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Background: The histological diagnosis of neurogenic tumors remains a challenge, 
which may be indicated particularly by the fact that new entities appeared in the new 
edition of the World Health organization (WHO) classification.
Purpose: To review the histomorphologic and immunohistochemic features of rare 
variants of neurogenic ocular (retinal) tumors in adults.
Material and Methods: Six rare ocular tumors were selected for the study from all 
clinical material submitted for pathohistological examination from 2017 to 2020 based 
on the presence of morphological evidence of neurogenic differentiation.
Results: The study sample of six rare neurogenic retinal tumors in adults was 
conventionally divided into three types: (1) retinal tumors immunohistochemically 
similar to cellular  ependymoma, but histologically similar to retinoblastoma; 
(2) tumors showing no histological pattern characteristic for dictyoma, but the 
immunohistochemical features of neuroepithelial differentiation; and (3) tumors showing 
histological patterns similar to medulloepithelioma, but  the immunohistochemical 
features of glial markers.
Conclusion: Obviously, when dividing these tumors into histogenetic groups, not only 
the histological structure and immunohistochemical profile, but also tumor location 
and typical patient age should be taken into account.
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Introduction
As the histological diagnosis of neurogenic tumors 

remains a challenge, new entities appeared in the new 
edition of the World Health organization (WHO). 
Histological variants were added if there was evidence 
of a different age distribution, location, genetic profile or 
clinical behavior. In the course of the revision process of 
the classification, the being of entities can be clarified; 
information that is spread over (at least) two entities 
can be fused together; and/or some entities (or variants) 
that no longer have relevance can be deleted from the 
classification [1]. These classification problems are also 
pertinent to neurogenic ocular tumors. Of these tumors, 
the most commonly encountered are retinoblastoma 
and dictyoma, which occur in early childhood (mostly, 
before 5-7 years of age). The most common location of 
dictyoma is the anterior segment of the eye (anteriorly 
to the ora serrata). Consequently, diagnosing tumors 
showing (a) the histological patterns characteristic for the 
above neoplasms, in elderly and/or (b) atypical location, 
is a challenge. In addition, age of the patient and tumor 

location should be taken in account when differentiating 
between neurogenic tumors [2].

The purpose of the study was to review the 
histomorphologic and immunohistochemic features of rare 
variants of neurogenic ocular (retinal) tumors in adults.

Material and Methods
Six rare ocular tumors with signs of neurogenic 

differentiation were selected for the study from all clinical 
material submitted for pathohistological examination 
from 2017 to 2020. These tumors were selected on the 
basis of (a) the presence of histological patterns typical of 
neurogenic (retinal) tumors and (b) the age that contrasted 
significantly with the typical age distribution encountered 
in these tumors. The material was processed in a routine 
histological manner. Histological sections were stained 
with hematoxylin and eosin, and paraffin blocks were sent 
for immunohistochemical analysis. Immunohistochemical 
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markers were selected on the basis of the algorithm for the 
study of neurogenic brain tumors.

Results
Rare variants of neurogenic ocular (retinal) tumors were 

divided into types based on the types of below mentioned 
histological patterns. Type I, neurogenic retinoblastoma, 
was found in three patients (aged between 59 to 62 years) 
of the study sample. Although all six neoplasms were 
identified clinically as uveal melanomas, macroscopic 
examination showed no pigment or a nodule typical of 
these tumors, but loose tumor tissue and small flake-like 
tumor aggregates not associated with the primary tumor, 
a feature more typical of retinoblastoma. Micrographs in 
figures 1 and 2 show typical histomorphological patterns 
of retinoblastoma (lymphocyte-like round cells that form 
a perivascular preudorosette; areas of coagulative necrosis 
with a hardly noticeable tendency to accumulation of 
calcium salts; and isolated true rosettes).

Although histomorphological examination revealed 
some characteristics consistent with retinoblastoma, 
patient’s age was not characteristic, and tumor pathology 
showed no Flexner-Wintersteiner rosettes that would be 
characteristic of retinoblastoma, leading to diagnostic 
uncertainty. Indeed, there are scarce reports of 
retinoblastoma in adults [3-5].

It is noteworthy that nodular tumor growth was common 
in all our observations, and involved predominantly the 
anterior and posterior equatorial regions. In addition, 
necroses were associated with epichoroidal growth; they, 
however, were rare in cases in which choroidal growth 
was more common than epichoroidal growth, which is 
also typical of retinoblastoma. The presence of necroses 
not only indicates the similarity between these tumors and 
retinoblastoma with regard to histomorphological picture, 
but also indirectly indicates the similarity with regard to 
histogenetic sources. There are grounds to believe that the 
tapetal retinal region is a source of growth both for these 
tumors and retinoblastoma. The tapetal retinal pigment 
epithelium (RPE) and the tapetal photoreceptors have 
no specific stromal and vascular area. Consequently, the 
tumor parenchyma will be susceptible to necrosis until 
the tumor growth is not supported by neovascularization 
from the choroid. One of these retinoblastoma-like 
tumors was immunohistochemically positive for the 
markers listed in table 1, and negative for Cytokeratin 
MNF-116, Neurofilaments, Sinaptophysin, CD-45, CD-
56, CD-99, and HMB-45. Similar to the algorithm for 
immunohistochemical analysis of  CNS tumors, the tumor 
was initially classified as a grade 2 cellular ependymoma, 
because, similar to a grade 2 cellular ependymoma, the 
tumor was positive for glial marker GFAP and negative for 
neuronal differentiation markers such as neuron-specific 
enolase, neurofilament, and synaptophysin.

Naturally, the immunohistochemical overlap between 
the tumor and a cellular ependymoma shall not be 
sufficient for transferring the diagnosis to ocular tumors, 

all the more because cellular ependymoma is an entity 
that has been revised in the last edition of the WHO 
classification due to its ambiguity. In addition, based on 
the location and histological features of the tumor, it seems 
most reasonable to compare it not with tumors of the 
CNS, but with retinoblastoma. It has been reported that, 
immunogistochemically, retinoblastoma is positive for 
neuronal differentiation markers such as neuron-specific 
enolase, neurofilament, and synaptophysin, whereas 
the questionable tumor was negative for these markers. 
However, on rare occasions, retinoblastoma may exhibit 
signs of glioblast differentiation, demonstrating positivity 
to the same glioblast differentiation markers as Muller cells 
[6]. Therefore, taking into account an atypical patient age 
range, a partial overlap in immunohistochemical profiles 
and a histomorphological similarity between the tumor 
in question and retinoblastoma, the former tumor may 
be recognized as a special variant of retinoblastoma-like 
retinal tumor. A comparative molecular genetic analysis 
of the tumor in question and retinoblastoma will allow 
determining the degree of identity between them.

Of the tumors sporadically verified as 
medulloepithelioma in a highly atypical patient range, we 
wish to draw attention to the variants exhibiting special 
histological patterns and some immunohistochemical 
nuances. The two examined ocular tumors of the non-
optic retina extended mostly to the ciliary body, showing 
no pattern typical of dictyoma, but the patterns typical 
of neuroepithelial tumors. Imminohistochemically, they 
were positive for neuron-specific enolase and had low 
expression of GFAP. Nevertheless, histologically, they 
showed a tendency to the formation of the retinal neuroglial 
substance typical of glial tumors (note arrows in Fig. 3).

Another primary neurogenic retinal tumor not associated 
with the ciliary body epithelium showed the formation of 
a delicate fibrillar meshwork having an appearance similar 
to the cerebral neuropil. There were sporadic reports of 
retinal tumors (“astrocytoma”) histologically similar to the 
above tumor, mostly in the pre-immunohistochemical era. 

In this connection, we present a unique observation 
of the retinal tumor in a 64-year-old woman. It was 
difficult to determine disease duration, because the process 
occurred in the atrophic eye which was covered by crown 
prosthesis. The patient reported that the eye had been 
blind since childhood. Only after a marked exophthalmos 
developed, apparent inflammatory changes were found 
under the removed crown, and computed tomography 
revealed a tumor nodule as large as 3 cm in the orbit, the 
nodule being fused with bony structures. The patient had 
a partial exenteration due to a clinical picture of malignant 
orbital tumor. Fig. 4 shows loose grey-white tissue at the 
time of exenteration as a large mass filling a significant 
portion of the atrophic deformed globe that measured as 
much as 1.2 cm in the largest dimension.

The orbit contained a grey-yellow nodule measuring 
2.5 x 2.0 cm and located separately from the globe; the 
nodule was tightly adhered to the periosteum and adjacent 
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orbital soft tissues. Histologically, the tumor process in 
the ocular cavity was identical to that in the orbital nodule 
(Fig. 5).

Similar to the algorithm for immunohistochemical 
analysis of CNS tumors, the tumor was classified as a 
grade 2 glioblastoma. However, histologically, the process 
is more similar to the tumors described in the literature 
as ocular astrocytoma. This tumor is histologically 
similar to that qualified as retinal astrocytoma by Shields 
and colleagues [7]. Interestingly, that Vit [8] quotes the 
histological findings of the cases reported by Shields and 
colleagues [7] as a rare example of ocular tumor.

Ocular astrocytomas, by analogy to astrocytomas in 
the brain, are not uncommonly believed to be benign. 
Obviously, the clinical consequences can be favorable, 
since the invasion to the outer ocular coats is commonly 
absent due to early diagnosis and enucleation. However, 
the case reported in the current paper raises a question 
whether the above conclusion is correct. In this case, after 
the tumor process became uncontrolled due to the presence 
of the crown, there developed an extrabulbar tumor nodule 
associated with the orbital wall. This required exenteration, 
a disabling surgery, which is rarely performed even in 
cases of ocular melanoma. All this things prevent us from 
classifying this tumor as benign. Here the diagnosis of 
glioblastoma is based on immunohistological markers 
(i.e., an immature tumor of glial cells) more adequately 
represents the nature of this tumor than the diagnosis of 
astrocytoma. However, we must agree that the histological 
features do not show the biological potential of this tumor. 
Indeed, the tumor is composed of relatively monomorphic 
round and spindle-shaped cells (without mitotic figures) 
which are alternated with the areas of glial stroma (these 
areas are shown by arrows in Fig. 4).

Discussion
The cases of neuroglial tumors reported here need to 

be reviewed in light of the 2016 CNS WHO and the fifth 
edition of the WHO Classification of Tumors of the CNS, 
published in 2021 [9]. Auxiliary imaging techniques, 
both conventional and novel, may substantially improve 
diagnostic assessment [10-13]. These data are especially 
valuable given complex transformations of melanocytes, 
epithelium and neural tissue of the orbital region [14-16]. 
The rare neuroglial tumors in adults reported here may be 
conventionally divided into three types: (1) retinal tumors 
histologically similar to retinoblastoma, but having some 
immunohistochemical features; (2) tumors of the non-
optic retina showing no immunohistochemical pattern 
characteristic for medulloepithelioma or dictyoma, but the 
patterns typical of neuroepithelial tumors; and (3) retinal 
tumors showing histological patterns similar to posterior-
segment ocular tumors of astroglial origin positive for 
glial markers.

The study demonstrates that neurogenic ocular 
(retinal) tumors in adults vary in histological and 
immunohistochemical patterns, and it is difficult to 
develop their diagnostic criteria because these tumors 

are rather rare. A rare ocular neuroglial tumor should be 
diagnosed taking into account its immunohistochemical 
profile. In fact, this requirement renders a diagnosis 
of a rare ocular neuroglial tumor established without 
taking into account the immunohistochemical profile 
null and void. Obviously, these descriptions are useful 
in the context of their retrospective evaluation, but it is 
too early to make final conclusions on developing a new 
classification for rare tumors. Now we are just at the 
stage of initial systematization and thus have to apply 
brain tumor algorithms in immunohistochemical studies. 
However, even our sparse observations reported in this 
paper demonstrate that, with regard to this matter, analogies 
between brain tumors and ocular neuroglial tumors are of 
somewhat limited value.

Conclusion
Our histomorphological and immunohistochemical 

analysis of rare intraocular tumors of retinal origin allowed 
dividing them conventionally into three close histogenetic 
groups, with the diagnostic  assessment being based on 
comparing these tumors with neurogenic brain tumors 
with regard to histological and immunohistochemical 
patterns. Obviously, when dividing these tumors into 
histogenetic groups, not only the histological structure and 
immunohistochemical profile, but also tumor location and 
typical patient age should be taken into account.
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Table 1. Immunohistochemical profile of the retinal tumor

Immunohistochemical markers Results
Glial fibrillary acidic protein (GFAP) +++

+++ ++

Vimentin (type III intermediate filament) ++

++ 2 %

S-100 protein ++

Ki-67 -proliferative index 2 %

Epithelial membrane antigen (EMA) +
Note: +++ indicates strong expression, ++ indicates moderate expression, + indicates weak but clearly evident expression
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Fig. 5. A 64-year old female patient: Hematoxylin and 
eosin stained section (original magnification, x200) of 
tissue specimen No. 1936-37/19 showing a tumor mass. 
Note delicate fibrillar lesions having a neuroglia-like 
appearance (arrows).

Fig. 3. A 61-year old male patient, case record No. 
659131: Hematoxylin and eosin stained section (original 
magnification, x100) of tissue specimen No. 2391-29/19 
showing a tumor of the non-optic retina extending to the 
ciliary body. Note delicate fibrillar meshwork (arrows).

Fig. 4. A 66-year old female patient, case record No. 
648527: Gross appearance of grey-white mass located 
mostly in the posterior portion of the atrophic deformed 
globe. The anterior segment (left-hand) appears 
destroyed by inflammation under the crown in the 
presence of latent exophthalmos.

Fig. 1. A 59-year old male patient, case record No. 
659181: Hematoxylin and eosin stainined section (original 
magnification, x100) of tissue specimen No. 2528-
9/19 showing the pattern typical of non-differentiated 
retinoblastoma with perivascular preudorosettes. Note 
the arrow pointing to the area of coagulative necrosis

Fig. 2. A 59-year old male patient, case record No. 
659181: Hematoxylin and eosin stained section (original 
magnification, x400) of tissue specimen No. 2528-29/19 
showing isolated poorly formed Homer-Wright rosettes 
(arrows) in the presence of numerous non-differentiated 
cells.


