoblastoma although the endophthalmi-
tis presentation is the most difficult to evaluate. A
very helpful distinguishing feature from retino-
blastoma is the presence of retinal and/or vitre-
ous traction, which is almost always present with
toxocariasis (Fig. 2.13).

2.6.2 Demographics

The condition is unilateral and there is a wide age
range of presentation (2-14 years), although
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Fig. 2.14 Retinopathy of prematurity. Advanced cases
(stages 4-5) can cause leukocoria (usually bilateral) when
there is extensive fibrovascular proliferation and/or retinal

typically the child is older than those with
retinoblastoma. Toxocariasis is acquired through
the ingestion of larvae, and often there is a his-
tory of the young child playing in infested areas
and engaging in pica.

2.6.3 Diagnosis

Dilated fundus examination is typically sufficient
to make the diagnosis by identifying the granu-
loma and presence of retinal traction. In difficult
cases, an anterior chamber tap can be performed
to show eosinophils. Serum ELISA can also be
performed to support the diagnosis.

2.7 ROP (Retinopathy
of Prematurity)
2.7.1 Clinical Presentation

Advanced cases of retinopathy of prematurity
(ROP) can cause leukocoria when there is exten-
sive fibrovascular proliferation and/or retinal
detachment (stages 4-5). The posterior segment
findings are always bilateral and usually symmet-
ric. The cicatricial stage of ROP may simulate
retinoblastoma with the presence of gliotic retina

detachment (a, right eye; b, left eye) (Courtesy Jonathan
Sears, MD, Cole Eye Institute, Cleveland Clinic,
Cleveland, OH)

immediately behind the lens (retrolental fibropla-
sia) (Fig. 2.14). However, there is no calcification
and typically the presence of retinal contraction
can be visualized in one or both eyes.

2.7.2 Demographics

There is a history of prematurity and/or low birth
weight (<1.5 kg, <32 weeks gestation) as well as
oxygen supplementation. The retinal findings are
not typically present at birth but develop in
infants in the nursery (e.g., 7-9 weeks of age).
Fundus findings are always bilateral.

2.7.3 Diagnosis

Characteristic findings on dilated fundus exami-
nation with a documented history of prematurity
are sufficient to make the diagnosis of
ROP. Bilateral retinal avascularity and nonperfu-
sion affecting the temporal peripheral retina are
characteristic findings, with more advanced cases
presenting with fibrovascular proliferation. The
end stage of ROP is a complete tractional retinal
detachment, which often simulates a retinal mass.
If the tractional component cannot be confirmed
on fundoscopy, the absence of calcification on
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Fig.2.15 Familial exudative vitreoretinopathy. The typ-
ical fundus appearance of avascular temporal retina with
associated peripheral retinal exudation and temporal
dragging of the vessels (a, right eye; b, left eye).

ultrasound evaluation and the bilateral presenta-
tion will be helpful in making the diagnosis.

2.8 Hereditary Retinal

Syndromes

Hereditary retinal syndromes are a common cause
of leukocoria at referral pediatric retina centers. A
careful medical and family history should be taken,
and a comprehensive clinical evaluation may
include a referral to other services such as derma-
tology. An examination under anesthesia is typi-
cally necessary to document the fundus findings.

On fluorescein angiography, bilateral retinal vascular
nonperfusion is evident (c, right eye; d, left eye) (Courtesy
Jonathan Sears, MD, Cole Eye Institute, Cleveland
Clinic, Cleveland, OH)

2.8.1 FEVR (Familial Exudative

Vitreoretinopathy)

The fundus findings are similar to ROP clini-
cally but there is no history of prematurity. The
findings are bilateral but can be very asymmet-
ric with severe findings in one eye and minimal
findings in the other eye. The typical fundus
finding is avascularity of the temporal retina,
with associated peripheral fibrovascular prolif-
eration (Fig. 2.15). Advanced cases may dem-
onstrate an exudative mass in the temporal
retina with associated traction. Occasionally, a
patient will present with a complete funnel
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Fig. 2.16 Norrie’s disease. Bilateral leukocoria in a
patient with Norrie’s disease (a). B-scan ultrasonogram

demonstrating total closed funnel-shaped retinal

retinal detachment behind the lens in one eye
and mild avascularity of the peripheral retina in
the contralateral eye. There are no associated
non-ocular findings. Fluorescein angiography
should be performed whenever FEVR is sus-
pected to document the peripheral nonperfu-
sion. FEVR has an autosomal dominant pattern
of inheritance so the parents should be exam-
ined, although many diagnosed cases are new
mutations. Molecular gene testing is available
for FEVR, although not all of the responsible
genes have been identified.

2.8.2 Norrie’s Disease

Norrie’s disease results from a mutation in the
NDP gene on the X chromosome (Xpll.4).
Affected patients present with bilateral retinal dys-
plasia, and typical fundus findings include trac-
tional retinal detachment, vitreous hemorrhage,
and a retrolental mass composed of the completely
detached retina (i.e., pseudoglioma) (Fig. 2.16).
Other findings include cataract, iris degeneration,
and microophthalmia. Affected children may also
have mental retardation and deafness. The inheri-
tance pattern is x-linked recessive and therefore
only males are affected. Molecular gene testing is
available to support the clinical diagnosis.

detachment (b) (Reproduced with permission from
Robitaille et al. [14], chapter 35)

2.8.3 Incontinentia Pigmenti
Incontinentia Pigmenti is a rare x-linked domi-
nant disorder affecting the skin, teeth, bones,
eyes, and central nervous system. Characteristic
skin lesions include erythema with linear bullae
and vesicles involving the extremities and torso
(facial involvement is rare). As the child grows
older, the skin lesions become more pigmented.
The ocular findings are bilateral and often highly
asymmetric, and the onset is always within the
first year of life. Fundus findings include periph-
eral fibrovascular proliferation with tractional
retinal detachment, microaneurysms, neovascu-
larization, and arteriovenous shunts, similar to
FEVR. Affected patients may also have lens
abnormalities and/or strabismus. Inheritance pat-
tern is x-linked dominant or sporadic. The condi-
tion is lethal in males and therefore only
diagnosed in females.

2.9 Coloboma

A chorioretinal coloboma is a congenital condi-
tion resulting from the failure of the embryonic
fissure to close completely, resulting in an
absence of normal retina and choroid. Both males
and females are affected and the diagnosis may
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Fig.2.17 Coloboma. Leukocoria on external examination (a). Whitish appearance on fundoscopy is due to tissue loss
(depression) rather than elevation as with retinoblastoma (b)

be made at any age. The location of the coloboma
is typically inferonasal and its margins may
encompass the macula or optic nerve. The
exposed sclera typically appears whitish, and
there may be pigmentation along its margins.
Colobomas may be unilateral or bilateral and do
not progress, although rhegmatogenous retinal
detachment can occur later in life. Colobomas
can appear whitish on fundoscopy, but the
involved area appears depressed rather than ele-
vated, as with retinoblastoma (Fig. 2.17). There
may be concomitant involvement of the iris or
lens, also in an inferior location. Although most
colobomas are isolated and sporadic, there are
various systemic associations including the
CHARGE syndrome.
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3.1 Introduction

A commonly used tumor classification is essential
in order to plan initial treatment, determine progno-
sis, assess treatment response, compare outcomes,
and plan clinical trials [1]. Berman maintains that
for tumor classifications to be successful, they must
reflect clinical reality and must be changed as infor-
mation is accrued [2]. Almost never does the stag-
ing of the tumor rest solely with the subspecialty
surgeon. It usually results from interaction between
pathologists and oncologists. In almost all solid
childhood malignancies, except retinoblastoma,
survival of the patient is the sole end point against
which to assess treatment efficacy and side effects.

3.2  Unique Aspects

of Retinoblastoma

Retinoblastoma is unique among childhood

malignancies for several reasons:

A. There are two legitimate end points against
which outcome is measured — salvage of use-
ful vision and survival of the patient.

B. Rarely is a tissue specimen available to assist
with the initial diagnosis and classification of
the intraocular disease.

C. The care of eye disease is so segregated to the
ophthalmologist that the pediatric oncologist
and pathologist without help from the oph-
thalmologist are unable to assess, classify, or
treat the eye tumor.

29

DOI 10.1007/978-3-662-43451-2_3, © Springer-Verlag Berlin Heidelberg 2015


mailto:lmurphree@chla.usc.edu
mailto:gchantada@yahoo.com

30

A.L. Murphree and G.L. Chantada

3.3 Reese-Ellsworth

Classification

As aresult, a single staging system similar to those
for other solid childhood malignancies was never
widely adopted. Instead, in the 1960s Reese and
Ellsworth proposed a presurgical grouping system
(Table 3.1) [3, 4]. These authors developed their
group classification as a way to assist treating oph-
thalmologists in assessing the likelihood of salvag-
ing the eye. This system proved highly useful for
decades. However, in the early 1990s, primary
radiotherapy, the treatment modality on which the
Reese-Ellsworth grouping system was based, was,
in large part, supplanted by systemic chemother-
apy. Reese-Ellsworth no longer reflected current
clinical reality, the essential requirement for a suc-
cessful classification, according to Fleming [1].

The historical absence of a staging system
also reflects the low incidence of extraocular dis-
ease in developed countries. Until relatively
recently, the fact that extraocular disease is still a
clinical issue in developing countries was largely
overlooked in publications about retinoblastoma
from the Northern Hemisphere. An international
perspective on retinoblastoma is presented in
Chap. 5.

First International
Classification
of Retinoblastoma
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In this chapter we present the first international
classification system for retinoblastoma. It con-
sists of both presurgical grouping to help the oph-
thalmologist assess the risk of the disease and its
treatment to the child’s eye[s] and vision and a
staging schema for assessment of the risk the dis-
ease poses to the child’s life and well-being
(Table 3.2). The organization and content of both
the grouping and the staging were developed
with unprecedented international cooperation
among oncologists and ophthalmologists who
treat this disease. The fact that four new coopera-
tive group clinical trials, the first in almost 40
years, have recently opened to assess the man-
agement of retinoblastoma gives some testimony
to the role of reality-based tumor classification

systems (Chap. 21). All of the four new clinical
trials use the international grouping and staging
of retinoblastoma described in this chapter.

3.5 Staging the Patient

3.5.1 Background

Retinoblastoma differs from other pediatric neo-
plasms in never having had a widely accepted
classification system that encompasses the entire
spectrum of the disease. The clinical scenario of
a patient being treated for intraocular disease
where survival is not in significant jeopardy is
completely different from the case with meta-
static disease in which there is a life-threatening
extraocular disease.

The absence of a widely accepted staging sys-
tem in the recent past made it extremely difficult
to design studies or to compare the outcomes
from published studies that evaluated disease
extension, risk factors for metastatic disease,
and/or response to therapy.

3.5.2 Other Staging Systems

There are at least five published reports that
included a staging classification; however, none
has been widely adopted [5-9].

3.5.2.1 St.Jude’s Hospital Staging
and TNM System

Some classifications, like the St. Jude’s and TNM
system, embraced the whole spectrum of retino-
blastoma and included ophthalmologic data, and
the TNM has been recently updated but was sel-
dom used by ophthalmologists for clinical group-
ing who preferred the Reese-Ellsworth group
classification and more recently the international
classification [3, 4, 10].

3.5.2.2 Children’s Cooperative Group
Classification

Other classifications, such as the CCG, consid-

ered only extraocular disease omitting important

pathological features, like choroidal or postlami-

nar optic nerve invasion [7].
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Table 3.1 Reese-Ellsworth classification

Group Subgroup Descriptor Prognosis

Group I Ia Solitary tumor <4 DD at or behind the equator Very favorable
Ib Multiple tumors, none>4 DD, all at or behind the equator

Group II IIa Solitary tumor, 4-10 DD, all at or behind the equator Favorable
IIb Multiple tumors, 4—10 DD, behind the equator

Group III Ia Any lesion anterior to the equator Doubtful
IIIb Solitary tumors larger than 10 DD behind the equator

Group IV IVa Multiple tumors, some larger than 10 DD Unfavorable
IVb Any lesion extending anteriorly to the ora serrata

Group V Va Massive tumors involving over half the retina Very unfavorable
Vb Vitreous seeding

Table 3.2 Clinical and investigational aspects of staging and grouping in the international retinoblastoma classification

Aspect Staging

Focus Patient and tumor
Primary specialist

Relation to tumor excision/
biopsy

Outcome measure Survival of the patient

Information required

Is tumor confined to the eye?
Is there microscopic orbital disease?
Has the tumor grossly invaded regional

structures?

Have metastases occurred?

Number of metastatic foci?

Is there CNS disease?
Sources of information

pathology report
Designator Roman numerals
Subgroups Yes
Used in COG clinical trials Yes

Time from study entry to: Event-free survival (EFS)

Disease recurrence requiring
off-protocol therapy

Loss to follow-up

3.5.2.3 Grabowski-Abramson
Classification

The Grabowski-Abramson classification, later
modified by Abramson, was also used by some
groups [8]. In that classification, patients with CNS
invasion were categorized as Stage III and those
with systemic metastases as Stage IV. The current
clinical experience is that patients with Grabowski-
Abramson Stage III are seldom curable, while
those with Stage IV can often be rescued with high-
dose chemotherapy and bone marrow rescue.

Oncologist and pathologist
Clinical staging (presurgical)
Pathologic staging (postsurgical)

Has one eye been enucleated?

Medical record including all diagnostic
imaging studies and the tumor

Grouping

Eye

Ocular oncologist
Presurgical

Survival of the eye/vision

Results of the grouping EUA

Is there tumor in one or both eyes?

Is the tumor confined to the retina?

Is significant retinal detachment present?

Are vitreous and/or subretinal seeding
present?

Has/have the functional and/or structural
integrity of the eye(s) been destroyed?

Functional vision, ophthalmic
examination, ocular ultrasound (CT rarely
necessary)

Capital letters A-E

No

Yes

Event-free ocular survival (EFOS)

International Retinoblastoma
Classification: Staging
System [11]

3.53

At the International Symposium on Retinoblastoma
held in Paris in May 2003, a committee of retino-
blastoma experts from large centers worldwide
drafted yet another staging system. Investigators
from centers in South America and North America,
Europe, and South Africa edited this draft into a
consensus document. This staging system was
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designed to be used in conjunction with the new
intraocular grouping system that was also under
development at the same time. This staging system
combines clinical and pathologic staging and has a
single end point—survival of the patient with reti-
noblastoma. Patients are classified according to
extent of disease including the presence of micro-
scopic or overt extraocular extension and metastatic
extension (Table 3.3). Roman numerals are used for
stage assignment. This staging system has been
recently validated in a large cohort of patients [12].

3.5.3.1 Stage 0

In order to be consistent with staging systems in
other pediatric solid malignancies, patients in
whom neither eye has been enucleated because
conservative therapy was initially given are
assigned to Stage 0.

3.5.3.2 Stagel

Patients who have had at least one enucleation
with pathologic evidence of complete excision of
the tumor are placed in Stage 1.

3.5.3.3 Stagell
Stage II is used to describe patients whose enucle-
ated eye shows tumor at the cut end of the optic

nerve and residual microscopic tumor remaining
in the orbit.

3.5.3.4 Stagelll

Stage III contains patients with gross clinical evi-
dence of orbital disease or regional lymph node
involvement. This includes extension either
through the sclera or through the optic nerve.

3.5.3.5 Stage IV

Stage IV is reserved for patients with metastatic
disease. The presence or absence of CNS involve-
ment is highly significant in terms of survival.

3.5.4 Possible Future Improvements

This proposal considers histopathology features
found in enucleated eyes (Stages I and II).
However, since evaluation of the invasion of the
ocular coats, such as the extent of choroidal or
scleral invasion, may be interpreted subjectively,
an international effort to standardize these factors
in order to allow for more accurate reproducibil-
ity was agreed among most large cooperative
groups and adopted for clinical trials [13]. The
more intensive use of high-definition magnetic

Table 3.3 Staging system for patients in international retinoblastoma classification

Stage Substage Descriptor Comments
Stage 0 Intraocular No evidence of regional or
tumor only metastatic disease; patient may
not have had an enucleation
Stage 1 Tumor Retinoblastoma may be
completely present in the non-enucleated
removed by eye. High-risk pathology may
enucleation be present within the
enucleated specimen
Stage II Residual orbital Microscopic tumor present in
tumor the optic nerve at the site of
surgical resection (cut end of
nerve)
Stage III (a) Overt orbital extension Overt regional  Orbital or node involvement
(b) Preauricular or cervical lymph node extension disease diagn(')sed f:linically or by
neuroimaging
Stage IV (a) Hematogenous 1. Single lesion Metastatic
metastasis without disease

CNS disease
(b) CNS disease
2. CNS mass

2. Multiple lesions

1. Prechiasmatic lesion

3. Leptomeningeal disease
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resonance imaging for the evaluation of the initial
extent of disease makes it necessary to consider it
for the determination of extraocular disease at
diagnosis [14].

3.6  Grouping the Eye Disease

3.6.1 Background

The arguments supporting the creation of a new
group classification of intraocular retinoblastoma
were published in early 2005 [15]. The effort to
create a new group classification began more
than 10 years before that publication. In 1994,
more than 50 international retinoblastoma spe-
cialists met and discussed the classification issue
for a full day during the World Congress of
Ophthalmology held in Toronto.

In 2003, Murphree presented a draft of his ABC
classification at the International Retinoblastoma
Symposium in Paris. There was input with recom-
mended modifications. Following that meeting,
Brenda Gallie, MD (Toronto, Canada), set up a
website that allowed retinoblastoma centers from
around the world to test the validity of the ABC
classification. Using protocols approved by each
institution’s institutional review board, more than
20 centers on six continents retrospectively grouped
more than 2,000 of their patient’s eyes using the
ABC system. Treatment and outcome data were
recorded. A summary of the data from that effort
was the subject of the Ellsworth Lecture at the 2005
Retinoblastoma Symposium at Whistler, British
Columbia. In that lecture, the author suggested that
future classifications of retinoblastoma no longer
carry an individual’s name, as an expression of
respect to the many contributors. This set the stage
for the combination of grouping and staging into
one International Classification of Retinoblastoma.

International Retinoblastoma
Classification: Grouping
System

3.6.2

Eyes are classified according to the extent of
disease and dissemination of intraocular tumor
(Table 3.4). The grouping is based on the

natural history of this eye disease as well as the
probability of salvaging the eye[s]. Each group
may contain elements of preceding groups but
is defined by the most advanced tumor in the
eye.

The predominating factor that determines the
risk of losing the eye is the extent of intraocular
tumor dissemination. In this group classification,
tumor dissemination into the subretinal fluid and
vitreous space is considered to have equally
adverse effects on the likelihood of salvaging the
eye. The probability of salvage decreases signifi-
cantly when both are present and to the extent of
tumor dissemination. Vitreous dissemination can
be appreciated clinically as vitreous seeding.
Subretinal fluid must be assumed to contain
tumor cells or clumps of cells even when they
cannot be detected clinically. More advanced
subretinal seeding presents as subretinal plaques
Or masses.

Table 3.4 Grouping system for eyes in international reti-
noblastoma classification

Group
Group A

Descriptor

Small® round tumor(s) located away from
the fovea® and disc®

All eyes without tumor dissemination? not in
Group A®

Local® tumor dissemination

Group B

Group C
Group D
Group E

Diffuse? tumor dissemination
Unsalvageable eyes"

*No tumor may be larger than 3 mm in any diameter (base
or height). No vitreous seeding allowed.

*Tumor(s) must be 2 DD (3 mm) or more from the fovea.
“Tumor(s) must be 1 DD (1.5 mm) or more from the optic
disk.

4Tumor dissemination is defined to include both vitreous
seeding and the presence of subretinal fluid even if sub-
retinal seeding is not clinically apparent. A cuff of subreti-
nal fluid extending no more than 5 mm from the base of
the tumor is allowed in Group B. No vitreous seeding of
any extent is allowed.

*Tumors may be of any size, shape, or location. Current or
RPE evidence of previous detachment of 1 quadrant or
less is allowed.

Vitreous or subretinal seeding may extend no more than
3 mm from tumor.

¢Vitreous seeding may be large, diffuse, and/or “greasy.”
Avascular masses of tumor may be present in the vitreous.
Subretinal dissemination may consist of fine seeds, large
avascular plaques on the underside of the detached retina,
or extensive subretinal masses (exophytic disease).

"See Box 3.1 for features that confer Group E status
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3.6.2.1 Group A

If no intraocular tumor dissemination is present
at diagnosis, the eye falls into either Group A or
Group B (Fig. 3.1). The prognosis for both is
excellent. In Group A tumors are still small and
retain their original round configuration. Loss of
central vision from direct tumor destruction or
laser consolidation during treatment is mini-
mized in Group A by restricting the tumor to
locations greater than 2 DD [3 mm] from the
fovea and 1 DD [1.5 mm] from the optic disk.

3.6.2.2 Group B

Group B contains all eyes that have passed
through Group A but have not yet developed vit-
reous seeding or significant subretinal fluid
(Fig. 3.2). The tumors in Group B are still dis-
crete but tend to be larger. As tumors expand,
gain-of-function mutations occur, causing these
masses to assume an irregular or nodular configu-
ration, the pre-seeding phase. Tumors in Group B
need not respect the location restrictions of
Group A. Almost all reasonable size tumors are
associated with a cuff of subretinal fluid. Group
B eyes are allowed to have such a cuff of subreti-
nal fluid that at no point extends further than
5 mm from the base of the tumor.

Fig.3.1 Group A retinoblastoma. Small round tumor(s)
located away from the fovea and disk. No tumor may be
larger than 3 mm in any diameter (base or height).
Tumor(s) must be 2 DD (3 mm) or more from the fovea
and must be 1 DD (1.5 mm) or more from the optic disk.
No vitreous seeding allowed (Reproduced with permis-
sion from Murphree [15])

3.6.2.3 Group C

Group C eyes have passed through the natural his-
tory of the disease represented by Groups A and B
(Fig. 3.3). In the next phase of tumor progression,
focal vitreous or subretinal seeding begins.
Presumably, one or more clones of tumor cells on

Fig.3.2 Group B retinoblastoma. All eyes without tumor
dissemination not in Group A. Cuff of subretinal fluid
extending no more than 5 mm from the base of the tumor
is allowed. Tumors may be of any size, shape, or location,
but vitreous seeding of any extent is not allowed
(Reproduced with permission from Murphree [15])

Fig. 3.3 Group C retinoblastoma. Local tumor dissemi-
nation. Vitreous or subretinal seeding may extend no more
than 3 mm from the tumor. Current or RPE evidence of
previous detachment of 1 quadrant or less is allowed. Note
the “nipple” that is likely the source of the vitreous seed-
ing (Reproduced with permission from Murphree [15])
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the surface of the tumor, usually in one of the
nodular prominences, achieve anchorage indepen-
dence. Anchorage independence mutations confer
the ability of tumor cells to survive without being
anchored to the main tumor mass. Early seeds are
fine and localized, not having had sufficient time
to expand in volume by adjusting to the new, rela-
tively more hypoxic microenvironment of the vit-
reous or subretinal fluid. Group C includes eyes
with evidence of very early dissemination that is
located near the originating site. Subretinal fluid of
less than 1 quadrant is allowed in Group C.

3.6.2.4 Group D

Group D eyes display greater dissemination of
intraocular tumor than allowed in Group C
(Fig. 3.4). Subretinal fluid involves more than one
quadrant of the retina. Total retinal detachment
may be present. Subretinal masses, or exophytic
disease, may be present, but the subretinal tumor
may also appear as fine white dots or thin geo-
graphic avascular plaques on the underside of the
detached retina. The vitreous seeding is no longer
confined to the vicinity of the tumor. It may be
massive and/or diffuse. Avascular tumor masses
likely represent a further stage of progression of

Fig. 3.4 Group D retinoblastoma. Diffuse tumor dissemi-
nation. Vitreous seeding may be large diffuse and/or
“greasy.” Avascular masses of tumor may be present in the
vitreous. Subretinal dissemination may consist of fine seeds,
large avascular plaques on the underside of the detached
retina, or extensive subretinal masses (exophytic disease)
(Reproduced with permission from Murphree [15])

Fig. 3.5 Group E retinoblastoma. Unsalvagable eyes
include those displaying any one or more of the following
features: neovascular glaucoma, massive intraocular hem-
orrhage, blood-stained cornea, massive tumor necrosis
associated with aseptic orbital cellulites, phthisis or pre-
phthisis, anterior segment tumor, tumor touching the lens,
and diffuse infiltrating retinoblastoma (Reproduced with
permission from Murphree [15])

malignancy in which mutations have conferred
upon tumor cells the ability to be independent of a
blood supply.

3.6.2.5 Group E

Group E eyes include any or all of the tumor fea-
tures present in the earlier groups (Fig. 3.5).
These eyes are distinguished by showing certain
ominous features or effects of the intraocular
tumor that have significantly and irreversibly
compromised the physical and/or structural
integrity of the eye (Box 3.1). Inconsistencies in
definition of Group E need to be addressed for
uniform and accurate comparison of published
studies [16].

3.6.3 Possible Future Improvements

3.6.3.1 Improved Prediction of Vision
Salvage Probability
in Each Group
In developing the grouping described here as part
of the new International Classification of
Retinoblastoma, a major overriding consideration
was that it be kept simple by avoiding subgrouping.
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In addition, there were no data supporting the value
or rationale of subgrouping. Except for Group A,
the likelihood of salvaging vision in each group is
not addressed. Any attempt to include those modi-
fiers would have complicated the grouping
immensely. Currently there is a pilot effort under-
way to determine if a simple subgroup overlay
might be an effective tool to predict vision salvage.
Similar to the location restrictions imposed for
Group A, the vision salvage predictor tool could
help assist in initial treatment decisions such as
whether or not attempts at salvage with the known
side effects are appropriate in the case of a unilat-
eral Group C eye.

Box 3.1. Clinical Feature That Confer Group
E Status

Neovascular glaucoma
Massive intraocular hemorrhage
Blood-stained cornea

Massive tumor necrosis associated with aseptic
orbital cellulitis

Phthisis or pre-phthisis

Tumor anterior to anterior vitreous face
Anterior segment tumor

Tumor touching the lens

Diffuse infiltrating retinoblastoma

3.6.3.2 Allowing Intraocular Grouping
to Change in Case of Disease
Progression

Currently there is no provision in the grouping
schema for the group assignment of an eye to
change. However, consideration is being given to
a concept referred to as event-free ocular survival
[EFOS]. Such a term would be analogous to the
term “‘event-free survival” [EFS] commonly used
in clinical trials to define the time from study
entry until an “event” such as disease progres-
sion, tumor relapse, second malignancy, death, or
last contact occurs. Event-free ocular survival
[EFOS] could define the time from study entry
until an ocular “event” such as disease progres-
sion that cannot be controlled by local consolida-
tion or last visit occurs. Once an EFOS has
occurred, a revised group assignment to reflect
the current status of the ocular disease might be
considered. Further study is required.

3.7 Clinical Application
of International

Retinoblastoma Classification

Since staging the patient with retinoblastoma is a
relatively new concept to ophthalmologists treating
retinoblastoma, we suggest one simple approach

Table 3.5 Application of the international retinoblastoma classification

International classification

Clinical scenario Staging Grouping Comments

Previously untreated; no clinical or Stage 0 Right eye Group D Stage 0 conveys that neither eye has

imaging evidence of extraocular Left eye Group E been enucleated. After enucleation,

disease; no family history RE Group D, this patient’s disease will be Stage I if

LE Group E there is no microscopic residual tumor.
High-risk pathology would not make
this Stage II

Left eye previously enucleated; Stage I1 Right eye This patient has Stage II retinoblastoma

unilateral sporadic, Group E, left eye; Left eye Group E because there is proven microscopic

tumor at cut end of nerve but no imaging (enucleated) residual disease in the orbit (tumor

evidence of tumor mass in the orbit extended beyond the surgical margin)

Metastatic Rb to bones, bone marrow Stage IVa  Right eye Group D

but no CNS involvement; Unilateral Left eye

sporadic, Group D right eye enucleated

Bilateral sporadic retinoblastoma, right  Stage I Right eye Group C  This patient has Stage I

eye Group C, left eye Group E,
enucleated; received adjuvant
chemotherapy for tumor posterior to
lamina cribosa but not to cut end

Left eye Group E
(enucleated)

retinoblastoma. Following enucleation,
the pathologic finding of high-risk
pathology does not imply residual
microscopic orbital tumor
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that we have found it simple to couple staging and
grouping in all cases in Los Angeles and Buenos
Aires (Table 3.5).

3.8 Summary

This chapter presents the new staging and group-
ing schema for the International Classification of
Retinoblastoma. The common use of both stag-
ing and grouping in all patients will give pediatric
oncologists and ophthalmologists who treat reti-
noblastoma a powerful new tool to generate a
road map for initial therapy [15]. It will provide
clinicians with an assessment of the likely prog-
nosis for salvage of the child and his or her eye[s]
before treatment begins. It will allow prediction
of treatment morbidity. The international retino-
blastoma classification also creates the environ-
ment for successful clinical trials, four of which
are already underway. Finally and perhaps most
importantly, it will allow medical professionals,
government officials, and parents from any coun-
try to focus on minimizing the loss of life and
vision from retinoblastoma.
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Familial 10 % Sporadic heritable 30 % Sporadic nonheritable 60 %
e O ® O
Index child Q Q O
Offspring

Fig.4.1 Three genetic forms of retinoblastoma. The vast
majority of familial and sporadic heritable retinoblastomas
are bilateral. However, 10—15 % are unilateral. Arrow indi-
cates the index child or proband, with the indicated form of
retinoblastoma. Males are indicated as squares and females

4.1.1 Familial Retinoblastoma

Ten percent of children with retinoblastoma
inherit a RB1 gene mutation from a parent. In
this circumstance, the condition is referred to as
familial retinoblastoma. Every cell in the body
of these children contains a RB1 gene mutation,
the “first hit.” [6] The mutation to the other copy
of the RB1 gene, the “second hit,” occurs in a
retinal cell sometime after conception. The
inherited gene mutation is highly penetrant and
nearly all, about 95 %, of such children develop
retinoblastoma.

4.1.2 Sporadic Heritable
Retinoblastoma

Another 30 % of children with retinoblastoma
also harbor a RB1 mutation in all of their cells
and are at the same risk for developing retino-
blastoma as children who inherit a mutation.
However, these children do not have a parent
with the mutation. Rather, their RB1 mutation
occurred as a new germ line mutation. Although
these children did not inherit the gene from an
affected parent, they will be able to pass the
mutation onto their children. This is called spo-
radic heritable retinoblastoma.

as circles. A horizontal line connects the mother and father
and a vertical line connects parents and offspring. The sex
of the affected individuals is shown, although it is not rel-
evant. Changing the sex of each affected individual would
not change the accuracy of this figure

4.1.3 Nonheritable Retinoblastoma

The remaining 60 % of retinoblastoma patients
have nonheritable disease. Their retinoblastoma
develops as the result of two somatic RB1 muta-
tions that occur in a single cell sometime after
conception.

4.2 Incidence Rates

4.2.1 Unilateral and Bilateral
Retinoblastoma

The vast majority of children with familial or
sporadic heritable retinoblastoma develop bilat-
eral disease but 1015 % have unilateral disease
[7]. All nonheritable retinoblastomas are unilat-
eral. Incidence rates would be most informative
if they were available for the three subtypes of
retinoblastoma. However, incidence rates are
generally available only for retinoblastoma
overall with rates by laterality available only for
selected countries. As explained above, bilateral
retinoblastoma includes most instances of
familial and sporadic heritable disease, while
the vast majority of unilateral disease is nonher-
itable retinoblastoma. Therefore, bilateral rates
can be interpreted as reflecting the incidence of
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heritable retinoblastoma familial and sporadic
heritable combined and unilateral rates as
reflecting nonheritable disease. In the only
report of international variation in incidence by
laterality, the incidence of unilateral disease was
observed to vary markedly, much more so than
bilateral disease [8].

4.2.2 Expression of Incidence Rates

Because 95 % of cases are diagnosed under the
age of 5 years, incidence rates are better expressed
as “per million children 0—4 years of age” than as
“per million children 0-14 years of age,” as is
common for other childhood cancers. In the
graphs and discussion that follow, we present
rates for children ages 0—4 years of age whenever
the data are available.

4.3  GeographicVariation

in Incidence

Variation in incidence among countries, regions,
and ethnic groups or over time can provide clues
to etiology. Environmental (defined here as non-
genetic) factors are implicated in cancers that
show great variation in incidence.

The rates of retinoblastoma vary about 50-fold
across the continents [9], a degree of variabil-
ity higher than that for several adult cancers,
namely, stomach, colon, cervical and pancreatic
cancer, and lower than that for lung and esopha-
geal cancer, among others. Incidence in North
America and in much of Europe is relatively
uniform, somewhat higher in Central and South
America, and varies more widely in Asia and
Africa [9]. Overall, the rates are higher in less
industrialized countries than in more industrial-
ized countries. In addition, there are enormous
variations within some countries. The data sug-
gest variation by economic development, with
higher rates in poorer regions of countries such as
Brazil and Mexico [10]. Clearly the differences
in the incidence rates of retinoblastoma between
regions of higher and lower incidences may be
due to other factors such as ethnic origin, genetic

susceptibilities, and cultural and behavioral prac-
tices. A closer examination of the differences in
incidence may identify specific risk factors for
development of retinoblastoma.

4.3.1 North America

The incidence of retinoblastoma in the United
States has not changed significantly from 1975 to
1995 [11]. The rates by race/ethnicity and region
generally range from 10 to 14 per million children
ages 0—4 per year (Fig. 4.2). Incidence rates were
generally higher for African-Americans than for
their white neighbors [9]. For African-Americans
in Los Angeles, the incidence was lower and for
native Hawaiians, incidence was higher, but these
rates are based on small numbers of affected chil-
dren and therefore are imprecise [9].

4.3.2 Europe

Within Europe, there is some variability in inci-
dence (data not shown). Most countries have inci-
dences in the range of 6—12 per million per year in
children ages 0—4. However, there are a few nota-
ble exceptions. Bulgaria has a very low incidence
(3.4 per million per year), while the province of
Valencia in Spain (but not other regions in Spain)
has the highest incidence for all of Europe, fol-
lowed by Norway, Denmark, and Scotland (but
not England and Wales) [9]. Although many of
the registries have small numbers of cases, these
differences within Europe are intriguing and do
not appear to follow an easily discernible pattern.

4.3.3 Central and South America

Population-based registries do not exist for all coun-
tries in Central and South America, and for some
countries, rates are only available within select cities
(Fig. 4.3). However, even with these limitations,
there appear to be two groups in Central and South
America, those regions with incidence under 9.5 per
million per year in children ages 0—4 and those with
an incidence greater than 15 per million per year [9].
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Fig.4.2 Incidence of retinoblastoma in the North America in children ages 0—4 years (Data derived from Parkin et al. [9])
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Parkin et al. [9])

4.3.4 Asia Notably, Chinese living in China have the second
lowest incidence in the region.

Incidence also varies greatly in Asia (Fig. 4.4)

[9]. The highest rate is found in Madras, India,

while rates in the rest of India are much lower. 4.3.5 Africa

The lowest incidence in Asia is found among

Malays in Singapore, while Chinese in Singapore  In Africa, where there are few population-based
have the third highest rates in the continent. registries, incidence is also quite variable (Fig. 4.5)
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Fig.4.5 Incidence of Africa
retinoblastoma in Africa in 45

children ages 0—4 years (Data SRS
derived from Parkin et al. [9]) 40
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Malawi, Mali, Namibia Nigeria, Uganda, Zimbabwe,
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[9]. Incidence in sub-Saharan Africa is much there is wide variability with the highest rates in
higher than in Northern Africa. In the Middle East West Africa and generally lower rates in the cen-
(including Israel) and North Africa, incidence is tral and southern regions of the continent. It is
low and fairly uniform, ranging from 1.4 to 5.2 per noteworthy that the highest rate worldwide is in
million per year in children ages 0—4. However, Bamako, Mali, one of the least economically
even within the higher rates of sub-Saharan Africa, developed urban centers in Africa.
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Fig.4.6 Incidence of
retinoblastoma in Oceania
in children ages 0—4 years
(Data derived from Parkin
et al. [9])

20

18

16

14

12
10.3

10

Annual rates per million children 0-4 yrs

Oceania

18.6
17.8

Australia

4.3.6 Oceania

The incidence in Australia is similar to United
States and Canada (Fig. 4.6) [9]. The incidence in
New Zealand, although higher than that in Australia,
is similar in Maori and non Maori populations.

4.4 Incidence by Sex

Males and females in most countries of the world
have similar incidence rates (Figs. 4.7 and 4.8).
Interestingly, in almost every Central and South
American country, girls have an elevated incidence
when compared to their male counterparts [9].

Environmental
and Behavioral Risk Factors

4.5

To summarize the extent of variation, it is useful
to consider the areas with the highest incidence
worldwide [9]. The highest incidence of retino-
blastoma is noted in Mali (Bamako), followed by
(in descending order) Uganda (Kampala),

New Zealand
(Non-Maori)

New Zealand
(Maori)

Zimbabwe (African ancestry), Hawaii (native
Hawaiians), India (Madras), Vietnam (Hanoi), the
Chinese population of Singapore, New Zealand
(essentially equal rates among non-Maoris and
Maoris), Spain (Valencia), the Philippines,
Colombia (Cali), Ecuador (Quito), Nigeria
(Ibadan), Costa Rica, Peru (Lima), Norway,
Brazil (Belem), and Denmark (Table 4.1). All of
these populations have annual incidences above
15 cases per million children ages 0—4 years.
Some global differences are particularly intrigu-
ing or paradoxical, given expected similarities in
ethnicity and presumed shared environmental
exposures: for example, Australia and New
Zealand have very different rates which cannot be
explained by ethnic differences (Fig. 4.6); one
province in Spain has rates much higher than the
rest of Europe, higher even than Spain’s former
colonies (i.e., the Philippines, Latin America),
many of whom also have high rates; some
Scandinavian countries (but not Sweden) have
rates equivalent to those of Northern Brazil
(where a large proportion of the population is of
African not European ancestry); and the Chinese
in Singapore have a much higher rate than Malays
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Table 4.1 Regions
retinoblastoma

with the high incidence of

Country (Registry/Ethnicity) Incidence®
Mali (Bamako) 42.5
Uganda (Kampala) 24.0
Zimbabwe (African ancestry) 23.3
Hawaii (native Hawaiians) 22.5
India (Madras) 19.6
Vietnam (Hanoi) 18.9
Singapore (Chinese) 18.8
New Zealand (non-Maoris) 18.6
New Zealand (Maoris) 17.8
Spain (Valencia) 17.8
Philippines 17.4
Colombia (Cali) 17.1
Ecuador (Quito) 16.6
Nigeria (Ibadan) 16.1
Costa Rica 15.7
Peru (Lima) 15.5
Norway 15.4
Brazil (Belem) 154
Denmark 15.3

2Annual incidence per million children ages 0—4 years

in Singapore or Chinese in China or Hong Kong.
There is no clear pattern, but there is a suggestion
that environmental factors may play a role, though
genetic susceptibility to particular environmental
and behavioral risk factors may explain some of
the differences.

4.6 Etiological Factors
for Sporadic Heritable

Retinoblastoma

Sporadic heritable retinoblastoma results from a
new germ line mutation that is of paternal origin in
over 90 % of patients [12, 13]. By virtue of being
a new germ line mutation, the mutation occurs
before the child’s conception. Based on these two
facts, it seems logical that the search for genetic
and nongenetic risk factors for sporadic heritable
retinoblastoma should focus on the father’s genes
and his exposures before the child’s conception
[14]. However, associations with mother’s expo-
sures have been observed as well. Although these
associations may turn out not to be real, our under-
standing of retinoblastoma genetics and etiology is
still evolving and we should not dismiss the

possibility of effects of maternal exposure. It
would be reasonable to hypothesize preconception
exposure to mutagens, variants of metabolizing
genes that prolong the duration or increase the
level of a mutagen in the body and variants of
DNA repair genes that result in less efficient repair
of DNA damage as possible risk factors.

Only a few epidemiologic studies have inves-
tigated possible risk factors for new germ line
mutation. Moreover, such studies have been lim-
ited in scope, mostly focusing on paternal age.
The cohort studies of children of cancer survivors
and of atomic bomb survivors have limited power
to detect anything but large effects.

4.6.1 Advanced Paternal Age
A number of studies have examined paternal age
in relation to sporadic heritable retinoblastoma
with a wide range of results [15-18]. In the larg-
est, most methodologically sound studies, the
observed paternal age difference between those
with retinoblastoma and the general population
was about 1 year. This is much smaller than the
difference of 4-10 years observed in achondro-
plasia [19, 20] and 2-5 years observed for Apert
syndrome [21, 22], genetic conditions for which a
paternal age effect is well established. Increased
risk with greater paternal age has been explained
by the fact that the stem cells that give rise to
sperm are continuously dividing. Thus, the stem
cells of an older man are more likely than those of
a younger man to have sustained a mutation aris-
ing from an error during DNA replication [23].
The number of cell divisions between stem cell
and mature sperm is estimated to be 197 at age 20,
427 at age 30, and 772 at age 45 [24]. While the
explanation about the increasing number of cell
divisions at older ages might be expected to apply
to all conditions due to a new germ line mutation,
a paternal age effect is observed, for reasons
unknown, only in some of these conditions.
Overall, the evidence for a paternal age effect on
sporadic heritable retinoblastoma is not convinc-
ing. Data on other possible risk factors are limited.
A recent study observed an association with pater-
nal diagnostic x-ray exposure prior to the child’s
conception and observed an association with



4 Retinoblastoma: Epidemiologic Aspects

47

maternal exposure as well; both showed increasing
risk with increasing dose [25]. The association with
paternal x-ray exposure replicated a statistically
nonsignificant finding from an earlier, small study
[26]. In the recent study, aspects of maternal and
paternal diet and supplement use before the child’s
conception were also associated with risk [27, 28].
High cured meat intake of fathers appeared to
increase risk while high intake of dairy products
and associated nutrients appeared protective, as did
calcium supplements. Maternal use of multivita-
mins close to the child’s conception also appeared
protective. Several findings about father’s occupa-
tional exposures have been reported; employment
in the metal manufacturing industry [29], exposure
to welding fumes [29], and exposure to pesticides
were associated with risk [30]. All but one of the
associations mentioned above have been observed
only once, indicating that we will not know whether
these exposures are truly risk factors until much
more research has been done.

4.6.2 Germ Line Mutagens
in Animals

It is well established that exposure to some sub-
stances increases the frequency of germ line
mutations in animals. Toxicologists have devel-
oped methods for testing effects on germ line
mutation, although only a small number of chem-
icals have been tested compared to the number
tested for carcinogenicity. Agents that induce
mutation in male germ cells include radiation and
commonly used chemotherapeutic agents such as
cyclophosphamide [14].

4.6.3 Cancer Survivors

Cancer survivors have been studied as they are
often treated with radiation and/or mutagenic
drugs. Altogether, perhaps 4,000-5,000 offspring
of cancer survivors have been studied, and no
strong evidence of higher incidence of conditions
thought to be the result of germ line mutations
has been observed [31-33]. However, the strength
of the negative data is less than it first appears.
Since most new germ line mutations appear to

occur on the father’s gene, we would expect any
effect to be much stronger in the children of male
rather than female survivors. Therefore, studies
should focus on males or at least analyze off-
spring of males and females separately. In addi-
tion, many of the cancer survivors studied may
not have received highly mutagenic therapy such
as radiation exposure to the gonads. Therefore,
the number of male survivors with exposure to
possible germ line mutagens that have been stud-
ied is perhaps too small to observe an effect.

4.6.4 Studies of Atomic Bomb
Survivors

The survivors of the atomic bombings in Japan
have also been studied for evidence of new germ
line mutation. This cohort experienced very high
exposure to a known germ line mutagen, ionizing
radiation. The study of thousands of pregnancies of
exposed individuals has not found an increased
risk of a variety of outcomes possibly related to
germ line mutation [34]. Many scientists believe
that since the extraordinary exposure of the atomic
bombs did not result in a detectable effect on the
children born to survivors, no ordinary exposure is
likely to induce an increase in new germ line muta-
tion. However, despite the large size of the cohort,
its statistical power to detect an increase in the few
conditions known to be caused by new germ line
mutation is low. For example, sporadic heritable
retinoblastoma occurs in about 1 in 60,000 births.
In addition, congenital anomalies and genetic con-
ditions were not studied in those conceived in the
first 18 months after the bombings and an early
excess in those conditions would have been missed.
Thus, the evidence from the atomic bomb survi-
vors does not entirely rule out an effect of radiation
on new germ line mutations, such as those result-
ing in sporadic heritable retinoblastoma.

4,7 Etiological Factors for

Nonheritable Retinoblastoma

Nonbheritable retinoblastoma occurs as a result of
somatic mutation. The child does not have a germ
line RB1 mutation; rather, both copies of the RB1



48

G.R. Bunin and M. Orjuela

gene are inactivated in a single developing retinal
cell. As the mutations are somatic, they must occur
after the child’s conception, either during gestation
or early postnatal life. Therefore, the search for
risk factors should focus on exposures of the
mother that would affect the child in utero and the
child after birth. The data on such possible risk
factors for nonheritable retinoblastoma are very
limited. Most of the findings have not yet been
replicated and cannot be considered conclusive.
Rather, the studies provide clues to be pursued by
replication and extension of the original findings.

4.7.1 Environmental Exposure
Mother’s use of insect or garden sprays during
pregnancy, diagnostic x-ray with direct fetal
exposure, and father’s employment as a welder,
machinist, or related metal worker have been
associated with increased risk of nonheritable
retinoblastoma [26, 29, 35].

4.7.2 Maternal Diet and/or Vitamin
Intake During Pregnancy

The limited evidence suggests a role for diet
and/or use of multivitamin supplements during
pregnancy. In a case—control study in central
Mexico, lower intake of vegetables and fruits
during pregnancy was associated with increased
risk of retinoblastoma in the child [36]. Another
study found that multivitamin use in the first tri-
mester appeared to decrease the risk of (nonher-
itable) retinoblastoma in the child. These findings
suggest that gestational intake of one or more
nutrients may influence risk. Folate and lutein/
zeaxanthine have been suggested as possibly pro-
tective as they are necessary for DNA methyla-
tion, synthesis, and/or retinal function [36].

4.7.3 InVitro Fertilization (IVF)

A study in the Netherlands estimated that children
born after in vitro fertilization (IVF) had a five- to
sevenfold increased risk of retinoblastoma [37];

however, results were not reported by form of reti-
noblastoma. In a population-based study extend-
ing the period of observation from the initial study
by Moll et al., the incidence of retinoblastoma
was not increased suggesting possible variations
in effect with changing techniques in assisted
reproduction [38]. Studies done in birth cohorts of
children born after IVF in the UK, Denmark,
France, and Australia observed no increase in
incidence of retinoblastoma [39-42].

4.7.4 Maternal Infection
with Human Papillomavirus

Some viral proteins bind to and inactivate the reti-
noblastoma protein that is coded for by RB1, and
thus, it is hypothesized that these viruses may
contribute to the development of retinoblastoma.
One such viral protein is the human papillomavi-
rus (HPV) protein, E7. In support of the viral
hypothesis, DNA sequences from oncogenic HPV
subtypes were detected in approximately one-
third of retinoblastoma tumors studied in central
Mexico [43]. In southern Brazil and northern
Mexico, oncogenic HPV sequences were seen in
similar proportions of retinoblastoma tumors [44,
45]. The oncogenic HPV subtypes found, 16, 18,
31, 33, 35, and 51, are causally associated with
cervical cancer. Detection of HPV sequences in
Central and South American tumor samples is
particularly intriguing given the finding that the
use of barrier methods of contraception around
the time of conception was associated with lower
risk of having a child with retinoblastoma [26].

4.8 Summary

Although the molecular etiology of retinoblas-
toma is well understood, our knowledge of the
role of the parents’ and child’s exposures is very
limited. The international variation in incidence
suggests that nongenetic risk factors for the devel-
opment of retinoblastoma may exist. The findings
of the few studies that have investigated possible
risk factors provide clues for further research.
Based on our molecular understanding of the
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disease, we can identify the critical time period
(before vs. after conception) and the family mem-
ber in which the critical event occurred (father vs.
mother or child) for sporadic heritable and non-
heritable retinoblastoma. Epidemiological studies
should be designed that recognize distinction
between the three forms of retinoblastoma and
investigate events that surround the critical time
period in the individuals at risk. Such studies will
improve our knowledge of possible risk factors
and could lead to prevention of retinoblastoma.
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5.1 Introduction

Retinoblastoma represents a challenge in devel-
oping countries. While more than 90 % of
affected children survive in affluent societies,
fewer children living in developing nations out-
live this disease [1]. In this chapter, we review
some aspects of retinoblastoma regarding the
incidence, delayed diagnosis, and challenges of
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Box 5.1. Special Aspects of Retinoblastoma
in Developing Countries

Incidence may be higher

Advanced intraocular disease at presentation
Extraocular disease at presentation

Delayed diagnosis

Existence of several barriers to optimal delivery
of care

Poor survival rate

International collaborative efforts are necessary
to improve the survival

5.2 Incidence

In a previous chapter, Bunin and Orjuela introduced
evidence that the incidence of nonheritable retino-
blastoma may be higher in some developing coun-
tries, especially among the poorer populations.
Increased incidence of retinoblastoma has been
reported in tropical Brazil, south Mexico, indige-
nous populations in Alaska, and some African coun-
tries [2-4]. As reliable data on cancer incidence in
many developing countries are usually lacking, these
findings should be confirmed in larger, properly
designed, population-based studies.

There is no sound explanation for this reported
increased incidence. These authors suggest that vari-
ation in the incidence may be due to environmental
factors. Studies trying to link the human papilloma-
virus (HPV) to the pathogenesis of retinoblastoma
led to controversial results [5-7]. In Mexico, low
intake of fruit and vegetables during pregnancy also
correlates with a higher risk of having a child with
sporadic nonheritable retinoblastoma [6].

5.3 Clinical Features

5.3.1 Presenting Signs
of Retinoblastoma
in Developing Countries

Presenting signs of retinoblastoma vary depend-
ing where in the world the affected child lives
(Fig. 5.1). Strabismus, a presenting sign in 20 %
of children in the United States, is not recognized
as a presenting sign in Central Africa [8].

Proptosis due to orbital extension of
retinoblastoma, which is rarely a presenting sign
of retinoblastoma in the United States [9], is one
of the commonest presenting signs in lower-
income countries [10, 11].

In middle-income countries, leukocoria is the
most common presenting sign [12, 13]. In that
setting, overt extraocular disease is relatively
uncommon, but patients still present with
advanced intraocular disease as evidenced by
choroidal or optic nerve invasion.

5.3.2 Extraocular Retinoblastoma
at Presentation

There is evidence that retinoblastoma presents
more frequently with massive extraocular dis-
semination in developing countries (Fig. 5.2). It
is important to recognize that these children usu-
ally present with severe malnutrition leading to
cachexia and severe orbital pain in extreme cases,
so treatment should include prompt supportive
care. Delayed diagnosis is implicated as a major
factor leading to extraocular dissemination and
subsequent metastasis.

5.4 Delayed Diagnosis

Delayed diagnosis is a complex phenomenon in
which patient and physician-related factors and
socioeconomic factors play a role.

5.4.1 Patient-Related Factors
Patient-related factors include symptoms of reti-
noblastoma in young children who are unable to
express visual disturbances together with the lack
of awareness of the general population that ocular
abnormalities such as strabismus and leukocoria
may be signs of cancer.

5.4.2 Physician-Related Factors

Invariably, parents or other family members are
the first to notice the visual abnormality.
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Fig.5.2 Patient with bilateral retinoblastoma and overt extraocular extension OS (a) which is confirmed by computed
tomography (b)

Pediatricians are frequently the first physicians to
evaluate the affected child. It is rare for the pedia-
trician to detect leukocoria because of limited
ophthalmic examination with undilated pupil in
routine examinations. Therefore, they rarely rec-
ognize the significance of the parents’ complaints.

As a result, many patients are not diagnosed or
referred to an ophthalmologist on the first visit to
the pediatrician. In a large cohort from Mexico,
the majority of first contact physicians lacked
basic information about retinoblastoma [14]
(Fig. 5.3). All these factors add critical weeks or
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5.5 Survival
5.5.1 Survival with Retinoblastoma
Is Lower in the Developing
Countries
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Fig.5.3 Action taken by the pediatrician or ophthalmol-
ogist after the first consultation of a patient with retino-
blastoma in Mexico

No diagnosis, referred
to specialist

months to the delay in diagnosis of retinoblas-
toma (Fig. 5.4).

In Africa, most children present to the clinics
and the nurses are the first to examine the child. If
there is suspicion of abnormal examination or
nonresponse to initial treatment, the child is
referred then to the general doctor.

Physician’s delay in the recognition of the
symptoms was found to be the main reason in
failing to recognize retinoblastoma, which had
the longest delay to diagnosis — 5 months in a
study in South Africa [15].

5.4.3 Socioeconomic Factors

Socioeconomic factors such as parental education,
lack of health insurance, living in villages remote
from large cities and human development indexes
are significant risk factors for systemic dissemina-
tion of disease and ultimately survival [1]. Patient-
related factors are not always associated with the
low level of education of the parents or the socio-
economic conditions [15].

Survival rates lower than 50 % have been reported
in lower-income countries [1]. Since more than
80 % of the world’s children live in developing
countries, globally, there may be more children
dying of retinoblastoma than surviving. In
middle-income countries, significant advances
have been made in the past decades, and survival
rates greater than 80 % are obtained in many
countries.

5.5.2 Steps to Improve Survival

An improvement in the survival of patients with
retinoblastoma in developing countries should not
depend only on better treatment for extraocular
disease. Rather, early detection and diagnosis with
consequent reduction in systemic dissemination is
expected to improve overall survival rate. A coor-
dinated multistep approach involving public
awareness, professional education, screening, but
ultimately socioeconomic development is neces-
sary. To be effective, resources must also aim to
decrease the probability of treatment refusal.

5.5.2.1 Public Awareness Programs

In order to address this public health problem,
some developing countries have embarked on
public awareness programs about the signs and
symptoms associated with retinoblastoma. One
of the earliest and most important programs of
this kind was developed in Brazil. To increase
awareness of leukocoria as a presenting sign,
the program targeted the general population
through TV advertising and billboards. Other
groups in Central America distributed pam-
phlets with information at vaccination centers
and pediatricians’ offices [16]. The impact of
these programs in the outcome of retinoblastoma
is difficult to estimate. Awareness campaigns
should target populations where the problem is
mortality because of metastatic retinoblastoma
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Fig.5.4 Schematic representation of the diagnostic pathway of children with retinoblastoma in Mexico according to

the disease extension

at presentation. Their role for the detection of
early intraocular disease is unknown.

5.5.2.2 Professional Education
Programs

An educational program to increase awareness of
retinoblastoma among primary care physicians,
especially those working in rural areas, has been
established in some countries. In addition more
detailed information about retinoblastoma has
been inserted into the medical school curriculum.

5.5.2.3 Screening for Retinoblastoma
Retinoblastoma may be an ideal candidate for
screening (Box 5.2). Since children with a family
history for retinoblastoma have been screened for
many years by dilated examination under anes-
thesia, the natural history of the intraocular dis-
ease is well known; however, in middle-income
countries, most children with a family history of
retinoblastoma are not screened [17].
Additionally, retinoblastoma presents in a narrow
age range, constituting a well-defined target pop-
ulation to be screened. Because retinoblastoma
occurs at an age when routine visits to the pedia-
trician are more common, these practitioners
should probably be involved in the screening.
However, the perfect test for screening and a
proper program are still to be developed.

Box 5.2. Screening for Retinoblastoma
Retinoblastoma may be an ideal candidate for
screening

Natural history of the intraocular disease is well
known

Presentation in a narrow age range, constituting
a well-defined target population

Retinoblastoma occurs at an age when routine
visits to the pediatrician are more common

Programs that involve pediatricians in the
screening should be developed

Relationship between early diagnosis and
enhanced prognosis for eye salvage and patient
survival

Minimizing Treatment Refusal

Families refuse or withdraw treatment in as many
as 30 % of children diagnosed with intraocular
retinoblastoma in many parts of the developing
world [18]. Refusal of enucleation as the major
cause of treatment withdrawal attests to many
cultural and religious barriers to effective treat-
ment of retinoblastoma that exist among indige-
nous populations in the developing world.
Socioeconomic factors also play a large role,
especially in health systems where medical care
is not free of charge for the families [19].
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Because families frequently must travel long dis-
tances to receive medical care for retinoblastoma,
many choose, following diagnosis and treatment
recommendations, to return home where the
child dies. The lack of financial resources to sup-
port the family during a stay in the referral center
as would be required for an extended course of
chemoreduction is a common cause of treatment
refusal. Also, there are other family members at
home who must be cared for. Therefore, treat-
ment programs must take all of these factors into
consideration.

Measures to reduce treatment withdrawal and
early detection of familial cases are probably the
most cost-effective measures that can be taken in
many developing countries where treatment pro-
grams are well established.

5.5.3 Socioeconomic Development

Socioeconomic development leading to the
increased availability of high-quality health care
may be the only sustainable way to reduce late
diagnosis and ultimately the death rate from
retinoblastoma.

5.6 Treatment Challenges

in Developing Countries

Because extraocular retinoblastoma is a rare
event in developed countries, therefore, there are
only limited data on treatment. Only a few pro-
spective trials on the treatment of systemic reti-
noblastoma from developed countries have been
reported, but in the past years, cooperative groups
in developing countries have been created [20,
21]. Treatment of retinoblastoma in developing
countries poses many challenges to the treating
physicians.

5.6.1 The Challenge of Conservative

Therapy

Conservative therapy is seldom an option in uni-
lateral disease in most developing countries, and
these patients are usually treated by enucleation

of the affected eye, followed by adjuvant therapy
if pathology risk factors are present. However, in
middle-income countries, systemic chemoreduc-
tion followed by local consolidation for conser-
vative therapy of bilateral disease has been
implemented with success [22, 23]. It is possible
that this treatment allowed for an increased eye
preservation rate; however, external beam radio-
therapy is still needed in most cases with
advanced intraocular disease. However, the use
of expensive equipment, frequent visits to the
hospital, and the need for strict follow-up are
some of the factors that limit use of such treat-
ments in the developing countries. In addition,
toxic mortality caused by chemotherapy compli-
cations was reported, even from centers with rel-
atively adequate resources [23]. In all these
programs, an unanticipated problem associated
with the introduction of the chemoreduction pro-
gram was the dramatic increase in patient burden
on the medical system. Because of all of these
difficulties, local resources should be carefully
evaluated before starting a chemoreduction pro-
gram in developing countries, and its ultimate
benefit compared to the use of external beam
radiotherapy has not been established in that set-
ting (Fig. 5.5).

5.6.2 The Challenge of Adjuvant
Therapy

Patients presenting with advanced disease involv-
ing the optic nerve, choroid, or sclera are more
frequent in developing countries. Identification
of such patients is critical because the use of
adjuvant therapy is needed to improve their sur-
vival rate. However, the correct identification of
such factors needs a specialized pathologist capa-
ble of analyzing comprehensively the eyeball fol-
lowing international standards. Consensus
guidelines for the handling of enucleated eyes in
order to identify and report uniformly pathology
risk factors were recently published [24]. There
is some controversy on which patients need adju-
vant therapy after enucleation. It is undeniable
that children in whom the tumor was not com-
pletely removed after enucleation, such as those
with tumor beyond the resection margin of the
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optic nerve or those with trans-scleral extension,
need adjuvant therapy. The need for adjuvant
therapy for those children presenting with pathol-
ogy risk factors in enucleated eyes that under-
went complete resection of the tumor is more
controversial. The use of adjuvant therapy for
children with massive choroidal invasion or those
with postlaminar optic nerve involvement or
intrascleral invasion may improve survival
results. However, in children with isolated cho-
roidal invasion in whom the relapse rate is rela-
tively low, each center must balance between the
risk of toxic mortality and the intention to reduce
extraocular relapse by the use of adjuvant
therapy.

5.6.3 The Challenge of Treatment
of Overt Extraocular Disease

In most lower-income countries, children with
retinoblastoma  present  with  extensive

dissemination to the orbit, usually in conjunc-
tion with metastatic dissemination to the CNS
or to the bone marrow or bones. These severely
affected children are not curable with current
standard chemotherapy, but its use with an
intent of life prolongation may be considered
since retinoblastoma is a highly chemosensitive
tumor. Excellent response to chemotherapy is
seen in the overwhelming majority of the cases
with low to moderate intensity chemotherapy
and radiotherapy. In these settings, it is impor-
tant to discriminate between children with only
orbital dissemination and those with metastatic
disease performing extensive staging proce-
dures because the former may survive with con-
ventional therapy. Children with extensive
orbital disease should not be treated with initial
surgery, which would involve orbital exentera-
tion (a mutilating and disfiguring procedure)
since the tumor mass usually shrinks after a few
cycles of chemotherapy allowing for a more
conservative approach [25].
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5.7 Developments That Provide
Hope for the Future

5.7.1 Creation of Cooperative

Groups

Cooperative groups for the treatment of child-
hood cancer are difficult to establish in develop-
ing countries because of limited financial support
and infrastructure. Recently, the Children’s
Oncology Group in North America has launched
clinical trial protocols that provide the frame-
work for international applications (Chap. 81). In
addition, cooperative groups for the treatment of
retinoblastoma have been created in Mexico,
Brazil, South America (GALOP), India, and
Central America. The International Society of
Pediatric Oncology (SIOP) developed a consen-
sus guideline for graduated intensity treatment of
retinoblastoma. These developments should pro-
vide evidence-based treatment guidelines that
will benefit children from developing countries.

International Collaborative
Efforts

5.7.2

Collaborative efforts between retinoblastoma
centers in the northern and southern hemispheres
have proved successful in improving outcomes in
pediatric oncology (22). The transfer of knowl-
edge and resources is the main aim of these pro-
grams. The first program of this kind included
cooperation between New York City institutions,
sponsored by the Fund for Ophthalmic
Knowledge and Buenos Aires, Argentina. This
cooperation included donations of teaching mate-
rial, participation in common research studies,
and financial support for laboratory research. The
International Network for Cancer Treatment and
Research (www.inctr.org) created a retinoblas-
toma group involving researchers from many dif-
ferent countries. Its ambitious program aims to
develop a common treatment protocol for partici-
pating institutions. An outreach program of the
St. Jude Children Research Center (www.stjude.
org) supports treatment of retinoblastoma for
Central America based upon internet transmis-
sion of digital images, as well as an active teach-

ing program. Other programs include cooperation
between national groups (Children’s Oncology
Group and India) and hospitals (Children’s
Hospital, Los Angeles and Mexico City; Institut
Curie, Paris and North Africa, Canada, and
Kenya).

Retinoblastoma
from the Chinese
Perspective

5.8

Although retinoblastoma is a rare malignant eye
tumor, because of China’s large population more
than 1,100 new cases are diagnosed within that
country each year. Historically, enucleation was
almost always the treatment used with a survival
rate of only 30-50 %; only very rarely was an
affected eye saved.

Beginning in 2007, chemoreduction and con-
solidation therapy began to be used in a few cen-
ters, such as Beijing Tongren Hospital. The overall
survival rate increased to 80 %; groups A-C
tumors could now be controlled and eyes saved. In
China, most intraocular Rb children are diagnosed
with late-stage disease. In one survey, 28.7 % of
newly diagnosed eyes were group D and 55.5 %
group E; in unilaterally affected patients, 70 % of
eyes were group E [13]. Most group D and all the
group E eyes were enucleated. Overall, fewer than
30 % of affected Rb eyes were saved.

In Chinese culture, parents hope to keep the
eye even though there may be no vision. It is
common, for example, for a child with only one
eye, to be discriminated against by his/her class-
mates; when he/she grows up, finding a good job
is difficult. So it is not uncommon for parents to
refuse to remove the affected eye, in spite of the
fact that delay can increase the risk of metastasis
and endanger the child’s life [26].

Since persistently active vitreous seeding was
commonly present in the eyes that failed chemo-
reduction, beginning in June 2011, the Zhao
group based at Tongren Hospital in Beijing began
to offer vitrectomy with melphalan infusion to
treat some of these eyes when the parents refused
their recommendation that the eyes be removed.
Most of these children treated with vitrectomy
had failed 6 or more cycles of chemo; 12 children
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received vitrectomy from June to September
2011 and have been followed closely.

In these 12 patients, no tumor developed in the
incision sites. Two patients died of metastasis,
one of which was confirmed to have arisen from
the fellow eye. This group removed an eye 1
month after vitrectomy and found tumor at the
cut end of the optic nerve. Eight of the 12 eyes
have been enucleated at the time of preparation of
this chapter (September 2013). One with massive
choroidal invasion had been treated with 11
cycles of chemotherapy before vitrectomy. Four
of 12 eyes were conserved; two of them have
vision of 20/25 and 20/30 respectively.

Delaying enucleation too long, even if addi-
tional chemotherapy is given, may increase the
risk to the child’s life (27).

5.9 Summary

Retinoblastoma presents unique challenges to
treating physicians in developing countries. The
burden of caring for 80 % of the world’s retino-
blastoma cases falls to individuals and national
health care systems with limited resources where
caring for children with extraocular disease is
relatively common. Retinoblastoma specialists
from developing countries have taken the lead in
creating a new International Staging System for
extraocular retinoblastoma. Understanding the
cause(s) of nonheritable or environmental retino-
blastoma will likely take place in countries out-
side of North America and Europe. The need for
cost-containment will lead to more effective and
less expensive approaches. Initiatives that lead to
early diagnosis and improve the quality of medi-
cal care of retinoblastoma patients in developing
countries will be a valuable contribution to the
rest of the world.
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6.2 Mouse Models

of Retinoblastoma

The first genetically engineered animal model of
spontaneous retinoblastoma was a transgenic
mouse model in which the oncogenic T antigen
from the SV40 virus was expressed in the retina
[7]. T antigen inhibits the Rb protein, providing
an explanation for the retinal tumors, but it also
inhibits other Rb family members p107 and p130,
as well as the p53 tumor suppressor and many
other proteins. Therefore, this model was not
ideal for studying the molecular genetics of reti-
noblastoma as it occurs in humans. Intriguingly,
when another mouse transgenic model was devel-
oped in which Rb was inhibited by E7, a viral
oncoprotein encoded by human papillomavirus
that does not inhibit p53, retinoblastomas did not
develop unless the mice were bred into a p53-null
background. In an attempt to reconcile these
observations, some investigators postulated that
pS3 or another anti-apoptotic gene must be
mutated in human retinoblastomas. Efforts are
underway using whole-genome approaches to
identify secondary genetic lesions in human reti-
noblastomas. In the search for a more accurate
genetic model of retinoblastoma, several groups
generated mice in which one copy of the RBI
gene was nonfunctional, thereby replicating the
situation with patients with heritable retinoblas-
toma [8—10]. Surprisingly, however, these mice
developed pituitary tumors but none developed
retinoblastoma.

The first clue to solving this apparent inconsis-
tency between human and mouse retinoblastoma
was provided by workers in the Berns lab who
showed that deletion of RBI in the mouse retina
leads to retinal tumors if the Rb family member
pl07 was also deleted [11]. Subsequent work
confirmed these findings and showed that loss of
RBI in the mouse (but not humans) is compen-
sated by upregulation of p107 [12], thus explain-
ing the apparent contradiction between mouse
and human susceptibility to retinoblastoma.
These findings led to the generation of the first
true knockout mouse model of retinoblastoma
[13], which was confirmed and extended by two
other groups [14, 15]. These new, more accurate
genetic models of retinoblastoma are yielding

important new insights into retinoblastoma
biology and are proving to be instrumental in the
development of novel treatments for patients with
this disease.

Retinoblastoma Cell
of Origin

6.3

The cell of origin of retinoblastoma has been the
subject of intense debate for many years. This
concept is important for understanding why
selected cells are susceptible to transformation
when Rb is lost, how the initiating genetic muta-
tion leads to clonal tumor expansion, and which
cell types should be targeted for targeted molecular
therapy [16, 17]. If retinoblastomas arise from a
specific cell type during a restricted period of reti-
nal development, then the regulatory pathways
that this specific process may provide highly
directed targets for molecular therapy. For exam-
ple, a small-molecule inhibitor of the Hedgehog
pathway recently was shown to prevent medullo-
blastoma progression in a mouse model [18]. The
recent genetic models of retinoblastoma have pro-
vided new insights into the cell of origin of retino-
blastoma. There are at least four possible cells of
origin for retinoblastoma: a retinal stem cell, a
retinal progenitor cell, a newly postmitotic cell
committed or biased toward a particular retinal
fate, or a differentiated neuron or glial cell
(Fig. 6.1) [13]. Recent studies have suggested that
there is no retinal stem cell in either the human or
mouse neural retina [19, 20]. It is unlikely that a
fully differentiated retinal neuron or glial cell
gives rise to retinoblastoma, since the susceptibil-
ity to retinoblastoma is generally limited to a
small window of time in embryonic development
and early infancy prior to cell cycle exit and termi-
nal differentiation in the developing retina [21].
Therefore the most likely candidates for the cell
of origin are a retinal progenitor cell or a newly
postmitotic cell in the developing retina [22].

The evidence for a retinal progenitor cell as
the retinoblastoma cell of origin comes from sev-
eral experiments using genetic studies in mice.
First, conditional inactivation of Rb and p107 in
newly postmitotic rod photoreceptors (~80 % of
the cells in the mouse retina) did not result in
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Fig. 6.1 Retinoblastoma arises during retinal develop-
ment. (a) The mature retina is made up of seven major
classes of retinal cell types (rods, cones, ganglion cells,
bipolar cells, horizontal neurons, amacrine cells, and
Miiller glia). (b) During development, multipotent retinal
progenitor cells produce each of the retinal cell types in an
evolutionary conserved birth order. Retinal birth order is
overlapping with horizontal cells, cones, and ganglion

retinoblastoma [23], but when RBI and pl07
were inactivated in proliferating retinal progeni-
tor cells using three different independent
approaches, retinoblastomas developed in all
three models [13-15]. Further evidence that a
retinal progenitor cell can give rise to retinoblas-
toma in mice came from studies using replication-
incompetent retroviral vectors. Expression in the
retina of the adenoviral E1IA oncogene, which
inhibits Rb family members, using a retroviral
vector that can only infect proliferating cells
caused deregulated proliferation in retinal pro-
genitor cells [12, 13]. Individual infected retinal
progenitor cells expressing the E1A oncogene
formed clonal focal retinal hyperplastic lesions,
and simultaneous elimination of p53 led to for-
mation of frank retinoblastomas [12, 13].

One approach that is often used to identify
cancer cell of origin is to analyze differentiation
markers. The main assumption of this approach
is that the normal cell type that expresses a given
protein may be the cell of origin for a cancer in
which that protein is expressed. Retinoblastomas
have been shown to express photoreceptor-
specific genes, which initially suggested this cell
type as the cell of origin [24]. However, further
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cells born early during development and rods, bipolars,
and Miiller glia born at the end of retinogenesis.
Retinoblastoma arises in the developing retina as progeni-
tor cells produce retinal neurons. It is not known which
cell type gives rise to retinoblastoma, but the tumors have
a hybrid differentiation signature of progenitor cells, rods,
cones, amacrine, and horizontal neurons

analysis has shown that human retinoblastoma
samples express a variety of other cell-specific
markers [21]. Indeed, a more recent comparison
of gene expression array data of human and
mouse retinoblastomas suggest that retinoblasto-
mas co-express multiple differentiation pathways
that are normally incompatible during retinogen-
esis [25]. These indeterminate results reflect the
difficulty in the differentiation marker approach
to cell of origin studies; tumor cells that express
different markers could have arisen from differ-
ent cell types, or they may simply have arisen
from the same multipotent progenitor cell at a
different point in maturation. Further, gene
expression changes in retinoblastoma, which is a
developmental regulator, may reflect a nonspe-
cific, deregulated developmental program initi-
ated by the loss of Rb. In mice, the picture is
more straightforward. Retinoblastomas from
knockout mice described above express markers
of retinal progenitor cells and amacrine cells, and
recent results with electron microscopy also are
consistent with these cell types [25]. However,
these results must be interpreted cautiously since
even the knockout mouse models are not geneti-
cally identical to human retinoblastoma.
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The evidence for a newly postmitotic cell as
the retinoblastoma cell of origin also relies upon
marker expression. The expression of amacrine
cell markers in mouse retinoblastomas may indi-
cate that a newly postmitotic cell committed to
the amacrine cell fate is the cell that is suscepti-
ble to loss of Rb. The strongest evidence for a
postmitotic cell of origin comes from the position
of ectopically dividing cells in the apical-basal
organization of the developing retina [22].
Normally, DNA synthesis (S phase) occurs in
retinal precursor cells on the basal surface of the
retina, M phase occurs on the apical surface, and
the G1 and G2 phases occur during the transition
from apical to basal surface (discussed in [26]).
The fact that Rb/p107-deficient retinas exhibit an
absence of additional mitoses at the apical sur-
face and an increase in S phase cells where dif-
ferentiation normally occurs suggests that newly
postmitotic cells can give rise to retinoblastoma
[22]. These results must be interpreted with cau-
tion in light of the fact that the genetic manipula-
tions in these mice result in widespread disruption
of normal retinal lamination, perturbing the nor-
mal position of retinal progenitor cells and newly
postmitotic cells within the developing retina.

While we have narrowed our focus on retinal
progenitor cells and newly postmitotic cells as
the possible retinoblastoma cell of origin, addi-
tional studies are required to definitively deter-
mine which cell type(s) require Rb to avoid cell

cycle deregulation and malignant
transformation.
6.4 Events in Retinoblastoma

Progression

While the initiating genetic event in retinoblas-
toma — biallelic inactivation of the RB/ gene — is
well established, little is known about subsequent
genetic events that contribute to retinoblastoma
formation and progression. A major unexplained
question is why loss of Rb does not trigger an
apoptotic response that eliminates nascent retino-
blastoma cells before clonal expansion can occur.
Thus, there are several potential explanations for
how retinoblastomas circumvent apoptosis: (1)

there could be a heretofore unidentified member
of the p53 pathway that functionally ablates the
pS53 response despite the presence of functional
pS53; (2) there may be genetic events in other
apoptosis-related pathways, such as the Bcl2
pathway; or (3) the retinoblastoma cell of origin
may be naturally resistant to apoptosis. In most
cancers, there are mutations in the p53 tumor
suppressor or other members of the p53 pathway
that explain the acquired resistance to apoptosis
[6]. Further, in mouse models of retinoblastoma,
tumor development is greatly enhanced when
pS3 is inactivated [27]. However, there is no evi-
dence that p53 is mutated frequently in human
retinoblastomas [28]. Further, p53 can be acti-
vated in retinoblastomas, suggesting that the pro-
tein is functional [29]. Other members of the p53
pathway can be disrupted in cancer, leading to
functional inhibition of p53. For example, the
p53 inhibitor MDM?2 is overexpressed in some
forms of cancer [30]. Although there is no evi-
dence to date for MDM?2 alterations in human
retinoblastoma, other genetic events have been
identified, such as E2F3 amplification [31],
which may disrupt the p53 response that is nor-
mally triggered by loss of Rb. Finally, retinoblas-
toma may represent a unique exception in which
the p53 pathway is intact. There are several lines
of evidence to support this possibility. First is the
lack of apoptotic mutations described above.
Second is the fact that human retinoblastomas
typically have a very high rate of apoptosis, sug-
gesting that the apoptotic response is still intact
but that proliferation is simply outstripping apop-
tosis [32]. Third, there is recent evidence sug-
gesting that the retinoblastoma cell of origin may
be naturally resistant to apoptosis, which poten-
tially assuages the need to postulate any genetic
event subsequent to Rb inactivation that is neces-
sary for retinoblastoma formation [14].

Over the past several years, there has been
progress in identifying the pathways that may
contribute to our understanding of how retino-
blastomas overcome cell death. First, there is evi-
dence that the p53 antagonist called MDM4 is
upregulated in retinoblastoma and that there may
be alternatively spliced oncogenic forms of
MDM4 in retinoblastoma [25, 33]. Indeed, this is
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Fig. 6.2 Whole-genome sequencing of retinoblastoma.
(a) CIRCOS plots of the whole-genome sequence data for
representative retinoblastoma primary tumors (SJRB0O1
and SJRB002) and an orthotopic xenograft derived from

therapeutically relevant as the MDM2/MDM4
antagonist (nutlin-3a) can efficiently kill retino-
blastoma cells [34]. Second, recent data suggest
that the SYK oncogene is epigenetically upregu-
lated in retinoblastoma and this promotes the sta-
bilization of the BCL2 family member called
MCLI1 (Figs. 6.2 and 6.3). Both SYK and MCL1
are required for retinoblastoma survival, and
small-molecule inhibitors of SYK are effective at
inducing retinoblastoma cell death in vitro and
in vivo [35].

Recent whole-genome sequencing of retino-
blastomas showed that some retinoblastomas
have very few mutations or chromosomal altera-
tions (Fig. 6.2) [35]. Moreover, the passage of
orthotopic xenografts in the eyes of immunocom-
promised mice retains stable genomes [35].
Taken together, these data suggest that genomic
instability and the subsequent genetic lesions that

one of those tumors (SJRB0O01X). (b) Beyond RB1, the
only recurrently mutated gene was BCOR, an epigenetic
regulator

may result from such instability are not required
for retinoblastoma progression [35]. While inac-
tivation of the RB1 gene in retinoblastoma may
result in defects in sister chromatid cohesion
[36], this does not necessarily lead to genomic
instability. Instead, it has been shown that inacti-
vation of the RBI gene leads to massive epigen-
etic deregulation of known oncogenes and tumor
suppressors, and this may contribute to the rapid
progression of the disease following the second
mutational event in RBI [35].

Retinoblastoma Without
RB1 Mutations

6.5

Recently, Brenda Gallie proposed that a small
subset of retinoblastomas (~1 %) may arise as a
result of a single oncogenic event rather than
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Fig.6.3 Integrated epigenetic analysis of retinoblastoma.
(a) Plot of the epigenetically deregulated genes in retino-
blastoma. These data are integrated from ChIP-on-chip,
gene expression, and DNA methylation results. The
spleen tyrosine kinase gene (SYK) was epigenetically

biallelic inactivation of RBI. Specifically, they
propose that some retinoblastomas have MYCN
amplification and do not have any RB/ mutations
[37]. While it is a very small number of patients,
it is an intriguing hypothesis that will require
independent validation across a broader cohort of
retinoblastoma samples. It will also be necessary
to rule out other mechanisms of RBI gene inacti-
vation such as chromosomal events such as
chromothripsis. This is important because chro-
mothripsis at the RBI locus would result in inac-
tivation of the gene but would not be detected by
conventional methods of RBI gene analysis used
by Gallie. Specifically, exon sequence analysis,
promoter methylation analysis, analysis of LOH,
and copy number changes would all appear to be
wild type in a tumor where RB] is inactivated by
chromothripsis. All the exons of RBI would be
present, the promoter would be hypomethylated,
both copies of RBI would be present, and any
copy number changes would be minimal. Thus,
the tumor would appear to be wild type for RBI,

upregulated in human retinoblastoma. (b) Validation of
increase mRNA expression for SYK and validation of
upregulation of SYK protein in retinoblastoma (c).
Immunohistochemistry of 82 human retinoblastomas (d)
showed upregulation of SYK in 100 % of tumors

but it would actually have a gene inactivation.
Whole-genome sequencing combined with fluo-
rescence in situ hybridization is currently the
only way to identify retinoblastoma samples with
chromothripsis. Future studies will be required to
determine how many of the retinoblastomas with
MYCN amplification actually have a wild-type
RB1 gene and produce functional protein.

6.6 Clinical Implications

While retinoblastoma and the cellular events
leading to tumor formation in the retina have
served as an important model for cancer biology,
these advances have had not had the expected
impact on the clinical management of retinoblas-
toma. This deficiency is due in part to preclinical
models of retinoblastoma that did not accurately
recapitulate all aspects of the human disease, such
as vitreous and subretinal seeding, which are the
most common causes of treatment failure in
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humans but do not occur in currently available
genetically engineered mouse models. Newer ani-
mal models that are becoming available are pro-
viding novel insights into retinoblastoma biology,
and they may catalyze the discovery of new thera-
pies. For example, newer genetic models may
provide more accurate prediction of treatment
efficacy of chemotherapeutic agents in human
retinoblastoma such as those that express high
levels of MDM4. Also, these newer models may
allow the more detailed studies of the effect of
therapy on second primary tumors, a major con-
cern in human retinoblastoma [38—40]. The recent
development of the first human orthotopic xeno-
graft of retinoblastoma provides yet another use-
ful model for testing novel therapeutics [35].
These are particularly useful when incorporated
into a comprehensive preclinical testing paradigm
that recapitulates many of the clinical and thera-
peutic approaches used to treat children with reti-
noblastoma [34]. The three major therapeutic
options that have emerged from basic research
over the past several years are targeting the
MDM?2/MDM4 pathway with nutlin-3a, targeting
the SYK/MCLI pathway with SYK inhibitors
and BCL2 antagonists, and targeting the epigen-
etic machinery with HDAC inhibitors. These
novel molecular targeted therapeutics combined
with the unique opportunities for local drug deliv-
ery provide promising new avenues for clinical
research in the coming years.
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7.1 Introduction

There are several lines of evidence that suggest
the existence of a benign variant of retinoblastoma
[1-3]. The ophthalmoscopic appearance of certain
retinal tumors closely resembles that of a success-
fully treated retinoblastoma. These tumors were
called retinoma [4]. Histopathologic studies have
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clationship with etinoblastoma demonstrated that these tumors are composed of
7.5 Diagnostic Evaluation ............c....cooooooccevee 72 well-differentiated, benign-appearing mature reti-
7.5.1 Fluorescein Angiography . 72 . e .
nal cells with characteristic absence of mitoses and
7.5.2 Ultrasonography.........ccceeueee. e 12 .
753 Optical Coherence Tomography................. 7o necrosis [5]. Based on nomenclature used to clas-
sify pineal body tumors (benign, pineocytoma; and
7.6  Differential Diagnosis................cccccoerenne 73 y.p . Y ( 0. P y .
76.1 Retinoblastoma......... 73 malignant, pineoblastoma), an alternate term reti-
7.6.2 Astrocytic Hamartoma ..... ... 73 nocytoma has been used to describe these tumors.
7.6.3 Myelinated Nerve Fibers..........c.ccccovuinnnnes 73 Other less frequently used terminology includes
7.7 Tr€AtMENt...oooc.oooeooeoseeeosoeeeeereenn 74  spontaneously regressed retinoblastoma, spontane-
. ously arrested retinoblastoma, and retinoblastoma
T.8  Prognosis...........cccoceveevierieniniienieieeeenne 74 .
group 0 [6-8]. Although retinocytoma has been
References..............cccoevvevieiieciieieciee e 74 referred to as spontaneously regressed retinoblas-
toma in the past, there are only a few reported cases
in the literature wherein spontaneous regression of
retinoblastoma was documented [9]. Overall, reti-
nocytoma or retinoma are the preferred terminol-
ogy because they imply more specifically a benign
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hypothesis has been applied to explain the patho-
genesis of retinocytoma or retinoma and retino-
blastoma [11]. In this case, the theory states that
both alleles of the RBI gene must be mutated to
convert normal retinal cells into neoplastic reti-
noblastoma cells. In contrast, retinocytoma or
retinoma was generally held to be the result of
low expressivity and low penetrance caused by
less severe mutations. Recent evidence suggests
that genetic instability and aneuploidy are instead
the decisive factors separating retinoblastoma
from retinocytoma or retinoma and that retino-
cytoma or retinoma is genetically a precursor of
retinoblastoma [12—-14]. While both tumors may
be homozygous null for RBI (Rb —/-), retinocy-
toma or retinoma displays lower levels of aneu-
ploidy and higher levels of senescence proteins
[15]. When these senescence pathways fail and
increasing genetic instability reaches a threshold,
tumor cells become fully proliferative, resulting in
retinoblastoma. Loss of RBI, while necessary, is
not sufficient to induce retinoblastoma. A senes-
cence response to the mutation can result instead
in nonproliferative retinocytoma or retinoma. In
theory then, all retinoblastomas progress through
a stage of retinocytoma or retinoma, however
brief, before accrued genetic instability leads to
uncontrolled proliferation (retinoblastoma).

7.3  Clinical Features

The incidence of retinocytoma or retinoma in
general population is not known. The proportion
of retinocytoma or retinoma among the popula-
tion with retinoblastoma has ranged from 2 to
10 % [1, 4, 9]. This incidence presumably is an
underestimate reflecting bias as a diagnosis of
retinocytoma is more likely to be made in those
with a family history of retinoblastoma.

7.3.1 Symptoms

The majority (60 %) of patients with retinocy-
toma are asymptomatic and the diagnosis either
on routine eye examination or when the diagnosis
of retinoblastoma in another family member

prompting an eye examination [3, 4]. Leukocoria,
a common initial feature of retinoblastoma, is not
a presenting feature of retinocytoma [3].

7.3.2 Signs

The ophthalmoscopic appearance of the retinocy-
toma resembles the spectrum of retinoblastoma
regression patterns observed after irradiation
(Box 7.1) [16]. The presence of a translucent
retinal mass (88 %), calcification (63 %), retinal
pigment epithelial alteration (54 %), and chorio-
retinal atrophy (54 %) are four diagnostic oph-
thalmoscopic features of retinocytoma (Fig. 7.1)
[1, 3, 4]. Any one of the four features listed above
are present in all cases. However, the major-
ity (80 %) of cases have at least two of the four
features with only 10 % of cases having all four
features [3]. Retinocytoma diagnosed during the
treatment of retinoblastoma because of minimal
or complete lack of response to systemic chemo-
therapy or radiotherapy uniformly lacks the sur-
rounding chorioretinal atrophy commonly seen in
adult patients found to have retinocytomas. They
frequently, however, have the grayish appearance
of type II regression prior to any treatment.

The areas of chorioretinal atrophy closely
resemble retinoblastoma regression after irradia-
tion, suggesting tumor regression. Photographic

Box 7.1 Salient Features of Retinocytoma

Retinocytoma is a benign manifestation of RB/
gene mutation.

The ophthalmoscopic appearance resembles the
spectrum of retinoblastoma regression patterns
observed after irradiation.

Presence of a translucent grayish retinal mass,
calcification, retinal pigment epithelial alteration,
and chorioretinal atrophy with or without
associated staphyloma are four diagnostic features.
Retinocytoma is not associated with retinal
exudation or prominent feeder vessels but may be
associated with tortuous sclerosed feeder vessels.
Retinocytoma lacks growth over short periods of
observation (weeks to months).

Retinocytoma can undergo malignant
transformation into retinoblastoma.
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Fig. 7.1 The ophthalmoscopic appearance of retinocytoma. Note translucent grayish retinal mass, calcification, retinal
pigment epithelial alteration and chorioretinal atrophy (a). Chorioretinal atrophy may not be present in the early stages (b).

regression of retinocytoma with increasing cho-
rioretinal atrophy over prolonged follow-up
has been observed [3, 17]. The mechanisms of
tumor regression in retinocytoma are unknown
but might involve apoptosis [18] rather than
ischemia or immune-mediated necrosis [19].
Calcification is not limited to the retinal mass
and may be observed as seeding in the vitreous
[20]. Intratumoral cyst, a feature of presumed
well-differentiated retinoblastoma, is sometimes
observed in retinocytoma [21, 22].

7.3.3 Risk of Second Malignant
Neoplasms

A review of the large published series of patients
with retinocytoma suggests that second malignant
neoplasms are rare in patients with retinocytoma
[1, 4, 8, 23]. It is possible that mechanisms that
play a protective role in inducing retinocytoma
also protect the extraocular cells from the devel-
opment of second malignant neoplasms [24, 25].

7.4  Relationship

with Retinoblastoma

Retinocytoma is considered to be a benign coun-
terpart of retinoblastoma (Fig. 7.2) [2, 4, 7, 10].
The majority of retinocytomas are diagnosed

when the parents of a child who has retinoblas-
toma are examined [1, 4, 8]. The examination of
first-degree relatives, especially parents, when a
new case of retinoblastoma is diagnosed is
extremely important as it has major implications
in genetic counseling [26]. The occurrences of
retinoblastoma and retinocytoma are not mutually
exclusive. In fact, retinoblastoma is now thought
to be the final malignant result on a continuum of
clonal progression from normal to benign to
malignant cells after loss of RBI [12-14].

Histopathologic analysis of eyes enucleated
for retinoblastoma reveals the presence of retino-
cytoma or retinoma adjacent to both normal retina
and in up to 16 % of retinoblastoma tumors [12].
It comes as no surprise then that retinocytoma or
retinoma and retinoblastoma can coexist as two
separate tumors in the same eye [20] or between
two eyes of the same patient [1, 4]. While many
retinocytomas or retinomas remain benign for the
lifetime of an individual, malignant transforma-
tion into retinoblastoma is well known [9, 27]
and perhaps such occurrences account for cases
of retinoblastoma in adults [28, 29].

Another scenario when diagnosis of retinocy-
toma can be retrospectively considered is when
there is minimal initial response to chemotherapy
in tumors presumed to be retinoblastoma.
Moreover, the residual tumors fail to grow when
all treatment has been discontinued. It is postu-
lated that lack of response to chemotherapy is
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Fig. 7.2 Histopathology of retinocytoma. Macroscopic view showing pseudocystic appearance (a). On light micros-
copy the tumor is composed of benign cells (b). Note photoreceptor differentiation on electronmicrophotograph (c).

indicative of extreme differentiation (retinocy-
toma) rather than chemoresistance by an aggres-
sive tumor [30].

7.5 Diagnostic Evaluation

In the majority of cases, the diagnosis of retino-
cytoma can be made with indirect ophthalmos-
copy. However, fluorescein angiography,
ultrasonography, and optical coherence tomogra-
phy (OCT) can be useful ancillary studies.

7.5.1 Fluorescein Angiography
Fluorescein angiography of retinocytoma shows
prominent superficial network of fine vessels in
the arterial phase without significant leakage in
the venous or late phase [9].

7.5.2 Ultrasonography

Ultrasonography is useful to demonstrate cal-
cified lesions that show characteristic features
including acoustic solidity and shadowing due
to calcification within the mass on B-scan ultra-
sonography. A-scan ultrasonography shows a
sharp anterior border, high internal reflectivity,
and attenuation of orbital echoes posterior to the
tumor.

7.5.3 Optical Coherence
Tomography

OCT of retinal astrocytic hamartoma reveals full-
thickness replacement of the retinal anatomic lay-
ers with the tumor and shadowing corresponding
to the intralesional calcification. It can be useful
in ascertaining areas of chorioretinal atrophy.
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Table 7.1 Differential diagnosis of retinocytoma

Astrocytic Myelinated nerve

Feature Retinoblastoma Retinocytoma hamartoma fibers
Calcification White, chunky White, chunky Yellow, spherical ~ Absent
Chorioretinal atrophy  Absent Present in older patients Absent Absent

but absent in early

retinocytoma
RPE changes Present Present Absent Absent
Feeder vessels Present Absent (except sclerosed Absent Vessels obscured

and tortuous)
Exudation Absent Absent May be present Absent
Growth* Present Absent Absent Absent
Association 13 q deletion syndrome 13 q deletion syndrome  Tuberous sclerosis None

RPE retinal pigment epithelium
aShort-term growth observed over weeks to months

7.6  Differential Diagnosis

Despite characteristic ophthalmoscopic fea-
tures of retinocytoma outlined above, certain
entities can closely resemble retinocytoma.
Retinoblastoma, astrocytic hamartoma, and
myelinated nerve fibers can be difficult to differ-
entiate ophthalmoscopically from retinocytoma
(Table 7.1).

7.6.1 Retinoblastoma

From a clinical standpoint it is of utmost impor-
tance to differentiate retinocytoma from retino-
blastoma. The retinoblastoma is diagnosed prior
to age 5 years and retinocytoma is usually diag-
nosed in adults. Although calcification is seen in
both tumors, areas of chorioretinal atrophy and
associated retinal pigment epithelial changes are
uncommon in untreated retinoblastoma. In addi-
tion, dilated, tortuous retinal feeder vessels are a
feature of retinoblastoma rather than retinocy-
toma. Despite these differences, it may be impos-
sible differentiate a small retinoblastoma from
retinocytoma. Characteristically, retinoblastoma
will show growth within 4-6 weeks whereas reti-
nocytoma will appear unchanged. In cases of
doubt, it may be more prudent to treat a small
tumor as a retinoblastoma rather than observe for

growth especially if treatment is not expected to
lead to significant visual loss.

7.6.2 AstrocyticHamartoma

Astrocytic hamartoma, a benign retinal tumor,
can also closely resemble retinocytoma
because both lesions may be calcified.
Calcification when present can demonstrate
subtle differences, as it tends to be dull and
chalky white in a retinocytoma, whereas the
calcification in an astrocytic hamartoma is
more glistening yellow resembling fish eggs.
Surrounding retinal pigment epithelial altera-
tions, a common finding in retinocytoma, are
typically absent in astrocytic hamartoma as
they are situated superficially in the retina.
Although uncommon, the presence of hard
exudation supports the diagnosis of astrocytic
hamartoma rather than retinocytoma [31].

7.6.3 Myelinated Nerve Fibers

Myelinated nerve fibers can sometimes mimic a
retinocytoma. However, myelinated nerve fibers
are usually located at or adjacent to the optic disc
margin, show a more fibrillated margin, are flat
without any elevation, and are not calcified.
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7.7  Treatment

The vast majority of patients with retinocytoma
are asymptomatic, and do not require treatment;
ocular examination should be performed on an
annual basis for possible malignant transforma-
tion. Genetic counseling related to risk of retino-
blastoma in offsprings should be offered. Genetic
testing for RBI mutations should also be
considered.

7.8  Prognosis

Most retinocytomas remain stable with few cases
showing regression, which is clinically insignifi-
cant. Malignant transformation into retinoblas-
toma may entail chemotherapy, radiotherapy, or
even enucleation depending upon the extent of
the disease.
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8.1 Introduction

Genetic counseling for retinoblastoma is simple
at first glance but complex in practice. The
appearance of simplicity, in part, lies in the fact
that there is only one gene, RBI, involved. The
fact that almost all patients with bilateral retino-
blastoma have a germline mutation in RB/ rein-
forces that perception. However, for those with
unilateral retinoblastoma, genetic counseling is
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less straightforward as only about 15-20 % will
have a germline mutation. Although most patients
are young children whose parents have specific
concerns, genetic counselors must also be pre-
pared to counsel adult Rb survivors who are at
risk for second, non-ocular cancers. Mosaicism
and low-penetrance mutations may make risk
assessments difficult. The optimum surveillance
strategy for second primary cancers in retinoblas-
toma survivors has not been developed so it is
difficult to offer guidance to mutation carriers
who want to manage their cancer risk. Finally,
pregnant patients whose fetuses are at risk for
retinoblastoma pose challenges for the geneticist
since RB1 gene testing must be completed within
a narrow time frame.

In some centers, a genetics professional works
with the retinoblastoma team. In other settings,
the treating ophthalmologist must communicate
genetic information to the patient without special
training in the field. Further, if there are no men-
tal health professionals on the retinoblastoma
team, often the treating physician may be called
upon to deal with the emotional fallout that
results from the complex genetic information the
family is given. The impact of genetic counseling
and testing reaches across generations and even
into the future as it affects reproductive decisions
regarding future children. The purpose of this
chapter is to help the professional providing
genetic counseling, whether experienced or oth-
erwise, to be successful when counseling a fam-
ily with this disease.

8.2 Background

Who Is the Patient in Genetic
Counseling?

8.2.1

It may be helpful to redefine the concept of the
patient in the context of genetic counseling. The
patient with retinoblastoma comes with a family
and, for the geneticist or medical professional
providing the counseling, that family is the
patient. The genetic counseling “patient” in fact
consists of three persons: two parents and a

fetus, child, or a potential child. Often, depend-
ing on the family, the patient list can include sib-
lings, the extended family, and their offspring.
When speaking with the parents of an affected
child, the child and parents must be thought of
together; “what helps one, helps all, and con-
versely, what hurts one, will hurt all.” This point
of view gives the geneticist a unique perspective
that is different from others on the retinoblas-
toma team.

8.2.2 Who Should Be Referred
for Counseling?

Individuals with bilateral retinoblastoma may
be more likely to be referred for genetic coun-
seling because they almost always have a germ-
line mutation. Nevertheless, individuals with
unilateral retinoblastoma have more to gain
from genetic counseling and yet they are less
likely to be referred because the genetic impact
of their diagnosis is not appreciated from the
pedigree. A common mistake in counseling is
minimizing the risk for a germline mutation in
the individual with sporadic unilateral retino-
blastoma. These patients are often advised that
the chance of an RBI germline mutation is so
low that testing is not warranted. In fact a germ-
line mutation is found in about 15 % or 1 in 8 of
sporadic unilateral retinoblastoma patients. By
comparison, this risk is much higher than the
likelihood of finding a chromosome abnormal-
ity in the fetus of a pregnant 40-year-old woman,
who will often be offered an invasive procedure,
amniocentesis, on the basis of this risk.
Likewise, the risk is higher than it is for a chro-
mosome anomaly in an individual with intellec-
tual disability, who will be routinely offered
chromosome or microarray analysis.
Retinoblastoma patients, especially those with a
unilateral tumor, may be discouraged from RB/
gene testing because DNA studies are expensive
and the yield is low. The potential problems,
such as non-informative results if a tumor sam-
ple is not available or the chance of undetected
mosaicism, may be given as further justification
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for not offering RBI gene analysis. However,
when a germline mutation is detected, all aspects
of care — treatment, prognosis for second tumors,
and reproductive counseling — are impacted.
Conversely, individuals with sporadic unilateral
retinoblastoma who do not have a germline
mutation will need fewer examinations under
anesthesia and less intense monitoring for reti-
noblastoma in the unaffected eye. In our center
and in many retinoblastoma centers in Canada
and Europe, individuals with sporadic unilateral
retinoblastoma are being routinely tested for
RBI germline mutations, even in the absence of
a sample of tumor DNA.

8.3 Integrating Genetic Services

into the Retinoblastoma Team

Genetic information is valuable to all members
of the team. The well-integrated team incorpo-
rates family and genetic information into their
regular protocols. For example, with low-pene-
trance mutations in mind, the ophthalmologist
would routinely examine the parents and sib-
lings of a retinoblastoma patient to check for
retinocytoma/retinoma. When possible, radia-
tion therapy would be avoided until RBI gene
analysis is complete. The ophthalmologist
would routinely freeze a tumor sample from the
affected enucleated eye to make it available for
future RBI gene testing. The ocular patholo-
gist, who might prefer an intact sample, would
agree to “share” the tumor for the purpose of
optimizing genetic analysis of the tumor. When
the RB1 genetic analysis is complete, the oph-
thalmologist would modify the management
plan accordingly, perhaps by performing office
examinations with ultrasound instead of exami-
nations under anesthesia after the likelihood of
an RBI germline mutation has been reduced
substantially. Perhaps the best sign that the
team understands the importance of genetic
testing is that patients and their families are
referred for genetic counseling long before the
next pregnancy is underway.

The Role of the Genetic
Counselor

8.4

The role of the genetic professional is twofold.
First, the counselor must assess risk and communi-
cate this complex and difficult information to the
patient and guide the family through the genetic
testing process when they choose to go forward.
The second part of the job, which is equally chal-
lenging, is to communicate the genetic informa-
tion to the other members of the team and help
structure a personalized plan for treatment and
long term management. To be effective in both
aspects of the job requires familiarity with this rare
disorder and integration into the retinoblastoma
team. Not surprisingly, this can be more difficult
than it might appear at first glance.

Retinoblastoma is rare and, because of this,
few geneticists outside of pediatric cancer centers
have counseled more than an occasional family
with this disorder. In some situations, the treating
ophthalmologist fills this role. The geneticist is at
a disadvantage because of inexperience with reti-
noblastoma, while the ophthalmologist is at a dis-
advantage because of lack of knowledge about the
limitations of genetic testing and genetic counsel-
ing. Commonly, but not optimally, a pregnancy
inspires the initial referral for genetic counseling
for a parent of an affected child or in an adult reti-
noblastoma survivor. In this situation, genetic
counseling may take place in the context of a pre-
natal diagnosis clinic and the focus may be inap-
propriately limited to reproductive issues. For
instance, a patient might be told that it is not worth
pursuing RBI mutation analysis because results
would not be back in time to make a diagnosis in
the current pregnancy. However, the implications
of RBI gene testing are much broader and deserve
a comprehensive approach. The consequences of
having a germline RBI/ mutation are lifelong and
serious. For these reasons, it is better to start the
genetic counseling process prior to a pregnancy.
Finally, a genetic counselor, who is both familiar
with the disease and affiliated with a comprehen-
sive retinoblastoma team, should provide compre-
hensive counseling.
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8.5 The Genetic Counseling
and Testing Process

8.5.1 Available DNA Testing

Options and Interpreting
Results

It is beyond the scope of this chapter to review
the molecular genetics of heritable retinoblas-
toma. Over 500 germline mutations have been
found in the RBI gene in association with retino-
blastoma. New mutations are still being
described. For the great majority of these muta-
tions, no phenotype-genotype correlations have
been established. Several recent reviews are rec-
ommended [1, 2].

For a comparison of the commercial testing
laboratories, the tests they perform, including
detection rates, and their individual requirements
for DNA specimens, please consult www.genet-
ests.org. Dramatic technical improvements have
taken place recently increasing the ability of ref-
erences laboratories to detect germline mutations
including mosaicism.

8.5.2 Preparing the Family/Patient
for Genetic Counseling

Preparation, both for the clinician/counselor and
for the family of a retinoblastoma survivor, can
improve the genetic counseling experience for
all concerned. Experience has shown us that
without adequate preparation, clinicians and
counselors may not address critical issues and
families may misinterpret and mistrust genetic
information.

The first step in preparing families is giving
them a picture of the multidisciplinary retino-
blastoma team, introducing the team members
and describing the roles that they play. The team
includes their pediatric ophthalmologist, pediat-
ric oncologist, as well as pediatric nurse practi-
tioners, often an ocularist, and social worker. A
comprehensive team also includes genetic pro-
fessionals: counselors and clinical geneticists as
well as molecular geneticists who work in the

laboratory. If these roles, and how they integrate
with one another, are explained early in the pro-
cess of diagnosis and treatment, genetic counsel-
ing will become a normal and expected part of
the family’s experience. Without this broad view,
genetic counseling can become one more fright-
ening and unexpected event that families experi-
ence sometimes long after they believe the
anxiety of a childhood cancer is behind them.
Under these circumstances, genetic counseling is
difficult and less effective for all concerned.

It is also useful to emphasize the protocols
that the family will encounter with each special-
ist. This gives the family a “road map” of care
and the expectation of what the experience will
entail. When viewed from a large perspective,
parents can see where their child is in the “big
picture” and there often are fewer surprises.
Instead of increasing anxiety, this approach,
especially when adopted from the outset and pre-
sented with caring and concern, may in fact
decrease anxiety. The parents see the terrain
ahead and work with the clinicians who guide
them through unfamiliar territory.

8.5.3 Preparing the Genetic
Counselor

The truth is that, in spite of its apparent genetic
simplicity, retinoblastoma is a complex disorder
for the genetic counseling professional. For those
who need to gain expertise quickly, the review of
retinoblastoma available at www.genetests.org is
up to date, comprehensive, and clear. Contact the
laboratory before sending a sample and familiar-
ize yourself with their testing methods, their
detection rate, the turn-around-time, their billing
requirements, and the level of support they pro-
vide throughout the testing process. Generally, it
is best to choose a lab that does not rely solely on
one testing technique, gene sequencing, for
example. The highest detection rate is achieved
by using gene sequencing with a variety of other
techniques to detect various types of mutations,
deletions, rearrangements, methylation errors,
and mosaicism.
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Three generation pedigree.

Unaffected parent of girl with bilateral retinoblastoma
was found to be mosaic with known RBI gene mutation.

O

30

28 C) I::I

diagnosed

A

Fig.8.1 This pedigree represents an apparently sporadic
bilateral retinoblastoma in the proband, but genetic testing
of the parent revealed that the unaffected mother is mosaic
for the RBI mutation. In this case, the mother must be

8.5.4 The Pedigree and Family
History

The family history, documented in a three or more
generation pedigree, is the fundamental working
tool for the geneticist. As a graphic representation
of the family history, it neatly summarizes infor-
mation that would otherwise be scattered through-
out the chart. The patient’s age at the time of onset
of the retinoblastoma and the tumor laterality
should be recorded. The ages of the parents and
any cancers in the family should be noted. The
pedigree should be referred to at each visit and
updated regularly. It is incomplete until parents
and siblings have had eye examinations to rule out

age 4 months

Bilateral retinoblastoma (proband)

RBI mutation carrier (mosaic),
@ = unaffected
counseled regarding her own reproductive and cancer
risks. This case highlights the importance of testing all
unaffected parents for the germline mutation found in
their child

retinocytoma/retinoma. It is modified with test
results. If the disease in the proband advances
from unilateral to bilateral retinoblastoma or when
there is a positive family history of retinoblastoma
in previous generations, the implications for sub-
sequent generations are clear at a glance (Fig. 8.1).

8.6  Confounding Factors

Many confounding factors can complicate what
may seem to be a simple pedigree or an appar-
ently nonfamilial case. When these scenarios are
understood, the counselor will be better prepared
to avoid these common pitfalls.
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Fig.8.2 This boy was referred to a pediatric neurologist
for hypotonia before his retinoblastoma was diagnosed.
He has a chromosome 13q deletion visible on routine
banding. He has an ocular prosthesis following enucle-
ation of his left eye for retinoblastoma. He also has devel-
opmental delay and mild facial dysmorphism: broad
forehead with frontal bossing, arched eyebrows, hyper-
telorism, small mouth

8.6.1 Chromosome 13q14 Deletions
Deletion of chromosome 13q14, the locus of the
RBI gene, and neighboring regions on the long
arm of chromosome 13 can lead to intellectual
disability and retinoblastoma. The size of the
deletions varies and the phenotype is also vari-
able. However, the correlation between the size of
the deletion and the severity of the clinical pheno-
type has not been established. Some individuals
with small deletions of this area are developmen-
tally normal. In children with a deletion involving
chromosome 13ql4, developmental delay or
intellectual disability may be appreciated before
retinoblastoma is diagnosed (Fig. 8.2).

Children with chromosome13q14 deletions may
develop retinoblastoma at a somewhat later age and
often they develop only one tumor. One may
speculate that when the “first hit” is a large deletion,
gene conversion, a common pathway for the “sec-
ond hit” in retinoblastoma, may lead to premature

cell death instead of cancer. Paradoxically by reduc-
ing cell viability with the “second hit,” large muta-
tions can act as low-penetrance mutations.

In our center, all children have high-resolution
chromosome analysis and fluorescence in situ
hybridization (FISH) for 13q14 as part of their
initial evaluation to rule out both macroscopic
and microscopic deletions [3]. When a chromo-
some deletion is discovered in an affected patient,
a microarray should be done to determine the size
and extent of the deletion. The associated intel-
lectual disability has been mapped to the nearby
NUFIPI and PCDHS genes. The parents should
also have testing with microarray or FISH for
13q14 to rule out a similar deletion, inversion, or
other heritable chromosome anomaly.

8.6.2 Mosaicism

Mosaicism, in which the RB/ mutation is present in
some but not all cells of the affected child, is com-
mon in the first affected member of a family with
retinoblastoma [4—10]. Mosaics for RBI germline
mutations often have unilateral retinoblastoma and
later onset and they lack a family history of the dis-
ease. However, mosaicism has also been seen in
patients with bilateral retinoblastoma and in unaf-
fected parents of affected children. There is no tech-
nique that will reliably detect all cases of mosaicism.
Gene sequencing may miss mosaicism when less
than 20 % of cells have a mutation. Even when
more than one tissue is studied, mosaicism can
never be completely ruled out in the first affected
member of the family. When a child with unilateral
sporadic retinoblastoma has normal RBI gene test
results, the chance of a germline mutation is never
zero. There is always a small residual risk for unde-
tected mosaicism. The counseling session should
include a discussion of the possibility of low-level
germline mosaicism.

A genetic counselor can anticipate mosaicism in
a multi-generation retinoblastoma family when the
first affected individual, the “founder,” has unilat-
eral retinoblastoma or a late-onset tumor yet their
affected offspring have bilateral, early-onset retino-
blastoma. In a retinoblastoma family with 2 or
more affected generations, including a parent and
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Fig. 8.3 The mother in this photograph had unilateral
retinoblastoma. After her daughter was diagnosed with
bilateral retinoblastoma, the mother was found to be
mosaic for the germline mutation in RB/ that caused the
daughter’s disease. This family illustrates the point that
when retinoblastoma is caused by a new sporadic muta-
tion, the founder individual may be mosaic for the RBI

child, it is always best to start the testing process in
the child from the second affected generation. This
avoids the possibility of a false-negative result due
to undetected mosaicism in the first affected mem-
ber of the family. Mosaicism, when it occurs, is
limited to the first affected member of the pedigree.
Mosaicism is not hereditary. The affected child of a
mosaic individual inherits the deleterious mutation
and is not mosaic. Such a family is illustrated in
Fig. 8.3. The mother had unilateral retinoblastoma
and normal RB1 gene analysis, while her daughter,
with bilateral retinoblastoma, had a detectable RB1
mutation. Later the same mutation was demon-
strated in the mother’s blood using a specific tech-
nique for that mutation: PCR with an allele-specific
oligonucleotide probe. This family also shows the
value of testing more than one individual in a fam-
ily when a germline mutation is expected.

8.6.3 Low-Penetrance Mutations
and Variable Expressivity

Low-penetrance mutations, often due to mis-
sense mutations in RB/ that do not truncate

mutation (i.e., it can occur at some point after conception
and the first cell division). When searching for the muta-
tion in a two-generation family, the second generation
should always be tested first, if possible. Also this family
confirms comments in the text that a negative DNA test
for a germline mutation in a unilateral patients may fail to
detect low-level mosaicism

the protein product, and variable expressivity
are well documented in the retinoblastoma lit-
erature [11-13]. The specific type of RBI
mutation is important in determining whether
to expect complete penetrance, high pene-
trance, or variable penetrance. Penetrance var-
ies with the in-frame (low penetrance) or
out-of-frame (high penetrance) nature of
splice site mutations. Another mechanism for
variable penetrance occurs when exon 1 muta-
tions produce functional transcripts through
alternate mRNA transcription [14, 15]. We
stress the need for parental dilated eye exams
before genetic counseling so a retinocytoma/
retinoma (Chap. 7) that may be present but
previously unknown is documented prior to
counseling. A parent who is unaffected and
healthy can share the same RBI germline
mutation with their affected child. So-called
pseudo low penetrance may also lead the
counselor astray. This refers to two affected
relatives in a large pedigree giving the appear-
ance of familial retinoblastoma, when in fact,
the retinoblastoma tumors arose from inde-
pendent and unrelated RB/ mutations [16].
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8.6.4 Family History of Other
Early-Onset Cancers

The family history is often positive for early-
onset cancers of different types. Otherwise
healthy parents and grandparents of patients with
isolated retinoblastoma may have rare or multiple
cancers suggesting the possibility of other cancer
predisposing genetic disorders in the family. This
can complicate genetic counseling for the family
of a child with sporadic unilateral retinoblas-
toma. In the face of normal RBI mutation analy-
sis, the genetic counselor might modify the risk
for subsequent cancers based on the family his-
tory of other cancers. We have observed early-
onset melanoma in the unaffected daughter of a
mother with retinoblastoma who had died of gas-
tric cancer. Conversely, we have also observed
early-onset melanoma in the otherwise normal
mother of a boy with isolated sporadic retinoblas-
toma whose RB/ mutation analysis was normal.
In both of these families, cancer surveillance and
high-risk follow-up were recommended.

8.6.5 Evolving Phenotypes
and Changing Pedigrees

Evolving phenotypes and changing pedigrees
sometimes make it necessary to revise risks and
re-counsel families. After counseling a patient
with unilateral sporadic retinoblastoma, the
counselor may have to revise their risk assess-
ment after the discovery of a second affected
individual in the family or a second tumor in the
proband. This is a special concern when counsel-
ing the parents of a young infant with a unilateral
tumor.

Counseling should always include the parents,
whose status may change as a result of genetic
testing. An unaffected parent may be surprised to
find that they harbor a germline mutation and are
at increased risk for non-ocular cancers. This par-
ent now needs to be monitored and counseled. It
is also important to counsel the parent who had
unilateral Rb themselves and but did not know
their RBI mutation status until the birth of a child
with bilateral Rb. This affected parent is now

clearly a germline mutation carrier and at risk for
secondary tumors. In one such family, the father
had unilateral Rb and his child had bilateral Rb.
The father was unaware of his own risk for sec-
ondary tumors. After genetic counseling, he was
examined at our recommendation and was diag-
nosed with a melanoma even while his child was
still undergoing treatment. This illustrates the
need to consider the affected parent as a patient,
even at a time when most of the medical attention
is focused on the affected child.

8.6.6 Intellectual Disability

All children with retinoblastoma should be moni-
tored for age-appropriate developmental mile-
stones. However, intellectual disability in children
with retinoblastoma is not always due to a dele-
tion of chromosome 13q14. Those who are devel-
opmentally delayed deserve a prompt and
thorough evaluation. The correct diagnosis can be
delayed when the team attributes developmental
delay to a 13q deletion but fails to obtain chromo-
some analysis and fluorescence in situ hybridiza-
tion studies or microarray studies. We have seen a
child with retinoblastoma and autistic features,
who had Fragile X syndrome. Other patients have
intellectual disability of unknown cause without a
clear causal link to their retinoblastoma.

8.6.7 Congenital Anomalies

Congenital anomalies are commonly encoun-
tered in patients with retinoblastoma. In our
clinic, we have seen retinoblastoma patients with
clubfeet, dextrocardia, ear anomalies, etc. It is
unclear whether there are more than the expected
number of congenital anomalies among children
with retinoblastoma because there have been no
studies. However, in our center, more than the
expected 3 % of affected children have congeni-
tal anomalies. Although this could be due to
ascertainment bias, it also raises questions about
common environmental or genetic/epigenetic
causation for retinoblastoma and birth defects.
In either case, the presence of other anomalies
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further complicates the genetic counseling pro-
cess. A complete genetic assessment is important
for any child with retinoblastoma and unexpected
findings or developmental delay.

The Isolated Case
of Unilateral Retinoblastoma

8.7

It is the isolated case of unilateral retinoblastoma
that is most problematic for the genetic coun-
selor. The lack of a family history and an older
age at onset of unilateral sporadic retinoblastoma
do not exclude a germline RBI mutation [17]. We
recently found a germline RB/ mutation in a
child with unilateral sporadic retinoblastoma
who was diagnosed at age 5 years. Although
most children with unilateral retinoblastoma will
not have heritable retinoblastoma, a significant
minority will have a germline mutation in the
RBI gene. These are the children and families
who may benefit the most from genetic counsel-
ing since some of these children receive more
intervention than they need and others receive too
little. For now, when a germline RB/ mutation is
diagnosed, we can only modify surveillance and
advice about reproductive risks. Reducing the
morbidity and mortality associated with retino-
blastoma is an important goal of genetic counsel-
ing. Eventually, we hope to have effective
strategies to reduce cancer risk in individuals
who carry RBI germline mutations. We hope that
all children with unilateral sporadic retinoblas-
toma will be able to undergo RB/ testing to deter-
mine their germline mutation status.

8.8  Prenatal Diagnosis

When a parent has a known RBI germline muta-
tion, options for testing an embryo or fetus
including prenatal diagnosis after natural con-
ception and preimplantation genetic diagnosis
(PGD) should be discussed with parents. PGD is
performed by testing an embryo for the presence
of the RBI mutation following in vitro fertiliza-
tion (IVF). Assisted reproductive technology
including in vitro fertilization is often seen, at

first glance, as an attractive option for a parent
who has an RBI mutation. Using donor eggs or
sperm may remove the risk of retinoblastoma in
the pregnancy. When using the gametes from the
couple, PGD and selective implantation of only
unaffected embryos obviates the need for the
consideration of a pregnancy termination.
However, IVF is expensive and it is associated
with more pregnancy complications such as pre-
term delivery, low birth weight, and multiple
gestation than a natural conception. Furthermore,
the risk for chromosome anomalies and birth
defects of all types is increased by about 25 % in
IVF-conceived fetuses, possibly related to the
use of ovarian-stimulating drugs or other aspects
of the procedure (e.g., intracytoplasmic sperm
injection). PGD itself is not foolproof: it has its
own risks and limitations. Both false-positive
and false-negative PGD results have occurred for
various chromosomal and genetic disorders so
prenatal diagnosis with chorionic villous sam-
pling (CVS) or amniocentesis might be consid-
ered to confirm normal findings. In fact, it is
important to note that de novo RBI mutations
have occurred in children conceived by IVF
[18]. Therefore, in spite of the benefits they
bring, the risks and limitations associated with
IVF and PGD may make this option less attrac-
tive than a natural conception. Chorionic villus
sampling (at 11-13 weeks gestation) and amnio-
centesis (after 15 weeks gestation) are diagnostic
tests with high sensitivity and specificity.
Targeted mutation analysis can be done on tissue
obtained from these methods. Normal fetal
results can provide reassurance which is a bene-
fit to the anxious couple, that is often unfairly
minimized. When the presence of an RBI muta-
tion is established in the fetus, this information
can be used to either plan for surveillance or
make decisions regarding continuing the preg-
nancy. In experienced hands, these procedures
are associated with a <1 % risk of miscarriage.
Maternal cell contamination and other risks and
limitations of the procedures should be discussed
by the genetic counselor as part of the informed
consent process. If the mutation is identified pre-
natally, fetal ultrasound can be used to identify
large intraocular tumors. Preterm delivery of an
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affected infant with an ocular tumor evident on
fetal ultrasound exam may offer some benefits
by allowing for early treatment of tumors or
early ocular examination [19].

Whether prenatal diagnosis is performed or
not, cord blood or an infant’s peripheral blood
may be used for diagnostic or confirmatory test-
ing after delivery. Since genetic test results are
not always available in a short time, at-risk chil-
dren should have ocular evaluation by an experi-
enced ophthalmologist soon after delivery.

8.9  The Limits of Technology

and Non-informative Results

The limits of technology need to be reviewed in
detail with the family prior to gene testing as part
of the informed consent process. The possibility
of undetectable mutations, false-positive and
false-negative results should be discussed with
the family prior to DNA testing.

8.9.1 Mutation Detection

When direct DNA testing shows an abnormal
result, the family can be counseled accordingly.
However, normal results should always be inter-
preted with caution as sensitivity for mutation
detection is not 100 %. Technical limitations of
gene sequencing analysis contribute to this lack
of sensitivity because this method does not reli-
ably detect large deletions or low-level mosa-
icism. Patients also need to be aware of the
possibility of non-informative results. This refers
to the situation in which RBI gene analysis in
blood appears to be negative but a cryptic muta-
tion is in fact present. This situation can usually
be avoided if the tumor tissue is tested at the
same time as the blood sample. As retinoblas-
toma tumors will typically contain two RBI gene
mutations, by starting the testing process with a
tumor sample, the sensitivity of the testing tech-
nique to detect the mutations in question can be
determined. When DNA testing on tumor tissue
does not reveal both mutations, it is evident that
the same mutation would likely not be detectable

in blood. This lack of sensitivity cannot be dis-
cerned when only blood is studied. For this rea-
son, in all unilateral retinoblastoma cases treated
with enucleation, fresh tumor tissue should be
frozen so that it is available for gene analysis
later. Even in the best laboratories, using a variety
of DNA techniques, RB/ gene analysis yields a
detection rate of about 96 % (Table 8.1). With
this in mind, the chance of misinterpreting an
undetected RB1 mutation as a normal result (false
negative) should be discussed whenever blood
alone is studied.

8.9.2 Linkage Analysis

Linkage analysis is an indirect form of DNA test-
ing in which the actual mutation is not detected
but nearby DNA markers, some of which may be
within the RB1 gene itself, can be tracked through
affected relatives. This technique can be mislead-
ing when the proband with retinoblastoma is
mosaic for a germline RB/ mutation. This makes
linkage analysis less reliable (decreased specific-
ity, more false positives) when the pedigree is
small, with only two affected generations. Under
these circumstances, linkage analysis should not
be used for prenatal diagnosis purposes because
of the chance of a false-positive diagnosis.

8.10 The Future in DNA Testing
for Retinoblastoma

We have discussed germline mutation testing but
there is a parallel body of work on genetic analysis
of the tumor itself. Germline mutations are found
in the RBI gene in body tissues outside the tumor;
however, there are a variety of other gene muta-
tions and chromosome changes found in the tumor
itself. Specific chromosome changes in addition to
those found on chromosome 13 such as +6p, +1q,
and —16 have been recognized in retinoblastoma
tumors since the early 1980s [20]. Recent reports
suggest that DNA analysis in these and other chro-
mosome regions may shed light on progression of
malignancy events in retinoblastoma [21-24].
These findings may have clinical relevance in the
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Table 8.1 Retinoblastoma gene testing techniques: limitations and detection rates

Technique
Cytogenetic
analysis

Chromosome analysis

deletions

Limitations

Detection rate (%)

Limited to detection of chromosome 13 5
translocations, rearrangements, and very large

Should be done in conjunction with FISH for

13q14
FISH for 13q14

Limited to detection of large RBI gene deletions

Should be done in conjunction with
chromosome analysis

Microarray

Detects small deletions in RB/

Should be done on all deletion cases

Direct DNA
analysis

RBI gene sequence analysis

Limited to detection of small sequence 70
variations

Detects small deletions, insertions, point

mutations

Does not reliably detect mosaicism or splice site

changes

RBI quantitative multiplex
PCR

RBI allele-specific PCR

Limited to detection of deletions and gene 20
rearrangements

Limited to cases in which familial mutation is

known and mosaicism is suspected

Methylation of RB1
promoter

Indirect DNA
analysis

Linkage analysis

Limited to nonhereditary, sporadic unilateral 11
retinoblastoma

Limited to multigenerational families
Mosaicism in proband can lead to false-positive

result for unaffected offspring

RBI retinoblastoma gene, FISH fluorescent in situ hybridization, PCR polymerase chain reaction

future. Of similar potential clinical interest is the
finding that loss of specific metastasis suppressor
genes (MSGs) have been associated with a much
higher risk for metastasic growth in other human
cancers [25-27].

8.11 Summary

The genetics of retinoblastoma is complex and
unique. Genetic counseling and RB/ gene testing
has value for patients, especially those with uni-
lateral retinoblastoma. This information is also
valuable for the other members of the retinoblas-
toma team who can manage patients whose RB/
status has been clarified more effectively. The
genetic counseling process is improved when
both patients and physicians are prepared and
both thoroughly understand the benefits and limi-
tations of the molecular technology and the can-
cer surveillance strategies that are currently

available. Even when the facts are mastered,
genetic counseling for retinoblastoma is further
complicated by the psychological and emotional
aspects of this disorder. Geneticists, ophthalmol-
ogists, psychologists, social workers, and other
mental health professionals work best when they
work together to help families grapple with the
lifelong implications of the information they
have been given.
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in the approaches for managing intraocular
retinoblastoma. In the 1960s, external radiation
therapy was the primary vision-saving modal-
ity for treating the ocular tumors [3]. In the mid
1990s, systemic chemotherapy combined with
focal modalities became the dominant treatment
strategy, emphasizing multiple drug chemoreduc-
tion protocols and minimizing the use of external
beam radiation [4]. Over the past 5 years, there
has been growing interest in local or regional ther-
apies, delivering chemotherapeutic agents directly
to the globe or through regional arteries in an
attempt to improve cure rates and reduce the mor-
bidity of less selective modalities. In this chapter,
we summarize current management approaches
for intraocular retinoblastoma, emphasizing the
clinical indications for intravenous chemother-
apy, external beam radiation, brachytherapy, focal
modalities, intra-arterial chemotherapy, and intra-
vitreal injection of chemotherapy.

9.2 Classification (Grouping)

The international classification of intraocular
retinoblastoma offers guidance to clinicians in
deciding when and how to manage intraocular
retinoblastoma (Chap. 3) [5]. For group A dis-
ease, focal modalities are typically adequate to
cure the eye (i.e., photocoagulation and cryother-
apy). Most group B eyes will require another
modality in addition to focal treatments to con-
trol the disease and achieve optimal visual out-
comes. For example, most group B disease can
be successfully treated with 3—4 cycles of intra-
venous chemotherapy combined with focal con-
solidation or occasionally a radioactive plaque if
the tumor is away from the posterior pole. Group
C retinoblastoma is managed with a similar
approach (3-6 cycles of chemotherapy, occasion-
ally brachytherapy), although success rates are
lower because of the presence of localized seed-
ing. Most oncology centers will attempt to save
group A—C eyes, even if central vision is poor
and the patient has unilateral disease, because of
the relatively high success rates achieved with
current approaches (80-100 %). Conversely,
the likelihood of salvaging group D eyes with

chemotherapy alone is 47 % [6], which creates a
dilemma for unilateral patients (and those bilat-
eral patients with group A disease in the contra-
lateral eye). If the visual potential is poor (i.e.,
macula destroyed by tumor), a strong case can be
made for recommending enucleation for unilat-
eral group D disease and sparing the child the
morbidity of 6 months of chemotherapy. For
bilateral patients with one group D eye and at
least a group B diagnosis in the contralateral eye,
the decision to treat with 6 cycles of chemother-
apy is less controversial since the better eye also
requires treatment. In general, group E eyes
should be enucleated. This is because the chance
of salvaging such an advanced eye is low (despite
all treatments), the visual prognosis is dismal,
and the odds that a group E eye harbors high-risk
pathologic features is significant (24 %) [7]. If a
group E eye demonstrates optic nerve invasion on
the staging MRI study, most centers advocate
immediate enucleation with adjuvant chemother-
apy being given if high-risk features are con-
firmed on histopathology. However, in Los
Angeles, we have demonstrated that patients with
proximal optic nerve enhancement treated with 5
cycles of neo-adjuvant chemotherapy prior to
enucleation achieve good outcomes [8]. The lat-
ter strategy was adopted to prevent a positive pos-
terior (i.e., cut end) optic nerve margin, and spare
the child the morbidity of external beam radia-
tion. It should be kept in mind that for bilateral
patients, the eye with the more advanced group
classification should dictate the intensity of the
treatment regimen. However, it should not be
assumed that the eye with the lesser grade tumor
will ultimately be the better-seeing eye after the
completion of therapy.

9.3 Intravenous Chemotherapy

Since 1990, there has been an effort to increase
the use of intravenous chemotherapy and focal
treatments and to avoid the use of external beam
radiation therapy, mainly because of the growing
awareness of the risk for second tumors in retino-
blastoma patients (Chap. 11). Prior to 1990, most
centers reserved intravenous chemotherapy for
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patients requiring adjunctive treatment after enu-
cleation or rescue therapy for extraorbital or met-
astatic disease (Chap. 18).

The recognition of the increased risk for sec-
ond tumors in patients treated with external beam
radiation stimulated many groups in the 1990s to
use chemotherapy to treat intraocular retinoblas-
toma. Over the past two decades, intravenous
chemotherapy has emerged as the most important
conservative (eye-sparing) treatment approach
forintraocular retinoblastoma [9—14]. Intravenous
chemotherapy is currently used to treat tumors
that are too large or widespread to treat with focal
modalities such as cryotherapy, thermotherapy,
or brachytherapy. Although external beam radio-
therapy remains an excellent option for preserv-
ing vision in patients with retinoblastoma, most
clinicians believe that current chemotherapy regi-
mens offer a better safety profile than radiother-
apy. The visual outcomes of intravenous
chemotherapy also appear to be comparable to
external beam radiation for patients with bilateral
disease and visual potential in one or both eyes
[3]. For these reasons, intravenous chemotherapy
is the most common primary, eye conservation
approach for treating intraocular retinoblastoma
in developed countries.

9.3.1 Treatment Parameters

Although intravenous chemotherapy protocols
vary slightly between institutions, most centers
are currently treating intraocular retinoblastoma
with carboplatin, vincristine, and etoposide as a
three-drug regimen given in 3-6 cycles. The regi-
men of carboplatin, etoposide, and vincristine
has been used successfully against extraocular
retinoblastoma, as well as other primitive neuro-
ectodermal tumors such as neuroblastoma [15,
16]. Carboplatin, an analogue of cisplatin with
less nephrotoxicity and ototoxicity, is an active
agent against many brain tumors and is known to
cross the blood-brain barrier [17]. Many centers
have utilized a two-agent regimen of carboplatin
with either etoposide or vincristine with similar
outcomes as the three-drug regimen [10, 18-21].
Single-agent chemotherapy with carboplatin has

also been used with success by Abramson’s
group [22, 23]. The addition of cyclosporine as a
P-glycoprotein inhibitor was suggested by Chan
to increase chemosensitivity [24, 25]. Their
group has demonstrated that some patients who
became resistant to multiple cycles of chemo-
therapy respond to the same regimen given with
cyclosporine [9]. Although the success rate in
their series of patients seemed to correlate with
higher doses of cyclosporine, most centers have
not incorporated cyclosporine into their chemo-
therapy regimens. At CHLA, we utilize the stan-
dard three-drug regimen at the following doses:
carboplatin (13 mg/kg/day), vincristine (5.0 mg/
kg/day), and etoposide (0.05 mg/kg/day) given
for 2 sequential days. For patients less than 6
months of age, carboplatin and vincristine are
given at 50 % dose, without vincristine to avoid
ileus. As previously discussed, group A eyes can
typically be managed with focal modalities alone,
and group E eyes are usually enucleated. For
group B eyes, the standard approach is 3 cycles
of chemotherapy, and for group C eyes, 3-6
cycles depending on the clinical response. For
group D eyes, 6 cycles is almost always given,
unless a decision is made to recommend EBR or
enucleation before the completion of therapy.

9.3.2 Concomitant Focal Therapy

Although the ideal regimen for intravenous che-
motherapy has not been determined, most authors
agree that chemotherapy must be combined with
focal modalities for adequate tumor control
(Chap. 10). Although almost all eyes respond
initially to chemotherapy, it is rare for a tumor
to be cured with chemotherapy alone, even after
six cycles [23, 26, 27]. Without laser treatment
or cryotherapy, Wilson found that 92 % of eyes
progressed after completion of chemotherapy
[20]. Abramson suggested that focal treatments
can usually be delivered after 2-3 cycles, since
cumulative reduction in tumor area was near
maximal after 2 cycles and the mean reduction
in tumor area for the third treatment alone was
only 5.4 % [23]. Gallie also suggested focal treat-
ment after 2 cycles if the clinical examination
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confirmed adequate tumor reduction and resolu-
tion of subretinal fluid [9]. Our recommendation
is to begin using local modalities when clinical
judgment indicates that tumor consolidation can
be achieved safely with laser treatment, cryo-
therapy, or brachytherapy (1-3 cycles), waiting
for further regression for larger tumors and those
in the macula. For tumors in the macula, tumors
should be maximally regressed before beginning
laser therapy to minimize the size of the post-
treatment scotoma. Often, extensive tumors in
the posterior pole will shrink enough with che-
motherapy to allow treatment with focal modali-
ties in an attempt to preserve at least a portion of
central vision. Typically, laser treatment is used
to treat tumors in the posterior pole or very small
tumors (1DD or less) in the periphery. For larger
tumors in the periphery, tumors with any eleva-
tion, or those with localized vitreous seeding,
cryotherapy is the modality of choice (Chap. 10).

9.3.3 Efficacy

Similar to other treatment modalities, clinical
studies examining the efficacy of intravenous

chemotherapy demonstrate a correlation with the
stage of the intraocular disease. The strategy of
combining intravenous chemotherapy with focal
therapy has been associated with a 90-100 %
chance of radiation and enucleation-free survival
for eyes with group A and B tumors (or Reese—
Ellsworth groups I-III) [27, 28]. Results for
patients with groups D and E (or Reese—Ellsworth
groups IV and V eyes) have been less encourag-
ing. Our clinical series suggests that group D
eyes have a 47 % chance of avoiding external
beam radiation or enucleation (Table 9.1) [6]. In
general, group E eyes should be enucleated, par-
ticularly if the patient has unilateral disease.
There may be rare clinical situations where a
patient with group E disease and bilateral
advanced tumors may be treated with intravenous
chemotherapy, but it is likely that another salvage
treatment will become necessary (such as EBR or
enucleation), mainly because of the difficulty in
treating advanced seeding with intravenous
chemotherapy.

The presence of subretinal or vitreous seeds is
a common cause of treatment failure in eyes
undergoing intravenous chemotherapy. Systemic
chemotherapy definitely causes regression of

Table 9.1 Summary of clinical studies on intravenous chemotherapy of retinoblastoma

Author No. eyes Regimen Cycles
Gallie [9] 40 VRES

Kingston [26] 24 VRE 2-4
Murphree [17] 35 VRE 3
Shields [32] 31 VRE 2
Greenwald [18] 11 RE 6-7
Bornfeld [11] 12 VRES 3
Shields [27] 52 VRE 2.6
Gunduz [14] 27 VRE 2.6
Friedman [13] 75 VRE 6
Beck [10] 33 RE 2-5
Wilson [20] 36 VR 6
Shields [29] 158 VRE 6
Brichard [12] 24 VRE 2-6
Rodriguez [21] 43 VR 8
Schiavetti [19] 58 RE 4-8
Antoneli [99] 145 VRE 2-6
Totals 804

Veyes EBR Enuc None F/U (months)
18 4 1 13 3
24 20 6 18 60
21 7 17 0 ?
22 9 0 13 6
6 5 3 1 23
7 2 1 4 7
36 19 8 17
27 16 10 5 25
30 13 9 14 13
13 7 5 2 31
14 8 5 5 19
75 32 32 27 28
12 0 2 10 21
15 8 6 4 32
17 4 11 1 53
74 ? ? 30 ?
411 156

V vincristine, R carboplatin, E etoposide, S cyclosporin, V eyes Reese-Ellsworth group V eyes, EBR external beam
radiation, Enuc enucleated eyes, None eyes avoiding enucleation and external beam radiation, F/U mean follow-up, ?

not reported
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some tumor seeds in the vitreous cavity and sub-
retinal space, although the response is variable,
unpredictable, and typically not complete [18,
27, 32]. In 1996, Shields reported that calcifica-
tion occurred in 50 % of vitreous seeds and 78 %
of subretinal seeds following 2 cycles of chemo-
therapy, similar to the findings after external
beam radiation [32]. Overall, eyes with vitreous
and subretinal seeds developed tumor recurrence
at a rate of approximately 46 and 62 % at 3 years
and 5 years of follow-up, respectively [29]. If
some vitreous or subretinal seeds are viable after
6 cycles of chemotherapy, they will inevitably
cause new retinal tumor recurrences. Wilson has
also pointed out that seed dispersion can be
induced or worsened by chemotherapy: as tumors
regress during the initial cycles of intravenous
chemotherapy, tumors can fragment and release
seeds into the vitreous cavity [20]. Persistence of
seeds may also represent inadequate penetration
of the chemotherapy to the avascular sites in the
vitreous cavity and subretinal space. Another
possible cause of treatment failure with intrave-
nous chemotherapy is the development of new
tumors. In Lee’s study of single-agent carbopla-
tin, 47 % of eyes developed additional tumors
during the period of follow-up, and 37 % of eyes
had new tumors only 1 month after the initial
cycle of chemotherapy [22]. The risk of new
tumor formation was more than twice as likely if
the child was treated before the age of 6 months
of age, and nearly all new tumors occurred in the
first 2 years of life. These findings confirmed that
systemic chemotherapy does not appear to have a
protective or prophylactic effect against the
development of new tumors, even in the immedi-
ate posttreatment period. Therefore, patients
undergoing intravenous chemotherapy need to be
monitored for the development of new tumor foci
in both eyes before, during, and after the comple-
tion of intravenous chemotherapy.

9.3.4 Complications
Short-term systemic side effects of chemo-

therapy are common, including fatigue, nausea
and vomiting, and hematologic problems such

as leukopenia, thrombocytopenia, and anemia.
Occasionally, patients require admission for
transfusions or work-ups for neutropenic fevers,
but hematologic suppression rarely requires a
delay of chemotherapy doses [9]. Ototoxicity has
been reported in 0—17 % of patients with thera-
peutic doses of carboplatin, with the risk being
the highest in children below 6 months of age
[31, 33]. Baseline hearing testing is encouraged
in all patients [31]. Several ophthalmic complica-
tions have been reported in patients undergoing
intravenous chemotherapy and focal therapy for
retinoblastoma, although in general these cases
are rare. Anagoste reported three cases of rheg-
matogenous retinal detachments and Gombos
reported a case of intraocular cholesterosis fol-
lowing intravenous chemotherapy [34, 35].
Parents should be warned, however, that iatro-
genic iris injury is a remote possibility in eyes
that undergo repeated laser treatments.

A rare but potentially life-threatening compli-
cation of intravenous chemotherapy is the devel-
opment of secondary nonocular cancers,
particularly hematologic malignancies such as
leukemia. Acute myelogenous leukemia (AML)
has been reported following the use of etoposide
with relatively short latency periods of 1-7 years
[36]. In lymphoblastic leukemia patients under-
going chemotherapy, the long-term risk of AML
has been reported to be 2-3 % for intensive
weekly or twice weekly schedules of teniposide
or etoposide [36]. A recent survey by Gombos
et al. identified 12 cases of AML in retinoblas-
toma patients undergoing intravenous chemo-
therapy [37]. This survey included a questionnaire
of retinoblastoma specialists practicing through-
out the Americas and Europe, as well as a data-
base of 1,601 patients from the National Institutes
of Health, Department of Health and Human
Services, and the Ophthalmic Oncology Service
at the Memorial Sloan-Kettering Cancer Center.
Among the 12 identified cases, 9 patients had
bilateral or multifocal retinoblastoma, and 8
patients had received an epipodophyllotoxin
(etoposide or teniposide). Although a causative
link between AML and epipodophyllotoxin ther-
apy in retinoblastoma patients has not been estab-
lished, it is concerning that prior to the intravenous
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chemotherapy era, the development of leukemia
was thought to be a rare event. In a study pub-
lished in 1984, Abramson et al. observed only
one case of leukemia among 1,900 survivors of
retinoblastoma [30]. Without knowing the total
number of retinoblastoma patients treated with
intravenous chemotherapy in the modern era, it is
not possible to calculate the risk of developing
AML in this population of patients or even to
conclude that a definite association exists.
However, this recent report by Gombos et al. sug-
gests that further investigation will be required to
fully assess the validity of this risk.

9.4  Periocular Chemotherapy

(Injections and Exoplants)

There is a great need to consistently achieve ther-
apeutic levels of therapeutic agents on a regimen
that is not limited by systemic toxicity. The che-
motherapeutic agents currently used (carbopla-
tin, etoposide, and vincristine) are small
molecules and should enter the eye easily in an
appropriate  trans-scleral  delivery  system.
Carvalho and colleagues have described a prom-
ising closed trans-scleral delivery system that

Fig.9.1 Schematic of the eye (not to scale) that shows the
positioning of the episcleral reservoir (a). This image
shows a rigid reservoir held in place by scleral sutures. The
most current version of the reservoir is made of flexible sili-
cone. Indenting the reservoir creates a suction that securely

consists of a small, impermeable refillable sili-
cone reservoir that can be firmly attached to the
episclera with minimally invasive conjunctival
surgery (Fig. 9.1) [38]. Once in place the reser-
voir can be filled and refilled as often as neces-
sary by simple transconjunctival injections.
These authors have demonstrate the superiority
of this trans-scleral protected delivery system in
delivering agents to the posterior vitreous and
retina when directly compared to agent delivery
via subtenon injection. In addition, much less
delivered agent gains access to the plasma. As
many as four of the reservoirs can be attached to
the episclera of a single eye, allowing the concur-
rent delivery of multimodality therapy. The sim-
plicity of the placement and recharging of the
reservoir, the sustained delivery of high levels of
agent to the vitreous and the posterior retina, and
the potential for an inexpensive route for deliver-
ing tumor-targeted biotherapies make this type of
trans-scleral delivery very promising. The cur-
rent development of exoplants is still in preclini-
cal stages.

In 1998, Mendelsohn and Abramson showed
that peribulbar and episcleral injection of carbopl-
atin could achieve higher vitreous concentrations
than intravenous administration in primates [39].

attaches the implant to the sclera. Tissue adhesive can also
be used to assist in maintaining its position. A higher mag-
nification of the implant (b). The round soft refill port can
be palpated through the overlying conjunctiva for refilling
of the reservoir with a small 30-gauge needle
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9.4.1 Efficacy

Murray and colleagues showed a dose-dependent
inhibition of tumor growth with subconjuncti-
vally delivered carboplatin in transgenic retino-
blastoma mice [40]. The first clinical trial was
performed by Abramson on 11 children with
bilateral retinoblastoma, using a median of three
injections per eye with an interval of 21 days
between injections [41, 42]. In that trial, a major
clinical response was observed in three of five
eyes with vitreous seeds and two of five eyes with
retinal tumors. Periorbital edema and redness
after injection were observed in 4 of 13 eyes and
one patient developed optic neuropathy (Fig. 9.2).

9.4.2 Complications

Although the early clinical experience with peri-
ocular injection has been encouraging, there
have also been reports of local complications
with this delivery method. Schmack and col-
leagues reported four cases of optic nerve atro-
phy in eyes that had been enucleated following
periocular carboplatin injection [43]. The enu-
cleated eyes had received between 3 and 7

Fig.9.2 Periocular edema 2 days after bilateral periocu-
lar (subtenon injection of 10 mg/ml carboplatin x 2 sites).
The edema resolved within a week with a short course of
oral steroids without residual deficit

periocularcarboplatininjections. Histopathologic
examination showed focal areas of ischemic
necrosis and atrophy in the retrobulbar optic
nerve along with dystrophic calcification and
inflammation in the surrounding fibrovascular
tissue. Mulvihill and colleagues reported ten
patients with ocular motility restriction follow-
ing subtenon carboplatin injection, diagnosed by
forced duction testing [44]. They reported that
subtenon carboplatin injection was associated
with significant fibrosis of orbital soft tissues,
restricting eye movement and making subse-
quent enucleation difficult. Because of the
potential for local scarring and toxicity, most
centers no longer routinely perform periocular
carboplatin injections.

In an attempt to reduce periocular complica-
tions of carboplatin, some authors have investi-
gated clinical use of topotecan [45] and of fibrin
sealant [45] based upon favorable preclinical
pharmacokinetic data [46, 47].

9.5 Selective Intra-arterial

Chemotherapy (IAC)

As early as 1953, Kupfer described a case of reti-
noblastoma treated with nitrogen mustard
injected directly into the periocular circulation
[48]. Later, in the 1960s and 1970s, Reese and
Ellsworth combined external beam radiotherapy
with intracarotid chemotherapeutic agents [49].
In the 1980s, Kaneko at the National Cancer
Institute in Tokyo, Japan, began working on a
new method to administer ocular chemotherapy —
he described it as selective ophthalmic arterial
infusion (SOAI) [50]. With this approach, devel-
oped primarily to avoid enucleation, a balloon
catheter was inserted in the femoral artery, past
the internal carotid, and guided just past the ori-
gin of the ophthalmic artery. The balloon was
then inflated and melphalan injected into the arte-
rial vasculature. Often adjuvant treatments were
also administered but more than half of the
treated eyes were preserved. In 2008, Abramson
and colleagues modified this technique with
direct insertion of the cannula just past the ostium
of the artery (Chap. 12) [42].
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Over the past 5 years, selective intra-arterial
infusion of chemotherapy (IAC) has emerged as
an important new modality for treating eyes with
advanced intraocular retinoblastoma [51-56].
IAC is currently used as salvage therapy in most
modern retinoblastoma centers and used as pri-
mary therapy at several centers including MSKCC
[53]. Doses used for IAC have ranged between
3.0 and 7.5 mg of melphalan per treatment in pri-
mary cases and a multidrug regimen of carbopla-
tin, melphalan, and topotecan in salvage cases.

9.5.1 Efficacy

The initial phase I/II trial of 10 patients with
group V retinoblastoma salvaged seven eyes that
would have otherwise been enucleated [42].
While the initial series used melphalan, addi-
tional follow-up reports have infused other agents
including carboplatin and topotecan (alone or in
combination) with good results. The technique
has been used successfully in unilateral and bilat-
eral cases and as both a primary and salvage
approach. Follow-up electroretinogram (ERG)
data suggests improved ERG findings in some
very advanced cases with the resolution of the
retinal detachment [57]. Defining an event as
“enucleation or need for radiotherapy,” 4-year
data from the Abramson group demonstrated a
81.7 % event-free survival for eyes that received
intra-arterial chemotherapy as primary treatment
and 58.4 % for eyes that had previous treatment
failure with intravenous chemotherapy and/or
external beam radiation therapy [53].

9.5.2 Complications

Despite the encouraging initial data for IAC, there
is also growing evidence for potential ocular toxic-
ity with this therapy, ranging from minor side
effects (periocular edema, transient lash loss, fore-
head hyperemia) to more serious complications
such as retinal artery occlusion and vitreous hem-
orrhage [58—60]. Fortunately, neurologic compli-
cations related to the catheterization process
appear to be extremely rare with this technique.

However, systemic neutropenia has been reported
in a minority of children with TAC [53]. Concern
has also been raised regarding the clinical signifi-
cance of low-dose radiation exposure from the
fluoroscopy used during the IAC procedure [61—
63]. Finally, IAC is not widely available even in
developed countries and clinical success rates
appear to vary between centers, perhaps related to
the technical proficiency of the interventional neu-
roradiologist performing the procedure. When
IAC is used as primary therapy, the benefit of
avoiding systemic chemotherapy in children with
retinoblastoma must be weighed against the higher
risk of local complications and the complexity of
the catheterization procedure. When considering
its use as salvage therapy, the different set of
potential side effects between IAC and EBR must
be carefully weighed in an individual case, taking
into account the patient age and whether the recur-
rent disease is unilateral or bilateral.

9.6 Intravitreal Chemotherapy

Intravitreal chemotherapy (IVC) injection has
recently emerged as a potential new modality to
salvage eyes with residual vitreous seeding after
systemic or intra-arterial chemotherapy (Chap.
12). For many years, the field of retinoblastoma
management has avoided intraocular injection
due to widespread concerns that a needle enter-
ing an eye with active retinoblastoma would lead
to the extraocular spread of cancer cells. There is
histopathologic evidence of tumor cells in needle
tracks of eyes with active retinoblastoma,
although documented cases of clinical extraocu-
lar relapse after fine needle aspiration biopsy are
rare [64, 65]. There are, however, documented
cases of extraocular spread after the performance
of vitrectomy (with positive-pressure infusion) in
eyes with unsuspected retinoblastoma [66].

9.6.1 Efficacy

Seregard initially reported on a series of three chil-
dren with recurrent retinoblastoma being treated
with IVC in 1995 [67]. Since then, there have been
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other reports of IVC being used successfully for
children with active vitreous seeding. Suzuki and
Kaneko reported on 237 eyes of 227 patients
treated with 896 IVC injections of melphalan, with
only a 0.4 % rate of extraocular spread with a
mean follow-up of 91 months [50, 68]. Munier
used 135 IVC injections of melphalan in 30 eyes
of 30 children who had failed systemic chemo-
therapy. In his series, IVC injections were given
with a 32-gauge needle using several important
safety measures including: (1) ultrasound biomi-
croscopy (UBM) to rule out pars plana involve-
ment at the site of injection, (2) pre-injection
paracentesis, and (3) postinjection cryotherapy at
the site of injection [69]. Importantly, no child in
the Munier series had evidence of extraocular
spread during the period of follow-up and approxi-
mately 80 % of eyes with vitreous seeding were
salvaged [69, 70]. Even with these precautions,
repeated injections into the vitreous cavity does
carry the potential for tumor spread and it is impor-
tant to use this technique selectively until there are
data on its long-term safety and efficacy.

The candidates for IVC melphalan injections
are those patients with isolated vitreous seeding
and minimal tumor load after chemotherapy and/
or radiation. Our initial experience in Los
Angeles with intravitreal injection of melphalan
has been very encouraging with a high salvage
rate for eyes with vitreous seeding, with minimal
side effects. Intravitreal melphalan injections do
not appear to be effective for retina-based tumors.
Based on the evidence to date, external beam
radiotherapy is probably a more effective modal-
ity for treating vitreous seeding than IVC, but
radiotherapy is associated with serious side
effects, especially in children younger than 12-18
months of age (see section on EBR).

9.6.2 Complications

To avoid complications with this technique, it is
important to carefully follow the protocol pub-
lished by Munier [69]. By using small 32- or
33-gauge needles, performing a paracentesis, and
applying cryotherapy at the site of injection, the
risk of extraocular spread should be remote. In

our experience, peripheral chorioretinal atrophy
commonly occurs at the site of injection but no
serious vision-limiting side effects have been
encountered with doses up to 40 mcg. Rare cases
of ocular phthisis have been reported with IVC,
and the risk seems to be correlated with higher
doses [71]. Although more investigation is
needed, intravitreal chemotherapy appears to be a
viable option for salvaging selected eyes with
isolated vitreous seeding, as long as certain pre-
cautions are followed.

9.7 LaserTherapy

Laser therapy is used for the following indications
in the management of intraocular retinoblastoma:
(1) for accomplishing consolidation of large
tumors after systemic chemotherapy (i.e., chemo-
reduction), (2) for treating small peripheral or
posterior tumors as the sole modality, and (3) for
eradicating small tumor recurrences within or
adjacent to scars following chemotherapy and/or
radiotherapy (Chap. 10). When used in conjunc-
tion with primary chemotherapy for intraocular
retinoblastoma, focal consolidation can be accom-
plished with either the green 532 nm argon or the
810 nm diode infrared laser. The shorter wave-
length green 532 nm argon laser is more readily
absorbed in the relatively nonpigmented retino-
blastoma tumor, while the longer wave length
810 nm diode infrared laser achieves deeper pen-
etration in the presence of intact retinal pigment
epithelium. The technique we find useful with the
argon 532 nm is essentially the same for both pri-
mary treatment of group A lesions and consolida-
tion following primary chemotherapy in groups
B-D. In general, focal consolidation begins after
the first or second cycle of systemic chemother-
apy after the tumor volume has been reduced.

9.7.1 Treatment Parameters

The goal of the therapy is to completely cover
each lesion with 30 % overlap during at least
three different sessions. We choose initial
power settings of 250-300 mW, with durations
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of 300-500 ms. The power and time settings
are kept low to prevent tumor disruption and
hemorrhage that may be associated with exces-
sive energy delivery. The first burns are placed
at the edge of the lesion with the spot half on
and half off the tumor. The power and/or dura-
tion can be adjusted to achieve gentle whitening
of the tumor. We do not recommend exceeding
500-600 mW and 700 ms with the 532 mm laser.
Once the lesion is outlined, the entire lesion
including any type I regression-associated cal-
cium is covered with overlapping rows of burns.
Larger lesions undergoing chemoreduction may
require 200—-400 burns for good coverage. The
burns over the thicker areas of the tumor may be
virtually invisible compared with those placed
at the edge of the lesion. The power or dura-
tion should not be increased to compensate for
the decreased absorption over the thicker parts
of the lesion. Repeat the laser coverage at 2—4
week intervals during and/or after the adminis-
tration of systemic chemotherapy until the entire
lesion has been covered on at least three different
occasions.

Because the infrared 810 nm diode laser has a
longer wavelength than the argon laser, it pene-
trates deeper and is absorbed mainly by the reti-
nal pigment epithelium. Therefore, it is
particularly useful if retinal pigmented epithe-
lium (RPE) is intact under the lesion to be
treated. Another advantage of the diode laser is
that its larger spot size allows more rapid cover-
age of the lesion and a lower risk of delivering
excessive energy that might cause bleeding or
tumor disruption. The diode laser can also be
used for photocoagulation or transpupillary ther-
motherapy, depending on the settings utilized
(Chap. 10). The endpoint of energy application
is, like that for the argon laser, a gentle whiten-
ing of a spot placed half on and half off the
tumor. Because of the larger spot size, the power
is generally set initially at between 300 and
500 mW for 500 ms. The power can be adjusted
upward to 700-800 mW if required to achieve
the desired endpoint. If the active tumor focus
demonstrates growth after first session of laser
treatment, a second application should be
attempted at a high-power level. Persistent

growth after the second laser session is an indi-
cation that another modality will be needed to
eradicate the tumor.

9.7.2 Efficacy

Laser photocoagulation is an appropriate method
of management in cases where the tumor is
located posteriorly, the media are clear, and the
tumor is 3.0 mm or less in diameter and 2.0 mm
or less in thickness without seeding into the adja-
cent vitreous.

In a series of 188 tumors that had mean tumor
diameter of 3.0 mm and thickness of 2.0 mm,
tumor regression was achieved in 86 % with a
recurrence rate of 14 % [72]. Using the diode
laser on a continuous mode (i.e., thermotherapy),
Abramson was able to achieve complete regres-
sion in 84 out of 91 tumors (92 %) [73]. Larger
tumors are at greater risk for complications such
as focal iris atrophy and focal paraxial lens
opacity because they require more intense ther-
apy as compared to smaller tumors.

9.7.3 Complications

Complications of focal laser consolidation
include burns of the iris at the pupillary margin
and focal lens opacities, both of which are rare
in experienced hands. Other complications that
are associated with excessive energy delivered
to the tumor include subhyaloid and vitreous
hemorrhage. Theoretically, it is possible to
mechanically disrupt the tumor and create vitre-
ous seeding of the tumor by using excessive
energy (power A ~time) levels but that compli-
cation has also been a very rare event in patient
care if the above cautions are exercised. In
approximately 1,000 lesions in more than 300
eyes treated in Los Angeles, we have seen tumor
disruption by the laser on only one tumor. In
that case, early in the series, treatment was done
before chemotherapy was given and the laser
power was increased to approximately
900 mW. Vitreous hemorrhage and tumor seed-
ing ultimately resulted in loss of the eye. The
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most significant long-term complication of focal
consolidation is decreased vision from RPE scar
migration or “creep” in lesions near the foveola.
A judicious approach is required when applying
laser on the foveal side of a tumor near fixation
to minimize the resulting scotoma. Lee and col-
leagues demonstrated an increase in the size of
laser scars following red diode laser application
[74]. It is reasonable to consider close observa-
tion after sufficient primary chemotherapy of a
small tumor located near the fovea until docu-
mented growth is seen. In some instances, cen-
tral vision can be spared if regrowth does not
occur. Tumors that exist in the maculopapillary
bundle can be managed in this fashion, espe-
cially if the contralateral eye has been enucle-
ated or has poor visual prognosis.

9.8 Cryotherapy

Destruction of retinoblastoma tumors by cryo-
therapy results from disruption of cellular mem-
branes following the freeze—thaw cycle. It can
also have a local vasoocclusive effect on the
tumor and nearby retina/choroid. Cryotherapy is
useful for small peripheral tumors and can be
used successfully for lesions up to 3.0 mm in
diameter and 2.0 mm in thickness (Chap. 10).
Cryotherapy can also be used to eradicate small
tumors with localized vitreous seeding near the
apex, assuming that the ice ball from the treat-
ment can encompass both the tumor and the
seeds. The difficulty in using cryotherapy as local
treatment for posterior pole tumors is that a surgi-
cal procedure is required to open the conjunctiva
so that accurate placement of the probe can be
achieved. In addition, because the probe tip can-
not be visualized while the freezing is taking
place, it is theoretically possible to freeze the
macula or optic nerve. An important consider-
ation to keep in mind is that cryotherapy rou-
tinely destroys a great deal of normal retina
surrounding the lesion, thereby increasing the
visual deficit from the resulting chorioretinal
scar. Therefore, the location and size of the tumor
are important considerations when using cryo-
therapy for retinoblastoma.

9.8.1 Treatment Parameters

The treatment begins by confirming that the cryo-
therapy probe and foot pedal are functioning
properly, Using indirect ophthalmoscopy, the
probe of the cryotherapy unit is used to localize
and elevate the tumor on the tip of the probe.
Once the probe is directly beneath the tumor,
freezing is initiated and the ice ball maintained
until it encompasses the entire tumor mass. After
the treatment covers the apex of the tumor for
2 mm, the ice ball is allowed to thaw, and this
freeze—thaw cycle repeated for a total of two or
three applications. To avoid iatrogenic injury to
the globe, it is important not to move the probe on
the sclera until the ice ball has completely
resolved.

9.8.2 Efficacy

Cryotherapy is indicated for anteriorly located
tumors with clear media, and the highest success
rate is achieved for primary, small tumors with-
out seeding. Proper patient selection and utiliza-
tion of careful technique are important factors in
achieving a high success rate. In a series of 138
tumors treated with cryotherapy by Abramson,
70 % of tumors overall were cured with cryother-
apy [75]. For primary tumors without previous
therapy, the cure rate was 95 %, but all of the
tumors at the vitreous base with seeding failed
[75].

9.8.3 Complications

Complications of cryotherapy include vitreous
hemorrhage, development of subretinal fluid,
and retinal holes. Very rarely, retinal breaks from
cryotherapy can result from a combination of the
atrophic retina and vitreous traction, particularly
at the edges of the treated area. We have observed
several cases of rhegmatogenous retinal detach-
ment when large superior, partially calcified
tumors were treated extensively with cryotherapy.
Extensive cryotherapy can also cause atrophy of
the sclera, with formation of a pseudocoloboma
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of the sclera. The presence of preexisting subreti-
nal fluid in the region of proposed cryotherapy
is a relative contraindication. The use of proper
technique is critical in avoiding these complica-
tions, and it is particularly important to not move
the cryotherapy probe until there is visual confir-
mation through the indirect ophthalmoscope that
the ice ball has completely dissipated.

9.9  Brachytherapy

In current treatment regimens for intraocular reti-
noblastoma, episcleral brachytherapy is a treat-
ment option for focal tumors that are too large for
cryotherapy or laser treatment (Chap. 10). Unlike
external beam radiotherapy, radiation exposure is
limited to the ocular structures and there is no
increased risk of second nonocular cancers or
orbital hypoplasia. As is the case with other
modalities, proper selection of patients is critical
for success with brachytherapy. The ideal candi-
date for a radioactive plaque is a patient with a
focal tumor (8 mm or less in thickness), without
vitreous or subretinal seeds and more than 2 disc
diameters away from the macula or optic nerve.
Tumors with localized seeding (<3 mm from the
tumor margin) can be treated with brachytherapy
although the recurrence rate is higher. A large
retinoblastoma tumor in the posterior pole treated
with brachytherapy is likely to have a poor visual
outcome, although in most cases the tumor has
already destroyed central vision. Diffuse vitreous
or subretinal seeding will not respond to brachy-
therapy, although it may be possible to treat the
distant seeding with other modalities such as
intravitreal injection.

9.9.1 Treatment Parameters

Iodine-125 is currently the most commonly
used isotope for brachytherapy in the United
States. Other source materials such as
Ruthenium-106 have been used successfully in
Europe [76]. When creating an Iodine-125
plaque for a child with retinoblastoma, radioac-
tive seeds are placed into a custom-built plaque

designed to treat the specific shape and size of
the tumor. Plaque placement is confirmed with
the indirect ophthalmoscope and the active
plaque is inserted in the operating room. The
regression response most commonly seen after
removal is a type 4 pattern (flat scar). With
Iodine plaques, the radiation dose is 4,000—
4,500 cGy to the apex of the tumor at a rate of
50-150 cGy/h. The plaque is removed in a sec-
ond operation 2-3 days later, depending on the
isotope used and the size of the tumor.

9.9.2 Efficacy

When used as the primary modality in eyes with
retinoblastoma patients, Shields and colleagues
reported a tumor recurrence rate of only 12 % at
1 year of follow-up and an overall tumor control
rate of 79 % at 5 years [77]. Schueler and col-
leagues in Germany reported a 5-year tumor
control rate of 94.4 % and a 5-year eye preserva-
tion rate of 86.5 % using ruthenium plaques,
with a very high radiation dose to the tumor
apex (>100 Gy) [76]. Brachytherapy is also
effective as a salvage technique in eyes that have
failed other types of therapy including external
beam radiation, photocoagulation, or cryother-
apy, as long as the seeding is absent or limited.
Used as salvage therapy for eyes that have failed
other treatment methods, Abramson reported an
overall success rate for brachytherapy of 50 %,
utilizing cobalt plaques [78]. Merchant and col-
leagues recently reported a salvage rate of 60 %
in eyes that had failed chemotherapy or external
beam radiotherapy [79]. Risks for tumor recur-
rence following brachytherapy include the pres-
ence of tumor seeds in the vitreous and subretinal
space, large tumor size, prior failure of external
beam radiation, lower dose of radiation
(<38 Gy), and increasing patient age [76, 77,
79]. In summary, plaque radiotherapy is highly
effective in treating selected tumors with a high
control rate. It can be used successfully even as
a secondary treatment for tumors that have not
been adequately controlled by other methods
such as laser photocoagulation, cryotherapy, or
thermotherapy.
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9.9.3 Complications

Although the radiation dose for retinoblastoma is
lower than the doses typically used for uveal mel-
anoma, ocular complications should be antici-
pated. In their series of 208 tumors managed with
plaque radiotherapy, Shields et al. reported reti-
nopathy in 27 % of eyes, papillopathy in 26 %,
cataract in 31 %, and glaucoma in 11 % of treated
eyes [77]. Schueler reported a high incidence of
intraocular hemorrhage of 29.1 % in their series
of patients treated with ruthenium-106 plaques,
with almost half of these patients developing vit-
reous hemorrhage [76]. The authors did not com-
ment on the possible cause for this high rate of
intraocular hemorrhage in their series, although
the radiation doses used in this study may have
contributed (mean 138 Gy to tumor apex). It has
also been recognized that eyes that have previ-
ously received external beam radiation are at
higher risk for these ocular complications, and
the total dose to critical structures such as the
optic nerve should be carefully monitored.

9.10 External Beam Radiotherapy

Intraocular retinoblastoma is a radiosensitive
tumor and one of the few solid cancers that can
be routinely cured by radiotherapy (Chap. 14).
Despite the recent paradigm shift toward chemo-
reduction in virtually all modern centers treating
retinoblastoma, EBR remains an excellent
method for preserving vision in children with
retinoblastoma older than 1 year of age. In fact,
EBR is one of the few modalities, which can treat
tumors in the posterior pole without worsening
central vision.

9.10.1 Treatment Parameters

Over the last 50 years, the optimal dose, dose
rate, portals, fraction scheme, and energy to
treat retinoblastoma have been determined
through the collaborative work of ocular oncol-
ogists and radiation oncologists. Radiation ther-
apy for retinoblastoma is designed to encompass

the entire tumor-bearing portion of the globe
and at least 1 cm of optic nerve. The fields are
designed so that the radiosensitive lens receives
a significantly lower dose than the tumor. For
children with bilateral disease, parallel oppos-
ing lateral D-shaped fields are used to avoid
radiation-induced cataracts, which are more
common when anterior fields are used [80]. For
patients with unilateral disease, a pair of supe-
rior and anterior wedged oblique “D” fields are
employed, with more radiation supplied to the
superior oblique field to avoid a significant exit
dose to the frontal lobe [81]. The dose pre-
scribed to the retinal target typically ranges
between 3,600 and 4,500 cGy in most centers,
administered in 180-200 cGy daily fractions,
five times per week. At CHLA, we utilize a total
dose of 36 Gy of intensity-modulated radiother-
apy (IMRT) for most patients, increasing the
dose up to 42 Gy if there is a large tumor load in
an advanced case.

9.10.2 Efficacy

When used as primary therapy, overall rates of
local control in the radiated eye vary in differ-
ent series from 50 to 95 % [82-84]. As would
be predicted by the Reese—Ellsworth classifica-
tion, the location and size of the tumor deter-
mines the likelihood that it will respond to
external beam radiation. Small tumors in the
posterior pole tend to respond well to external
beam radiation, with excellent visual results.
Large anterior tumors and those with severe vit-
reous seeds respond poorly to therapeutic doses
of external beam radiation. The globe preserva-
tion rate is 95 % for groups I-II eyes treated
with EBR but only about 50 % for eyes in
groups IV and V [80].

In the modern era, external beam radiation is
most commonly used as salvage therapy for
seeding following unsuccessful chemotherapy.
Diffuse vitreous and retinal seeds cannot be
treated with focal methods and typically are not
cured with systemic chemotherapy. Therefore,
EBR is often used for these eyes after 3—6 cycles
of systemic chemotherapy, with the salvage rate
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being approximately 70-80 % with EBR in this
setting [85]. The decision to treat with EBR
must be made on a case-by-case basis, and treat-
ment algorithms are not always useful due to the
various factors that must be considered.
However, there are three useful clinical dictums
to keep in mind when considering EBR for
intraocular retinoblastoma: (1) avoid EBR in
children less than 1 year of age due to the risk of
inducing second cancers, (2) avoid using EBR
in eyes with dismal visual potential, and (3) for
primary therapy, systemic chemotherapy offers
a better safety profile than EBR in most clinical
situations.

9.10.3 Complications

Over the past three decades, retrospective studies
have documented an increased risk of second
cancers in patients with germinal retinoblastoma
treated with external beam radiation (EBR)
(Chap. 19) [86-88]. A recent long-term study
showed that patients with germinal retinoblas-
toma who undergo radiotherapy have a 38 %
cumulative incidence of second cancers by 50
years of age versus an incidence of 21 % in chil-
dren who have not been treated with EBR [88,
89]. Age at the time of radiation therapy appears
to be critical, children radiated during the first
year of life are 2—-8x as likely to develop second
cancers as those radiated after the age of 1 year
[89, 90]. Nonocular cancers observed in survi-
vors of germinal retinoblastoma include, in order
of most common to least common: soft tissue sar-
comas, osteogenic sarcomas of the skull and long
bones, pineoblastomas, cutaneous melanomas,
brain tumors, Hodgkin’s disease, lung cancer,
breast cancer, and other epithelial neoplasms.
When considering second cancers, patients
treated with radiation tend to develop brain
tumors and sarcomas of the head and neck within
the radiation field in the first 10 years of life,
whereas germinal retinoblastoma survivors who
do not undergo radiation develop epithelial can-
cers (lung, bladder, cutaneous melanomas) in
adulthood [91]. Therefore, it is commonly

accepted that children under the age of 12 months
who receive external beam radiation are at
increased risk for developing second nonocular
cancers, as well as other complications such
orbital and midfacial hypoplasia.

Although the development of additional non-
ocular cancers is the most serious long-term
complication of EBR, other side effects do
occur, particularly with higher doses in younger
children [92]. For patients with lesions between
the equator and the ora serrata, the anterior edge
of the field is brought forward to include the
lens, increasing the risk for a cataract. In one
study of children treated with EBR before 1
year of age with anterior fields, clinically sig-
nificant cataracts occurred in 85 % of eyes over
12-49 months of follow-up [93]. Conversely,
lens-sparing techniques have much lower rates
of cataracts of 28 % but also higher rates of
anterior retinal recurrence [84]. Another poten-
tial complication of EBR is damage to the vas-
cular endothelium, with manifestations ranging
from optic neuropathy, retinal vascular occlu-
sion, vitreous hemorrhage, and neovascular
glaucoma. Facial and temporal bone hypoplasia
can also occur following radiation in very young
children. This deformity is most marked when
both eyes are treated with parallel opposing
fields and when children are treated under the
age of 12 months. Fontanesis has reported that
all children less than 1 year of age who received
>30 Gy using lens-sparing techniques experi-
enced some facial asymmetry [93]. Although
long-term data are not available, it is hoped that
conformal radiation techniques such as inten-
sity-modulated radiotherapy (IMRT) will
decrease the severity of orbital and facial hypo-
plasia. Less serious complications which have
been reported with EBR include keratitis sicca,
corneal ulceration, keratinization of the con-
junctiva and sclera, lacrimal gland atrophy/
fibrosis, loss of lashes, fat atrophy in the orbit,
and prolonged skin erythema within the area of
the radiation portal. Severe keratitis sicca is
very common in the first 3 months after treat-
ment, and we recommend performing prophy-
lactic silicone punctual plug placement in all
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children undergoing EBR to reduce photopho-
bia and ocular discomfort.

9.11 Enucleation

Despite the progress of conservative modalities,
enucleation remains the most commonly
employed technique for treating retinoblastoma
worldwide (Chap. 15). Retinoblastoma typically
responds, at least partially, to all eye-conserving
treatment modalities. However, tumor regrowth
is a common cause of treatment failure, necessi-
tating constant surveillance and monitoring.
When all conservative strategies have failed, enu-
cleation is typically curative unless the tumor
extends to the optic nerve margin or invades the
sclera.

The vast majority of retinoblastoma cases are
sporadic (nonfamilial), and many children do not
present for medical care until the eye is filled
with tumor, causing leukocoria, strabismus, or
glaucoma. Typically these eyes have very limited
visual potential, even with aggressive treatment.
If the other eye is not involved or can be treated
with focal therapies, there is little reason to sub-
ject the patient to the toxicities of systemic che-
motherapy or external beam radiation. Patients
considered for enucleation are those with unilat-
eral group D disease, unilateral or bilateral group
E disease, and any patient with active tumor fol-
lowing the completion of primary therapy in a
blind eye. Patients are also considered for enucle-
ation if the eye contains suspected active tumor
and cannot be followed with fundoscopy due to
obscured media. Greater than 95 % of patients
with unilateral retinoblastoma without extraocu-
lar disease are cured by enucleation, a rare situa-
tion in surgical oncology [94].

The decision to enucleate an eye with retino-
blastoma should be made in consultation with the
family and several key issues should be dis-
cussed. First, it should be emphasized that the
eye has not had useful vision for a prolonged
period and the child will not experience any func-
tional limitations from enucleation. Second, the
operation is not painful and can usually be

performed on an outpatient basis. Finally, the
family should understand that enucleation is
being considered because tumor control cannot
be accomplished with any of the available modal-
ities and that the risk of keeping a blind eye can-
not be justified when there is a risk for tumor
spread and metastasis.

Critical elements of the surgery include avoid-
ing any perforations of the globe and obtaining a
long section of optic nerve of at least 15 mm.
Different techniques have been described for
obtaining a long section of optic nerve during
enucleation. Although most experienced ocular
oncologists routinely obtain 15-20 mm of optic
nerve with enucleation, one of the newer tech-
niques is to sever the optic nerve under direct
visualization through a superior orbital approach,
utilizing a small upper lid incision [95]. Shrinkage
of the optic nerve segment typically occurs with
processing, and this should be kept in mind when
evaluating the results of different surgical tech-
niques [96]. A variety of orbital implants are
available to reestablish the orbital volume,
including silicone, hydroxyapatite, Medpor, and
dermis fat graft. When considering implant
choices, the silicone sphere is widely available,
has the lowest incidence of complications, and
provides acceptable motility. Porous implants
such as hydroxyapatite and high-density polyeth-
ylene (Medpor) have gained in popularity due to
the low rates of implant migration and the poten-
tial for better motility if the implant is pegged to
allow coupling with the prosthesis. However, no
study has demonstrated a motility advantage for
non-pegged porous implants (hydroxyapatite,
Medpor) when compared to nonporous implants
(silicone). In addition, porous orbital implants
have higher rates of implant exposure and infec-
tion compared to silicone spheres, as well as
higher costs [97]. No matter which implant is
chosen, the largest implant that can be fit into the
orbit should be selected (1618 mm), both to
encourage orbital growth and to obviate the need
to place a secondary implant when the child
grows. Postoperative infections and other com-
plications are extremely rare with modern surgi-
cal techniques. After 4 weeks, patients can be
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fitted with a prosthesis by the ocularist. Continued
monitoring of the child will be necessary in the
postoperative period to detect orbital tumor
recurrence in the socket, which has a high corre-
lation with systemic metastatic disease [98].

Conclusion

Strategies for treating intraocular retinoblas-
toma continue to evolve as new therapies are
developed and others fall out of favor. The
popularity of chemotherapy during the past
decade has spared many young children with
retinoblastoma the side effects of external
beam radiation. The emergence of local thera-
pies over the past 5 years has improved globe
salvage rates while reducing systemic side
effects. Despite this success, there continue to
be significant challenges in improving visual
outcomes and globe salvage rates in patients
with retinoblastoma. Modern centers treating
retinoblastoma continue to manage patients
with a variety of modalities, individualizing
the therapy according to the patient’s presen-
tation and clinical course.

References

1. Novakovic B. U.S. childhood cancer survival, 1973—
1987. Med Pediatr Oncol. 1994;23(6):480-6.

2. SantM, Capocaccia R, Badioni V, Group UW. Survival
for retinoblastoma in Europe. Eur J Cancer. 2001;
37(6):730-5.

3. Abramson DH, Schefler AC. Update on retinoblas-
toma. Retina. 2004;24(6):828-48.

4. Kim JW, Abramson DH, Dunkel 1J. Current manage-
ment strategies for intraocular retinoblastoma. Drugs.
2007;67(15):2173-85.

5. Murphree AL. Intraocular retinoblastoma: a case for a
new group classification. Ophthalmol Clin North Am.
2005;18:41-53.

6. Berry JL, Jubran R, Kim JW, et al. Long-term outcomes
of Group D eyes in bilateral retinoblastoma patients
treated with chemoreduction and low-dose IMRT sal-
vage. Pediatr Blood Cancer. 2013;60(4):688-93.

7. Kaliki S, Shields CL, Rojanaporn D, et al. High-risk
retinoblastoma based on international classification of
retinoblastoma: analysis of 519 enucleated eyes.
Ophthalmology. 2013;120(5):997-1003.

8. Armenian SH, Panigrahy A, Murphree AL, Jubran
RE. Management of retinoblastoma with proximal
optic nerve enhancement on MRI at diagnosis. Pediatr
Blood Cancer. 2008;51(4):479-84.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Gallie BL, Budning A, DeBoer G, Thiessen JJ,

Koren G, Verjee Z, Ling V, Chan HS. Chemotherapy
with focal therapy can cure intraocular retinoblas-
toma without radiotherapy. Arch Ophthalmol. 1996;
114(11):1321-8.

Beck MN, Balmer A, Dessing C, Pica A, Munier
F. First-line chemotherapy with local treatment can
prevent external-beam irradiation and enucleation in
low-stage intraocular retinoblastoma. J Clin Oncol.
2000;18(15):2881-7.

Bornfeld N, Schiiler A, Bechrakis N, Henze G, Havers
W. Preliminary results of primary chemotherapy in
retinoblastoma. Klin Padiatr. 1997;209(4):216-21.
Brichard B, De Bruycker JJ, De Potter P, Neven B,
Vermylen C, Cornu G. Combined chemotherapy and
local treatment in the management of intraocular reti-
noblastoma. Med Pediatr Oncol. 2002;38(6):411-5.
Friedman DL, Himelstein B, Shields CL, Shields JA,
Needle M, Miller D, Bunin GR, Meadows
AT. Chemoreduction and local ophthalmic therapy for
intraocular retinoblastoma. J Clin Oncol. 2000;18(1):
12-7.

Gunduz K, Shields CL, Shields JA, Meadows AT,
Gross N, Cater J, Needle M. The outcome of chemo-
reduction treatment in patients with Reese-Ellsworth
group V retinoblastoma. Arch Ophthalmol. 1998;
116(12):1613-7.

Doz FKF, Mosseri V, Validire P, Quintana E, Michon
J, Desjardins L, Schlienger P, Neuenschwander S,
Vielh P. The role of chemotherapy in orbital
involvement of retinoblastoma. The experience of a
single institution with 33 patients. Cancer. 1994;74(2):
722-32.

Goble RR, McKenzie J, Kingston JE, Plowman PN,
Hungerford JL. Orbital recurrence of retinoblastoma
successfully treated by combined therapy. Br J
Ophthalmol. 1990;74(2):97-8.

Murphree AL, Villablanca JG, Deegan 3rd WEF, et al.
Chemotherapy plus local treatment in the manage-
ment of intraocular retinoblastoma. Arch Ophthalmol.
1996;114(11):1348-56.

Greenwald MJ, Goldman S, Strauss LC. Combined
chemoreduction and adjuvant treatment for intraoc-
ular retinoblastoma. Ophthalmology. 1998;105(9):
1579-81.

Schiavetti A, Hadjistilianou T, Clerico A, Bonci E,
Ragni G, Castello MA. Conservative therapy in intra-
ocular retinoblastoma: response/recurrence rate. J
Pediatr Hematol Oncol. 2005;27(1):3-6.

Wilson MW, Rodriguez-Galindo C, Haik BG,
Moshfeghi DM, Merchant TE, Pratt CB. Multiagent
chemotherapy as neoadjuvant treatment for multifocal
intraoculara retinoblastoma. Ophthalmology.
2001;108(11):2106-14. discussion 14-5.
Rodriguez-Galindo C, Wilson MW, Haik BG, et al.
Treatment of intraocular retinoblastoma with vincris-
tine and carboplatin. J Clin Oncol. 2003;21(10):
2019-25.

Lee TC, Hayashi NI, Dunkel 1J, Beaverson K,
Novetsky D, Abramson DH. New retinoblastoma



Retinoblastoma: Treatment Options

105

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

tumor formation in children initially treated with sys-
temic carboplatin. Ophthalmology. 2003;110(10):
1989-94. discussion 94-5.

Abramson DH, Lawrence SD, Beaverson KL, Lee
TC, Rollins IS, Dunkel 1J. Systemic carboplatin for
retinoblastoma: change in tumour size over time. Br J
Ophthalmol. 2005;89(12):1616-9.

Chan HS, Canton MD, Gallie BL. Chemosensitivity
and multidrug resistance to antineoplastic drugs in
retinoblastoma cell lines. Anticancer Res. 1989;9(2):
469-74.

Chan HS, DeBoer G, Thiessen JJ, Budning A,
Kingston JE, O’Brien JM, Koren G, Giesbrecht E,
Haddad G, Verjee Z, Hungerford JL, Ling V, Gallie
BL. Combining cyclosporin with chemotherapy con-
trols intraocular retinoblastoma without requiring
radiation. Clin Cancer Res. 1996;2(9):1499-508.
Kingston JE, Hungerford JL, Madreperla SA,
Plowman PN. Results of combined chemotherapy and
radiotherapy for advanced intraocular retinoblastoma.
Arch Ophthalmol. 1996;114(11):1339-43.

Shields CL, Shields JA, Needle M, De Potter P,
Kheterpal S, Hamada A, Meadows AT. Combined
chemoreduction and adjuvant treatment for intraocu-
lar retinoblastoma. Ophthalmology. 1997;104(12):
2101-11.

Shields CL, Mashayekhi A, Cater J, et al
Chemoreduction for retinoblastoma: analysis of
tumor control and risks for recurrence in 457 tumors.
Trans Am Ophthalmol Soc. 2004;102:35-44; discus-
sion —5.

Shields CL, Honavar SG, Shields JA, et al. Factors
predictive of recurrence of retinal tumors, vitreous
seeds, and subretinal seeds following chemoreduction
for retinoblastoma. Arch Ophthalmol. 2002;120(4):
460-4.

Abramson DH, Ellsworth RM, Kitchin FD, Tung
G. Second nonocular tumors in retinoblastoma survi-
vors. Are they radiation-induced? Ophthalmology.
1984;91(11):1351-5.

Smits C, Swen SJ, Theo Goverts S, et al. Assessment
of hearing in very young children receiving carbopla-
tin for retinoblastoma. Eur J Cancer. 2006;42(4):
492-500.

Shields CL, De Potter P, Himelstein BP, Shields JA,
Meadows AT, Maris JM. Chemoreduction in the ini-
tial management of intraocular retinoblastoma. Arch
Ophthalmol. 1996;114(11):1330-8.

Qaddoumi I, Bass JK, Wu J, et al. Carboplatin-
associated ototoxicity in children with retinoblas-
toma. J Clin Oncol. 2012;30(10):1034-41.
Anagnoste SR, Scott IU, Murray TG, et al
Rhegmatogenous retinal detachment in retinoblas-
toma patients undergoing chemoreduction and cryo-
therapy. Am J Ophthalmol. 2000;129(6):817-9.
Gombos DS, Howes E, O’Brien JM. Cholesterosis
following chemoreduction for advanced retinoblas-
toma. Arch Ophthalmol. 2000;118(3):440-1.

Pui CH, Ribeiro RC, Hancock ML, et al. Acute
myeloid leukemia in children treated with epipodo-

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

phyllotoxins for acute lymphoblastic leukemia. N
Engl J Med. 1991;325(24):1682-7.

Gombos DS, Hungerford J, Abramson DH, et al.
Secondary acute myelogenous leukemia in patients
with retinoblastoma: is chemotherapy a factor?
Ophthalmology. 2007;114(7):1378-83.

Pontes de Carvalho RA, Krausse ML, Murphree AL,
et al. Delivery from episcleral exoplants. Invest
Ophthalmol Vis Sci. 2006;47(10):4532-9.
Mendelsohn ME, Abramson DH, Madden T, et al.
Intraocular concentrations of chemotherapeutic
agents after systemic or local administration. Arch
Ophthalmol. 1998;116(9):1209-12.

Murray TG, Cicciarelli N, O’Brien JM, et al.
Subconjunctival carboplatin therapy and cryotherapy
in the treatment of transgenic murine retinoblastoma.
Arch Ophthalmol. 1997;115(10):1286-90.

Abramson DH, Frank CM, Dunkel 1J. A phase I/II study
of subconjunctival carboplatin for intraocular retino-
blastoma. Ophthalmology. 1999;106(10):1947-50.
Abramson DH, Dunkel 1J, Brodie SE, et al. A phase I/
II study of direct intraarterial (ophthalmic artery) che-
motherapy with melphalan for intraocular retinoblas-
toma initial results. Ophthalmology. 2008;115(8):
1398-404, 404.e1.

Schmack I, Hubbard GB, Kang SJ, et al. Ischemic
necrosis and atrophy of the optic nerve after periocular
carboplatin injection for intraocular retinoblastoma.
Am J Ophthalmol. 2006;142(2):310-5.

Mulvihill A, Budning A, Jay V, et al. Ocular motility
changes after subtenon carboplatin chemotherapy
for retinoblastoma. Arch Ophthalmol. 2003;121(8):
1120-4.

Yousef YA, Halliday W, Chan HS, et al. No ocular
motility complications after subtenon topotecan with
fibrin sealant for retinoblastoma. Can J Ophthalmol.
2013;48(6):524-8.

Van Quill KR, Dioguardi PK, Tong CT, et al
Subconjunctival carboplatin in fibrin sealant in the
treatment of transgenic murine retinoblastoma.
Ophthalmology. 2005;112(6):1151-8.

Tsui JY, Dalgard C, Van Quill KR, et al.
Subconjunctival topotecan in fibrin sealant in the
treatment of transgenic murine retinoblastoma. Invest
Ophthalmol Vis Sci. 2008;49(2):490-6.

Kupfer C. Retinoblastoma treated with intravenous
nitrogen mustard. Am J Ophthalmol. 1953;36(12):
1721-3.

Hyman GA, Ellsworth RM, Feind CR, Tretter
P. Combination therapy in retinoblastoma. A 15-year
summary of methods and results. Arch Ophthalmol.
1968;80(6):744-6.

Kaneko A, Suzuki S. Eye-preservation treatment of
retinoblastoma with vitreous seeding. Jpn J Clin
Oncol. 2003;33(12):601-7.

Abramson DH, Gobin YP, Marr BP, et al. Intra-arterial
chemotherapy for retinoblastoma. Ophthalmology.
2012;119(8):1720~1; author reply 1.

Abramson DH, Marr BP, Dunkel IJ, et al. Intra-arterial
chemotherapy for retinoblastoma in eyes with



106

JW.Kim etal.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

vitreous and/or subretinal seeding: 2-year results. Br J
Ophthalmol. 2012;96(4):499-502.

Gobin YP, Dunkel 1J, Marr BP, et al. Intra-arterial
chemotherapy for the management of retinoblastoma:
four-year experience. Arch Ophthalmol. 2011;129(6):
732-17.

Shields CL, Bianciotto CG, Jabbour P, et al. Intra-
arterial chemotherapy for retinoblastoma: report No.
2, treatment complications. Arch Ophthalmol. 2011;
129(11):1407-15.

Shields CL, Kaliki S, Shah SU, et al. Minimal
exposure (one or two cycles) of intra-arterial che-
motherapy in the management of retinoblastoma.
Ophthalmology. 2012;119(1):188-92.

Thampi S, Hetts SW, Cooke DL, et al. Superselective
intra-arterial melphalan therapy for newly diagnosed
and refractory retinoblastoma: results from a single
institution. Clin Ophthalmol. 2013;7:981-9.

Brodie SE, Pierre Gobin Y, Dunkel 1J, et al. Persistence
of retinal function after selective ophthalmic artery
chemotherapy infusion for retinoblastoma. Doc
Ophthalmol. 2009;119(1):13-22.

Marr B, Gobin PY, Dunkel 1J, et al. Spontaneously
resolving periocular erythema and ciliary madarosis
following intra-arterial chemotherapy for retinoblas-
toma. Middle East Afr J Ophthalmol. 2010;17(3):
207-9.

Abramson DH, Marr BP, Brodie SE, et al. Intraocular
hemorrhage after intra-arterial chemotherapy for reti-
noblastoma in sickle cell trait. Open Ophthalmol
J. 2012;6:1-3.

Munier FL, Beck-Popovic M, Balmer A, et al.
Occurrence of sectoral choroidal occlusive vascu-
lopathy and retinal arteriolar embolization after
superselective ophthalmic artery chemotherapy for
advanced intraocular retinoblastoma. Retina. 2011;
31(3):566-73.

Shields CL, Fulco EM, Arias JD, et al. Retinoblastoma
frontiers with intravenous, intra-arterial, periocular,
and intravitreal chemotherapy. Eye (Lond). 2013;
27(2):253-64.

Shields CL, Shields JA. Intra-arterial chemotherapy
for retinoblastoma: the beginning of a long journey.
Clin Experiment Ophthalmol. 2010;38(6):638—43.
Vijayakrishnan R, Shields CL, Ramasubramanian A,
et al. Irradiation toxic effects during intra-arterial che-
motherapy for retinoblastoma: should we be con-
cerned? Arch Ophthalmol. 2010;128(11):1427-31.
Karcioglu ZA. Fine needle aspiration biopsy (FNAB)
for retinoblastoma. Retina. 2002;22(6):707-10.
Karcioglu ZA, Gordon RA, Karcioglu GL. Tumor
seeding in ocular fine needle aspiration biopsy.
Ophthalmology. 1985;92(12):1763-7.

Shields CL, Honavar S, Shields JA, et al. Vitrectomy in
eyes with unsuspected retinoblastoma. Ophthalmology.
2000;107(12):2250-5.

Seregard S, Kock E, af Trampe E. Intravitreal chemo-
therapy for recurrent retinoblastoma in an only eye.
Br J Ophthalmol. 1995;79(2):194-5.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

Suzuki S, Kaneko A. Management of intraocular reti-
noblastoma and ocular prognosis. Int J Clin Oncol.
2004;9(1):1-6.

Munier FL, Soliman S, Moulin AP, et al. Profiling
safety of intravitreal injections for retinoblastoma
using an anti-reflux procedure and sterilisation of the
needle track. Br J Ophthalmol. 2012;96(8):1084-7.
Munier FL, Gaillard MC, Balmer A, et al. Intravitreal
chemotherapy for vitreous disease in retinoblastoma
revisited: from prohibition to conditional indications.
Br J Ophthalmol. 2012;96(8):1078-83.

Shields CL, Manjandavida FP, Arepalli S, et al.
Intravitreal melphalan for persistent or recurrent reti-
noblastoma vitreous seeds: preliminary results. JAMA
Ophthalmol. 2014;132(3):319-25.

Singh AD. Ocular phototherapy. Eye (Lond). 2013;
27(2):190-8.

Abramson DH, Schefler AC. Transpupillary thermo-
therapy as initial treatment for small intraocular reti-
noblastoma: technique and predictors of success.
Ophthalmology. 2004;111(5):984-91.

Lee TC, Lee SW, Dinkin MJ, et al. Chorioretinal scar
growth after 810-nanometer laser treatment for retino-
blastoma. Ophthalmology. 2004;111(5):992-6.
Abramson DH, Ellsworth RM, Rozakis
GW. Cryotherapy for retinoblastoma. Arch
Ophthalmol. 1982;100(8):1253-6.

Schueler AO, Fluhs D, Anastassiou G, et al. Beta-ray
brachytherapy with 106Ru plaques for retinoblas-
toma. Int J Radiat Oncol Biol Phys. 2006;65(4):
1212-21.

Shields CL, Shields JA, Cater J, et al. Plaque radio-
therapy for retinoblastoma: long-term tumor control
and treatment complications in 208 tumors.
Ophthalmology. 2001;108(11):2116-21.

Buys RJ, Abramson DH, Ellsworth RM, Haik
B. Radiation regression patterns after cobalt plaque
insertion for retinoblastoma. Arch Ophthalmol.
1983;101(8):1206-8.

Merchant TE, Gould CJ, Wilson MW, et al. Episcleral
plaque brachytherapy for retinoblastoma. Pediatr
Blood Cancer. 2004;43(2):134-9.

McCormick B, Ellsworth R, Abramson D, et al.
Radiation therapy for retinoblastoma: comparison of
results with lens-sparing versus lateral beam tech-
niques. Int J Radiat Oncol Biol Phys. 1988;15(3):
567-74.

McCormick B, Ellsworth R, Abramson D, et al.
Results of external beam radiation for children with
retinoblastoma: a comparison of two techniques. J
Pediatr Ophthalmol Strabismus. 1989;26(5):239-43.
Zelter M, Damel A, Gonzalez G, Schwartz L. A pro-
spective study on the treatment of retinoblastoma in
72 patients. Cancer. 1991;68(8):1685-90.

Shidnia H, Hornback NB, Helveston EM, et al.
Treatment results of retinoblastoma at Indiana
University Hospitals. Cancer. 1977;40(6):2917-22.
Foote RL, Garretson BR, Schomberg PJ, et al.
External beam irradiation for retinoblastoma: patterns



Retinoblastoma: Treatment Options

107

85.

86.

87.

88.

89.

90.

91.

of failure and dose-response analysis. Int J Radiat
Oncol Biol Phys. 1989;16(3):823-30.

Abramson DH, Beaverson KL, Chang ST, et al.
Outcome following initial external beam radiother-
apy in patients with Reese-Ellsworth group Vb
retinoblastoma. Arch Ophthalmol. 2004;122(9):
1316-23.

Moll AC, Imhof SM, Schouten-Van Meeteren AY,
et al. Second primary tumors in hereditary retinoblas-
toma: a register-based study, 1945-1997: is there an
age effect on radiation-related risk? Ophthalmology.
2001;108(6):1109-14.

Eng C, Li FP, Abramson DH, et al. Mortality from
second tumors among long-term survivors of
retinoblastoma. J Natl Cancer Inst. 1993;85(14):
1121-8.

Wong FL, Boice Jr JD, Abramson DH, et al. Cancer
incidence after retinoblastoma. Radiation dose and
sarcoma risk. JAMA. 1997;278(15):1262-7.
Kleinerman RA, Tucker MA, Tarone RE, et al. Risk
of new cancers after radiotherapy in long-term survi-
vors of retinoblastoma: an extended follow-up. J Clin
Oncol. 2005;23(10):2272-9.

Abramson DH, Frank CM. Second nonocular tumors
in survivors of bilateral retinoblastoma: a possible age
effect on radiation-related risk. Ophthalmology.
1998;105(4):573-9. discussion 9-80.

Fletcher O, Easton D, Anderson K, et al. Lifetime
risks of common cancers among retinoblastoma survi-
vors. J Natl Cancer Inst. 2004;96(5):357-63.

92.

93.

94.

95.

96.

97.

98.

99.

Abramson DH, Jereb B, Ellsworth RM. External
beam radiation for retinoblastoma. Bull N Y Acad
Med. 1981;57(9):787-803.

Fontanesi J, Pratt CB, Kun LE, et al. Treatment outcome
and dose—response relationship in infants younger than
1 year treated for retinoblastoma with primary irradia-
tion. Med Pediatr Oncol. 1996;26(5):297-304.
Abramson DH, Ellsworth RM. The surgical man-
agement of retinoblastoma. Ophthalmic Surg. 1980;
11(9):596-8.

Tawfik HA. Superomedial lid crease approach to the
medial intraconal space. Ophthal Plast Reconstr Surg.
2002;18(2):164; author reply —5.

Abramson DH, Schefler AC, Almeida D, Folberg
R. Optic nerve tissue shrinkage during pathologic pro-
cessing after enucleation for retinoblastoma. Arch
Ophthalmol. 2003;121(1):73-5.

Kim JW, Kikkawa DO, Aboy A, Glasgow BJ. Chronic
exposure of hydroxyapatite orbital implants: cilia
implantation and epithelial downgrowth. Ophthal
Plast Reconstr Surg. 2000;16(3):216-22.

Kim JW, Kathpalia V, Dunkel 1J, et al. Orbital recur-
rence of retinoblastoma following enucleation. Br J
Ophthalmol. 2009;93(4):463-7.

Antoneli CB, Ribeiro KC, Steinhorst F, Novaes PE,
Chojniak MM, Malogolowkin M. Treatment of reti-
noblastoma patients with chemoreduction plus local
therapy: experience of the AC Camargo Hospital,
Brazil. J Pediatr Hematol Oncol. 2006;28(6):342-5.



Retinoblastoma: Focal
Therapy - Laser Treatment,

Cryotherapy, and Brachytherapy

A.Linn Murphree and Jonathan W. Kim

Contents 10.5  Transscleral Cryotherapy 114
. 10.5.1 Background ... 114
10.1 Introduction.............c.ccocoviiininininnnne. 109 10.5.2 TeChIQUE . vvvvvvrrreeeseeeeeeeee oo 114
10.2  Terminology..........cccccoceoemeinecnverennnennnn 110 10.5.3  Mechanism of ACHON.........oovrvvrrrriirinnane. 115
10.2.1  Focal Treatment .............cooevvveeervvesenrevenens 110 10.5.4  Frequency of Treatment. 115
10.2.2  Focal Primary Treatment ..............cco.......... 110 10.5.5 Recommendations...........cccocecerverevrreeenuenene 115
102.3  ChemOreduCHOm. .ooocvvsvvvesssnsrsssnnssssnnsss 10 106 Brachytherapy........oooooooooorvovrror, 115
10.2.4 Consolidation .Treatment ............................ 110 10.6.1 Background...... 115
10.2.5 Photocoagul.atlon ....................................... 111 10.6.2  Technique.........ooo..... 115
10.2.6  Hyperthermia 110,63 Mechanism of Action..... e 115
10.2.7 Thermotherapy..........ccccceevueivurreneerennnennns 1 4064 Frequency of Treatment. 116
10.3  Focal Primary Treatment........................ 111 10.6.5 Recommendations.......... . 116
10.6.6 Efficacy............ e 116
104 Focal Consolidation Treatment............... 1 10.6.7 Complications ..........c.oo.coovvveevveerrevessrre. 116
10.4.1 Photocoagulation with
Argon Green Laser (532 nm)................... 111 References.........cccccoeiveinniincineiniencenienne 117
10.4.2  Photocoagulation
with Diode Laser (810 nm)...........ccc.ccunee.. 113
10.4.3 Transpupillary Thermotherapy 10.1 Introduction
(TTT) o 113

A.L. Murphree, MD (><)

Department of Ophthalmology,

The Vision Center, Children’s Hospital Los Angeles/
University of Southern California,

4650 Sunset Blvd, #88, Los Angeles, CA, USA
e-mail: LMurphree @ CHLA.USC.edu

J.W. Kim, MD

Department of Ophthalmology, Retinoblastoma
Service, The Vision Center, Children’s Hospital Los
Angeles/University of Southern California,

4650 Sunset Blvd, #88, Los Angeles, CA, USA
e-mail: Jonkim@CHLA.USC.edu

In the management of intraocular retinoblastoma,
the term “focal therapy” refers to focal modalities
such as laser treatment, cryotherapy, and brachy-
therapy. They can be used as primary treatment for
small tumors or in conjunction with intravenous
chemotherapy for larger tumors (i.e., chemoreduc-
tion). Focal therapies have the inherent advantage
of eradicating focal areas of tumor formation in
the retina without any risk of regional or systemic
side effects. In this chapter, general guidelines on
the use of focal therapies are provided to assist an
ophthalmic surgeon who is relatively new to the
treatment of retinoblastoma. This chapter might
also be of help to those ophthalmologists who
would like to compare their current approach with
principles and techniques used by other surgeons.
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10.2 Terminology
10.2.1 Focal Treatment

The term “focal therapy” in the management of
retinoblastoma refers to the use of laser treatment,
cryotherapy, and brachytherapy (Table 10.1).
External beam radiotherapy (EBR) of retinoblas-
toma (local therapy rather than focal therapy) is
discussed elsewhere (Chap. 14).

10.2.2 Focal Primary Treatment

Primary treatment refers to focal treatment
employed as the sole therapy for a retinoblastoma
lesion, typically for very small tumors (group A).
10.2.3 Chemoreduction

The term “chemoreduction” is wused to
describe the induction of tumor shrinkage

Table 10.1 Local treatment of retinoblastoma

Treatment Indication

with primary intravenous chemotherapy, fol-
lowed by subsequent consolidation treatment
with focal therapies, and less commonly with
EBR.

10.2.4 Consolidation Treatment

In most centers, focal treatment is utilized most
frequently following primary intravenous che-
motherapy (i.e., chemoreduction) for group B-D
tumors. The term ‘“consolidation,” as used in
oncology, is a therapy that is used in tandem with
primary therapy to “mop up” or eliminate the
tumor cells that were resistant to, or were not
inactivated by, the primary therapy. In most other
childhood tumors, consolidation involves switch-
ing treatment modalities entirely or at least
changing to different agents and/or doses of the
primary modality. In the case of intraocular reti-
noblastoma, focal consolidation consists of direct
laser photocoagulation, thermotherapy, cryother-
apy, or brachytherapy.

Complications

Photocoagulation

Thermotherapy

Thermochemotherapy

Cryotherapy

Brachytherapy

Primary treatment, consolidation treatment, and
for tumor recurrence

Tumors not more than 3 mm in diameter, with no
evidence of seeding, and located posterior to the
equator

Primary treatment, consolidation treatment, and
for tumor recurrence

Tumors not more than 3 mm in diameter, with no
evidence of seeding, and located posterior to the
equator

Consolidation treatment

Tumors not more than 12 mm in diameter

with no evidence of seeding, and located posterior
to the equator

Primary treatment, consolidation treatment, and
for tumor recurrence

Tumors not more than 3 mm in diameter with no
evidence of seeding, and located anterior to the
equator. “Cutting cryo” for posterior tumors
Primary treatment, residual tumor following
photocoagulation/thermotherapy/
thermochemotherap/cryotherapy, and for

tumor recurrence

Tumor less than 15 mm in diameter

Presence of diffuse vitreous seeding is
contraindication

Tumor seeding into vitreous, retinal
fibrosis and traction, retinal vascular
occlusion

Iris atrophy, focal cataracts, tumor
seeding into vitreous, retinal fibrosis
and traction, retinal vascular occlusion

Iris atrophy, focal cataracts, tumor
seeding into vitreous, transient retinal
detachment, diffuse choroidal atrophy

Large area of retinal atrophy, transient
retinal detachment, retinal hole, retinal
detachment

Radiation retinopathy, radiation optic
neuropathy
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10.2.5 Photocoagulation

Described by Meyer-Swickerath in 1949, photo-
coagulation involves heating of the tumor to tem-
peratures above 65 °C [1].

10.2.6 Hyperthermia

Hyperthermia implies raising the tumor tempera-
ture to 42-45 °C. Hyperthermia can be induced
by laser, microwave, ultrasound, a localized cur-
rent field, or ferromagnetic thermoseeds.

10.2.7 Thermotherapy

During the thermotherapy, the tumor is heated to
a temperature of 45-60 °C. Oosterhuis and
coworkers in 1994 introduced thermotherapy for
choroidal melanomas using an infrared diode
laser through the pupil (transpupillary thermo-
therapy [TTT]) [2]. Increased depth of tumor
necrosis was achieved with TTT as compared
with photocoagulation. Unlike hyperthermia, the
cytotoxic effects of TTT are irreversible.
Transpupillary thermotherapy can be achieved in
retinoblastoma tumors using the 810 nm diode
laser if the continuous mode is used to treat each
spot for 45-60 s.

10.3 Focal Primary Treatment

Group A eyes with small intraretinal lesions
away from critical structures are ideal candi-
dates for focal primary therapy such as direct
laser photocoagulation or cryotherapy. Larger
focal tumors may be candidates for brachyther-
apy, and the indication for plaque radiotherapy
is discussed below. Tumor foci that have not
been treated with systemic chemotherapy may
be more fragile and sensitive to intense energy
density from the laser. For this reason, small
spot size, high power, and prolonged burn dura-
tion, all of which contribute to increased power
density, should be used with caution to avoid
sudden mechanical tumor disruption and
dissemination.

10.4 Focal Consolidation
Treatment

10.4.1 Photocoagulation with Argon
Green Laser (532 nm)

10.4.1.1 Background

The argon 532 nm (green) laser is particularly
useful for very small retinoblastoma tumors
(1.5 mm or less) or for focal consolidation after at
least one cycle of systemic chemotherapy. As
with other uses of retinal photocoagulation, focal
consolidation should not be attempted if the ret-
ina containing the lesion is detached. We have
found that the argon laser midrange visible
(532 nm) wavelength is more readily absorbed in
the nonpigmented retinoblastoma tissue than the
longer wavelength infrared 810 nm diode laser,
which becomes a factor in thick tumors or those
occurring over calcified scars. The margins of the
treated zone when using the argon laser are also
easier to control than with the diode laser. Its
main disadvantage when compared to the diode
laser is the small spot size. Care must be taken to
increase the power density judiciously within the
small spot to avoid tumor dissemination or hem-
orrhages. Tumor disruption may occur in a small
spot if the power out of the laser exceeds 700—
800 mw for more than 0.3-0.4 s.

10.4.1.2 Technique
The 532 nm green laser is available as a tabletop
solid state laser with an indirect laser delivery
system that works best for transpupillary laser
applications under general anesthesia. The desir-
able end point for the ophthalmologist is a gentle
white spot generated at the boundary between
normal retina and tumor edge (Fig. 10.1). The
power is initially set between 250 and 350 mw
for 0.3-0.5 s. Laser burns are initially placed at
the edge of the lesion, half-on and half-off the
tumor. The power and/or burn duration is slowly
increased until a clear reaction is achieved.
Punctate hemorrhage within the treatment spot is
a sign that the power density is near the maxi-
mum tolerated levels.

Once the appropriate power level is set, the
edge of the tumor is treated with overlapping
burns to establish the perimeter of the lesion.
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Fig. 10.1 Image taken immediately after the third con-
solidation laser photocoagulation (a). Each lesion was
covered with laser burns. Note the distinct gentle white

Subsequently the entire lesion should be treated
with burns having the same overlap. In the central
thicker portions of the tumor, a visible whitening
reaction following treatment may not be present.
However, neither the power nor the burn duration
should be increased once the parameters have
been established.

10.4.1.3 Frequency of Treatment

Typically the treatment is repeated every 3-4
weeks, immediately before the next cycle of che-
motherapy. A 2—4 week interval can be adopted if
the course of intravenous chemotherapy has been
completed. Edge tumor recurrence may appear if
the laser consolidation process was insufficient,
typically within the first 6 months after the last
laser session (rarely up to 2 years) (Fig. 10.2).

10.4.1.4 Mechanism of Action

When photocoagulation is used on retinoblas-
toma lesions and the patient subsequently receives
planned systemic chemotherapy (e.g., carbopla-
tin) within 24 h, two tumor-destroying mecha-
nisms may come into play. The first and the most
important is direct tumor cell destruction gener-
ated by temperatures in excess of 65—70 °C within
the treatment spot. The second mechanism occurs
in the “donut” or ring of tissue extending for sev-
eral millimeters outside the laser spot. Heat radi-
ating out from the central spot increases the
temperature to the thermotherapy range between
45 and 60 °C. In this region, there is a synergism

burn at the lesion edge. There is differential energy uptake.
Three weeks later, all lesions are all flat with no clinical
evidence of active disease (b)

Fig.10.2 Edge regrowth 8 weeks after the last laser treat-
ment that almost covers the original flat chorioretinal scar.
This child missed one follow-up EUA

with the carboplatin, assuming an adequate level
of carboplatin is achieved in the tumor. To take
advantage of the latter mechanism, we typically
perform laser treatment within 24 h of the next
cycle of intravenous chemotherapy.

10.4.1.5 Recommendations

In Los Angeles, our treatment protocol requires
that each lesion be treated completely with laser
on at least three occasions, 2—4 weeks apart. In
our experience, even a flat chorioretinal scar
achieved after one laser session cannot be consid-
ered sterilized. Larger lesions should be lasered
at sequential examinations (minimum of three
sessions) until the regressed tumor is either flat
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(type IV scar) or completely calcified (type I).
Fleshy type II regression should be lasered until
you achieve a type I/IV scar or until you begin to
notice retinal contraction. Small areas of type II
regression may be left untreated immediately
adjacent to the optic nerve or fovea, although the
risk for tumor recurrence is always higher with
type II vs. type I (or type IV) scars.

10.4.2 Photocoagulation
with Diode Laser (810 nm)

10.4.2.1 Background

The 810 nm diode laser is most effective when
there is intact RPE beneath the tumor. Through a
28D lens, the indirect ophthalmoscope delivery
system offers a spot size of 0.35 mm (small spot)
and 1.4 mm (large spot). We typically use the
large spot indirect system, which provides
improved safety and convenience for treating
larger tumors versus the argon laser. Safety comes
from the reduced likelihood of concentrated
power intensity in a small spot creating tumor dis-
semination. The larger spot size as compared with
argon saves treatment time, thus conferring conve-
nience. It is also our impression that the depth of
treatment with the diode laser is greater than the
argon laser. However, it is more difficult to control
the size of the burn with the diode laser, and care
is warranted near the optic nerve and fovea.

10.4.2.2 Technique

The delivery technique is similar to that with
argon green laser photocoagulation. The entire
tumor is treated with overlap of the spots similar
to that described above for the argon 532 nm
laser. The initial power settings with the diode
laser, especially when the large spot is used, are
somewhat higher than for the argon laser. We
generally select an initial setting of 300 mw for
peripheral and macular lesions undergoing pri-
mary therapy and 400-500 mw for large tumors
undergoing chemoreduction. If there is little
color change induced at the initial power settings
for these larger tumors, it is possible to increase
the power up to 800 mw, provided that the sur-
geon is carefully monitoring for complications.
The power settings will vary for each patient and

for each tumor because of the degree of pigmen-
tation underlying the lesion(s). As with the argon
laser, both the power and burn duration can be
increased incrementally until the appropriate end
point is reached. We typically leave the duration
of the treatment on the longest setting (9,000 ms)
and set the interval to 50 ms; with these parame-
ters the laser is essentially being used in continu-
ous mode and the surgeon can control the duration
of each spot treatment with the foot pedal. Using
the diode laser in this manner allows the surgeon
to use the diode laser for photocoagulation
(1-10 s) or possibly thermotherapy (30-50 s).

10.4.2.3 Frequency of Treatment

The treatment is repeated every 3—4 weeks imme-
diately before the next cycle of chemotherapy. A
2—4 week interval can be adopted if the course of
intravenous chemotherapy has been completed.

10.4.2.4 Mechanism of Action

The most commonly employed effect is the direct
heat-mediated tumor cell kill through photoco-
agulation. When longer spot duration is utilized
(30-50 s), thermotherapy can be employed. The
diode laser is most effective when intact RPE is
present beneath the tumor to be treated. If the
RPE has been destroyed, it is believed that most
of the 810 nm wavelength energy passes into the
orbit without being absorbed by the retinoblas-
toma (see discussion under TTT below).

10.4.2.5 Recommendation

If only one laser has to be chosen for use in deliv-
ering local therapy to retinoblastoma, the argon
green laser is probably the most versatile.

10.4.3 Transpupillary
Thermotherapy (TTT)

Transpupillary thermotherapy describes a laser
system that couples large spot size (2-3 mm) and
long burn duration (1 min) with low power set-
tings, applied to achieve the end point of gentle
whitening in the treatment spot. Initially described
for choroidal melanoma, the infrared diode laser
(810 nm) has been shown to be effective in killing
melanoma cells because pigmentation in the tumor
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allows absorption of the laser energy [2]. However,
the long-term efficacy of this approach for treating
small choroidal melanomas is under question.
Transpupillary thermotherapy is difficult to adapt
to the treatment of retinoblastoma because of the
inherent lack of pigmentation in the tumor.
Initially, intact RPE will absorb the laser energy
and generate heat to affect the tumor. However,
once the RPE is no longer intact under the retino-
blastoma, relatively little of the delivered energy
will be absorbed [3, 4]. However, a modified TTT
regimen can be used for retinoblastoma by employ-
ing the large spot 810 nm diode laser in a continu-
ous mode and using burn durations of 30-50 s. The
effect of thermotherapy may be enhanced by using
indocyanine green (ICG), a chromophore with an
absorption peak of 805 nm, which coincides with
the diode laser emission of 810 nm [5].

10.5 Transscleral Cryotherapy
10.5.1 Background

The indications for cryotherapy are similar to
those for laser thermotherapy (i.e., small tumors)
except that it is more suitable for anterior tumors
[6]. Approximately 90-95 % of carefully selected
tumors can be treated successfully with cryother-
apy [7]. Overall, small tumors less than 3 mm in
diameter, below 2 mm in height, and anterior to
the equator are ideal candidates for cryotherapy.
Larger tumors can occasionally be treated with
cryotherapy alone, but the recurrence rate and risk
of complications are higher. For group B tumors,
it is usually better to utilize another modality such
as intravenous chemotherapy to shrink the tumor
so that it is amenable to local therapy. For tumors
with localized vitreous seeding at the apex of the
lesion (within 1-2 mm), cryotherapy can be uti-
lized as primary therapy, although patients should
be followed carefully because of the significant
risk of recurrence and spread of the vitreous seeds.

10.5.2 Technique

The cryotherapy machine should be tested to
ensure proper functioning and adequate ice ball

Fig. 10.3 Two cryotherapy scars in the inferotemporal
periphery. Note the extensive destruction of peripheral
retina

formation at the tip. The cryoprobe tip position is
verified by indirect ophthalmoscopy using the
standard techniques of scleral indentation. Once
the tip is centered directly under the tumor, freez-
ing is begun. The ice ball used to freeze a tumor
should cover the apex for 2 mm for adequate cov-
erage and to incorporate all of the vitreous near
the lesion that may contain the local tumor cell
clumps or “seeds.” The lateral spread of the ice
ball should be monitored as well as the apex of
the tumor to minimize the treatment of the unin-
volved retina. Double or triple freeze-thaw cycles
of cryotherapy are generally applied. The number
of sites treated with cryotherapy at one setting
should be limited to two or three because of the
risk of creating a secondary serous or rhegmatog-
enous retinal detachment with more extensive
treatment. It should also be kept in mind that
cryotherapy tends to destroy a relatively large
amount of peripheral retina (Fig. 10.3).
Complications of cryotherapy can include retinal
breaks that lead to rhegmatogenous retinal
detachment, particularly in tumors located in the
superior quadrants and those that have preexist-
ing areas of calcification [8]. Cryotherapy is con-
traindicated for the treatment of more than one
quadrant of disease at the ora serrata. For tumors
located posterior to the equator, a small conjunc-
tival incision in the fornix located between the
rectus muscles may be necessary to advance the
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curved cryoprobe posteriorly (“cutdown” cryo-
therapy). Careful monitoring of the probe
position is required when performing posterior
cryotherapy to avoid inadvertent treatment of the
macula or optic nerve. Following the completion
of cryotherapy, it is recommended that a subcon-
junctival injection of marcaine and dexametha-
sone be given for pain control and episcleral
scarring, respectively.

10.5.3 Mechanism of Action

Cryotherapy is a local destructive modality that
kills tumor cells mechanically via ice crystal
disruption of the cell membranes.

10.5.4 Frequency of Treatment

The treatment is repeated every 3—4 weeks. A flat
chorioretinal scar is the desired end point.
10.5.5 Recommendations

Cryotherapy is suitable for the anteriorly located

group A tumors. Excessive cryotherapy should
be avoided to minimize risk of complications.

10.6 Brachytherapy
10.6.1 Background

Brachytherapy (after Greek “brachy,” for short
distance) refers to implantation of radioactive
material within or close to the tumor. Moore first
used brachytherapy for uveal melanoma in 1930
by inserting radon-222 seeds into the tumor [9].
This technique was later modified by Stallard
when he introduced cobalt-60 radioactive plaques
sutured to the episcleral surface [10, 11].
Iodine-125 and ruthenium-106 isotopes are the
most common source of radiation currently used
in brachyth