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ABSTRACT

Context: Up to 20% of children with Neurofibromatosis type 1 (NF1) develops low-grade gliomas
affecting of the optic pathway (OPQG) that can result in neuroendocrinopathy. Literature on preva-
lence and type of endocrine disorders in NF1 related OPGs is scarce.

Objectives: The aim of the study was to determine prevalence of endocrinopathies and to investi-
gate predicting factors in patients with NF1 related OPGs before any treatment. We particularly hy-
pothesized that endocrinopathies were strictly associated with the tumors localization.

Design: multicenter retrospective study

Settings and patients: Records were reviewed for 116 children with NF1 and OPG followed at 4
Italian centers.

Main outcome measures: We studied those endocrinopathies occurring before radio- and chemo-
therapy and/or surgery. OPGs were classified according to the modified Dodge classifica-

tion (MDC).

Results: Thirty two children (27.6%) had neuroendocrinopaties. Central precocious puberty (CPP)
was diagnosed in 23 children (71.9%), GH deficiency (GHD) in 3 children (9.4%), diencephalic
syndrome (DS) in 4 (12.5%), hyper-secretion of GH (GHH) in 2 (6.2%). In a multivariate cox re-
gression analysis, hypothalamic involvement was the only independent predictor of endocrine dis-
orders (HR: 5.02 (1.802-13.983); p 0.002).

Conclusions: Endocrine disorders were common in patients with NF1 and OPGs independently
from any treatment.

In our experience CPP was the most prevalent endocrine disorder while GHD was not common as
previously described. DS and GHH, although rare, can occur in patients with NF1 and OPGs.
Tumour location was the most important predictor of endocrine disorders, particularly hypothalam-
ic involvement. Hence, physicians should bear in mind that patients with OPGs involving the hypo-

thalamic region should be subjected to careful auxological evaluation.



Introduction
Neurofibromatosis type 1 (NF1) is a multisystemic, autosomal dominant condition, associated to
neuro-oncological risk. It is due to heterozygous mutations of the NF1 oncosuppressor gene located
on chromosome 17q11.2 which leads to secondary increased mTOR activation (1). Its product,
neurofibromin, is highly expressed in Schwann and glial cells.
This explains why up to 15% of NF1 patients develops a brain tumor (2), with optic pathway glio-
ma (OPG) representing the commonest one occurring in about 20% of patients within the first dec-
ade of life (3). OPG is considered a hallmark of NF1, so much that it represents one of the diagnos-
tic criteria together with café-au-lait macules (CALMs), freckling, neurofibromas, Lisch nodules,
bone dysplasia and a first-degree relative affected.
OPGs can have different histology (i.e. LGSI, DA, pilomyxoid astrocytoma and ganglioglioma),
however, in almost all NF1 cases, they present as a pilocytic grade 1 astrocytoma and usually tend
to be more indolent than in sporadic forms, and to involve more frequently the anterior part of the
optic pathway, bilaterally, with chances of spontaneous regression (4—12).On the other hand, about
half of patients becomes symptomatic and needs to be treated (surgically and/or with chemothera-
py). In fact, OPG (13) may cause visual loss, endocrine disorders and can exceptionally lead to
death (14).
Even if endocrine disorders have been reported in 1% to 3% of all NF1 patients (15—17), literature
about prevalence, types and outcomes of OPG related endocrinopathies is extremely scarce with

just two paper published on this topic at the best of our knowledge (15, 17).

Objectives
The aim of our study was to determine prevalence of endocrinopathies in patients with NF1 related
OPGs before any treatment and to investigate their predictors, especially in relation to tumour loca-

tion and hypothalamic involvement.



Methods

Study cohort

This retrospective, multicenter study included patients followed at 4 Italian tertiary pediatric referral
centres for NF1: Pediatric Referral Centre of Neurofibromatosis of Universita degli Studi della
Campania, Istituto G. Gaslini of Genoa, Meyer' Children Hospital of Florence, Pediatric Endocri-
nology, Regina Margherita Children Hospital, University of Turin (52 cases from Naples, 25 from
Turin, 20 from Florence, and 19 from Genoa).

Patients with a clinically confirmed diagnosis of NF1 (18), and radiological diagnosis of OPG per-
formed before the age of 16, were included.

Gender, NF1 inheritance, age at diagnosis of NF1 and of OPG, indications for diagnostic MRI scan,
duration of follow up were recorded.

OPGs were classified according to the modified Dodge classification (MDC), also known as PLAN
classification (10) (Table 1). Particularly, a neuro-radiologist (MC) with expertise in this field, re-
viewed magnetic resonance imaging (MRI) scans performed at diagnosis.

OPGs involving the optic nerves were recorded as MDC1, MDC 2 was assigned to chiasmatic
OPGs, whereas tumours involving tracts and radiations were staged as MDC 3. The highest (most
posterior) MDC stage was assigned in cases of tumours involving multiple regions, as in previous
studies (19).

Primary treatment approaches were recorded as surgical resections (any tumor debulking, decom-
pression procedures (aimed at relieving raised intracranial pressure), radiotherapy, chemotherapy
and wait and see strategy. Chemotherapy was administered according to SIOP trial protocols.
Definitions of endocrine diseases

We included in the analysis endocrinological disorders that only occurred prior to any therapy (ei-
ther surgery or chemotherapy).

Central precocious puberty (CPP) was defined as breast budding before the age of 8 years in girls

and testicular volume >4 ml before the age of 9 years in boys, together with pubertal basal LH lev-



els and/or GnRH-stimulated (0.1 mg Relefact LHRH, Sanofi-Aventis, Frankfurtam Main, Germa-
ny) LH levels >5 TU/L.

GH hyper secretion (GHH) was diagnosed in presence of linear growth acceleration, elevated IGF-1
levels for age (adjusted for sex and pubertal stage), and lack of GH suppressability to <1.0 ng/ml
during oral 1,75 g/kg glucose tolerance test.

GH deficiency (GHD) was defined as decreased height velocity over a period of at least 6 months in
the absence of other causes, with a GH peak <10 ng/ml until December 2014 and <8 ng/ml on two
different provocative test (arginine, clonidine, ITT and glucagon test were used).

Diencephalic syndrome was defined as failure to thrive , not explained by vomiting, diarrhea, de-
creased caloric intake or other causes, and /or Hypothalamic involvement confirmed at the time of
diagnosis, and/or crossing down of 2 percentiles for weight with a normal growth rate, and/or BMI
<-2 SD and/or emaciation, euphory, overactivity. (20-22).

For all children with endocrine disorders we recorded age at onset and type of the endocrine disor-
der, auxological data, hormonal testing results, and specific treatment needed.

The local ethical committees approved the study. Informed consent was obtained by patients, or by

their parents/tutors.

Statistics

Differences between groups were analyzed with Mann-Whitney U-test for continuous non paramet-
ric variables. Numbers and proportions were compared using chi-squared test. Kaplan- Meier anal-
ysis was run in order to determine endocrine event free survival from diagnosis and log-rank test
was used to compare curves of patients with and without hypothalamic involvement . Only the first
endocrine disorder occurred before any treatment was included in the analysis. Patients who did not
develop any endocrine disorders were censored at treatment start time and at last follow up for the

ones who did not receive any treatment at all.



Univariate and multivariate Cox regression models were used to explore predictors of endocrine
disorders before any treatment. Variables statistically significant in the univariate analysis were in-
cluded in the multivariate one: MDC stage, hypothalamic involvement and age at diagnosis of
OPGs. P values <0.05 were considered statistically significant.

SPSS 23 software for Windows for Windows was used for all statistical analysis.

Results

Study population

We enrolled a total number of 116 children (52 M) with NF1 (age at diagnosis 1.75 years (range 0-
12.25 years) and OPG (age at diagnosis 4.17 years (range 0.42-13.75). Median NF1 follow-up was
9 years (range: 0.2-35).

Table 1 summaries patients’ demographic data, NF1 and OPGs features, details about diagnosis,
treatment and follow-up. The above-mentioned data are also separately reported for patients with
and without endocrine diseases.

Endocrine disorders were identified in 31 (26.7%) children.

OPGs were diagnosed earlier in patients with endocrine disorders respect of compared to those
without (median age at diagnosis of 3.3 years (range 1.33-11.92 ) vs 4.71 years (range 0.42-13.75),
p 0.03). The median duration of OPGs follow-up was 7.9 years (0.5-24.5 range).

Almost half of patients (49, 42.7%) underwent brain MRI for screening. Other indications to MRI
scan were: visual symptoms (34.5%), headaches (2.5%), neurological signs (1.8%), plexiform neu-
rofibromas (0.8%). Eight children (6.8%) underwent brain MRI because of clinical suspect of endo-
crinopathies, and four of them (3.4%) were subsequently confirmed to suffer from endocrine disor-
ders (2 CPP, 1 DS, 1 GHH) (Table 1).

Regarding tumor location, 33.6 % of patients (39) were staged as MDC1, 19.8% as MDC 2 (23),

46.6% (54) as MDC3/4. In particular, anterior part of the pathway was almost always involved



(93.1%), followed by the chiasm (62.3%) and the posterior tracts (45.2 %). No cases of lep-
tomeningeal metastasis were observed. Tumors involving hypothalamus represented 33.6 % of all
OPGs: 39 cases, 6 of which classified as MDC2, 33 as MDC3. Worthy of remark, none of the pa-
tients with nerve involvement only (MDC1) presented endocrine disorders. Besides, we observed a
statistically significant difference in percentage of hypothalamic involvement between patients with
and without endocrinopathies: 78.1% vs 16.7% (p=0.000) (Table 1).

Among patients with endocrine disorders, the proportion of patients who later underwent treatment

for OPGs (both chemotherapy and/or surgery) was higher than in those without endocrine disorders

(75.6%vs34.2%; p=0.0001).

Endocrine disorders

We identified 31 patients with endocrine disorders before any treatment. CPP was diagnosed in 23
children (72 %; 12 males, median age at diagnosis 8.2 years); GHD in 3 (9%; 3 males, median age
at diagnosis 9.45 years); DS in 4 (12%; all females, median age at diagnosis 4.7 years) and GHH in
2 patients (6%; 2 females, median age at diagnosis 4 years). The median time of follow-up diagno-
sis of endocrine disorders from OPG onset was 4.58 years (range 0.08-8.17). Age at diagnosis of
endocrine disorders was different according to type of disease, being lower in patients with DS and
GHH (Table 2).

All patients with CPP were treated with GnRH analogs; all three patients with GHD were treated
with growth hormone, two of them for a relatively short period of time (7 months, and 42 months)
while one patient is still on therapy. One of the two patients with GHH was treated with octreotide
acetate for 1 year, the other one did not received any treatment, since GHH was a transient phenom-
enon.

Children with endocrine disorders collectively received 9 surgeries (7 debulkings and 2 surgeries of

hydrocephalus).



Considering the entire population, the cumulative proportion of patients free from endocrine disease
—before any kind of treatment- at 10 years of follow-up was 65.9%. Endocrine event free survival
declined up to 8 years post OPGs diagnosis (Figure 1S). Patients with hypothalamic involvement
had a significant lower endocrine event free survival (p:<0.0001; Figure 1)

Predicting factors

Hypothalamic involvement, MDC stage and age at OPG diagnosis less than 5 years were independ-
ent predictors of endocrine disorders (table 3), whereas hypothalamic involvement was the only sta-
tistically significant predictor of endocrine disorder before any treatment in the multivariate analy-

sis, HR 5.02 (1.802-13.983) p 0.002 (Table 3).

Discussion

Our study is the largest reported to date, focused on endocrinopathies occurring in children with
NF1 related OPGs before treatment. We reported a considerable prevalence of endocrinological
complications in OPGs (26.7%) before any treatment.

Some authors had published on endocrine disorders and NF1 children with or without OPGs
(15,23).

Cnossen et al. reported a prevalence of endocrinologic disorders of 5% (6 / 122 children ) (15);
3/122 (2.5%) CPP (1/3 with chiasma glioma), 3/122 (2.5%) GHD (1/3 with chiasma glioma ).
Overall 2/15 (13%) patients with chiasma glioma developed CPP or GHD. The author did not spec-
ify whether hypothalamus was involved (15).

Habiby et al. reported prevalence of precocious puberty and its relationship to OPGs in a cohort of
219 children with NF1(23). CPP was diagnosed in seven patients (3%), intriguingly all of them had
OPGs involving the optic chiasm and 7/18 patients (39%) with chiasm involvement had CPP. Au-
thors did not further discuss eventual hypothalamic involvement neither the occurrence of other en-

docrine disorders.



Studies investigating prevalence of endocrine disorders among patients with optic gliomas instead
tended to include both patients with and without NF1 (19,24,25), making difficult to extrapolate da-
ta on prevalence. Moreover, they focused mostly on treatment related endocrine sequeale.

At the best of our knowledge, only Sani and Albanese investigated prevalence of endocrine disor-
ders in children with NF1 and OPGs before any treatment (17). They retrospectively reviewed a
small cohort of 36 patients, founding endocrinopathies in 20 patients (55.6%). This prevalence was
very high, even compared to studies on optic gliomas in mixed population (19).

Our data showed that the most prevalent endocrine disorder in NF1 patients with OPGs before any
treatment was CPP. This data is in accordance with other studies on brain tumors involving hypo-
thalamic region (20). Moreover, males are more affected than in idiopathic CPP (12:11), confirm-
ing previous studies (14).

GHD in our population was instead quite rare (3.4%), differently from the manuscript by Sani et
Albanesi (17). In fact GHD was the more prevalent disorder in their population. Of note, all their
cases of GHD were diagnosed with a single stimulation test and were not confirmed at retesting af-
ter adult height achievement. In other studies including patients with optic gliomas, GHD was most-
ly diagnosed after treatment and in particularly related to radiotherapy (26).

Our data together with other studies present in literature suggest that GHD might be secondary to
surgery and/or radiotherapy rather than related to OPG itself (19).

In our population rare endocrine disorders like DS and GHH were diagnosed in younger patients.
Dienchepalic syndrome has been exceptionally reported in NF1 related OPGs Cavicchiolo et al re-
ported a good outcome of diencephalic syndrome in a 3-years-old boy with NF1 and hypothalamic-
chiasmatic OPG after chemotherapy (27). The median age of our children with DS was 4.66 years,
while in sporadic cases of OPGs usually DS tends to occur in the first year of life. This might be re-
lated to the natural history of OPGs, which tend to grow more slowly in patients with NF1 com-

pared to sporadic cases (19).



GHH has been mainly described as a transient condition (28,29), and also in our population this en-
docrine complication spontaneously regressed in one patient, while for the other one treatment was
stopped after one year. Of note, both children were very young (3.9 and 4.1 years respectively).
Prevalence of this endocrine disease in our population is remarkably lower than in a previous study
by Cambiaso et al (1.7 vs 10.9 %) (30), but this latter study was specifically designed to investigate
GHH in patients with NF1 and OPGs. However this condition is likely to be underdiagnosed due to
its transitory behaviour, hence a careful auxological follow-up is needed to recognize it. In case of
GH excess, treatment should be considered monitoring occurrence of systemic effects of GH ex-
cess. We wondered whether endocrinopathies associated with OPGs were associated to lesions con-
tiguous with, or directly involving the hypothalamus. Thus we used PLAN classification (also
known as modified Dodge classification, MDC) which better describes the involvement of each
segments of the optic pathway and allows to highlight the independent involvement of hypothala-
mus. In our population, tumour location was associated to increased risk of endocrine disorders
(table 4), hypothalamic involvement remaining the only predictor in the multivariate analysis, HR
5.82 (2.12-15.93), p=0.001.

Hence, this finding suggests that a thorough auxological and biochemical follow up is mandatory
for patients with OPGs involving hypothalamus at diagnosis, regardless of which segment of the
optic pathway is involved.

In addition, our study emphasizes that auxological evaluation is imperative in all NF1 children
since clinical signs of endocrine disorders might in some cases lead to a diagnosis of OPG (7,31).
We also found that patients with hypothalamic involvement received more treatment than patients
without: surgery in 7 and chemotherapy in 11 cases. This might depend by the fact that hypothalam-
ic and chiasmatic OPGs often require surgical debulking (32). Another hypothesis , that might be
eventually confirmed by dedicated studies, is that tumors which involve the chiasmatic region
(MDC2) might be associated to worse OPGs in terms of wider tumors extension, with secondary

visual deterioration which is a major criteria for deciding to start chemotherapy.
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Finally, young (<5 years) age at OPGs diagnosis represented a further predictor for endocrinopa-
thies development in univariate analysis. This might be linked to the worse prognosis of OPGs in
very young children as age at presentation of OPGs has been associated with an increased risk of
clinical progression (32).

Conclusions

Endocrine disorders were common in patients with NF1 and OPGs before any treatment and might
represent a sign of suspicion of an OPG.

In our experience CPP was the most prevalent endocrine disorder while GHD was not common as
previously described. DS and GHH, although rare, can occur in patients with NF1 and OPGs, espe-
cially in the youngest ones.

Tumour location was the most important predictor of endocrine disorders, particularly hypothalam-
ic involvement. Hence, physicians should bear in mind that patients with OPGs involving the hypo-
thalamic region need a careful auxological follow-up.

Data availability: The datasets generated during and/or analysed during the current study are avail-

able from the corresponding author on reasonable request.
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Figure 1. Kaplan-Mayer survival curves for pre-treatment endocrine event by hypothalamic

involvement.

Figure S1. Kaplan-Mayerendocrine event free survival curve.
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