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Three histopathological types of retinoblastoma
and their relation to heredity and age of
enucleation

Annette C Moll, Jan Willem Koten, Deezi A E Lindenmayer, Linda A Everse,
Karel E W P Tan, Alfred Hamburg, Joop A J Faber, Willem Den Otter

Abstract
The histopathology of 61 eyes was studied
with special attention to the morphology
of the retina adjacent to the main tumour.
Three retinal types were distinguished.
Retina type 1 (RT-1, 28 specimens) con-
tained a single tumour that was sharply
demarcated from surrounding normal ret-
ina. In retina type 2 (RT-2, 29 specimens)
large parts of the retina were affected and
the main tumour mass gradually blended
with the adjacent pathological retina. Ret-
ina type 3 (RT-3, four specimens) was
characterised by a retina almost entirely
affected by diffuse tumour growth.
RT-1 correlated significantly with early

enucleation (0-3 years) both in hereditary
and non-hereditary cases. RT-2 was seen
in eyes enucleated later (2-5 years). The
progressing tumour may release growth
factors in the intraocular space that stim-
ulate the cells of the adjacent retina and
lead to multiple new primary tumours in
the adjacent retinal area. RT-3 was only
present in non-hereditary cases with late
enucleation (at 2-5 years).
Hereditary retinoblastoma cases are

usually detected early. Therefore in her-
editary cases RT-1 is significantly more
common than RT-2. In 25 eyes of the 44
patients with unilateral sporadic re-
tinoblastoma, multifocal tumours of the
retina were observed. Such cases should
not mistakenly be classified as hereditary
cases on the basis of the histological pat-
tern ofmultifocality ofthe tumour process.
(JtMed Genet 1996;33:923-927)
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Retinoblastoma is a rare, malignant paediatric
tumour of the retina which occurs in a her-
editary (30-40% of the patients) and a non-
hereditary form (60-70%).1 At least two muta-
tional events are required for development of
retinoblastoma,23 namely inactivation of both
alleles of the retinoblastoma tumour suppressor
gene (RB1) on chromosome 13q14.45 The her-
editary form of retinoblastoma results from a
germline mutation in one of the Rb alleles.
This mutation is present in all somatic cells
including the retinal cells. Therefore, the de-
velopment of a retinoblastoma in a person
with the inherited form only requires a single

additional mutation as opposed to the two
mutations required for the development of a
non-hereditary retinoblastoma. This results not
only in earlier but also in more frequent ap-
pearance of tumours, causing the well known
multifocality and bilaterality of hereditary re-
tinoblastoma.2
Among hereditary cases a familial hereditary

form and a sporadic hereditary form can be
distinguished. An indication for the familial
hereditary form is a parent or a relative with
retinoblastoma, implying that one of the par-
ents must carry a mutated RB1 gene. In the
sporadic hereditary form, no other family mem-
bers are affected and the patient is the first
person in the family with retinoblastoma.'

In the non-hereditary form of re-
tinoblastoma, the RB1 mutation is found ex-
clusively in the tumour cells of the retina, and
one eye is unifocally affected. Approximately
10% of the hereditary retinoblastoma patients
are also affected unilaterally,' so hereditary re-
tinoblastoma patients without family history
(sporadic hereditary retinoblastoma) may be
incorrectly classified as non-hereditary if the
tumour occurs unilaterally.

Hereditary retinoblastoma is diagnosed
earlier (in disease progression) than non-her-
editary retinoblastoma because babies in famil-
ies where RB is known to occur are checked
for retinoblastoma more frequently."S Fur-
thermore, hereditary retinoblastoma also oc-
curs earlier than non-hereditary retinoblastoma
because ofthe shortened carcinogenic pathway.
The ability to distinguish between hereditary

and non-hereditary retinoblastoma is clinically
important as in the former case the second eye
may also become affected. Furthermore, in
hereditary cases there is an increased risk of
second primary tumours.9 ' Together these
risks necessitate frequent and thorough screen-
ing of hereditary retinoblastoma patients, a
costly process which is unnecessary in non-
hereditary retinoblastoma patients. Because of
this, methods are needed to distinguish be-
tween hereditary and non-hereditary re-
tinoblastoma, which can be applied at the time
of first tumour occurrence/enucleation. Al-
though it is known that retinoblastoma is
caused by a defect in the RB 1 gene, the exact
defect in this gene can vary or the test is often
not informative." 2 This makes it difficult and
time consuming to determine whether a given
mutation in a given person is germline (her-
editary) or somatic (non-hereditary).'3 For
these reasons genetic screening of all re-
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Figure 1 Retina type 1. The retinal cell layers are completely niormal. There is
transition from this normal retina to the tumour tissue.

Figure 2 Retina type 2. The whole retina is changed pathologically. There is a

of the nuclear cell layers. The outer nuclear layer is wider than the inner nucleal
The nuclei of the retinal cells are polymorphic. There is a gradual transition fron
pathologically affected retina to the tumour.

tinoblastoma patients is not yet a practical
means of determining whether or not a given
patient has the hereditary or the non-hereditary
form of the disease and other means must be
sought.
On the basis of these considerations, we have

reviewed histological sections ofretinoblastoma
cases in conjunction with clinical data in order
to establish histological criteria for the dis-
tinction between hereditary and non-hereditary
retinoblastoma. Attention was particularly fo-
cused on the retina adjacent to the tumour,
since in hereditary cases all retinal cells are

affected by an inherited RB 1 mutation. As
explained above, this may be reflected in mul-
tifocal tumour growth.

Materials and methods
The Dutch Retinoblastoma Register contains
virtually all retinoblastoma cases occurring in
the Netherlands from 1945 onwards. Histo-
pathological sections of 79 eye specimens (from
77 patients) obtained between 1956 and 1990

were retrieved from this registry. In addition,
family history, clinical data, and chromosomal
or DNA analysis (if available) of the patients
were gathered from the patients' hospital files
and the Dutch Retinoblastoma Register.

Retinoblastoma was regarded as hereditary
in cases of bilaterality, family history of re-
tinoblastoma, or a defect in the RB 1 gene. Only
primary enucleated eyes were examined; eyes
previously treated with radiotherapy, chemo-
therapy, cryotherapy, or light coagulation were
excluded because treatment can affect the ad-
jacent retina. Sixty one eyes (from 61 patients)
fulfilled these criteria.

Sections were stained with haematoxylin-
eosin and classified blindly (without knowledge
of heredity) according to the retina clas-
sification given in next paragraph. The char-
acteristics of these 61 eyes were tabulated. In
the second review the histological conclusions
of the first observation were combined with
clinical data. The eyes were examined by one
person (JWK) and verified by others (ACM,
DAEL, AH).

Special attention was paid to the retina ad-
jacent to the main tumour mass, since differ-
ences were expected in the retinal histology
of hereditary and non-hereditary cases. Three
types of retinal lesion were distinguished. Char-
acteristics of the morphology of the various
retina types were as follows.

Retina type 1 (RT-1). The retina adjacent to
the tumour is normal, the border between the
tumour and the normal retinal layer is sharp,
and there is no transition of the normal retina
into tumour tissue (fig 1). Generally only a
single tumour is present, but occasionally an
additional tumour may be present.

Retina type 2 (RT-2). Most parts of the retina
in RT-2 are irregularly affected, with a varied
histopathology ranging from a normal intact
retina to a retinal layer completely replaced by
tumour tissue. Intermediate changes include
hypercellularity of one of the retinal layers with
occasional mitotic figures and small localised
microtumours particularly located in hy-
percellular areas. Retinal cells in such hy-
percellular areas are frequently polymorphic.
There is a gradual transition of pathologically
affected retina into the main tumour mass.
This variety of lesion was regarded as cor-
responding to different stages of the car-
cinogenic process (figs 2 and 3). The main
tumour mass usually shows features of necrosis.

Retina type 3 (RT-3). The entire retina is
diffusely and fairly evenly affected by tumour
growth, leaving no normal retinal tissue spared.
In addition to the retina, the corpus ciliare, the
iris, and the anterior segment are also affected.
An important observation is "seedings" (figs

4 and 5). Apparently, seedings are tumour
cells detached from the primary tumour, which
come free in the vitreous body or in the su-
bretinal exudate and seed elsewhere on the
inner or outer surface of the retina where they
form a metastasis.14 These metastases can be
distinguished clearly from tumours arising de
novo in the retina. In type 2 retina, the tumour
process is similar to a tumour field in which
numerous tumours occur independently (for
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Figure 3 Retina type 2. The whole retina is changed pathologically. There is 4
of the nuclear cell layers. The outer nuclear layer is wider than the inner nuclec
The nuclei of the retinal cells are polymorphic. There is a gradual transition fro
pathologically affected retina to the tumour.
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Figure 4 Seeding from a primary retinoblastoma on the retina. Note the abru
transitions from retina to tumour tissue (courtesy of Professor P van der Valk,
Amsterdam).

Figure 5 Seeding and retina type 2 (courtesy of Professor P van der Valk, A

Table 1 Clinical data of the retinoblastoma patients
No

Patients 61
Affected eyes 61
Sex
Males 36
Females 23
Unknown sex 2

Unilaterally affected 44
Bilaterally affected 16
Unknown laterality I
Family history of occurrence

Bilateral 4
Unilateral 0

No family history 57

a widening
ar layer.
Pm the

Wp..' `. ....

example, an irradiated skin field in which
numerous smaller and larger tumours occur,
while in seeding, tumour clusters are present
which are isolated and surrounded by ordinary
retinal layers.
The degree of differentiation of the tumour

was rated "well differentiated" (numerous ros-
ettes), "moderately differentiated" (occasional
rosettes), and "poorly differentiated" (no ros-
ettes at all).

Statistical methods used were standard tech-
niques concerning R x C tables. In case of few
data exact p values were calculated using the
program statXact-Turbo (C Metha, N Patel,
CYTEL Software Corporation, Cambridge).

^- Results
hIME CLINICOPATHOLOGICAL FINDINGS
V CTl The clinical data from the retinoblastoma

patients are summarised in table 1. Cases with a
family history of retinoblastoma (four patients)
and all bilateral cases (16 patients) were clas-
sified as hereditary. Unilaterally affected eyes
without a family history (44 cases) were con-
sidered non-hereditary, though some unilateral
cases may be hereditary. In one case the lat-

4pt erality was not recorded.
Table 2 shows that all hereditary cases were

enucleated before the age of 2 years. Non-
hereditary cases were generally enucleated later
(peak at 2 years, range 0-11 years).

HISTOPATHOLOGICAL CLASSIFICATION AND
HEREDITY
The 61 cases were classified as follows: RT- 1
28 cases, RT-2 29 cases, and RT-3 four cases.
Results summarised in table 3 show that the
three histological patterns do not provide a
definite indication of the hereditary nature of
the disease. Retinoblastoma was hereditary in
12 of the 28 cases with RT-1 retinas (43%)
and in four of the 29 patients (14%) with
RT-2 retinas. In hereditary cases RT-1 was
significantly more frequent than in non-her-
editary cases (p = 0.008). We were surprised to
find that 25 out of 29 (86%) of the RT-2
retinas, characterised among other things by

'^ multiple microtumours (not seeding), belonged
to the non-hereditary retinoblastomas. All four
RT-3 cases belonged to the non-hereditary

Imsterdam). group.
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Table 2 Age at enucleation of hereditary and non-hereditary retinoblastoma

Hereditary Non-hereditary

Age No % AG(%) No % AG(%)

0 10 62.5 50.0 10 22.6 50
1 4 25.0 33.0 8 18.2 67
2 2 12.5 12.5 14 31.8 87.5
3 7 16.0 100

>4 5 11.4 100
Total 16 100 44 100

AG= percentage per age group.

Table 3 Retina type related to heredity

Retina type Hereditary Non-hereditary Total

RT-1 12 15 28*
RT-2 4 25 29
RT-3 0 4 4
Total 16 44 61

* In one case heredity was unknown.

Table 4 Number of tumours in the retina versus heredity

No of tumours Hereditary Non-hereditary Total

1 tumour 6 14 21*
2 tumours 6 1 7

>2 tumours 4 25 29
Diffuse 4 4
Total 16 44 61

* In one case heredity was unknown.

Table 5
3

The age at enucleation of RT-1, RT-2, and RT-

Age RT-1 (%) RT-2 (%/.) RT-3 (%)

0 17 (60.7) 3 (10.4)
1 6 (21.4) 7 (24.2)
2 4 (14.3) 11 (37.9) 1 (25)
3 1 (3.6) 5 (17.2) 1 (25)

>4 3 (10.3) 2 (50)
Total 28 (100) 29 (100) 4 (100)

NUMBER OF TUMOURS IN THE RETINA VERSUS

HEREDITY
The majority of the retinas (68.2%) from non-

hereditary cases contained several tumours

(table 4). These tumours were not seedings
from the primary retinoblastoma, but were in-
trinsic to the internal or external layer of the
retina and appeared to originate from these
retinal layers. Retinas with hereditary tumour
contained multiple tumours in 10 out of 16
cases (62.5%).

AGE AT ENUCLEATION AND HISTOPATHOLOGICAL

CLASSIFICATION
RT-1 cases (table 5) are generally enucleated
earlier (range 0-3 years, peak within the first
year) than type 2 cases (range 0-6 years, peak
at 2 years). The eyes of RT-3 cases were always
enucleated late (2-6 years of age). There is a

significant correlation between age at enuc-

leation and retina classification (p=0.016).

PRESENCE OF ROSETTES AND AGE OF

ENUCLEATION

The presence of rosettes was analysed for cor-

relation with the age of enucleation, the retina
type, and heredity. Rosettes were more prom-
inent in early than in late enucleated eyes,

rosettes being present in 85% of the eyes enuc-
leated during the first year of life, whereas this
was 27 and 25% in eyes enucleated at the age
of 3 or in older cases (table 6). A test for trend
gives a significant result (p = 0.000 1). Rosettes
occurred less frequently in RT-2 than in RT-1
cases (table 7, p = 0.008). Rosette formation
also occurred more frequently in hereditary
tumours (69%) than in non-hereditary tumours
(40%).

Discussion
It is generally accepted that in patients with
hereditary retinoblastoma both eyes are often
affected with one or more tumours, whereas
in non-hereditary retinoblastoma patients only
one tumour occurs in one eye.'21 1 6 This led
to our hypothesis that the retina of hereditary
retinoblastoma patients will be multifocally
affected, whereas the retina of non-hereditary
cases would not be affected by new emerging
primary tumours besides the main tumour
mass. The data collected in this study do not
support this hypothesis. This means that these
data are very interesting as they reform our
thinking on the genesis of retinoblastoma as
discussed below.
There appeared to be a significant association

between age at enucleation and retinal histo-
pathology. RT-1 was predominantly observed
in early enucleated eyes, while RT-2 pre-
dominated in cases enucleated later (exact p =
0.016). RT-3 was exclusively seen in late cases
of (non-hereditary) retinoblastoma. Also
tumours with rosettes were more often ob-
served in early tumours than those enucleated
later. So rosettes are observed more frequently
in RT-1 than in RT-2. These data lead to the
following explanation or hypothesis.
The evolution of the histopathology of non-

hereditary and hereditary retinoblastoma is
similar, that is, from a single tumour sur-
rounded by a normally appearing retina, as
observed in many early enucleated cases, to
tumoural transformation of the entire retina in
late enucleation. This evolution occurs earlier
in hereditary tumours than in non-hereditary
cases.
The histopathology of RT-2 is complex but

very informative regarding carcinogenesis. Be-
sides the presence of one or more larger
tumours, the retina showed various stages of
oncogenesis, such as diffuse proliferation of
one of the retinal layers and discrete pro-
liferating foci with numerous mitotic figures.
Only occasional rosettes were observed. All
retinal layers (internal nuclear, external nuclear,
and even the ganglionic layer) may become
involved, probably because all retinal neural
elements originate from the same stem cells.
The histology shows tumorous involvement
as observed in a "tumour field", rather than
seeding from a single primary tumour. It is also
noteworthy that the transition of the patho-
logical retina into the main tumour mass is
gradual in RT-2. Additional tumours located
in the retinal layers were not seeded, since these
new primary malignancies gradually merge with
the adjacent normal retinal cells, but some true
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Table 6 The presence of rosettes in retinoblastoma enucleated at different ages

Age (y)

Differentiation 1 2 3 >3 All ages

Rosettes observed 17 6 4 2 29
No rosettes 3 7 12 8 32
Total 20 13 16 10 61

Table 7 Presence of rosettes in tumour, heredity, and RT types

Differentiation RT-1 RT-2 RT-3 Total

Rosettes observed 19 (9) 9 (2) 1 (0) 29 (11)
No rosettes 9 (3) 20 (2) 3 (0) 32 (5)
Total 28 (12) 29 (4) 4 (0) 61 (16)

In brackets the hereditary cases only.

seeding was also observed. Nalbandian and
Senft'7 described similar microneoplasms ori-
ginating within either the outer or the inner
nuclear layers of the retinal tissue outside the
retinoblastoma. They did not find a correlation
between the microneoplasms and clinical data.
We emphasise that 25 of the 44 eyes of

patients with non-hereditary retinoblastoma
showed more than two tumours in a single eye.
This seems inconsistent with current dogma
stressing the unifocality of non-hereditary
retinoblastoma. 2 15 16 We assume that after a
malignant tumour has evolved, it could release
growth factors in the isolated and cir-
cumscribed intraophthalmic space and affect
the adjacent retina by means of paracrine
growth stimulation. This might explain the
presence ofhyperplastic foci in the retinal layers
and the emergence of additional primary re-
tinoblastomas in such areas. Thus, more than
one tumour could develop in the retina of a
non-hereditary retinoblastoma patient if the
tumour progresses. Consequently non-her-
editary retinoblastoma does not imply a uni-
focal tumour, as unilateral multifocal retinal
tumours frequently occur.

RT-3, the diffuse infiltrating type, was only
observed four times in 61 patients. Descriptions
of this type have been published previously.'8
All reported cases of diffuse infiltrating re-

tinoblastoma have been unilateral and sporadic
with a negative family history, similar to the
four cases we describe.'9 RT-3 might thus be
RT-2 tumours that are enucleated at a very late
stage, where the entire retina is affected.

In conclusion, the histopathology of re-
tinoblastoma cannot provide information about
the hereditary origin of the disease. It seems
most likely that the reported histological types
represent various phases of progression of the
tumour process. Furthermore, non-hereditary
retinoblastoma does not imply unifocal
tumour; multifocal retinal tumours may also
occur in non-hereditary cases, particularly if
eyes are enucleated late. Such cases should not
mistakenly be classified as hereditary cases on
the basis of the histological pattern of mul-
tifocality of the tumour process. Genetic coun-
sellors should be aware of this phenomenon.
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