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Choroidal invasion of retinoblastoma: metastatic
potential and clinical risk factors

Carol L Shields, Jerry A Shields, Karin A Baez, Jacqueline Cater, Patrick V De Potter

Abstract
There is considerable debate about the signifi-
cance of choroidal invasion of retinoblastoma
with regard to metastatic disease. The charts
of patients with retinoblastoma were reviewed
over a 17 year period to determine the fre-
quency of histopathological choroidal invasion
of retinoblastoma and its risk for eventual
metastatic disease. Sixty seven of 289 eyes

(23%) enucleated for retinoblastoma had histo-
pathological evidence of choroidal invasion.
Those patients with choroidal invasion (with or
without optic nerve invasion) were more likely
to develop metastases than those without cho-
roidal invasion (p=0O0001). When considering
those patients with isolated choroidal invasion
ofretinoblastoma, excluding those with associ-
ated optic nerve invasion, there was no signifi-
cant risk but there was a trend towards the
development ofmetastases (p=010). The clin-
ical factors found to be predictive for choroidal
invasion from retinoblastoma from a univariate
analysis included increased intraocular pres-
sure (p=0.04) and iris neovascularisation
(p=0007) and, from a multivariate analysis,
iris neovascularisation (p=0.02). The histo-
pathological factors statisticaily associated
with choroidal invasion included the presence
of optic nerve invasion (p=0.002) and poorly
differentiated retinoblastoma (p=0.003). Fac-
tors not predictive for choroidal invasion
included the age, race, and sex of the patient
and the tumour laterality, inheritance, size,
and growth pattern. Choroidal invasion of
retinoblastoma is a risk for metastases, especi-
ally if it is associated with any degree of optic
nerve invasion.
(Br3r Ophthalmol 1993; 77: 544-548)
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Over the past century the survival rate from
retinoblastoma has improved from 5% to 90%.'-3
Earlier diagnosis and improved treatment
methods are mostly responsible for the better
survival.' Risk factors for metastasis from
retinoblastoma have been identified by several
authors.'5 and the most recent study from the
Armed Forces Institute ofPathology determined
that the degree of histopathological invasion of
optic nerve and orbital invasion of the tumour
were highly predictive of death from retino-
blastoma, whereas choroidal invasion was not
significantly associated with a fatal outcome.4
Although other studies have also suggested that
choroidal invasion of retinoblastoma is not asso-

ciated with a worse prognosis,'"'5 several conflict-
ing reports have indicated that choroidal invasion
of retinoblastoma is associated with a poorer
prognosis.5 "-2 Messmer and associates in 1991
reported that the risk for metastatic disease
increased when choroidal invasion was seen in
association with optic nerve invasion and/or late
enucleation.5 Olver and coworkers found that the
two independent histological predictors for sur-
vival were the degree of optic nerve invasion and
the degree of choroidal invasion and when the
two factors existed together the prognosis
worsened.2'

Because of the conflicting opinions regarding
the significance of choroidal invasion or retino-
blastoma, there has been controversy regarding
the necessity of systemic chemotherapy and
orbital radiotherapy in these cases. Earlier
studies have addressed the relationship between
histopathological presence of choroidal invasion
and systemic prognosis. Our study was designed
to investigate the prognostic significance of
choroidal invasion of retinoblastoma and to
determine clinical factors that may be associated
with choroidal invasion. The presence of these
clinical features may alert the ocular oncologist to
the risk for choroidal invasion and possibly
influence ultimate treatment.

Patients and methods
We reviewed the charts of all retinoblastoma
patients who were evaluated at the Ocular On-
cology Service at Wills Eye Hospital between
February 1974 and August 1991. Those patients
who were treated by enucleation and had at least
6 months of follow up were selected for this
study. Patient clinical data evaluated included
age, race, and sex. The ocular features evaluated
included intraocular pressure (IOP), iris neo-
vascularisation, fundus findings including
specific tumour characteristics, visualisation of
the optic nerve, and vitreous haemorrhage. The
specific tumour characteristics evaluated were
laterality, inheritance, prior treatment, largest
tumour dimension (mm), largest tumour thick-
ness (mm), growth pattern (exophytic, endo-
phytic, or combination), and Reese-Ellsworth
stage. The pathology report, based on approx-
imately 30 routine histopathological sections
made through the central region of the tumour
and stained with haematoxylin and eosin, was
reviewed for tumour differentiation as well as
type and extent of optic nerve, subarachnoid,
choroidal, and orbital extension. The develop-
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ment of eventual distant haematogenous meta-
stases or pineal/parasellar tumour (trilateral
retinoblastoma) was recorded.

Results
There were 441 patients with retinoblastoma
managed on the Ocular Oncology Service at
Wills Eye Hospital during the period of this
study. Of these 441 patients, there were 360 eyes
enucleated, 19 of which were bilateral enuclea-
tions. For this study the eye with the greatest
tumour burden in the bilateral enucleation group
was included and the less affected eye was
excluded; therefore, 19 eyes were excluded from
further evaluation. The 52 eyes that were enucle-
ated at other institutions were also excluded from
this study because the entire globe was not
available to us for pathological evaluation. After
these exclusions, the number ofeyes evaluated in
detail was 289.
The mean age of these 289 patients at the time

of enucleation was 23 months (median 18; range
1-204 months). The mean follow up was 75
months (median 51; range 6-477 months). The
patient group was then divided into those with
and those without choroidal invasion of retino-
blastoma. The following are evaluations of these
two subgroups (Table 1).

CHOROIDAL INVASION SUBGROUP
There were 67 patients (23%) with choroidal
invasion of retinoblastoma. The patient mean
follow up was 90 months (range 6-333 months).
The patient mean age was 24 months (median 18;

F..:. JX

Fig IA

Figure I (A) Clinical
photograph showing
leukocorea from massive
endophytic retinoblastoma.
(B) Gross photograph of the
globe demonstrating
endophytic retinoblastoma
and contiguous massive
choroidal invasion (arrows)
in a dome shaped
configuration limited by
Bruch's membrane. The
parents declined systemic
chemotherapy and the child
later developed metastases. Fig JI

Table I Retinoblastoma invasion ofoptic nerve andlor
choroid as predictor ofmetastases

Invasion site (n) p Value Significance

Optic nerve* (84) 0-0016 S
Choroidt (67) 0-0001 S
Choroid onlyt (37) 0-10 T
Optic nerve/choroid (30) 0-0001 S

simultaneous§

S=significant; NS=non-significant; T=trend.
*Optic nerve invasion overall, regardless of the presence of
choroidal invasion.
tChoroidal invasion overall, regardless of the presence of optic
nerve invasion.
tChoroidal invasion only, excluding all cases with simultaneous
optic nerve and orbital invasion.
5Considered only patients with both optic nerve and choroidal
invasion in the same eye.

1-120 months). There were 40 men and 27
women; 59 whites and eight blacks. The tumour
was unilateral in 37 cases and bilateral in 30
cases; sporadic in 60 and familial in seven cases.
Ten patients had treatment before enucleation
such as external beam irradiation, plaque irradia-
tion, laser photocoagulation, and cryotherapy.
The mean IOP was 25 mm Hg (median 22

mm Hg; range 7-55 mm Hg). The IOP was >22
mm Hg in 29 patients. Iris neovascularisation
was seen in 30 cases.
The eye was classified as Reese-Ellsworth

group 1 in no cases, group 2 in no cases, group 3
in three cases, group 4 in one case, group 5 in 61
cases, and unknown in two cases. The largest
tumour dimension (LTD) was <15 mm in 37
patients and >15 mm in 29 patients. The mean
LTD was 15 mm and the mean largest tumour
thickness was 11 mm. The tumour was exophytic
in 28 cases, endophytic in 22 cases, and a
combination in 15 cases. Vitreous haemorrhage
was present in 17 eyes.

Optic nerve invasion was seen histopatho-
logically in 30 cases. The invasion was anterior to
the lamina cribrosa in 11 cases, extended to the
lamina cribrosa in seven cases, posterior to the
lamina cribrosa but not to the site of optic nerve
transection in four cases, and to the cut section of
the optic nerve in no cases. Tumour cells were
observed in the subarachnoid space in eight
cases. Orbital invasion was present histo-
pathologically in three cases. The tumour dif-
ferention was poor in 35, moderate in 23, and
well in eight.

Metastases developed in 13 patients, 10 of
whom also had optic nerve invasion. When
evaluating the 37 patients who had choroidal
invasion without optic nerve invasion, meta-
stases developed in three.

NO CHOROIDAL INVASION SUBGROUP
There were 222 patients without choroidal inva-
sion of retinoblastoma. The patient mean follow
up was 70 months (range 6-477 months). The
patient mean age was 23 months (median 18;
range 6-204 months). There were 122 men and
100 women; 193 whites and 29 blacks. The
tumour was unilateral in 132 cases and bilateral
in 89 cases; sporadic in 211 and familial in 11
cases. Twenty seven patients had treatment
before enucleation such as external beam irradia-
tion, plaque irradiation, laser photocoagulation,
and cryotherapy.
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The mean IOP was 21 mm Hg (n
mm Hg; range 2-60 mm Hg). The 10
mm Hg in 57 patients. Iris neovascu
was seen in 60 cases.

Table 2 Clinical parameters in relation to histopathological choroidal invasion c
retinoblastoma

No choroidal Choroidal
invasion invasion

Variable (n)* n=222 n=67 p Value

Age (years) (289)
s1
1-3 years
-3

Sex (289)
male
female

Race (289)
white
black

Laterality (288)
unilateral
bilateral

Trilateral retinoblastoma (289)
yes
no

Inheritance (289)
familial
sporadic

Prior treatment (289)
yes
no

IOP (289)
22 mm Hg

>22 mm Hg
unknown

Iris neovascularisation (256)
yes
no

Largest tumour dimension (287)
.15mm
15-20 mm
.20 mm

Largest tumour thickness (287)
10 mm

10-15 mm
.15mm

Vitreous haemorrhage (288)
yes
no

Optic nerve visualised (289)
yes
no
unknown

Tumour growth pattern (287)
exophytic
endophytic
exo/endophytic

93 25
84 26
45 16

122 40
100 27

193 59
29 8

132 37
89 30

2 2
220 65

11 7
211 60

27 10
195 57

137 30
57 29
28 8

60 30
136 30

131 37
48 13
42 16

129 34
53 16
39 16

38 17
184 49

24 7
198 59
0 1

91 28
86 22
45 15

S= significant; NS= not significant; T= trend.
*There were missing values in some charts therefore the number is not 289 in all cases.
tModelled as continuous linear variables, not discrete categories.

Table 3 Histopathological parameters in relation to choroidal invasion of retinob

No choroidal Choroidal
invasion invasion

Variable (n)* n=222 n=67 p Value

Tumour differentiation (267)
well 48 8
moderate 76 23 0 05
poor 77 35 0 003

Optic nerve invasion (289)
absent 166 37
present 0-002t

prelaminar 31 11
laminar 13 7
post-laminar 6 4
cut section 1 0

subarachnoid 5 8
Orbital invasion (276)

yes 2 3 0-08
no 208 63

S= significant; NS= not significant; T= trend.
*There were missing values in some charts therefore the number is not 289 in all cases.
tP value for presence or absence of optic nerve invasion.

nedian 18 The eye was classified as Reese-Ellsworth
? was >22 group 1 in no cases, group 2 in no cases, group 3
ilarisation in six cases, group 4 in six cases, group 5 in 199

cases, and unknown in 11 cases. The largest
tumour dimension (LTD) was <15 mm in 131
patients and >15 mm in 90 patients. The mean

of LTD was 15 mm and the mean largest tumour
thickness was 11 mm. The tumour was exophytic
in 91 cases, endophytic in 86 cases, and a
combination in 45 cases. Vitreous haemorrhage

Significance was seen in 38 cases.
Optic nerve invasion was seen histo-

NS pathologically in 56 cases. The invasion wasanterior to the lamina cribrosa in 31 cases,
extended to the lamina cribrosa in 13 cases,

NS posterior to the lamina cribrosa but not to the site
of optic nerve transection in six cases, and to the

NS cut section of the optic nerve in one case.
Tumour cells were seen in the subarachnoid

NS space in five cases. Orbital invasion was present
in two cases. Tumour differentiation was poor in
77, moderate in 76, and well in 48. Metastases

NS developed in seven patients (Fig 1), five ofwhom
had optic nerve invasion.

T

NS STATISTICAL EVALUATION
A univariate logistic regression analysis for the
variables in Table 1 was performed to measure

s whether choroidal invasion (with and without
optic nerve invasion) was a significant predictor
of development of metastases. Those patients

s who developed metastases had a higher incidence
of choroidal invasion (p=0 0001). When ex-

NS tracting those patients with isolated choroidal
NS invasion of retinoblastoma (excluding those with

simultaneous optic nerve invasion) the develop-
NS ment of metastasis showed only a trend of
NS association (p=0*10) (Table 1) (Fig 1). Clinical

factors found to be statistically significant for risk
r ~ of choroidal invasion of retinoblastoma included

increased IOP (p=0 04) and iris neovascularisa-
NS tion (p=0 007) (Table 2). Histopathologicalfactors associated with choroidal invasion

included presence of optic nerve invasion (not
NS analysed for depth of optic nerve involvement)
NS (p=0 002) and poorly differentiated tumour

(p=0 003) (Table 3).
The following clinical factors showed a trend

but not statistical significance for risk for chor-
oidal invasion: familial inheritance pattern
(p=0-11) and vitreous haemorrhage (p=012).

5lastoma Histopathological evidence of orbital involve-
ment also showed a trend of association with
choroidal invasion (p=0-08). Those factors

Significance found not to be a statistical risk for choroidal
invasion included: age, sex, race, laterality,

s trilateral retinoblastoma, prior treatment, largest
s tumour dimension, largest tumour thickness,

optic nerve visualisation, and tumour growth
s

pattern.
A multivariate analysis using logistic regres-

sion for the variables with p<0 30 in Table 2 was
performed. The most significant variables
proved to be iris neovascularisation (p=002)

T and degree oftumour differentiation (well v poor
[p=005]). Neovascularisation of the iris cor-
related with IOP, vitreous haemorrhage, and
tumour thickness at the following levels
p<00001, p=0 03, p=0 10, respectively.
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Discussion
It is generally agreed that the risk for metastasis
from retinoblastoma increases with degree of
optic nerve invasion and orbital invasion of the
tumour. 1 " The presence of choroidal invasion
of retinoblastoma has been shown by some to
increase the risk for metastases.5' "2 20 In correla-
tion with other studies,45 our study found that
choroidal invasion of retinoblastoma was present
in 67 (23%) of 289 enucleated eyes based on
routine histopathological sections through the
centre of the tumour. Overall, we found that
choroidal invasion was a significant predictor of
metastases. In 30 of these cases, the choroidal
invasion was present simultaneously with optic
nerve invasion and statistical analysis of this
subgroup demonstrated a highly significant risk
for metastases. In 37 cases only choroidal in-
vasion was present (without optic nerve invasion)
and in these cases the development of metastases
was not significantly associated but showed a
trend of association with isolated choroidal in-
vasion (Fig 1) (Table 1). From our results,
isolated choroidal invasion of retinoblastoma did
not statistically increase the risk for metastases
but when associated with any degree of optic
nerve invasion the risk was significant. This has
also been observed by Messmer and associates5
and Olver and associates.2' It should be under-
stood that our data and the data of others
regarding metastatic potential of retinoblastoma
are clouded by the fact that some of the patients
with choroidal and/or optic nerve invasion
received prompt radiotherapy and/or chemo-
therapy so that the incidence of metastases may
be different from what would be expected in
untreated cases.
We evaluated the histopathological features in

this study from representative gross observations
and histopathological sections of routinely pro-
cessed eyes. Our goal was to determine if chor-
oidal invasion in representative sections was
predictive of metastatic disease. It would have
been impractical to cut serial sections through
every eye. Without serial sectioning it is possible
that small degrees of choroidal invasion could be
missed. This argument is true of any neoplasia
that is not serially sectioned when evaluating cell
type, mitotic activity, or invasiveness. We did
not artificially classify the choroidal invasion into
minor or major tumour invasion as we believed
that the division would be too subjective for our
goals. We therefore classified the eyes into pres-
ence or absence of choroidal invasion as we
believed this approach to be more objective.
Others though have found that the degree of
choroidal invasion as judged by subjective assess-
ment was an accurate predictor of survival.2'
A secondary goal of our study was to deter-

mine, we believe for the first time, the clinical
features that may be associated with a higher risk
for choroidal invasion of retinoblastoma (Table
2). We found that the clinical factors that signifi-
cantly predict choroidal invasion of retino-
blastoma were increased IOP and iris neo-
vascularisation .(Table 2). Histopathological
factors that predict choroidal inva'sion were
poorly differentiated tumour and optic nerve
invasion (Table 3). It appears that elevated IOP
may play a role in the development of optic nerve

and choroidal invasion of retinoblastoma. The
exact mechanism is unclear but one might specu-
late that the high pressure may somehow force
tumour cells into the optic nerve and also cause
breakdown of the retinal pigment epithelium/
Bruch's membrane complex and allow access of
tumour to the choroid. The role ofincreased IOP
in the development of Schnabel's cavernous
atrophy of the optic nerve and intraneural
infiltration of silicone oil has been demon-
strated.23 24
One might expect that an exophytic tumour is

more likely to invade through the retinal pigment
epithelium/Bruch's membrane complex into the
choroid because its growth pattern is subretinal
and toward the choroid.25 However, our evalua-
tion showed that exophytic tumours show no
higher risk for choroidal invasion than endo-
phytic tumours. The retinal pigment epithelium/
Bruch's membrane complex seems to demon-
strate a unique resistance to this neoplasm."2 This
resistance may be disrupted in the presence of
high IOP.
From both the univariate and multivariate

analyses, neovascularisation of the iris was found
to be the most important clinical risk factor. In
most cases of iris neovascularisation there was
associated neovascular glaucoma. In the multi-
variate analysis, iris neovascularisation cor-
related with IOP, vitreous haemorrhage, and
tumour thickness. The incidence of iris neo-
vascularisation in our study was 35%. Walton
and Grant26 showed that 44% of 88 eyes enucle-
ated with retinoblastoma had iris neovascularisa-
tion. They did not mention the frequency of
glaucoma in their series, but we have shown in
this study that elevated IOP was present in 34%
of eyes enucleated for retinoblastoma. In earlier
studies from our department we found clinical
evidence of elevated IOP in 17% of all patients
with retinoblastoma (regardless of the method of
treatment) and the mechanisms of elevation as
judged clinically were neovascular glaucoma in
74%, angle closure glaucoma in 27%, and trabe-
cular meshwork infiltration in 2%.27
From a practical standpoint, when the clini-

cian is faced with a child with retinoblastoma and
there is iris neovascularisation or elevated IOP,
we believe that enucleation is the treatment of
choice. If isolated choroidal invasion (without
optic nerve invasion) is documented histo-
pathologically then the benefits of prophylactic
chemotherapy and/or radiotherapy must be dis-
cussed with the paediatric oncologist, radiation
oncologist, and patient's family. Treatment is
debatable because of the carcinogenic and other
secondary effects of chemotherapy and radio-
therapy in these children who may be prone to
second cancers weighed against the relatively low
overall incidence of metastatic retinoblastoma. If
choroidal invasion is present in association with
any degree of optic nerve invasion then prophy-
lactic orbital radiotherapy and/or systemic
chemotherapy may be indicated. Perhaps a clini-
cal trial evaluating the role of prophylactic
chemotherapy in patients with choroidal in-
vasion of retinoblastoma is indicated.
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