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Unilateral retinoblastoma: new intraocular tumours
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Abstract
A retrospective chart review of 427 eyes diag-
nosed with unilateral retinoblastoma was per-
formed to determine which eyes, which
patients, and when new intraocular tumours
would develop after treatment. Mean follow up
was 8-16 years. Twenty five (6%) of 427 uni-
lateral retinoblastoma patients developed new
intraocular tumours after treatment. Five (1%)
unilateral patients who were previously treated
with enucleation developed new tumours (in
the fellow eye). Fifteen (24%) unilateral
patients who were previously treated with
external beam radiation developed new
tumours (equally in either eye). New tumours
did not develop in the macula ofeither eye. The
relative risk of developing new intraocular
tumours after treatment was 16% in patients
diagnosed before 1 year old and 2-2% for
patients diagnosed after 1 year old (p<0001).
The mean time to onset for the development of
new tumours after treatment was 0 74 years; no
new tumours appeared after 7 5 years of age.
Those patients who are diagnosed with uni-
lateral retinoblastoma in the first 6 months of
life and have a family history of the disease are
at greatest risk of developing new intraocular
tumours.
(Br3r Ophthalmol 1994; 78: 698-701)
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Retinoblastoma is the most common primary,
malignant intraocular tumour of childhood with
an incidence of 1:17000 to 1:34000 new

births.'2 One third of the cases are bilateral and
two thirds unilateral, although some unilaterally
diagnosed cases go on to develop tumours in the
fellow eye and become bilateral.3 Children with
unilateral retinoblastoma are usually diagnosed
at a later age than bilateral retinoblastoma.4
Unilateral retinoblastoma most commonly pre-
sents with advanced intraocular disease5 and is
treated with enucleation.' Survival rates of over
90% are now widely reported for unilaterally
affected patients treated with simple enuclea-
tion.7

In recent years it has been recognised that
some cases of unilateral retinoblastoma can be
managed without primary enucleation. The diag-
nosis may be made at an earlier age' and stage9 in
children with a family history of retinoblastoma,
when small retinoblastomas affect the macula of
one eye, causing strabismus, or when the eye is
examined for other reasons in the first few
months of life. Modalities used for primary
therapy include external beam radiotherapy,
localised radioactive applicators, cryotherapy,
photocoagulation, and, more recently, systemic
chemotherapy. ° "

Although such 'conservative' approaches to
managing unilateral retinoblastoma have
enabled physicians to salvage eyes and vision
without sacrificing survival, it has been empha-
sised that the decision to manage unilateral
retinoblastoma without enucleation requires
careful analysis of the risks and benefits of such
an approach.8
When bilateral retinoblastoma is treated with-

out enucleation it is not uncommon for two
events to occur. The first is failure of the initial
treatment to control the tumour that was treated.
This occurs in 24-50% of cases.2 The second is
the subsequent development of new, intraocular
tumour foci. This proclivity to develop new
tumours is related to the age at which the
children are treated, and not to treatment modal-
ity.'2 When treated within the first 3 months of
life, 58% of children will go on to develop such
tumours. The chance ofdeveloping new tumours
diminishes when children are treated at an older
age and by 33 months of age is less than 1%. All
tumours that develop are at or anterior to the
equator and never found in a previously normal
macula.'2
No such information, however, exists in the

literature for children with unilateral retino-
blastoma. It would be useful to have a means of
predicting when and which patients with uni-
lateral disease are most likely to develop new
tumours after treatment. Do they develop new
tumours in the same, fellow, or both eyes after
treatment? Information regarding the location
and time course for the development of the new
intraocular tumours after. treatment may ulti-
mately allow us to design a more precise patient
follow up scheme.

Materials and methods
A retrospective analysis of 770 cases of clinically
diagnosed unilateral retinoblastoma was carried
out utilising the records of the Ophthalmic
Oncology Center of The New York Hospital -
Cornell Medical Center. Included in this collec-
tion were cases diagnosed between 1914 and
1992. Excluded from the study were 79 cases
with insufficient follow up, 185 cases seen for
consultation only and treated elsewhere, 67 cases
involving death secondary to metastases (because
this precluded our ability to follow the eye(s) for
the subsequent development of new tumours),
and 12 cases of 'retinoma'. The mean follow up
was 8-16 years.

Children included in this study were initially
treated with one or more of the following:
enucleation, external beam radiation, cryo-
therapy, photocoagulation, systemic chemo-
therapy - either in single or combination
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particular age and the percentage ofall new tumours diagnosed during a given age range

8r
7

0)+c C 6

+-: cn 2n5
< m 2
:5 1

I1 1I I I
LA 0 LA 0 LA 0 LA 0 LA 0 LA 0 LA 0 LA 0 LA 0 LA 0 LA 0 LA) 0 LA c
(NLA0(LAN- 0 (N LAN- 0 LAr - 0 (N LA 0 N LA - 0 (

Initial age at retinoblastoma diagnosis (years)

Figure 2 Plot demonstrating the last age at last diagnosis ofnew tumours for patients
initially diagnosed with retinoblastoma at a certain age.

therapies. Tumours that regrew after pr
treatment was initiated were considered
recurrences and not new tumours. Like
vitreous seed implantation growths wer
classified as new tumours. All other tumoui
observed after primary treatment was ini
were considered to be new tumours.
Data were coded into age at diagnosis

Reese-Ellsworth group at diagnosis, late
and intraocular location of tumour, famil
tory, initial treatment modality, follow up
sequent treatment modalities, laterality
intraocular location of new tumours, and
course for the development ofnew tumour<

Results
Four hundred and twenty seven patients
unilateral retinoblastoma diagnosed be
1914 and 1992 were included in the study
mean age of diagnosis was 2-0 years with a
from 0 01 to 12-9 years. Disease was in
diagnosed in the right eye in 217 (51%) pat

Male patients comprised 218 (51%) members of
the group. A total of26 (6%) patients had a family
history of retinoblastoma. Distribution of initial
treatment modalities included 338 patients
treated with enucleation, three with cryotherapy,
three with photocoagulation, and 62 with radia-
tion. The remaining 20 patients were initially
treated with more than one modality.

NEW TUMOURS
Of the 427 eyes selected for the study, 25 (6%)

a went on to develop new intraocular tumours (Fig
1). The mean age at diagnosis in this group was
1 0 years with a range of 0 01 to 6 75 years. The
risk of developing a new tumour if initially
diagnosed before 1 year of age was 16%; the risk
after 1 year of age was only 2 2%. The highest
risk for developing new tumours was among
those patients initially diagnosed with disease in
the first 3 months of life and was 33%.
The age at onset of new tumours ranged from

0-25 to 7 50 years with a mean of 1 8 years. The
mean time course for the development of new

LAz tumours was 0 *74 years after initial diagnosis and
' treatment, with a range from 0 08 to 2 83 years.

No new tumours were diagnosed after the age of
7 50 years. Figure 2 represents the peak age at
last diagnosis ofnew tumours in patients initially
diagnosed at a certain age.
Table 1 demonstrates the development ofnew

tumour foci after various modes of treatment.
imary The overall age of diagnosis is 1 year earlier for
to be those who develop new tumours (1 0) when
ewise, compared with those who do not develop new
e not tumour foci (2 0). In addition, the mean age at
rs first diagnosis for those who were enucleated and
itiated developed new tumours is earlier as well, by 1 40

years.
sex,

~rality
Ly his- FAMILY HISTORY
I, sub- Among the 26 patients with a family history of
r and retinoblastoma, nine (35%) went on to develop
time new intraocular tumours. The mean age at

s. diagnosis was 0 2 years with a range from 0 01 to
05 years. The age at diagnosis of new tumours
ranged from 0 25 years to 0 75 years with a mean
of 0-6 years. The time interval for the onset of

with new tumours was 0 25 years to 0-71 years with a
tween mean of 0-4 years. Among those patients with a
. The family history, 100% who went on to develop
range new intraocular tumours were initially diagnosed
titially with retinoblastoma before 6 months of age and
ients. did not develop any new tumours after 2O08 years

Table I Initial treatment modality and new tumour development

Age at
No of Age at No ofnew Family diagnosis of Age at nezw Last new

Modality* patients diagnosis tumours (%) history (%) new tumour tumour Interval tumour
Overall 427 2-0 25 (6) 9 (36) 1-0 1-9 0 7 7-5
Enuc 338 2-2 5(1) 1 (20) 0-8 1-7 0 9 2-58
EBR 62 1-2 15(24) 4(23) 1-2 2-1 0-8 7 50
Cryo 3 1 8 0
Photo 3 0-2 2(67) 2(67) 0 07 0°4 0 3 1-3
En/Chemo 11 1-5 0
En/EBR/Ch 2 5 0 0
EBR/Ch 3 1 5 0
EBR/Cryo 2 1 3 2 (100) 1 (50) 1-3 1-6 0-3 2-8
Photo/Cryo 1 0-25 1 (100) 1 (50) 0-25 0-42 0-2 3-4
Photo/EBR 1 5*3 0
None 1 5 6 0

* EBR= External beam radiation; Cryo=cryotherapy; Photo=photocoagulation; En/Enuc=enucleation; Ch/Chemo=chemotherapy.
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Figure 3 The differences in (1) mean age at diagnosis, (2) mean time intervalfor
development ofnew tumours, (3) mean age at new tumour diagnosis, and (4) mean age at last
diagnosis ofnew tumours for patients who developed new foci in the same, fellow, or both
eyes.

of age. The overall risk for new tumour develop-
ment in this population was 20% for those
diagnosed before 3 months of age and 8% for
those diagnosed between 3 and 6 months.

LOCATION OF NEW TUMOURS
Overall, nine patients (36%) developed new

tumours in the same, initially diagnosed eye,
while nine (36%) developed new foci in the fellow
eye, and seven (28%) in both eyes. Four (44%) of
the patients with new tumours in both eyes and
four (44%) of those with new tumours in the
fellow eye had a family history ofretinoblastoma,
while only one (9%) ofpatients with new tumours
in the same eye had a family history of disease.
For all treatment modalities, no new tumours

ever developed in the macula of either eye after
initial treatment.

NUMBER OF TUMOURS AT DIAGNOSIS
Among the 427 patients, 15 (3-5%) initially
presented with multiple tumour foci and 84
(20%) with solitary tumours. For the remaining
328 (76-5%) patients, the number of tumours at
initial diagnosis was unknown because most of
these had eyes filled with tumour and the number
of foci could not be ascertained accurately.

Discussion
In this study, the features and time course for the
development of new intraocular tumours after
treatment in patients with unilateral retino-
blastoma was determined. When compared with
the population of patients with bilateral retino-
blastoma from our 1991 study, fewer eyes with
unilateral retinoblastoma went on to develop new
tumour foci; a total of 6% of unilateral patients
versus 24-8% of bilateral patients.'2 While the
overall numbers of patients developing new
tumours differed, there were some striking sim-
ilarities between the two groups. Ninety five per
cent of bilateral patients who went on to develop
new foci were initially diagnosed with retino-
blastoma before the age of 22; in this study, 80%
of unilateral patients developing new tumours
were diagnosed before this age. Therefore, both
populations demonstrate a proclivity towards a

younger age at diagnosis. This is also evident in
the mean age at diagnosis for unilateral patients
developing new tumours, 10 year, as opposed to
those who do not develop new tumours at all, 2-0
years.

As with the bilateral patients, the risk of
developing new tumours after treatment is
related to the initial age at diagnosis. The risk in
the first 3 months of life being the highest (33%),
lower between 3 and 6 months (15%), and, with
the exception ofone patient, the risk drops off to
less than 10% after 6 months of age. These
results were similar to the bilateral population,
where the highest risk was in the first 3 months
(58%), lower between 3 and 6 months (39%), and
dropped offthereafter - although the relative risk
remained at a higher baseline rate of 15-24%.12
Note, however, that the sample population for
the bilateral patients in any particular age group
was much larger. Overall, the risk among uni-
lateral patients diagnosed within the first year of
life was 15% and less than 3% for those diagnosed
after 1 year of age. Only one new tumour was
seen among patients initially diagnosed after 3-5
years of age.
Most new tumours developed between 0-08 to

2-83 years after the initial diagnosis, with a mean
time interval of 0 74 years. The latest age for the
diagnosis of new tumours ranged from 0-25 to
7 50 years and did not appear to be related to age
at diagnosis. The mean age at last diagnosis for all
patients was 1-82 years. The bilateral patients
had a similar peak age at last diagnosis of 6-25
years, with a maximum time interval of4 5 years
after initial diagnosis for the development ofnew
tumours. 2
While Table 1 revealed similar data for each

treatment modality, the authors did not feel that
treatment type could be correlated to the devel-
opment of new tumours, since choice of treat-
ment may be subject to large bias over the years
and the sample populations were not sufficiently
large to afford such analysis. It is interesting to
note, however, that none ofthe patients receiving
chemotherapy went on to develop new tumours.
Of special interest in the study was the sub-

group of patients with a family history of retino-
blastoma. While only 35% of these patients
developed new tumour foci, 100% ofthe patients
who develop new tumours were initially diag-
nosed within the first 6 months of life. No new
tumours were seen in this subgroup after 2-08
years ofage. The risk ofdeveloping new tumours
in this group was lower than for the new tumour
population as a whole. The risk of developing
new tumours is 20% for those first diagnosed
with retinoblastoma by 3 months of age and 8%
for those first diagnosed between 3 and 6 months
of age.
What factors, then, can we use to predict who

will and will not develop new tumours? Age at
diagnosis is the best predictor of the potential for
developing new tumour foci. Overall, 90% of
patients develop retinoblastoma within the first 5
years of life.'"" For both unilateral and bilateral
patients, an initial diagnosis of retinoblastoma
within the first 6 months of life places the patient
at the highest risk of developing new intraocular
tumour foci. Likewise, the majority of patients
who will develop new tumours will be initially
diagnosed before the age of 2 years. Their new
lesions will, on the average, develop within 1 year
of their initial diagnosis. Patients who have
unilateral disease and a family history of retino-
blastoma will always develop new tumours ifthey
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are initially diagnosed before 6 months; and they
will most likely develop these new tumours by 2
years of age.
Based upon this information, how can we best

assure early detection and treatment of new
tumour foci? Current recommendations include
examination under anaesthesia every 4 months
until the age 3, every 6 months until age 5 years of
age, and without anaesthesia yearly after 5 years
of age. ' Yearly examinations after age 5 are
important for the detection of secondary, non-

ocular tumours, such as osteosarcoma.'6 Our
study suggests, however, that more frequent
examinations within the first 2 years of life may
be warranted in order to detect early new
tumours. Even though the yield ofsuch examina-
tions may be low, the odds are that patients with
unilateral disease and a positive family history are

most likely to develop new lesions before the age
of 2. Similarly, the mean age at last diagnosis of
new tumours overall was only 1-8 years, making
the first 2 years of life a more reasonable target for
more frequent examinations and early interven-
tion. Since attention must be given to locations
anterior and posterior to the equator, and to both
the same and fellow eye (especially among those
initially diagnosed with retinoblastoma during
the first 6 months of life), anaesthesia is neces-
sary.

In contrast, if a unilateral patient with a family
history is diagnosed within the first 6 months of
life, new tumours usually do not appear after
2 08 years of life. More frequent examinations,
therefore, may be indicated under anaesthesia
during the first 2 years of life. If a unilateral
patient with a family history is diagnosed after 6
months of age, since the risk for new tumour
development is low (almost 0%), examinations
may be less frequent and without anaesthesia.
While intraocular location of new tumours

varied with treatment, 79% of new tumours in
previously irradiated eyes occurred anterior to
the equator (similar to other studies which have
found up to 90% anterior to the equator). '7 18 The
fact that no new tumours ever developed in the
macula of either eye regardless of treatment
modality may influence the clinical decision to
treat or not to treat. For example, ifone macula is
involved at diagnosis, the likelihood of having a

fellow macula free of disease is 100%. As a result,
plans for treating the fellow eye must be made by
considering both the ocular complications and

effects on visual acuity and visual fields. Further-
more, if a unilateral patient at diagnosis does not
have macular involvement, maximal attempts to
treat the eye without enucleation may be consid-
ered. This is assuming, of course, that the
suspicion for optic nerve involvement is low. 9 A
special situation is the patient with a known
germinal mutation, in whom avoiding radiation
treatment may be beneficial in order to minimise
risks for osteosarcoma later on in life. 6 In such an
instance, one must weigh the risks and benefits in
deciding if enucleation may be the better option
for initial treatment.
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