NEUROFIBROMATOSIS TYPE 1
AND OPTIC PATHWAY GLIOMA

SUMMARY

Purpose: Evaluate the effectiveness of treatment of patients with optic
pathway glioma.

Materials and Methods: Comparison of literature research on
neurofibromatosis and optic pathway glioma with a cohort of pediatric
patients treated at the Children’s Ophthalmology Clinic of the University
Hospital in Brno from January 2013 until June 2018.

Discussion: The main challenge of this and other retrospective studies is
variable intervals between ophthalmologic examinations. In some pediatric
patients it is also difficult to objectively assess visual functions. The main
risk factors are age at the time of treatment and tumor localization. Tumor
progression itself does not always correlate with worse visual acuity
outcomes, and it remains to be evaluated whether some patients would be
better off without treatment. As of now, there are no clinical biomarkers
able to predict impending visual acuity loss.

Conclusion: The cohort outcome agrees with literature. Chemotherapy
remains a treatment of choice and its most likely outcome is visual acuity
stabilization. In order to properly evaluate the treatment’s effectiveness,
better collaboration between medical specialists and regular standardized
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NEUROFIBROMATOSIS TYPE 1

With an incidence of 1/3000 live-born children, neuro-
fibromatosis type 1 (NF1) is one of the most commonly
occurring autosomal-dominant hereditary diseases in hu-
mans (30). Approximately half of the cases are heredita-
ry, and the remaining 50% occur based on new mutations
(26). New mutations usually appear in paternal chromo-
somes. One of the explanations is that the higher age of
the fathers at the time of conception leads to a long-term
methylation of the DNA of some sperm cells, triggering po-
int mutations which have the consequence of an increased
incidence of sporadic NF1. “The cause of development of
the pathology is a mutation of a tumour-suppressor gene
of NF1 (17911.2) and subsequent malfunction of formati-
on of the cytoplasmatic protein neurofibromin. In the case
of NF1, this malfunction is linked with an incidence of mul-
tiple tumorous processes, which histologically correspond
to hamartomas or benign tumours. Tumours of the central
nervous system (CNS) are predominantly low-grade glio-
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mas (pilocytic astrocytoma, grade 1), especially in the regi-
on of the visual pathway (33).”

CLINICAL PICTURE

Coffee stains (café-au-lait) — this skin symptom is almost
always present. It is a multiple, light brown, smooth, sharply
bordered pigmentation on the level of the skin. Stains are most
often localised on the chest, but also on the limbs and face.

They originate through an accumulation of pigment me-
lanoblasts on the basal layer of the epidermis, and a sub-
sequent malfunction of the development of melanocytes
(21). They occur in newborns, but their size and number
may increase with age (19, 21, 30). For a definitive diagnosis
of NF1, at least 6 stains, with a diameter larger than 5 mm
in children and 15 mm in adults, must be present (30, 40).
No relationship exists between the number of stains and the
severity of NF1 (27). Lisch nodules are a useful diagnostic
criterion of NF1. These are multiple hamartomas on the iris,
usually found bilaterally.
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They are found in a small percentage of children, but
they appear in more than 90% of individuals aged over 6
years (23, 27). Initially, melanocytic hamartomas are light-
coloured, but darken with age (19, 21, 30). Freckling — va-
rying number of small rounded macules with pronounced
pigmentation. They are located in the underarm and groin,
and appear between the 3rd and 5th year of life.

A neurofibroma may appear anywhere in the peripheral
nerve. If more than two appear, they represent one of the
diagnostic criteria of NF1. Neurofibromas manifest themsel-
ves before the onset of or during puberty, and may also be
found in persons without NF1 diagnosis. In the case of small
lesions, skin neurofibromas can be removed with laser. In
the case of larger lesions, priority is given to surgical remo-
val, but here there is a risk of healing with a hypertrophic
scar and recurrence of neurofibromas (33).

A plexiform neurofibroma (PN) may appear on all parts of
the body where there are peripheral nerves. It is abundantly
vascularised, not encapsulated, and does not metastasise. It

often manifests infiltrative behaviour (2). The transformati-
on of a benign PN into a Malignant Peripheral Nerve Sheath
Tumour (MPNST) represents an 8-13% lifelong risk (14). Symp-
toms of a PN's malignant character include change of consi-
stency, and aggressive growth (2). Following a diagnosis of
MPSNT, patients already diagnosed with NF1 have a 5-year
survival prognosis of 21%, while those without NF1 have a
survival prognosis of 42%. MPNST is the most frequent cause
of death in adults with a diagnosis of NF1 (14). PN occurs pre-
dominantly in orbito-palpebral form. The clinical symptoms
may be expressed in newborns, but frequently manifest in
the first years of life and progression is generally evident du-
ring puberty. Affliction is always unilateral and occurs more
frequently in boys. The region of predilection is the outer half
of the upper eyelid and the ceiling of the eye socket. Typical
manifestations are deformation and hypertrophy of the upper
eyelid with palpable nodules, protrusion and dislocation of
the eyeball in a downward direction, enlargement of the eye
socket, and bulging of the fossa temporalis due to long-term
persistent expansion of the volume of soft tissues. Neurofibro-

Fig. 1. Café-au-lait
Source: Paediatric Clinic, Faculty of Medicine, Masaryk
University and University Hospital Brno

Fig. 3. Freckling in underarm
Source: Paediatric Clinic, Faculty of Medicine, Masaryk
University and University Hospital Brno

Fig. 2. Lisch nodules
Source: Children’s Ophthalmology Clinic, Faculty of Medi-
cine, Masaryk University and University Hospital Brno
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Fig. 4. Plexiform neurofibroma
Source: Paediatric Clinic, Faculty of Medicine, Masaryk
University and University Hospital Brno
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ma is the main cause of enlargement of the eye socket, whose
ceiling may show signs of severe skeletal dysplasia. In the case
of a defect of the orbital ceiling, the meningoencephalocele
bulges into the eye socket, transmitting brain pulsation to the
contents of the orbit and giving rise to pulsating exophthalmos.
The skin of the eyelid is pigmented, pliable (cutis lata), with
angioectasias showing through. Affliction of the extraocular
muscles and intraconal sensory and motor nerves may occur.
On magnetic resonance imaging (MRI), T1 is hypointense and
T2 hyperintense (2). In the case of neurofibromas, which are
problematic in their localisation, painful even at rest, grow ra-
pidly, and influence their surrounding area, a surgical proce-
dure is most often applied. However, treatment of PN is pro-
blematic, the recurrence rate in children is as high as 75% (32).
From a histological perspective, optic pathway glioma (OPG) is
a spongioblastoma, astrocytoma, or oligodendrocytoma. The
tumour originates through hyperplasia of the neuroglia in the
trunk of the optics, penetrates through the pial sheath, and
spreads in the intervaginal spaces, where it causes massive
proliferation of mesothelial cells. This represents a characteri-
stic property of this tumour. OPG is manifested macroscopica-
lly as a spindle-shaped swelling of the optics in the eye socket
or in the cranial cavity, or has a dumbbell-shaped appearance
if present in both cavities. The initial symptom is a malfuncti-
on of vision, which, however is generally not recognised early
enough. The first reason for examination in children is strabi-
smus ex anopsia, more frequently convergent than divergent,
and progressing axial protrusion of the eye without malfunc-
tion of motility, edema, or reddening. It is possible to observe
a relative afferent pupillary defect (RAPD) on an eye with exo-
phthalmos. On images obtained from computed tomography
(CT), there is a typical spindle-shaped thickening of the nerve
throughout the entire course of the orbit, smoothly and shar-
ply contoured. On X-ray images, it is expressed by a concentric
extension of the canal beyond a diameter of 5.5 mm, without
abrasion and destruction of the surrounding tissue. Extension
of 6 mm or more, as well as a lateral difference of more than
20% or greater than 1 mm, is considered a pathological value
of extension. The diagnostic picture of chiasmal glioma is a pe-
ar-shaped base noticeable in a lateral projection, caused by an
extension of the ventral part of the sella turcica, resulting from
pressure exerted by the glioma.

In the case of orbital gliomas, simple atrophy or edema of
the optic nerve disc may be visible on the ocular fundus. Bi-
lateral finding of congested papilla or combination of conges-
tion and atrophy points to an affliction of the hypothalamus
and the floor of the 3rd brain ventricle, with blockade of ce-
rebrospinal fluid circulation and internal hydrocephalus.

Chiasmal gliomas are divided into two clinical types. An
anterior optic chiasmal tumour has the same clinical pictu-
re, diagnosis, and prognosis as an optic glioma. A posterior
hypothalamic chiasmal tumour represents a primary glioma
of the hypothalamus and therefore has a different biological
character. It is a malignant tumour, infiltrating the chiasma se-
condarily, and its rapid and aggressive growth leads to a fatal
outcome. Functional symptoms of chiasmal glioma include
progressive malfunction of vision, blind spots in the visual
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Fig. 5. MR T2 TSE sectional trans. scan of optic glioma
with slight protrusion of right eyeball. Source: Children’s
Radiology Clinic, Faculty of Medicine, Masaryk University
and University Hospital Brno

field, and disorder of colour perception. An image of ocular
fundus shows congested papillae, progressing to atrophy
of the papillae. There is often present internal hydrocepha-
lus with paralysis of the abducens nerve, with diencephalic
symptomatology and disorder of growth (2, 21, 29, 30, 31).
The best method for estimating the extent of an OPG is MRI
with gadolinium (38). Other diagnostic methods are CT, diffu-
se tensor imaging, and diffuse tensor tractography. On MRI,
optic gliomas are T1 hypointense or T1 isointense and T2 hy-
perintense (35). At present, glioma is most often treated by
chemotherapy according to the SIOP protocol for low-grade
tumours, using carboplatin and vincristine. More on therapy
and its issues in the retrospective study. Other clinical symp-
toms — up to 85% of children with NF1 have FASI (Foci of Ab-
normal Signal Intensity) or UBO (Unidentified Bright Object);
hypersignal lesions in T2 balanced images on MRI of the bra-
in and spinal cord (18, 32). This probably concerns aberrant
myelinisation with a vacuolar change of myelin located in the
region of the basal ganglions, globus pallidus, in the thalamus,
cerebellum, brain stem, and subcortical area predominantly
in the temporal region. They are not saturated following an

Fig. 6. Photograph of fundus of OD: edema of papilla and
atrophy of papilla in patient with optic glioma

Source: Children’s Ophthalmology Clinic, Faculty of Medi-
cine, Masaryk University and University Hospital Brno
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application of a contrast substance and do not exert pressu-
re on the surrounding structures, by which they differ from
low-grade gliomas. FASI are asymptomatic from a lesion neu-
rological perspective but may be linked with cognitive mal-
functions in NF1. In adulthood, they tend to diminish in size
or disappear, and are rare in individuals over 30 years of age.
A chance finding on MRl is intraspinal tumours, which mani-
fest themselves more slowly than intracranial tumours. Non-
-tumorous manifestations of NF1 include small growth with
abnormal values of growth hormone, macrocephaly and ske-
letal anomalies upon a background of congenital dysplasia of
long bones, most frequently the tibia, manifested in newborn
or breastfeeding age. Scoliosis also appears, which worsens
with age. Systemic hypertension is most often renovascular,
in which stenosis of the renal artery occurs on a background
of fibromuscular dysplasia. These vascular changes may occur
also elsewhere. A rare occurrence is a moya-moya syndrome,
which is accompanied by the risk of ischemic stroke. It origi-
nates in connection with previous radiotherapy of tumours
of the CNS (32). Mild mental retardation affects 29-35% of
individuals with NF1 (13, 39). Specific developmental learning
and behavioural disorders appear. Epilepsy occurs in up to 7%
of children and is predominantly secondary upon expansive
processes of the CNS (40, 18). An overview of the diagnostic
criteria for NF1 is presented in table 1.

OPTIC PATHWAY GLIOMA

Optic pathway glioma (OPG) is the most common tumour
of the optic pathway. It accounts for 3-5% of brain tumours
in children (25, 35), 75% of optic tumours, and 10% of
tumours of the eye socket (2). It belongs among low-grade
gliomas (LGG), which are the most common brain tumours
in children. The prognosis of survival for patients with LGG
is 94% 10 years after diagnosis (20). Approximately half of
all LGGs are asymptomatic. The first choice of treatment is
generally chemotherapy, after which the tumour stabilises
in 44% of cases. Radiotherapy leads to stabilisation in 62%
of cases (20). However, these numbers are not related to
visual acuity (VA) outcomes and quality of life. Boys are less
susceptible to tumours than girls (12) and they also mani-
fest longer tumour stability following chemotherapy (20).

Table 1. Neurofibromatosis type 1 — diagnostic criteria

However, the biological factors determining the progression
of tumours remain to be clarified (4).

OPG may occur anywhere in the course of the visual
pathway. Dodge classification, designed in 1958, categori-
sed tumours into three types according to localisation and
served as a guide for choosing therapy and selecting pati-
ents for resection. The arrival of MRI enabled more precise
localisation of OPG according to the modified Dodge classi-
fication, shown in fig. 7 (38). The most common functional
symptoms of OPG are worse VA and nystagmus (36). Disor-
ders of the visual field and colour perception, and strabis-
mus may also occur. If the patient's life is not threatened,
the treatment's goal is to halt VA loss and avoid blindness.
These factors are linked with marked deterioration of qua-
lity of life. The risk of VA loss is increased if a tumour is bila-
teral, or if it appears in the chiasmal region (12, 18, 16, 35).
In the case of a chiasmal tumour, further propagation into
the hypothalamus may occur, thereby afflicting the hypo-
thalamic-pituitary-gonadal axis, causing premature puberty
and diencephalic syndrome. OPG occurs in connection with
NF1 (NF1+) or sporadically (NF1-). In the literature, the pro-
portion of sporadic OPG is within the range of 30-60% (11,
16, 17, 25, 29, 37). Symptoms appear in 91% of NF1+ pati-
ents, whereas in the sporadic type they appear in only 29%
of cases (36). Their manifestations are diverse and require
individual care.

INCIDENCE

NF1 is the most important risk factor for OPG. In children
with NF1, OPG occurs in 15-25% of cases (6, 17), but in
one study, the incidence was 76% (12). As a rule it appe-
ars in the first decade of life, but approximately 50% of
patients are asymptomatic during this period (4, 18). NF1
mutation affects girls more often than boys (17, 36), and
OPG occurs more frequently in girls upon diagnosis of NF1
(5). In girls, the occurrence of a tumour is more probable
in the post-chiasmal region, but girls show better results
of treatment than boys (36). Literature suggests that VA
deterioration occurs in 20-70% of patients, despite thera-
py (5). A risk factor is age under 2 years and over 5 years
(17). Both optic nerves are affected in 46% of patients with
NF1 and 17% of patients with sporadic OPG. According to

National Institute of Neurological Disorders and Stroke: Neurofibromatosis Fact Sheet (USA), 2011 (41)

2 or more of the following 7 criteria:

Freckling in underarm or groin area

2 or more Lisch nodules on iris

Primary optic pathway glioma

Parent, sibling or child with NF1

CZECH AND SLOVAK OPHTHALMOLOGY 4/2019

6 or more café-au-lait stains on skin with a diameter of >5 mm in children and > 15 mm in adults

2 or more neurofibromas, or one plexiform neurofibroma

Abnormal development of spine (scoliosis), sphenoid skull bone or tibia
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Fig. 7. Original and modified Dodge classification
Source: own illustration

some studies, sporadic OPG is located more frequently in
the chiasma (36, 37, 38). If a tumour is present in the po-
st-chiasmal region, the risk of loss of sight is 2 times higher
(5). Moreover, in patients with NF1 and OPG there is a do-
cumented risk of secondary tumours following treatment
by radiotherapy (37).

Sporadic OPG has a more aggressive character and
worse prognosis for the development of VA. Even if at
the beginning sporadic OPG has a worse prognosis for
survival (37), the results of long-term observation indi-
cate that after 15 years the difference between NF1+
and NF1- patients is erased (34). Nystagmus is a charac-
teristic symptom of the sporadic form of OPG localised
in the chiasmal region and in the hypothalamus (36, 38).

TREATMENT

Patients with OPG have a relatively good prognosis for survi-
val, which nonetheless decreases over from 95% 5 years after
diagnosis to 92% after 10 years, 81% after 15 and 76% after 18
years. The length of observation of patients in the literature
ranges up to 10 years, and as a result it is possible that it does
not fully capture the true nature of this pathology. In addition,
the risk of death is 3 times higher in patients diagnosed before
the first year of life and as much as 5 times higher upon the
occurrence of intracranial hypertension, which offers itself as
a prognostic factor of survival (34). Since OPGs in patients with
NF1 are generally not aggressive, the purpose of treatment
is preservation of VA (16). The choice of treatment is based
on the age of the patient, localisation of tumours, and expre-
ssed clinical symptoms. In certain cases, resection is selected
to reduce the volume of the tumour. Resection is linked with
a better prognosis for survival and stabilisation of the tumour
but may result in blindness, damage to the hypothalamus,
vascular complications, and deterioration of endocrine fun-
ctions (1, 3). A study of 109 NF1+ patients with OPG points
to tumour localisation and surgical procedure as risk factors
for the progression of the tumour (12). At the international
conference of paediatric neurosurgery in Paris in 2011, it was
agreed that a surgical procedure was not the standard primary
therapy, even if resection is acceptable in certain cases with
lower risks (41). Biopsy is recommended to ensure certainty
in diagnosis and is useful if an atypical finding appears on MRI
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(1). Chemotherapy is currently the standard procedure. In 60-
80% of patients, OPG is diagnosed before the age of 5, and
chemotherapy is indicated if a deterioration of VA is recorded,
or if there is an unacceptable progression of the tumour (5,
9, 11, 25, 29, 34, 36, 37). Asymptomatic progression of the
tumour alone is not sufficient for the commencement of tre-
atment, since the OPG may be benign and the correlation
between the progression of a tumour and VA is not reliable (5,
9,11, 25, 28). Risk factors are low age and tumours in the chia-
sm or hypothalamus, in which a deterioration of VA has been
recorded in 32% of cases (11). The best results of VA following
chemotherapy are recorded in patients between the age of 2
and 5 (17). However, the effectiveness of chemotherapy on
preserving sight has been disputed by numerous studies. The
most frequent result of chemotherapy, in approximately 50%
of cases, is a stabilisation of VA at its level before the treatment
(9, 11, 28). In patients who commenced chemotherapy with
baseline VA worse than 6/24, a further deterioration of VA
was recorded (25). In one study it is even stated that none of
the patients recorded an improvement of VA after chemothe-
rapy (17). The most effective treatment for the preservation of
VA appears to be radiotherapy (28). However, this treatment
has a range of adverse effects, such as vascular and endocrine
dysfunctions, and deterioration of cognitive functions in chil-
dren younger than 5 years of age (3, 11). In patients younger
than 5 years of age, chemotherapy is usually applied to defer
radiotherapy. However, NF1 syndrome causes learning and
behavioural disorders, as well as mild mental retardation (13,
39). As a result, there is a question as to whether the risk of
deterioration of cognitive functions in NF1 patients is a suffici-
ent reason for deferring radiotherapy. Further clinical tests are
required to confirm this hypothesis (3, 28).

RETROSPECTIVE STUDY

INTRODUCTION

This retrospective study aims to analyse a cohort of pati-
ents with OPG and to compare the obtained data with in-
ternational publications. In the healthcare documentation
of the Children’s Ophthalmology Clinic and the Children’s
Oncology Clinic of the Faculty of Medicine at the Masaryk
University and University Hospital Brno, 47 children with
OPG were identified. All the patients were observed at the
Children’s Ophthalmology Clinic of the Faculty of Medicine
at the Masaryk University and University Hospital Brno du-
ring the period from January 2013 to June 2018.

METHOD

The criteria for inclusion in the cohort covered: age at the
time of diagnosis, NF1 status, sex, localisation of tumour accor-
ding to MDC performed by radiologist, and VA before and after
treatment. In addition, the documentation had to include a
description of the development of the radiological findings and
clinical symptoms. VA was evaluated on a Snellen chart, in chil-
dren of pre-school age pictorial optotypes or Pflliger optotypes
were used. In children younger than 3 years of age, preferential
vision was examined with the aid of a Cardiff and Single Book
test. These criteria were met by 37 patients.
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RESULTS

Of the 37 patients with OPG, 15 were girls and 22 boys.
Sporadic OPG occurred in 27% of cases (n = 10) and was equ-
ally represented in both sexes. The majority of OPGs (73%)
were linked with NF1; among girls the incidence of NF1 was
in 66% of cases (n = 10), in boys in 77% (n = 17). In the group
of NF1+ patients the median age was 2 years and 9 months
and in the NF1- group the median was 4 years and 3 months.
In both groups the optic nerve was most frequently affected.
Sporadic OPG had a higher probability of manifestation in
the optic nerve, chiasmal, and post-chiasmal region. In both
groups, the number of occurrences of the bilateral tumour
was comparable, as shown in graph 1 and table 2.

Nystagmus was a characteristic finding in the NF1-
group (n =3 vs. n=0in NF1+). Hydrocephalus appeared
in 3 patients, of whom one was from the NF1+ group.

The prognosis for VA in patients with a sporadic tumour is
poor. At the last examination, out of 20 eyes (n = 10 patients),
there were only 5 eyes with stable VA of 6/6 (25%). One eye
recorded VA improvement from 6/24 to 6/6. 13 eyes (65%)
were amaurotic, and according to the World Health Organiza-
tion fell within one of three categories of blindness. One eye
had to be enucleated. The course of the pathology and the
resulting VA were fundamentally better in the NF1+ patients.
Out of 27 NF1+ patients, 59% (n = 17) were merely observed.
Out of 34 eyes in this group, 20 eyes were with VA of 6/6
throughout the entire observation period, and 7 eyes spon-
taneously improved by 1 to 2 rows. Stability of VA was recor-
ded in 7 eyes. The remaining 10 patients (20 eyes) underwent
treatment by chemotherapy. Three types of treatment were
used: the SIOP protocol (carboplatin and vincristine; 6 pati-
ents), the ACNS protocol (carboplatin, vincristine, temozolo-

B Patients with Neurofibromatosis type 1 (n=27) B Patients without Neurofibromatosis type 1 (n=10)

6
6
15%
10%
5%
BB BEEe A
la 1b 1 2a 2b 3 3b 4

Localization of tumors according to the modified Dodge classification

Percent of tumors
~
S
X

Graph 1. Distribution of tumours according to modified
Dodge classification

mide; 3 patients), and monotherapy with carboplatin (1 pati-
ent). The results of treatment in 3 eyes were a deterioration
of VA and in one eye an improvement of VA by one row, 80%
of eyes recorded stability. Eyes with baseline VA better than
6/24 recorded stabilisation after chemotherapy, while eyes
with baseline VA of 6/24 or less recorded a deterioration of
VA after treatment.

DISCUSSION

In the group of patients with NF1, in contrast with the
literature OPG occurred more frequently in boys (63% vs.
37%). In this group, neither increased incidence of OPG
in the chiasm in comparison with other localisations nor
more frequent incidence of bilateral OPG in comparison
with the NF1- group, was demonstrated (12, 17, 36, 37).

Table 2. Modified Dodge classification — explanation. Source: Taylor T. et al., 2008 (37)

One optic nerve
1b Bilateral affliction of optic nerve

1c Pre-chiasmal segment of optic nerve

2a Central affliction of chiasma

2b Asymmetrical affliction of chiasma

3 Optic tract
3b Asymmetrical affliction of tract

4 Diffuse affliction of posterior tract

H+/- Affected hypothalamus
L +/- Leptomeningeal dissemination

NF1 +/- Neurofibromatdza 1. typu

4b Asymmetrical affliction of posterior tract

- —

laL/R right / left

1bL/R larger left / right
1cL/R/B left / right / bilaterally
lcbL/R larger left / right

2a

2bL/R larger left / right
2cL/R tumour only left / right
3L/R/B

3bL/R larger left / right
4L/R/B left / right / bilaterally
4bL/R larger left / right

DC, Dodge klasifikace; MDC, modifikovana Dodge klasifikace; L, vlevo; P, vpravo; B, bilaterdlni

CZECH AND SLOVAK OPHTHALMOLOGY 4/2019

205



The main problems, which this study also encountered,
were low frequency of follow-up eye examinations and
variable time interval between them (17, 28). These exa-
minations are important for three reasons.

Firstly, they serve to determine whether a patient under-
going a treatment has a stable VA in the long-term, or if
the VA deteriorates over the course of the treatment. In all
of the patients in this study, before the commencement of
the therapeutic procedure, the results of VA from two or
more examinations were available only rarely. As a result,
it was not possible to determine whether the deteriora-
tion of VA had been taking place at the time of commen-
cement of treatment. In the literature, it is stated that an
improvement of sight following treatment is rather the
exception (0-32%), which is in congruence with this study
(16%) (17, 25). It is necessary to consider whether chemo-
therapy represents an unnecessary burden on patients
with a stable VA. Literature research states that in certain
cases it may not be possible to prevent deterioration of VA
by means of chemotherapy (9). It is in the general interest
to identify these cases and not to commence treatment if
the natural development of the pathology would have the
same consequence for VA as chemotherapy. Because up-
-to-day genetic analysis does not enable prediction of the
severity of OPG, it is necessary to ensure regular, standar-
dised ophthalmological observation of NF1 patients and
patients with diagnosed OPG (5). This study furthermore
documents that in the group with NF1, an improvement of
VA most often occurred spontaneously (32%). For patients
without NF1, these statistics are unavailable because all
10 patients underwent treatment, and only one recorded
an improvement of VA (10%). A confirmed characteristic
finding in the NF1- group was nystagmus (36). The results
further confirm that the sporadic form of OPG has a more
rapid and serious course, usually requiring immediate tre-
atment (36, 37).

The second aim of regular eye examinations is to evalua-
te the influence of the tumour on VA. The poor correlation
of the progression of the tumour and VA, which is well do-
cumented in the literature, excludes radiological finding as
the sole criterion for commencement of treatment, becau-
se it cannot counter the accompanying risks (6, 9, 11, 17).
Factors considered clinically significant are 1) deterioration
of VA by 0.2 or more logMAR (Logarithm of the Minimum
Angle of Resolution), 2) confirmation of deteriorating VA or
3) a new finding (10). Due to insufficient data, this correla-
tion was not investigated in this study. Regular eye checks
further serve to identify patients with risk factors. The first
risk factor is VA worse than 6/24 before the commencement
of treatment, because the result is generally a further dete-
rioration (25). The second factor is age of less than 2 years
or more than 5 years. In a study of 115 patients there was
a deterioration following chemotherapy in 50% of patients
younger than 2 years and also in 36% older than 5 years
(17). The majority of children with OPG are treated before
reaching 1 year of age (10, 35). Baseline VA worse than 6/24
and low age were risk factors also in this cohort of patients.
In NF1- patients the median age was 2 years and 9 months,
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and median VA 6/24, in the NF1+ patients 4 years and 3
months with VA of 6/6. The results confirmed not only the
predictive capability of these factors but also documented
the more aggressive course of the sporadic form of OPG.
The third risk factor is bilateral affliction or localisation of
the tumour in the chiasm/post-chiasmal region or the hy-
pothalamus, which causes long-term deterioration of VA in
32% of patients (11, 36). The influence of localisation of the
tumour on the resulting VA, which is currently the subject
of examination, could not be evaluated in our study (38).
Except for intraconal, chiasmal, and hypothalamic tumours,
VA result following the first chemotherapy has a long-term
predictive capability. Therefore, it is necessary to carefully
consider secondary treatment if the first result is unsatis-
factory (11). The third argument for more frequent ophthal-
mological examination is to evaluate the treatment and lon-
g-term prognosis, which although worse in the short term
for the NF1- group, may be the same as in the NF1+ group
in the long term (34). Frequent problems, to which attenti-
on has been drawn also by other authors of retrospective
studies, are non-standard and insufficient evaluation of VA.
In a number of patients treated with chemotherapy, who
were transferred into our care from other centers, the ba-
seline value of VA was not recorded, and it was therefore
not possible to confirm the effectiveness of treatment. In
this case, it is important to ensure the co-operation of the
patient with the doctor and respect the appointments for
follow-up examinations. If it is not possible to evaluate VA
objectively due to lack of co-operation on the part of the pa-
tient, the VA examination must be repeated within 2 weeks,
and if the examination fails to produce results a second
time, it is necessary to document this (16). Neither cohort in
this study was observed observed for a sufficiently long pe-
riod to allow for an objective evaluation of the effectiveness
of treatment and a comparison of the long-term survival
prognosis between the NF1- and NF1+ groups. Because the
chiasmal and post-chiasmal regions are linked with a worse
prognosis, it is important to differentiate individual localisa-
tions according to the modified Dodge classification. Howe-
ver, some studies do not use this classification, and diffe-
rences in interpretation exist among individual radiologists.
The poor correlation between the tumour volume and its
influence on VA may be caused by imprecision in the esti-
mation of the size of the tumour from 2D MRI images. Vo-
lumetric Magnetic Imaging (VM) is an alternative method
for objective evaluation, but is limited by problems with
measuring tumours in the post-chiasmal region (10). Since
neither genetic analysis nor biomarkers can reliably predict
predict the development of OPG, it is necessary to ensure
regular standardised observation. An annual ophthalmolo-
gical examination is recommended for children with NF1 (4).
This should be performed every 3 months if OPG is confir-
med on MRI (5, 15), as shown in table 3.

At each examination, it is necessary to quantitatively eva-
luate VA and the papilla of the optic nerve on the ocular
fundus (16, 35). In small children, VA is evaluated with Teller
Cards (Cardiff Test, Single Book), in older children with HOTV
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Table 3. Recommended observation intervals for patients with NF1. Source: de Blank P.M.K. et al., 2017 (10)

From diagnosis of NF1 or upon suspicion thereof

Ophthalmological examination Every 6 months

Every year

From diagnosis of NF1 and confirmed OPG on MRI

Ophthalmological examination Every 3 months

Every 6 months

If < 8 years Every 6 months

If >8 years Every year

MRI examination Every 3 months

Every 6 months

optotypes. Examination of VA and the visual field should be
conducted at every visit to an ophthalmologist. However, in
the case of perimetric examination, necessary patient co-
-operation is limited by age and the length of examination
(5-7 minutes per one eye), and complicated by the increased
incidence of attention disorders in patients with NF1 (13,
35, 39). If nystagmus, strabismus, loss of colour perception,
edema of the optic nerve, or discolouration of the papilla is
recorded, the patient should be monitored with increased
attention, similarly as in the case of asymptomatic tumour
growth (10). More examinations for statistical purposes are
not recommended, although other methods exist which have
the potential to serve as a biomarker of VA. Optical coheren-
ce tomography (OCT), measuring the thickness of the retinal
nerve fiber layer (RNFL), shows promising results. However,
the use of OCT as a biomarker of VA is not recommended
until a correlation has been demonstrated between RNFL re-
duction and future VA loss. Although loss of VA often corre-
lates with a reduction of the RNFL, it appears that shrinkage
of the RNFL occurs over the long term, and in certain cases
continues also after the stabilisation of visual acuity (10). Vi-
sual evoked potentials (VEP) have high sensitivity (90-100%),
and thus may be used for timely identification of a tumour. At
the same time, however, they have low specificity (60-69%)
and correlate with visual acuity in only 50% of cases (10, 16).
Some patients with NF1 show abnormal results even without

Every year

Frequency Period

Up to 8 years of age
Up to 18 years of age

Over a period of 1 year

Over a period of 2 years

subsequently

Up to 8 years of age
Up to 18 years of age

Over a period of 1 year
Over a period of 2 years

Over a period of 5 years

Then according to doctor

OPG (24). Furthermore, VEPs are not able to determine which
OPG requires treatment or monitor change of VA related to
treatment. As a result they cannot serve as a clinical biomar-
ker, because they cannot identify or predict VA loss before the
commencement of the therapeutic procedure (10, 16).

CONCLUSION

At present, the standard treatment of OPG chemothera-
py, which is indicated based on the clinical and radiological
progression of the tumour. However, the influence of che-
motherapy on VA is debatable, since its most frequent re-
sult is a stabilisation of VA, and in certain cases is probably
impossible to avoid VA loss. For these patients, chemothe-
rapy may represent an unnecessary burden. Unfortunate-
ly, no clinical biomarker exists which could reliably predict
subsequent loss of VA. Future studies will need to compa-
re the results of radiological findings and ophthalmologi-
cal examinations with potential clinical biomarkers of VA,
observe changes thereof within the same time intervals,
and their relationship to treatment. It is also necessary to
ensure long-term observation of patients, in order to diffe-
rentiate short-term improvement from a long-term trend
of pathology development. However, this shall be possible
only through co-ordination of examinations among indivi-
dual specialists.
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