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Clinical Update

Retinoblastoma: Genetics That Affect 
Treatment and Lifelong Follow-Up

by denny smith, contributing writer 
interviewing david h. abramson, md, danielle novetsky friedman, md,  

brenda l. gallie, md, and livia lumbroso-le rouic, md

A 
baby with a white pupil pre-
senting to an ophthalmolo-
gist raises the familiar and 
often heartbreaking prob-
ability of retinoblastoma 

(RB). Leukocoria—sometimes with 
the additional signs of strabismus, oc-
ular pain, and glaucoma—is the hall-
mark of the only childhood cancer that 
ophthalmologists are likely to encoun-
ter. Fortunately, the prognosis offered 
to traumatized parents has grown 
more optimistic in just a decade. There 
are now treatments—including intra-
arterial chemotherapy—that can ef-
fectively cure the cancer and salvage 
affected eyes, while attentive follow-up 
ophthalmic care can preserve visual 
acuity in unaffected fellow eyes.

In fact, whether the child’s life, 
vision, and eyes are launched into 
healthy adulthood depends on the 
thoughtful attention of ophthalmolo-
gists—both the subspecialists who 
help parents make treatment decisions 
and the community ophthalmologists 
who follow retinoblastoma survivors 
for years. Many of the decisions that 
these physicians, the child’s parents, 
and, later, the child will face are 
grounded in the genetics of the disease.

Genetic vs. Heritable
RB is the prototypical “genetic cancer,” 
one which led to the recognition that 
all neoplastic processes arguably grow 
from cellular gene mutations. In 10-12 
percent of families who have children 
with retinoblastoma, there is a his-
tory of the disease. The majority of 

these children are born into families 
with no history of retinoblastoma. A 
patient with the RB1 mutation in every 
cell of the body (“germinal”) has a 50 
percent risk of each pregnancy giving 
rise to a child with retinoblastoma, ei-
ther bilateral or unilateral, said David 
H. Abramson, MD, chief of the oph-
thalmic oncology service at Memorial 
Sloan Kettering Cancer Center. 

Danielle Novetsky Friedman, MD, 
is a pediatrician at Memorial Sloan 
Kettering who specializes in treat-
ment-related complications in child-
hood cancer survivors, particularly  
in RB survivors. Dr. Friedman said 
that oncogenesis of the nonheritable, 
or sporadic, form of RB is not well  
established. “For those without the  
hereditary form of disease, it is hard  
to say why retinoblastoma develops; 
this is also the case with the vast ma-
jority of pediatric cancers,” she said. 

A recent study has shown that both 

copies of the RB1 gene are mutant in 
97 percent of the nonheritable tumors. 
In 3 percent of nonheritable retino-
blastoma, the RB1 gene is normal; and, 
instead, around 100 extra copies of 
the MYCN gene drive cancer develop-
ment.1

Even heritable RB does not always 
present with an extensive family his-
tory, Dr. Friedman said. But children 
with heritable RB are much more likely 
to have bilateral disease, which char-
acterizes 40 percent of all cases; and 
those children are more likely to face 
secondary cancers in later life. Some 
patients actually have trilateral RB, 
with separate primary tumors arising 
in both eyes as well as in the pineal 
gland, the vestigial eye structure that 
persisted through evolution.

Uncharted genetic waters. Dr. 
Abramson said that another poorly 
understood wild card in genetic test-
ing—mosaicism—is a limiting factor 
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(1) Fundus image from a patient before one dose of intra-arterial melphalan for 
retinoblastoma, and (2) after treatment.

O N CO L O G Y

1 2



30      a u g u s t  2 0 1 4

O n c o l o g y

for precise genetic diagnosis. “Perhaps 
10 to 15 percent of retinoblastoma 
patients are genetically mosaic indi-
viduals. Mutations in this population 
are difficult, sometimes impossible, to 
detect with modern molecular analy-
sis. This affects the precision of genetic 
testing and counseling. We really don’t 
know if mosaicism affects disease pre-
sentation or course/response to ther-
apy, but recent work of ours suggests 
that the pattern of second tumors may 
be different in mosaics. Until we have 
long-term follow-up and concurrent 
molecular data, we cannot be sure.”

Brenda L. Gallie, MD, head of the 
retinoblastoma program at the Univer-
sity of Toronto, demonstrated that reti-
noblastoma can occur from mutations 
other than the RB gene.1 As complicat-
ed as all this information can be, Dr. 
Gallie points out that high-sensitivity 
technologies can identify 96 percent of 
RB1 gene mutations, enabling genetic 
counselors to advise RB families on 
their heritable status. 

Treatment:  
Genetics and Other Considerations

The question of sporadic or heritable 
RB is not merely academic, as the 
heritable form is more likely to cause 
bilateral disease, said Livia Lumbroso-
Le Rouic, MD, at the Institut Curie 
in Paris. “Approximately 80 percent 
of unilateral retinoblastomas, and 50 
percent of bilaterals, used to require 
enucleation of the eye. But these data 
have changed in recent years since the 
emergence of treatments that conserve 
the globe,” she said.

Tx to save the eye. The ratio of 
patients who had enucleations to those 
who survived with functional vision 
has dramatically improved thanks 
to the direct, arterial administration 
of therapeutic drugs into the eye, Dr. 
Abramson said. “As a result of intra-
arterial chemotherapy, enucleations 
are becoming rare in retinoblastoma. 
Overall, 90 percent of retinoblastoma 
survivors have 20/20 vision in at least 
one eye.”

A case for enucleation. But Dr. 
Gallie notes that trying to save an eye 
with RB represents challenges and 

investments that may seriously impair 
the quality of a child’s life. She noted 
that simple enucleation is highly likely 
to be curative, with the child back to 
full activity in 48 hours. 

By comparison, she said, “attempt-
ed salvage of that unilateral RB eye 
would require several years of repeated 
treatments and monitoring under an-
esthetic—with recognized significant 
impact on learning and development. 
The eye is not more important than 
the whole child, whose life can be 
endangered if the tumor metastasizes 
during the effort to save an eye, or 
from the long, drawn-out, invasive 
therapy itself. 

“Aggressive therapy may be well 
worthwhile in bilaterally affected 
children, to keep at least one eye, but 
may not be justified for children who 
have a normal eye. The choice to try to 
salvage an eye when the other eye will 
provide a lifetime of 20/20 vision needs 
careful weighing of all consequences,” 
she said. 

Living With Follow-Up
Even after treatment is completed in 
childhood, retinoblastoma patients 
and their physicians must be alert to 
numerous potential issues throughout 
their lives, from secondary cancers 
to family counseling. (See “Lifelong 
Health Concerns” for details.) Dr. 
Lumbroso-Le Rouic said the question 
of whether the RB is heritable or spo-
radic may determine how intensively 
the physician follows the patient or 
counsels the family.

Secondary cancer risk. “The long-

term complications [of retinoblastoma 
treatment] are important but fortu-
nately not common,” Dr. Abramson 
said. “In fact, they are probably less 
common or consequential than those 
faced by children who have survived 
other childhood cancers. We do know 
that the one important consequence of 
their gene mutation—a consequence 
sometimes amplified by their treat-
ment—is cancer. The risk does not 
necessarily grow higher as they age; it 
may remain the same throughout life 
but never drops to zero.”

The question of how much risk for 
secondary cancers these patients face is 
complicated, Dr. Lumbroso-Le Rouic 
added. “Yes, if they carry the RB gene 
mutation, they are at higher risk for 
later cancers, and especially if they 
received radiation treatment. I can’t 
say with certainty whether the risk 
decreases or increases with age, but I 
personally have seen several patients 
developing osteosarcomas very late in 
life.”

Essentially, Dr. Abramson said, 
“Retinoblastoma patients who have 
the heritable form of the disease are 
at lifelong risk for the development of 
cancer. Data on the expectations of the 
timing, type, and incidence of these 
second cancers are available at retino 
blastoma.com. External beam radia-
tion, especially in the first year of [the 
child’s] life, increases this risk many-
fold, as does exposure to systemic che-
motherapy.” 

Long-term follow-up for cancer 
detection and recommendations for 
screening are usually handled by ocu-

Patients who survive RB face myriad additional concerns through which only oph-
thalmologists can shepherd them, said Dr. Abramson. They include the following:
l The health of the orbit if an eye must be enucleated
l The risk of RB recurrence in treated eyes
l The risk of the cancer migrating outside the eye
l The health of a fellow eye that originally escaped RB
l A higher risk of secondary cancers later in life related to heritable RB or of  
craniofacial tumors attributed to the effects of RB therapies
l Genetic counseling for parents, who may carry genetic mutations that put them 
and their other children at risk of cancer and that might affect their decision to have 
more children
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lar oncologists or pediatric and adult 
oncologists, said Dr. Abramson.

Dr. Lumbroso-Le Rouic said that 
although ophthalmologists in some 
settings often contend with less-than-
ideal conditions for follow-up, in her 
institution very few patients are lost to 
follow-up. “We aim for long follow-up 
on all our patients, and generally the 
complications appear in the first sever-
al years beyond treatment. The longer 
we are allowed to follow, of course, the 
more we see the appearance of compli-
cations, such as retinal complications 
secondary to radiation therapy.

Other late effects. “We are current-
ly finishing up the first large study of 
so-called late effects in adults who had 
retinoblastoma as young children,” 
Dr. Friedman said. “After exclud-
ing subsequent cancers related to the 
genetic mutation found in those with 
the hereditary form of the disease, we 
found that retinoblastoma survivors 
are actually doing quite well. They do 
have a modestly increased rate of treat-
ment-related chronic conditions, but 
the vast majority of survivors rate their 
general health in positive terms—as 
‘good/very good/excellent’ compared 
with ‘poor/very poor.’ We are currently 
conducting analyses on survivors’ psy-
chosocial health and specific ocular 
outcomes, and those results should be 
available soon.”

Eye health and safety. Dr. 
Abramson said that the most basic 
concern for survivors of RB, now as in 
the past, is preserving both globes, if 
reasonably possible, or, if one eye has 
been lost to RB, providing extraor-
dinary preemptory care to the fellow 
eye. “Ophthalmologists are well aware 
of the need to carefully follow any 
patient who has lost an eye to ensure 
the health of the remaining eye and 
to encourage protection with shatter-
proof glasses and UV protection. They 
are also familiar with following the 
socket of an enucleated globe for any 
problems such as infection, giant pap-
illary conjunctivitis, or even recurrent 
tumors and second cancers.

“Most of the issues in the fellow eye 
can be managed by any ophthalmolo-
gist, and problems with the prosthesis 

are usually handled by an ocularist in 
consultation with an ophthalmolo-
gist,” he said. “Plastic reconstruction is 
occasionally needed and can be done 
by any qualified ophthalmic surgeon.”

Dr. Lumbroso-Le Rouic noted that 
in France, as in the United States, 
RB survivors can be effectively man-
aged through adult life by community 
ophthalmologists. However, she said, 
“Even though they may never pres-
ent with RB in the fellow eye, it seems 
more sensible for us to follow them 
regularly to ensure they don’t develop 
other ophthalmic diseases. As ophthal-
mic pathologists and researchers, we 
usually send our patients after treat-
ment to a local general ophthalmolo-
gist and ask them to come back to us 
once a year for several years for long-
term follow-up.” 

At those visits, she said, “we dis-
cuss such topics as their risk of second 
tumors and their alertness to an oph-
thalmic sign or symptom that needs 
examination. The examinations are 
another occasion to speak again of 
genetic testing for the patients who 
missed it earlier in life. And the issues 
the exams raise are good to bring up 
repeatedly with the families and even 
with the ophthalmologists of these 
patients, since RB is both a rare and 
serious disease.”

Vision and other issues. Of course, 
since the eye is a sensory organ, its 
function is as important to the patient 
as its physiological health. “Obviously, 
impaired vision is an issue for some, 
and surviving childhood cancer car-
ries with it anxieties for life,” said Dr. 
Abramson. “Cosmetically and psycho-
logically, the loss of an eye can be diffi-
cult to adjust to; but, again, compared 
to most children who have had cancer, 
they do remarkably well. Remember, 
children who survive and have the 
genetic form of the disease must face 
important and challenging questions 
about the risk that their future chil-
dren will have retinoblastoma, too.”

Family counseling. “Ophthalmolo-
gists should be aware that 10 to 15 per-
cent of the time RB can be the herita-
ble type, even in unilateral forms. This 
means, among other things, that we 

must advise genetic counseling for all 
parents of patients with RB—whether 
it is unilateral or bilateral disease, heri-
table or not—to provide accurate in-
formation about the eyes of other fam-
ily members and future children. Their 
children must be followed if genetic 
testing was not available, or if—as is 
the case in genetic mosaicism—the 
gene cannot be found in a patient.” 
Advice about genetics, however, is best 
handled by a genetic counselor in col-
laboration with an ocular oncologist, 
said Dr. Abramson.  n

1 Rushlow DE et al. Lancet Oncol. 2013; 

14(4):327-334.

David H. Abramson, MD, is chief of the oph-

thalmic oncology service at Memorial Sloan 

Kettering Cancer Center in New York City. 

Financial disclosure: None. 

Danielle Novetsky Friedman, MD, is a pedia-

trician at Memorial Sloan Kettering Cancer 

Center in New York City. Financial disclosure: 

None. 

Brenda L. Gallie, MD, is a professor of oph-

thalmology and head of the Retinoblastoma 

Program at the University of Toronto. Finan-

cial disclosure: None. 

Livia Lumbroso-Le Rouic, MD, is an ophthal-

mologist at the Institut Curie in Paris. Finan-

cial disclosure: None.

Ocular Oncology  
and Pathology 
2014: Saving Eyes 
and Saving Lives 
takes place Saturday, Oct. 18, from  
8 a.m. to 5:15 p.m. Plan to attend! 

Program directors Hans E. Gross-
niklaus, MD, and Arun D. Singh, MD, 
are working to develop an exciting 
and informative meeting that, among 
other topics, will include discussion of 
retinoblastoma—from clinical aspects, 
pathology, and genetics to therapies 
ranging from intra-arterial chemo-
therapy, intravitreal injections, gene 
therapy, and nanoparticle therapy.

In conjunction with the American 
Association of Ophthalmic Oncologists 
and Pathologists.

More in Chicago


