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Abstract

A population-based study to investigate the epidemiological, genetic and clinical features of
neurofibromatoses (NF) in Northern Finland was carried out between 1989-1996. The area concerned
was that served by Oulu University Hospital, with a total population of 733 037.

A total of 197 patients with neurofibromatosis type 1 (NF1), five with neurofibromatosis type 2
(NF2) and eight with segmental neurofibromatosis (NF5) fulfilling the diagnostic criteria were
identified among several hundred patients examined on account of a possible NF diagnosis. The 197
NF1 patients came from 119 families. 77 of these cases were sporadic, 117 familial, and three were
mothers of children suffering from NF1 who were themselves diagnosed as having segmental NF. The
male/female ratio was 0.93 (95 males and 105 females). The geographical distribution of the patients
roughly corresponded to that of the general population in the area. The overall prevalence of NF1 was
23/100 000, with a peak prevalence of 34/100 000 in the age group 10 to 19 years. The overall birth
incidence of NF1 was estimated to be 27/100 000, with the highest figure, 37/100 000, recorded in the
six–year period 1990-1995. The mean age at the time of diagnosis was 20 ± 16 years in the whole
population and 6 ± 4 years in the children born in the 1980’s.

A new mutation was suspected in 49% of the NF1 cases (96/197), and a mutation rate of 4.37 ±
0.72 x 10-5 was obtained for the period 1960-1995. The relative fitness of the NF1 patients was 0.48,
being reduced more in the affected males (0.24) than in the females (0.72). The mean maternal and
paternal ages of the sporadic patients were 30 ± 6 and 33 ± 6 years, respectively, which is significantly
higher than in the general population. Two cases with a deletion of the NF1 gene were identified, one
encompassing the loci from EVI-20 to INT-38 and the other the INT-27 locus, representing 3% of the
66 cases analysed.  In seven familial cases the parental origin of the new mutation could be verified and
linkage studies showed that the oldest affected individual in the family had inherited the mutation from
the father in 6/7 cases.

In one family seven members in three generations were affected with a rare spinal
neurofibromatosis, and a linkage to the NF1 gene was shown. Of these seven patients, four are
included among the 197 studied here while the other three lived outside the area.

The diagnostic features of the 164 NF1 patients aged from three months to 73 years who were
examined clinically included café au lait spots (CLS) in 96% of cases, freckles in 87%, neurofibromas
in 69%, plexiform neurofibromas in 20%, Lisch nodules in 70%, optic glioma (asymptomatic) in 20%
and pseudarthrosis in 3%. 56% of the cases had an affected first degree relative. A plexiform
neurofibroma was diagnosed in 33 individuals and this became a malignant peripheral nerve sheath
tumour (MPNST) during the seven years of monitoring in 15% of cases (5/33). Hyperintense T

2
lesions in a MRI scan of the brain were found in 94 % of the children under the age of six years who
had had such a scan (n=17) and in 84% of those under 16 years (n=50).

Symptoms related to NF1 which needed medical intervention, rehabilitation or follow-up were
diagnosed in about 2/3 of the cases, and in 38% of cases such medical problems of this kind had been
treated before NF1 was actually diagnosed. All these findings emphasise the need for a
multidisciplinary approach to the follow-up of neurofibromatoses.

Keywords: NF1,  population-based, prevalence, incidence
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PCR polymerase chain reaction
RNA ribonucleic acid
TBR translocation breakpoint region
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1. Introduction

Phakomatoses or hamartomatoses are a group of hereditary neurocutaneous syndromes
including neurofibromatoses, tuberous sclerosis and von Hippel-Lindau disease. They are
inherited in an autosomal dominant fashion and each shows both genetic and clinical
heterogeneity. An important feature of all of them is the occurrence of benign tumours such
as angiofibromas, neurofibromas and hemangioblastomas, all of which have a risk of turning
premalignant. The genes involved belong to the class of tumour suppressor genes.

The first reports of neurofibromatoses were published 200 to 300 hundred years ago, but
it was not until 1987 that a consensus was achieved over the diagnostic criteria for
neurofibromatosis type 1 (NF1) and type 2 (NF2). The identification of the NF1 and NF2
genes at 17q11.2 and 22q12.2, respectively, and characterisation of their mutations and
proteins in the 1990’s further pointed the way to our present understanding of these
disorders, but in spite of such achievements, the diagnosis of NF1 and NF2 is still based
mainly on clinical features.

NF1, the most common of the inherited neurocutaneous diseases, has been identified
worldwide in different countries and ethnic groups. It is caused by a mutation in the NF1
tumour suppressor gene, and is clinically characterised mainly by the presence of café au lait
spots (CLS) and neurofibromas. Its estimated birth incidence is about 1/2500 and its
prevalence about 1/4000, with about two million affected individuals worldwide, 200 000 in
Europe and more than one thousand in Finland. NF1 is a classical example of an autosomal
dominantly inherited disorder showing wide phenotypic variability even in the same family.
About 50% of cases are due to new mutations (Riccardi 1992, Huson 1994).

NF2 is a rarer type of NF with symptoms mainly characterised by bilateral vestibular
schwannomas leading to vertigo, loss of balance and deafness. It is caused by a mutation in
the NF2 tumour suppressor gene. Its estimated birth incidence is about 1/33 000 and
prevalence about 1/210 000, and thus there are less than fifty affected individuals in Finland
(Evans et al. 1992a).

While the major diagnostic criteria for NF1 and NF2 have been agreed upon and the
molecular basis of the disease is known, their pathogenesis and the mechanisms related to
their pleiotropy and clinical variation still remain mostly unknown. Also, much remains to be
learned about the progression of neurofibromatoses, how to follow up the patients and how
to deal with the medical problems.

In spite of actively ongoing research into NF, there are still only a few population-based
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studies that investigate its clinical variation and genetic aspects, and only a small number
that concentrate on the inheritance of the disease and its clinical picture based on a
systematic study of the first degree relatives. Furthermore the possible role of molecular
genetic analysis in assisting normal clinical diagnosis has seldom been studied. Even
though neurofibromatoses seem to be similar worldwide, Finnish NF families and their
possible special clinical features and forms have not previously been studied
systematically.
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2. Review of the literature

2.1. History of neurofibromatoses

The first case report of NF1 is probably a description of a man suffering from an
elephantiasis neuromatosa and short stature, as reported posthumously by Aldrovandi in
1642. The first case report published in English was in 1768 by Akenside, who discovered a
man with multiple small wens, or cysts, having a tendency to grow again on the site from
which they had been removed, a condition which was also seen in his father. Another 18th

century report was the case report of Johann Gottfried Rheinhard, also known as the “Wart
Man“ who had multiple fibrous tumours of the skin and whose “Case History of
Extraordinarily Unsightly Skin“ was published in 1793 by Ludvig and Tilesius (reviewed by
Mulvihill 1990a).

Neurofibromatosis type 1, also known as von Recklinghausen disease, is named after
Friederich Daniel von Recklinghausen (1833-1910), professor of pathology, who published a
monograph “Über die multiplen Fibrome der Haut und ihre Beziehung zu den multiplen
Neuromen“ (On Multiple Neurofibromas of the Skin and their Relationship to Multiple
Neuromas) in Berlin in 1882. He was the first to use the term neurofibroma and to recognise
that skin and nerve tumours represented a mingling of both neural elements and connective
tissue cells (Crump 1981).

The most famous patient claimed to have had NF and often quoted in the literature is the
“Elephant Man“, Joseph Merrick (1862-1890), who was thought by Weber in 1909 to have
had an incomplete and anomalous form of von Recklinghausen’s disease. Actually it seems
certain that he did not have NF1, but probably Proteus syndrome, a rare and highly variable
hamartomatous disorder characterised mainly by asymmetrical overgrowth, exostoses and
large soft-tissue and vascular tumours (Clark 1994, Seward 1994).

The familial occurrence of NF1 was probably first described by Akenside in 1768 and
later in 1847 by Virchow, who reported NF in multiple family members. It was not until 1918
that Preiser and Davenport established the autosomal dominant inheritance in this disorder
(Mulvihill 1988).

In contrast to the highly visible cutaneous manifestations of NF1, the clinical
manifestations of NF2 are more subtle and were characterised in detail later. A unilateral
vestibular schwannoma (acoustic neurinoma) was first reported by Eduard Sandifort in
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1777, while Wishart reported in 1822 the first known detailed descriptions of bilateral
vestibular schwannomas and of meningioma. Eighty years later, in 1903, Henneberg and
Koch published a description of the intracranial variant of NF, considered to be the first
report of NF2. The first known report describing the familial occurrence of bilateral
vestibular schwannomas was published by Feiling and Ward in 1920, and ten years later
Gardner and Frazier published their famous NF2 family with 217 individuals in five
generations and 38 cases of bilateral vestibular schwannomas (Gardner & Frazier 1930, Ahn
et al. 1996).

As far as Finland is concerned, mainly case reports of NF have been published
(Granroth 1946, Oravisto 1949, Katila & Granroth 1955, Karjalainen 1964).

Before the 1980’s NF1 and NF2 were usually considered variants of the same disorder.
The Consensus Development Conference held at the National Institute of Health (NIH) in
1987 was the first attempt to clarify the various clinical types of NF. The clinical
manifestations associated with classical von Recklinghausen’s disease were differentiated
from those of the predominantly intracranial subtype, and the NF types 1 (NF1) and 2 (NF2)
were defined (Stumph et al. 1988). In 1990 a second NIH conference was held to further
evaluate the clinical aspects of NF. As a result of these meetings, the present clinical
diagnostic criteria for NF1 and NF2 were proposed. This effort has greatly improved the
accuracy of clinical diagnosis. The molecular cloning of NF1 and NF2 genes and the
demonstrating of these in 1990’s finally defined NF1 and NF2 as separate disorders
(Cawthon et al. 1990, Wallace et al. 1990, Rouleau et al. 1993, Trofatter et al. 1993).

2.2. Current classification of neurofibromatoses

Other types of neurofibromatoses have been described besides NF1 and NF2, but their
existence, clinical features and genetics are less clear. These include the rare segmental NF
(NF5) and other even less common types designated as NF types 3-4 and 6-7, and NF-NOS
(not otherwise specified) by Riccardi (1992; see Table 1). They are mainly characterised by
atypical distribution of café au lait spots and/or neurofibromas. Additional rare
neurofibromatosis types proposed by Riccardi are the gastrointestinal type, multiple
schwannomatosis and the familial brain tumour type.

Another classification, proposed by Viskochil and Carey in 1994, and further evaluated
in 1999 is based on clinical and molecular genetic aspects of NF (Table 2) (Viskochil & Carey
1994, Carey & Viskochil 1999).
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2.3. Neurofibromatosis type 1

2.3.1. Diagnostic criteria

Certain clinical findings occur in NF1 patients so often that their presence, especially in
combination, can be used as diagnostic criteria. They have proved useful for research

MIM
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purposes (Table 4) and have been accepted as current diagnostic criteria in consensus
meetings in 1987 and further evaluated in 1997 (Table 3) (Stumph et al. 1988, Gutmann et al.
1997).

Table 3. Diagnostic criteria for neurofibromatosis type 1 (NF1) (Gutmann et al. 1997).
The NF1 patient should fulfil 2 or more of the following criteria :

2.3.2. Clinical manifestations

NF1 is a neurocutaneous disorder which shows wide interfamilial and intrafamilial clinical
variations due to pleiotropy and variants in the expression of the NF1 gene. Many of the
manifestations are mild, but some affected individuals have significant medical problems.

The cutaneous manifestations are usually clear and easy to recognise without any
special instruments, and special experience of NF1 is usually needed only in atypical cases
(Riccardi 1992).

Café au lait spots (CLS) are brown macules on the skin with a colour of coffee with milk
and they are a hallmark of NF1. The history of CLS related to NF1 dates back to 1896, when
two French articles were published about the importance of pigmentary changes as a
primary aspect of the disease (Chauffard 1896, Marie & Bernard 1896). Crowe & Schull (1953)
pointed out the diagnostic importance of CLS in NF1 and concluded that six or more macules
with  ≥ 1.5 cm could be regarded as pathognomonic for the disorder. The diameter is usually
a few centimetres, but can vary from 0.5 to 10 cm. They are typically ovoid in shape with
sharp, well-defined smooth borders with the surrounding normal skin (Figure 1a). It is not
clear whether they are already present at birth, but in any case they tend to increase in
number and become clearer during the first year of life. CLS may be seen all over the body,
with the possible exception of the scalp, eyebrows, palms of the hands and soles of the feet.
The histological finding of a macule consists of focal hyperpigmentation in the basal layer of
an otherwise normal epidermis, this hyperpigmentation being due to an increased amount of
melanin in both the melanocytes and keratinocytes. Both the number of melanocytes and
their dopa oxidase activity are increased, and “giant“ melanosomes are also present in these
cells (von Deimling & Krone 1997).

This change is not specific to NF, however. Crowe & Schull (1953) studied the
prevalence of CLS among 6856 institutionalised patients without cutaneous manifestations

No. Criteria

1. Six or more café au lait macules
- diameter ≥ 1.5 cm in postpubertal individuals
- ≥ 0.5 cm in prepubertal individuals

2. Two or more neurofibromas of any type or one plexiform neurofibroma
3. Multiple freckles in the axillary area or groin
4. Optic glioma
5. Two or more Lisch nodules (iris hamartomas)
6. A distinct osseous lesion such as sphenoid dysplasia or thinning of the bone cortex with or

without pseudarthrosis
7. A first degree relative (parent, sibling or offspring) who meets the above criteria for NF1
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Figure 1a. Café au lait spots. 1b. Freckles.

Figure 2a. Neurofibromas  2b. Plexiform neurofibroma
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of NF and found that about 10% had from one to five macules, but all of them less than six.
In another study of skin findings in 601 healthy adult patients the prevalence of CLS was
14%, although there were always less than four present (Kopf et al. 1985). The frequency of
CLS as a diagnostic criterion for NF1 varies from 79% to 100% between populations, having
a tendency to decrease in adulthood (Table 4).

Freckles were first observed to be typical of NF1 only about 35 years ago, in 1964, by
Crowe, who pointed out that patients with NF often show freckling on parts of the body not
exposed to sunshine, such as the axillary and inguinal areas. Freckles are defined as a cluster
or clusters of hyperpigmented macules of diameter <5 mm (usually 2-3 mm) and with similar
colour and histological findings as for café au lait spots (Figure 1b). The typical places for
freckling are axillary and other intertriginous and skin fold areas, such as the inguinal region,
upper eyelids, base of the neck, under the chin, and the submammary region in women. Small
brown macules in these regions are considered to be highly suggestive of NF1. The freckles
are not usually observed at birth, but they appear early and are reported to be present in 81%
of children by six years of age (Obringer et al. 1989). The overall frequency of freckles in the
axillary or inguinal region in NF1 is reported to be between 55% and 86% (Table 4). Freckles
found in the axillary or groin area are of great help, especially when making an early
diagnosis of NF1 in young children presenting with several CLS (Riccardi 1992, Huson
1994).

Neurofibromas are hamartomas composed mainly of those cell types forming the fine-
ordered supportive compartments of peripheral nerves, but organised in a haphazard way.
More specifically, the normally highly well-organised perineurial tube surrounding the
Schwann cell-axon units is disrupted, so that escaping Schwann cells, endoneurial
fibroblasts and perineurial cells form the majority of cells in these tumours. In addition,
neurofibromas may contain solitary muscle cells and clusters of epithelial cells (Peltonen et
al. 1984, Peltonen et al. 1988, Jaakkola et al. 1990).

A cutaneous (dermal) neurofibroma is typically a small, soft nodule, pink or purple in
colour, which may become larger and pedunculated with time (Figure 2a). A subcutaneous
(nodular) tumour is more firm and ovoid in shape. Von Recklinghausen was the first to name
these tumours neurofibromas, but actually Smith had already postulated in 1849 that they
arise from the fibrous connective tissue of small nerves (Mulvihill 1990a). In NF1 the
neurofibromas are most often dermal, but they may also occur in deeper peripheral nerves or
in the spinal canal. Pulst et al. (1991) reported a family with symmetrical spinal
neurofibromas and CLS in several generations and showing linkage with the NF1 gene,
suggesting that the family manifested a rare form of NF1. A biopsy of a suspected
neurofibroma is useful for a specific diagnosis and helps to differentiate it from other soft
tissue tumours, although a solitary neurofibroma is not pathognomonic for NF1 (Harkin &
Reed 1969, Peltonen et al. 1988, von Deimling et al. 1995).

The neurofibromas involved in NF1 do not usually appear before late childhood or
adolescence, and their reported frequencies vary from 40% in a study of 150 children under
18 years (Cnossen et al. 1998a) to 100% in a study of 72 adults (Samuelsson 1981) (Table 4).
Nearly all adult patients have dermal neurofibromas. They may become numerous, cause
cosmetic problems and troublesome itching, or lead to neurological problems such as pain,
weakness and autonomic dysfunction, but they have not been reported to transform into
malignant tumours (Riccardi 1992, Wiestler & Radner 1994).
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Plexiform neurofibromas consist of the same elements as dermal neurofibromas but are
associated with nerve plexuses and major nerve trunks and their branches. They may
involve any nerve, including the spinal nerve roots and cranial nerves. The tumour retains a
fascicular organisation and may be associated with soft tissue hyperplasia.
Characteristically it has the appearance of a soft tissue mass which may extend from the
deep parts of the body to the skin, and it may be accompanied by a diffuse
hyperpigmentation and hypertrichosis of the overlying skin (Figure 2b). It can vary in size
from a few cm to large areas of the body, causing hypertrophy and gross disfigurement.
Plexiform neurofibroma is congenital and almost exclusively  associated with NF1, with a
frequency of 15% to 40% (Table 4). There is an age-dependent risk of a benign plexiform
neurofibroma transforming into a malignant peripheral nerve sheath tumour (MPNST) (Aloi
& Massobrio 1989, Wanebo et al. 1993, Fisher et al. 1997, von Deimling & Krone 1997, Korf
1999).

Other cutaneous findings have also been reported to be present in NF1 patients more
frequently than in the general population. Hyperpigmentation, both generalised and
localised or patchy, giving a dirty skin appearance, is often present in NF1 patients,
distinguishing them from their healthy relatives. The pathogenesis is unknown. It has been
speculated that this is one of the manifestations of the NF1 gene itself, because in a few rare
cases where a parent of an individual affected with NF1 has had a segmental NF, his/her skin
findings has also shown similar hyperpigmentation but in a segmental region. The
hypopigmented macules observed in NF1 are similar to those seen in other genodermatoses.
Pseudoatrophic macules are areas of skin that appear to be atrophic, with a very pale colour,
a thin epidermis and a lack of skin hairs. Skin angiomas, or Campbell de Morgan spots, are
a few mm in diameter, cherry-coloured, slightly raised spots mostly found on the trunk,
abdomen and thighs, which increase with age. Juvenile xanthogranulomas may also be
associated with NF1, but also with juvenile chronic myeloid leukaemia (JCML). They are
yellowish, dome-shaped nodules consisting of histiocytes and multinucleated giant cells.
None of these other skin manifestations are pathognomonic for NF1 (Westerhof & Kondrad
1982, Viskochil & Carey 1994, Zvulunov et al. 1995).

Lisch nodules are harmless, elevated, dome-shaped, smooth, yellowish to brown iris
hamartomas composed of melanocytes (Figure 1 in paper V). The first description of a NF
patient with true Lisch nodules was probably that presented by Snell in 1900. Confirmation
of characteristic iris nodules with NF was published by Sakurai in Japan in 1935, and Lisch
described details of similar findings in three of his patients two years later, in 1937, pointing
out that the nodules were pathognomonic for NF and suggesting that they are frequently
found in NF patients (Sakurai 1935, Lisch 1937). They vary in size (diameter  ≤ 2 mm), are
usually present in both eyes, and increase with age, starting to develop from early
childhood. Their frequency varies with age, from about 50% in childhood to over 95% in
adolescence. They have been observed in 52% to 87% of individuals in different
populations (Table 4) (Lewis & Riccardi 1981, Huson et al. 1987, Ragge et al. 1993a).

To distinguish Lisch nodules from iris nevi, a slit lamp examination by an
ophthalmologist familiar with NF1 is recommended. Lisch nodules are highly characteristic
of NF1 and Watson syndrome (a rare autosomal dominant syndrome characterised by CLS,
mental retardation and pulmonary stenosis), but are rare in the general population or in other
diseases (Lubs et al. 1991). They have been observed four times in association with an
isolated case of NF2 (Charles et al. 1989, Garretto et al. 1989, Michels et al. 1989, Kaye et al.
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1992), twice with segmental NF (Weleber & Zonana 1983, Rubenstein et al. 1983) and once
with Cushing’s disease (Bouzas et al. 1993).

Histologically, an optic glioma is a pilocytic astrocytoma of grade I occurring in the
optic nerve, and is identical to other pilocytic astrocytomas occurring elsewhere in the
central nervous system. Von Michel reported a patient with optic glioma in 1873, but it was
only in 1940 that Davis established optic glioma as a part of NF (Mulvihill 1990a). Listernick
reported that 19% of children with NF1 who had had a cranial and orbital CT or MRI scan
(33/176) were diagnosed as having an optic pathway tumour. Only three of them showed any
progression of the disease, however (Listernick et al. 1994). The prevalence of optic
pathway gliomas among NF1 patients in other studies varies from about 1% to 15%. This is
mainly due to the different protocols used, the lower figures including only symptomatic
cases while the higher ones also featured asymptomatic ones identified in neuroimaging
screening (Table 4). The age of presentation with optic pathway gliomas is usually less than
seven years, with a peak incidence between four and six years, and the tumour seldom
appears at an older age (Listernick et al. 1995, Listernick et al. 1999). A recent study
performed in Japan showed a 12.5% incidence of NF1 in cases of optical pathway glioma
among 26 084 children with cancer. Thus the majority of optic gliomas are attributable to
causes other than NF1 (Lewis et al. 1984, Matsui et al. 1993, von Deimling et al. 1995).

Other ophthalmological findings fairly common in NF1 are choroidal lesions such as
nevi and hamartomas, which are small, flat or minimally elevated, yellow-white or brown,
avascular lesions, observed with a frequency of 51% in the series of Lewis and Riccardi
(1981). These findings are not specific to NF1, and choroidal hamartomas have been
reported in NF2, for example.

Skeletal changes are common in NF1. Adrian, reviewing the literature of NF in 1901,
found scoliosis, skeletal anomalies and atrophy or hypertrophy of individual bones to be
mentioned frequently. Pseudarthrosis was probably mentioned for the first time in
connection with NF in 1872, when Fremmert described a patient with molluscum fibrosum
and pseudarthrosis following a fracture (Holt & Wright 1948, Crawford & Bagamery 1986).

Congenital bowing and thinning of the long bones appears in children with NF1 either
with or without pseudarthrosis. Generally, pseudarthrosis means a false joint which may
result from a fracture within a long bone that does not heal normally. In NF1, however, it
represents a congenital defect in long bone formation, even though it may not be
appreciated clinically or radiographically until weeks, months or even years after birth. By
far the most common site is the tibia. It is estimated that congenital pseudarthrosis of the
tibia (CPT) turns out to be associated with NF1 in about a half of cases. The overall
incidence of the pseudarthrosis has been estimated in a Danish study from the 1970’s to be
about 1/190 000 live births (Andersen 1978), and its frequencies in NF1 from 1% to 4%
between populations (Table 4). There is one case report of two brothers having both
pseudarthrosis of the tibia and NF1 (their mother had NF1 without pseudarthrosis), but in all
other reports pseudarthrosis has been sporadic (Wellwood et al. 1971). Histopathologically
affected bones show non-specific changes (Boyd 1982, Stevenson et al. 1999).

The prevalence of scoliosis was estimated to be about 10% in a series of 220 NF1
patients (Akbarnia et al. 1992). There are two types of lateral spinal curvature in NF1, an
idiopathic one and a dystrophic one. The latter is rare and involves five or less vertebrae,
causing a very sharp, angular curve and ending up in a more difficult form of scoliosis that
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is almost exclusively observed in patients with NF1. This requires early detection, and often
treatment with spinal fusion (MacEwen 1990).

The different types of other skeletal abnormalities include erosive defects due to the
presence of neurofibromas contiguous to bone, disorders of growth, including both under-
development and over-development, intra-osseous cystic lesions, and congenital
anomalies of the skeleton. An example of the last group is sphenoid bone wing dysplasia,
which is a rare finding but is said to be specific to NF1 (Holt & Wright 1948).

Other typical, although less specific, clinical features observed are short stature,
macrocephaly, dysmorphic features and high intensity T

2
 lesions in MRI.

Short stature is a common finding in NF1 that was first recognised by Riccardi in 1981. In
a Welsh study (Huson et al. 1988) height was ≤ the 3rd percentile in about 32% of the
patients, with no difference between the sexes. The corresponding figure in a study of 200
Australian patients was 27% (North 1993). Growth curves in infancy show that growth
appears to be delayed even at this stage. In the National Neurofibromatosis Foundation’s
database study of 2374 NF1 patients in different countries, comparison of their heights with
age and sex-specific standards showed both sexes to be shorter than normal, the mean
average height for children being – 0.59 SD (Szudek et al. 1998). The cause of short stature
in NF1 is unknown. The explanation has only occasionally been an endocrinological
disturbance such as growth hormone deficiency or abnormalities of the pituitary gland, nor
have any structural skeletal defects been found (Riccardi 1992, Huson 1994, Zacharin 1997).

Macrocephaly, as defined by a head circumference at or above the 97th percentile, is
another common feature of NF1, occurring in more than 40% of patients in population
studies. The onset is postnatal and usually becomes evident in childhood. MRI studies of
NF1 cases with macrocephaly have shown that it is due to enlargement of the whole brain
and not to hydrocephalus (Riccardi 1981, Hughes 1994, Cnossen et al. 1998b, Szudek et al.
1998).

There are no common facial dysmorphic features associated with the NF1 phenotype,
although a small group of patients have displayed an asymmetric face with hypertelorism
and a broad nasal bridge. An incomplete Noonan phenotype has been seen in a few patients
with NF1, and in a few families it has been associated with a mutation in the NF1 gene
(Allanson et al. 1985, Tassabehji et al. 1993, Colley et al. 1996, Bahuau et al. 1998). In
addition, a clinical overlap has been described between patients with NF1 and Watson
syndrome, so that these may be allelic disorders (Allanson et al. 1991).

The reported incidence of the high signal intensity lesions in T
2 
-weighted MR images

of the brain in NF1 patients varies from about 50% to up to 79 %, being highest in children.
Itoh et al. (1994) reported these lesions in 93% of patients under 15 years of age and in 29%
over 31 years. These T

2
 lesions have been previously called as “hamartomas“,

“heterotopias“, “unidentified bright objects“ (UBO), or “unidentified neurofibromatosis
objects“. They have the appearance of well-circumscribed, non-enhancing hyperintense
lesions without any mass effect or surrounding oedema, and are not visible on a CT scan.
The most frequent places where they are observed are in the basal ganglia, thalamus,
cerebellum and brainstem regions. Although these lesions are distinctive and associated
with NF1, there is not yet enough information about their specificity to this disorder, nor an
understanding of their pathological basis (North 1997).

A number of studies have been made of  the connection between T
2
 lesions and learning

difficulties or low IQ scores in children with NF1. Some suggest a possible correlation
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between these lesions in the thalamus and neuropsychological disturbances such as lower
scores for the IQ, memory, motor, distractibility or attention domains (Moore et al. 1996,
North 1997), while others have failed to show any such connection (Dunn & Roos 1989,
Duffner et al. 1989, Ferner et al. 1993).

The incidence of mental retardation (IQ < 70) in NF1 patients has been estimated to be
3-8%, a slightly higher figure than in the general population (1-2%). Developmental delay is
not progressive and it is not correlated with the frequency of other features of the disorder.
Instead, learning disabilities are observed in 30% to 60% of affected individuals and they
show visuospatial integration deficits and an increased incidence of school performance
problems (especially in reading and spelling). There is no characteristic profile of learning
disability in children with NF1. Macrocephaly is not especially associated with cognitive
deficits (Riccardi 1981, Legius et al. 1994, Moore et al. 1994, North 1997).

There is an increased risk of both primary and secondary malignancies in NF1 (Jensen
et al. 1998). In a long-term follow-up of 212 NF patients in Denmark spanning 42 years,
Sorensen et al. (1986) reported a relative risk of 4.0 (95 % confidence limits 2.8 to 5.6) of
developing a malignant neoplasm or a benign central nervous system tumour in probands
with NF1 relative to the general population. In addition, about one fifth of the NF1 patients
with a primary malignancy developed a secondary malignancy, as compared with only a few
percent in the general population. Correspondingly, a twelve-year follow-up study in
Gothenburg, Sweden, by Zöller et al. (1995) reported 22 deaths among their 70 adult NF1
patients and found a malignancy in 55% of them (12). Matsui et al. (1993) studied 26 084
children in Japan with cancer and observed the incidence of NF1 to be 6.45 times higher than
expected (0.21%). The incidence of NF1 was 31.4% among the children who had a malignant
peripheral nerve sheath tumour (MPNST), 0.9% among those with nervous system gliomas
and 1.36% among those who had rhabdomyosarcoma.

Malignant tumours especially known to be associated with NF1 are MPNSTs,
astrocytomas, rhabdomyosarcomas, pheochromocytomas, carcinoid tumours and
childhood leukaemia. In addition, the risk of hemispheric, brain stem and cerebellar
astrocytomas and glioblastomas is increased in both NF1 and NF2 (Ilgren et al. 1985,
Babtiste et al. 1989, von Deimling et al. 1995).

Malignant peripheral nerve sheath tumour (MPNST), previously known as
neurofibrosarcoma, neurogenic sarcoma, malignant neurilemmoma, or malignant
schwannoma, is a tumour that arises from the Schwann cells or peripheral fibroblasts. Its
incidence in the general population is 0.001%, and in about half of the cases it is connected
with NF1. The incidence rate of MPNST among NF1 patients varies from 2% to 29% in
different reports. Plexiform neurofibromas have a lifetime minimum risk of malignant
transformation of 5% (Ducatman et al. 1986, Riccardi & Powell 1989, Wanebo et al. 1993).

Fuller and Williams (1991), reviewing the gastrointestinal manifestations of NF1,
described NF1 patients with duodenal carcinoid as having a higher risk of developing a
pheochromocytoma. This tumour type has been described in NF1, but its frequency is low,
approximately 1% (Fuller & Williams 1991). The literature includes a few case reports of the
coexistence of Wilms’ tumour and NF1 (Walden et al. 1977, Stay & Vawter 1977), although
no clear causal relationship has been established (Matsui et al. 1993, Mulvihill 1994).

Juvenile chronic myeloid leukaemia (JCML) has been reported to be associated with
NF1. Morier et al. (1990) suggested that NF1 patients with juvenile xanthogranulomas have
a higher risk of JCML, but others have failed to identify this (Gutmann et al. 1996).
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NF1 is a slowly progressive disorder, with new hamartomas appearing in the course of
time. It occasionally manifests itself as a congenital plexiform neurofibroma or a
pseudarthrosis of the tibia in newborn infants, while in those affected in later childhood the
presence of optic glioma, learning disabilities and an intellectual handicap can play an
important role. Neurofibromas, scoliosis and psychological problems are the main
symptoms in adolescence, and vascular hypertension and malignancy are lifelong
problems. Most individuals with NF lead a normal life with only cosmetic problems, while
others develop medical problems (Gutmann et al. 1997).

Both Scandinavian long-term cohort studies of NF1 suggest a reduction in the life span
of NF1 individuals. In the Danish study the 39-year survival curves for patients with NF1
(probands, male/female, and affected relatives in separate curves) showed a clear reduction
in survival as compared with the expected curves for the general population, especially in
female NF1 probands (Sorensen et al. 1986). In the Swedish 12-year follow-up study the risk
ratio for death among NF1 patients relative to the normal population was 4.3 (95 %
confidence limits 2.7 to 6.5) and the mean age at death was 61.6 (29.1 – 81.9) years, about 15
years lower than in the general population (Zöller et al. 1995). The lower than expected
prevalence of NF1 in older age groups also suggests that patients die prematurely
(Samuelsson 1981, Huson et al. 1988, Fuller et al. 1989, Clementi et al. 1990).

Pregnancy causes an increase in the size and number of cutaneous neurofibromas in an
affected mother. Pre-eclampsia, pre-term delivery, intrauterine growth restriction,
pregnancy-induced high blood pressure, stillbirth, miscarriage and perinatal mortality are
also reported to be more common. On the other hand, a study of 247 pregnancies in 105 NF1
women showed the numbers of obstetric complications to be similar to those in the general
population with the exception of caesarean section, which was about 15% more frequent
(Dugoff & Sujansky 1996). These results suggest that there is a small group of women with
NF1 who are at risk because of manifestations of NF1 and might thus require close
monitoring at a special obstetric centre (Edwards et al. 1983, Sharma et al. 1991, Weissman
et al. 1993, Hagymásy et al. 1998).

Prenatal diagnosis of NF1 has seldom been performed, possible because the result will
only tell the family of the gene carrier status of the fetus but not of either the severity of the
disorder or its prognosis (Upadhyaya et al. 1992, Benjamin et al. 1993, Lazaro et al. 1995a,
Ponder et al. 1998).

2.3.3. Epidemiology and genetics

NF1 occurs worldwide and in different ethnic groups. Its estimated prevalence in studies
performed in the 1970’s or later has varied from 1/960 to 1/7800, and its estimated birth
incidence from 1/2558 to 1/4292 (Table 5). The penetrance of NF1 is very high, and only a few
possible non-penetrant cases have been reported (Carey et al. 1979, Spence et al. 1983,
Spence et al. 1986). The mutation rate in the population-based studies has been calculated
to be between 3.1-6.5 x 10-5 per gamete per generation, one of the highest among the human
disease genes. This is partly explained by the large size of the gene, the alternatively spliced
transcript and the possibility that there may be sequences within the gene that are highly
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susceptible to mutations (Crowe et al. 1956, Sergeyev et al. 1975, Samuelsson 1981, Huson
et al. 1989a, Fuller et al. 1989, Clementi et al. 1990, Garty et al. 1994, Shen et al. 1996).

The majority of NF1 mutations occur on the patient’s paternally derived chromosome 17,
but gross gene deletions are predominantly maternally derived (Upadhyaya et al. 1998).
Some authors have postulated an older age for fathers of sporadic NF1 cases (Sergeyev
1975, Riccardi et al. 1984, Takano et al. 1992, Bunin et al. 1997), while others have not found
any paternal age effect (Borberg 1951, Samuelsson 1981, Huson et al. 1989a). Riccardi et al.
(1984) concluded that men aged 35 years and older have an increased risk of fathering a child
with a new mutation for NF1 (odds ratio 2.04; 95% confidence interval 1.25 to 3.33). However,
two thirds of the new mutation individuals in their population had fathers younger than 35
years (Riccardi 1992). In a recent case-control study of 89 families, Bunin et al. (1997) found
that the fathers of the patients with NF1 were 1.5 years older than those of the control
subjects at the birth of the child (p=0.07).

Crowe, Samuelsson and Huson all reported a reduction of between 0.8 and 0.47 in
genetic fitness, or the ability to procreate. There was a significant difference in genetic
fitness between the married men (0.6) and the women (0.9) in the series of Crowe et al. This
reduction in fitness was partly attributed to biological factors related to premature death and
partly to non-biological factors such as selection against parenting in affected subjects,
especially males (Crowe et al. 1956, Samuelsson 1981, Huson et al. 1989a).

The NF1 gene locus was first mapped to the centromeric region of chromosome 17 in
1987 as a result of an analysis of 15 families with several affected members who all fulfilled
strict clinical criteria for NF1 (Barker et al. 1987). In 1989 two NF1 patients with balanced
chromosomal translocations involving the long arm of chromosome 17 were identified,
allowing analysis of the genetic region by physical mapping techniques (Fountain et al.
1989). The first translocation involved chromosomes 1p34.3 and 17q11.2, and the second
17q11.2 and 22q11.2 (Schmidt et al. 1987, Ledbetter et al. 1989). Screening of various cDNA
libraries with probes derived from genomic clones mapping between the two translocation
breakpoints led to the identification of four candidate genes, EVI2A (Cawthon et al. 1990),
EVI2B (Cawthon et al. 1991), OMGP (Viskochil et al. 1991) and TBR (Viskochil et al. 1990).
The two groups showed independently that the fourth candidate was the NF1 gene
(Cawthon et al. 1990, Wallace et al. 1990).

The NF1 gene spans a region of approximately 350 kb of genomic DNA and is divided
into 60 known exons. Three of these are alternatively spliced as in-frame insertion exons.
The gene encodes a 11-13 kb mRNA sequence. The three previous candidate genes (EVI2A,
EVI2B, OMGP) are embedded within one large intron and are transcribed in the opposite
direction to the NF1 gene (Figure 3) (Viskochil 1998).

More than 240 mutations have been reported in the NF1 gene, showing that most of the
families have their own mutations. These vary from small or large deletions to insertions or
point mutations, and usually lead to a shorter protein product, as has been observed in other
tumour suppressor genes. Some of the reported mutations have been recurrent, although no
true “hotspots“ have so far been detected. One of the most frequent mutations has been a
nonsense mutation in exon number 31, which has been reported in at least 14 independent
cases (Lazaro et al. 1995b, Blanquet et al. 1995, Korf 1998).
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Figure 3. The NF1 gene (Ragge 1993b).

The only constant genotype-phenotype correlation has been found in patients having
deletions of the entire NF1 gene and variable amounts of flanking DNA associated with a
distinctive phenotype. The characteristic features in these cases have been severe
developmental delay, learning disability, dysmorphic features, early onset and a large
number of neurofibromas (Kayes et al. 1992, Wu et al. 1995, Cnossen et al. 1997, Wu et al.
1997, Upadhyaya et al. 1998).

2.3.4.  Pathophysiology

The fact that neurofibromas may undergo malignant transformation can be explained by the
tumour suppressor gene “two-hit“ hypothesis originally described by Knudson in 1971 for
retinoblastoma (Knudson 1971). According to this model the affected individual has inheri-
ted one mutant copy of the NF1 gene from his parent or developed one as a result of a spon-
taneous mutation. The second mutation is a somatic one and occurs in the remaining wild
type copy of the NF1 gene. As a result both copies are non-functional and NF1 gene protein
expression is missed. The loss of this protein expression has been observed in both malig-
nant tumours (MPNST, pheochromocytoma, juvenile myeloid leukemia) (Legius et al. 1993,
Xu et al. 1992, Shannon et al. 1994) and benign ones (neurofibroma) (Colman et al. 1995,
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Sawada et al. 1996, Serra et al. 1997). Similar findings regarding the tumour suppressor gene
mechanism have been reported in NF2, tuberous sclerosis and von Hippel-Lindau’s disease
(Skuse & Ludlow 1995).

The protein encoded by the NF1 gene, neurofibromin, shows homology to the GTPase
activating family of proteins (GAPs) in mammals and to the IRA1 and IRA2 proteins in yeast,
which are all known to stimulate ras-GTPase activity. The NF1 gene product may function as
a negative growth regulator in growth-arrested cells, allowing for the onset of cellular
differentiation, and loss of NF1 expression would be predicted to result in aberrant cellular
differentiation (Figure 4) (Seizinger 1993, Gutmann 1997).

Inhibition of p21RAS activity
(e.g. in the mitogenic signalling pathway)

Neurofibromin Other functions not related to p21RAS

(e.g. interaction with microtubuli)

Downstream effector
(e.g. in the mitogenic p21RAS activity signalling pathway)

Fig. 4. Possible cellular function(s) of neurofibromin (Seizinger 1993).

Alternative splicing generates different isoforms of NF1 mRNAs, the best characterised
to date being types I and II (Gutmann et al. 1995). Hirvonen et al. (1999) studied alternative
NF1 gene products in peripheral nerves at different developmental stages and found that
the neurofibromin immunosignal in the peripheral nerves was increased in Schwann cells,
perineural cells and axons during the second and third trimesters of gestation.

The major clinical features and tumours of NF1 (CLS, freckles, neurofibromas, plexiform
neurofibromas, pheochromocytoma and MPNST) arise from tissue of neural crest origin,
considering NF1 as a neurocristopathy. Not all of the pathogenesis can be explained by
neurocristopathy, however, as some other typical findings such as pseudarthrosis and
scoliosis, optic glioma and learning disabilities arise from different tissues (Mulvihill et al.
1990b, Huson 1994, Carey & Viskochil 1999).

Transgenic animals have shown some important findings regarding neurofibromin in
their developmental biology. Homozygous knock-out NF1 mice show embryonic lethality by
14.5 days of gestation because the normal structure of the heart fails to develop. In addition
they show hyperplasia of neural crest derived sympathetic ganglia. Heterozygous NF1 mice
lack the typical skin manifestations, but show similarities to human NF1 in tumorigenesis
and learning difficulties (Brannan et al. 1994, Jacks et al. 1994, Silva et al. 1997).

2.4. Neurofibromatosis type 5 (Segmental type)

NF5, or the segmental type of NF is thought to represent a mosaic form of NF1 in which the
mainly cutaneous NF1 features are limited to a unilateral segmental area of the body, not
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usually crossing the midline. No other features of NF are normally found, and familial
occurrence has been reported in only seven families (Rubenstein et al. 1983, Boltshauser et
al. 1989, Riccardi 1992, Moss & Green 1994, Huson & Ruggieri 1996). In these cases of a
parent with segmental NF and a child with classical NF1 the situation has been explained by
assuming that the affected parent has gonadal mosaicism. The first definition of this
localised form of the disease was published in 1931 by Gammel, and it was Crowe et al. (1956)
25 years later, who published further cases and started to use the term sectorial NF. Later on,
Riccardi described segmental neurofibromatosis in 1982 as entailing CLS and/or
neurofibromas in a single, unilateral segment of the body, without crossing the median line
and having no familial history or systemic involvement (Riccardi 1982). Five years later, Roth
et al. subdivided the segmental NF into four subtypes, described as the true segmental type
(Riccardi’s NF5), a localised type with deep involvement, a hereditary type and a bilateral
type (Roth et al. 1987). At present about 150 segmental NF cases have been described in the
literature (Riccardi 1992, Viskochil & Carey 1994, Huson 1998).

2.5. Neurofibromatosis type 2

Neurofibromatosis type 2 is characterised by bilateral vestibular schwannomas, which are
not seen in NF1. Its birth incidence is about one tenth of that of NF1.

2.5.1. Diagnostic criteria

The diagnostic criteria for NF2 were established by the NIH Consensus Development
Conference in 1987 and defined further in 1990 and 1997. The main features are bilateral
vestibular schwannomas or a family history of NF2 (Table 6) (Stumpf et al. 1988, Mulvihill et
al. 1990b, Gutmann et al. 1997).

Table 6. Diagnostic criteria for neurofibromatosis type 2 (NF2) (Gutmann et al. 1997).

No. Criteria

I. Individuals with the following clinical features have NF2:
-Bilateral vestibular schwannomas
  or
-A family history of NF2 [first degree relative (parent, sibling or offspring)] plus either
1. unilateral vestibular schwannoma < 30 years
  or
2. any two of the following criteria: meningioma, glioma, neurofibroma, schwannoma or
juvenile posterior subcapsular lenticular opacities/juvenile cortical cataract.

II. Individuals with the following clinical features should be evaluated for NF2 (probable NF2):
-Unilateral vestibular schwannoma < 30 years plus at least one of the following:
meningioma, glioma, neurofibroma, schwannoma or juvenile posterior subcapsular lenticular
opacities/juvenile cortical cataract.
  or
-Multiple meningiomas (2 or more) plus unilateral vestibular schwannoma or one of the
following: meningioma, glioma, neurofibroma, schwannoma or juvenile posterior subcapsular
lenticular opacities/juvenile cortical cataracts.
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2.5.2. Clinical manifestations

Two clinical subtypes of NF2 have been described. The severe type, also known as the
Wishart type, first described by Wishart in 1820, is characterised mainly by early onset, fast
progression and a predisposition to spinal tumours and meningiomas. The mild type, also
known as the Gardner type (Gardner & Frazier 1930), is characterised mainly by late onset, a
more benign course, slow progression and a low incidence of spinal tumours and
meningiomas. Both types also involve a predisposition to vestibular schwannomas. The
clinical manifestations of NF2 are usually similar among members of a family, but variability
in expressivity is manifest between families (Evans et al. 1992a, Parry et al. 1994, Ahn et al.
1996).

The most common feature is bilateral vestibular schwannoma, the early symptoms of
which include tinnitus, balance dysfunction and sensorineural hearing loss. The mean age
at onset was 27 years in the series of Evans et al. (1992b), showing that the symptoms of NF2
start about 20 years earlier than those of sporadic unilateral vestibular schwannomas. These
tumours are histologically benign. Eldridge found no malignant vestibular schwannomas
after reviewing 134 cases in the literature (Eldridge 1981, Short et al. 1994).

Other common tumours in NF2 include meningioma, glioma, neurofibroma and
schwannoma. Histologically, the meningiomas and gliomas are low-grade neoplasms of
meningothelial cells and glial cells. These tumours are most often central. Dysplastic and
malformative central nervous system lesions are common features of both NF1 and NF2.
About half of all NF2 patients have meningiomas. Several meningiomas are usually found,
and the age at onset is earlier than in sporadic cases (Evans et al. 1992b, Parry et al. 1994,
Sainio et al. 1994, Louis et al. 1995).

Spinal tumours are diagnosed in about two-thirds of all NF2 patients. These tumours are
usually schwannomas, but meningiomas and glial cell tumours have also been reported.
Peripheral nerve tumours are reported in about 70% of cases, and are histologically primarily
schwannomas. A NF2 plaque is a useful diagnostic hallmark, being reported in about half of
the cases. It is a small (usually diameter ≤  2 cm) cutaneous lesion described as a pigmented,
well-circumscribed, slightly raised, coarse and sometimes also hypertrichotic lesion (Evans
et al. 1992b, Parry et al. 1994, Short et al. 1994).

Skin findings such as café au lait spots are less common and less frequent than in NF1.
Approximately half of the NF2 individuals have from one to four macules, but six macules are
extremely exceptional, being reported only in a few cases. Freckles in the axillary or groin
area are not found in NF2 individuals (Eldridge 1981, Evans et al. 1992b, Parry et al. 1994).

The main ophthalmological features of NF2 are juvenile posterior subcapsular lenticular
opacities or juvenile cortical cataract (Table 6). Posterior subcapsular lenticular opacities
were reported in 80% of the 45 NF2 patients studied by Bouzas et al. (1992) and peripheral
cortical cataracts in 38%. Additional ophthalmological findings in NF2 patients are an
epiretinal membrane and combined pigment epithelial and retinal hamartomas. The presence
of pre-senile cataract or an epiretinal membrane in a young patient should give rise to a
suspicion of NF2 even without any other signs or symptoms (Landau et al. 1990, Sivalingam
et al.1991, Kaye et al. 1992, Bouzas et al. 1992, Landau & Yasargil 1993).
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2.5.3. Epidemiology and genetics

Evans et al. (1992a), in their population-based study, calculated an incidence of about
1/40 000, a prevalence of 1/210 000 and a mutation rate of 0.65 x 10-5 for NF2 north-west
England. It is inherited in autosomal dominant fashion, with about half of the cases
representing a new mutation. The penetrance is estimated to be over 95%, and most of the
patients have symptoms before the age of 40 years. The gene is located in the 22q12.2
chromosomal region and it is a tumour suppressor gene.

Two groups independently identified the NF2 gene by positional cloning in
1993(Rouleau et al. 1993, Trofatter et al. 1993). It consists of 16 constitutive exons and one
spliced exon, and the protein product, called schwannomin or merlin (named after the
proteins moesin, ezrin and radixin), acts as a tumour suppressor. It shares significant
homology (45-47% identity) with the ezrin-radixin-moesin proteins (ERM proteins) and is
involved in the association of actin filaments with plasma membrane proteins. It may
regulate growth-promoting or growth-inhibitory signals transmitted by cell-cell or cell-
substrate contact (Zucman-Rossi et al. 1998, Gutmann et al. 1999).

The literature contains careful descriptions of more than 100 mutations of the NF2 gene.
No major “hotspots“ for mutations have been found. Phenotype-genotype correlation
studies have shown that missense mutations are associated with a mild type of disease
while nonsense and frameshift mutations are mainly associated with a severe disease
phenotype (MacCollin et al. 1994, Bourn et al. 1995a, Parry et al. 1996, Ruttledge et al. 1996,
Zucman-Rossi et al. 1998).

It has been suggested that post-zygotic mosaicism is a relatively common finding in
NF2. This explains why mutations have more often been found in NF2 patients with a family
history than in sporadic cases and why mutations among sporadic cases are found more
frequently in patients with a severe phenotype. The conclusion has been that mosaicism is
most commonly found in sporadic cases with a mild phenotype. In addition, some patients
with insufficient clinical findings to fulfill the diagnostic criteria for NF2 may represent the
outcome of mosaicism with very small populations of mutation-bearing cells (Evans et al.
1998, Kluwe & Mautner 1998, Zucman-Rossi et al. 1998).
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3. Aims of the research

The purpose of this research was to use patient and family material collected from Northern
Finland to evaluate the occurrence, genetic aspects and clinical features of the different
types of NF. The specific aims were

1) to evaluate the frequencies and population genetic aspects of neurofibromatoses
in Northern Finland,

2) to study the clinical features of neurofibromatoses and variability among the
different types,

3) to evaluate the use of the established diagnostic criteria and linkage analysis for
diagnosing NF1 patients, and

4) to assess the significance of NF1 as a progressive disease to the patient and family,
and to discuss its treatment, genetic counselling and follow-up.
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4. Patients and methods

4.1. Collection of patients

The geographical area concerned was the region served by Oulu University Hospital
(OUH), consisting of the provinces of Oulu and Lapland and the northern part of that of
Vaasa, with a total population of 733 037 as of December 31, 1996 (Central Statistical Office of
Finland 1997). The region is 155 211 square kilometres in area and covers 46% of the total
area of Finland, with a population frequency of only about five inhabitants per square
kilometre.

Complete ascertainment of NF was attempted by tracing all patients treated for it in
Northern Finland during the years 1967-1996 through multiple independent sources. The
basic material consisted of patients and their affected first degree or more remote relatives
attending the Department of Clinical Genetics at OUH for genetic counselling from 1982
onwards. Additional patients with a diagnosis of neurofibromatosis (von Recklinghausen
disease) (ICD 8th revision diagnosis number 743.40), or neurofibromatosis (International
Classification of Diseases (ICD) 9th revision diagnosis numbers 2377A or 2251A) were traced
from the records of the University Hospital and the four Central Hospitals in the area; two in
Lapland, one in Kainuu and one in Central Ostrobothnia. In addition, patients were traced by
contacting paediatricians, neuropaediatricians, dermatologists, neurologists, ophthalmo-
logists, oncologists, pathologists, audiologists, otologists, surgeons, neurosurgeons,
paediatric surgeons and internists in the area by letter and asking them to report any known
patient with NF. The OUH records concerning patients treated for neurofibroma, optic
glioma, multiple meningiomas or vestibular schwannomas were reviewed. All patients with
plexiform neurofibroma, or congenital pseudoarthrosis were traced in order to re-evaluate
them for NF. The histological surgical and autopsy specimens examined at the Department
of Pathology, Oulu University Hospital, and the clinical and autopsy records were reviewed.
The two private pathological laboratories in the area were also contacted and their records
were searched for any surgical NF specimens.

The examination protocol was approved by the Ethical Committee of the Medical
Faculty, University of Oulu.

These combined sources provided information on 200 individuals from 181 families with
either confirmed or suspected NF in one or more family members. All the patients were then



38

contacted through their own physicians and asked to participate in the study. Seven families
with a suspected NF1 patient refused to attend, but if the patient fulfilled the diagnostic
criteria for NF1 according to the hospital records they were nevertheless included in the
series. All the others were assessed clinically at the Department of Clinical Genetics, OUH,
almost all by the author.

A total of 46 patients originally suspected as having NF were excluded due to a
diagnosis distinctly different from NF or failure to fulfil the diagnostic criteria for NF1 or NF2.
In addition, five patients originally diagnosed as having NF1, were found to represent the
segmental type of NF after clinical examination. The diagnoses of the patients excluded are
shown in Table 7.

Table 7. Diagnosis of the patients excluded (n=46).

4.2. Diagnostic criteria and clinical examination

The clinical diagnostic criteria presented by the international collaboration consortium
(Tables 3 and 6) were used throughout.

Clinical evaluation of the patients included a review of their medical history including
hospital records, autopsy reports and family history. A detailed clinical examination was
performed, followed by genetic counselling. Clinical assessment of cutaneous,
neurological, ocular, orthopaedic and cardiovascular manifestations was carried out.
Endocrine, auditory and dysmorphic findings were systematically recorded according to the
modified examination schedule used by the NNFF (National Neurofibromatosis Foundation)
International Database (Friedman et al. 1993) (Appendix 1). Developmental, behavioural
features and growth parameters were recorded. For those patients who were thought to
have NF2, audiometry and brainstem audiotory evoked potential (BAEP) were also
performed. Other specialists were consulted in selected cases.

A (neuro-)ophthalmological examination (paper II and V) was performed on 123 of the
164 NF1 patients examined clinically and on all NF2 and segmental NF cases ascertained.
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The neuro-ophthalmological examination included refraction, visual acuity far and near with
best correction, examination of strabismus with cover tests, Maddox wing, Maddox rod, and
synoptophore, ocular motility, pupils, biomicroscopy, corneal sensitivity, eyelids, orbital
and periorbital regions, facial nerve function, Hertel measurements of the exophthalmos,
intra-ocular pressure, visual fields by the Goldmann and Friedmann methods and with the
confrontation and Harrington-Flocks methods in children, colour vision with the Hardy-
Rand-Rittler test and the Farnsworth D 15 desaturated test, and fundi with direct and indirect
ophthalmoscopy after dilation of the pupils.

The neuroradiological examination included a CT or MRI scan of the cranium and spine
(paper II, III and V). MRI was performed with a 1.0 T superconducting unit (Magnetom,
Siemens) using T1 and T

2
 weighted images. A cranial CT or MRI scan was performed on 121

of the 164 NF1 patients examined and a MRI scan of the spine on 77 of those patients. MRI
scans of the cranium and spine were taken in four of the NF2 cases. The images through the
brain and spine were analysed by a neuroradiologist (to be reported separately) paying
special attention to the optic nerves, chiasma area, vestibular schwannoma (in NF2 cases)
and spinal tumours.

The clinical characteristics of the 14 patients with congenital pseudarthrosis of the tibia
(CPT) treated in Northern Finland were examined by means of careful orthopedic and
radiographic examinations. Prevalence and incidence figures were also evaluated (paper VI).

The level of severity of NF1 was recorded in grades from 1 to 4 according to the
classification suggested by Riccardi (1992), where grade 1 (minimal type) signifies mild
cutaneous findings without cosmetic or functional problems, grade 2 (mild type) numerous
neurofibromas with some cosmetic or functional problems, grade 3 (moderate type) various
neurofibromas, learning difficulties and pseudarthrosis or other skeletal problems requiring
surgery, and grade 4 (severe type) intracranial and spinal tumours, pheochromocytoma,
malignancy or mental retardation.

All the traceable first-degree relatives and some more remote ones were examined
clinically for mild symptoms and signs, including ophthalmological ones. Linkage analysis
was used in familial cases to exclude or verify a risk haplotype signifying the presence or
absence of NF.

4.3. Laboratory examinations

The histological slides of the surgical and autopsy specimens from 69 NF1 patients, five
NF2 patients and one segmental NF case were reviewed (paper IV), and the clinical and
autopsy records were studied. The age at original presentation and the severity of affliction
were recorded for each patient.

4.4. Epidemiology, genetics and statistics

Population data for the years 1960-1996 for computing prevalence and incidence were
obtained from the Central Statistical Office in Finland (Suomen Virallinen Tilasto 1960-1997).
The prevalence figures were calculated from the number of affected individuals at a
particular time in relation to the total population. The point prevalence on December 31,
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1996 was calculated based on the total number of affected living persons in the population
of    733 037 in the area (Central Statistical Office in Finland, 1997) and period prevalences
were calculated for the 1960’s, 1970’s, 1980’s and 1990-1995 separately from the
corresponding figures. Birth incidence rate was calculated as the number of NF1 cases
born in Northern Finland between 1960 and 1995 divided by the number of live births in the
same period. The prevalence and birth incidence rates were calculated per 100 000
inhabitants/live births in the region. Patients were classified as sporadic or familial
according to their family history and clinical examination, and as index cases they were the
affected ones through whom the family was ascertained and secondary cases they were
relatives of an index case and found to be affected.

NF1 patients were considered to represent probable new mutations if the parents did not
show any signs of NF1 upon clinical examination by us or another specialist experienced in
NF1.

The family studies included a family history, a pedigree for three to four generations,
and, in selected cases, tracing of common ancestors with the help of church records. The
birthplaces of the patients were used to depict the geographical distribution of the disease
in Northern Finland. The disease was considered autosomal dominant if one of the patient’s
parents was affected too, and as a new mutation if both  parents were healthy. The case was
considered sporadic if there was only one affected individual in the family.

The mutation rate was calculated only for those cases in which both parents were seen,
and was obtained by calculating the ratio of new mutation cases in a given period to the total
number of live births. Genetic fitness was estimated by Tanaka’s method (Tanaka 1974), in
which relative fitness was calculated as a fraction comparing the frequency of NF1 among
the parents of index cases with the frequency of NF1 among the offspring of index cases.
The parental age of those cases assumed to represent new mutations was compared with
the parental age of the fathers in the general population of Finland and the parental age of
the mothers in the region concerned. The birth order effect in families representing new
mutations was assessed by the method of Haldane and Smith (1947), in which the sum of the
birth orders of all the affected sibs in each family was compared with the theoretical value
calculated on the assumption that there is no birth order effect. Segregation analysis was
performed by comparing the number of affected offspring of an affected parent having a
healthy spouse with the expected number (Emery 1986).

For statistical analysis, the results are presented as means with standard deviation and
range unless otherwise indicated. Standard deviation (SD) is presented in ± values after the
mean. Comparisons of distributions between groups were made using the Chi-Square test.
Differences between means were tested with Student’s unpaired or paired t-test when the
variables followed a normal distribution, and with the Mann-Whitney U-test in the case of a
skewed distribution or of ordinal variables. Two-sided p-values were calculated at a
significance level of 0.05.

4.5. DNA studies

For molecular genetic studies, DNA from peripheral venous blood was obtained from the
patients and their first degree relatives by standard procedures. Linkage analysis was
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performed in 20 familial NF1 cases using the following tightly linked flanking DNA markers
and intragenic microsatellite markers: p11.3C4.2 (Rodenheiser et al. 1993), pHHH202
(Ainsworth & Rodenheiser 1991), EVI-20 (Charrow et al. 1993), AluNF1 (Xu et al. 1991),
IVS27AC28.4 (Lázaro et al. 1994), IVS38GT53.0 (Lázaro et al. 1993), pEW206 (Rodenheiser et
al. 1993). In addition, 7 other familial and 39 sporadic NF1 cases in informative families were
screened for deletions with linked markers. Intragenic markers (EVI-20, ALuNF1,
IVS27AC28.4 and IVS38GT53.0) were also used to detect possible deletions and to study the
parental origin of the mutation.

Four markers linked to 22q12 were assayed in the NF2 cases: NF2CA3-A (Bourn &
Strachan 1995b), D22S273, D22S280 and D22S281 (Gyapay et al. 1994).

In the study of the family with hereditary spinal neurofibromatosis (paper III) the lod
scores for the two-point linkage analyses were calculated using the MLINK program
(version 5.1) of the LINKAGE program package (Lathrop & Lalouel 1984). The gene
frequencies used were 0.003 in NF1 and 0.0002 in NF2, and a penetrance value of 95%.
Female and male recombination rates and allele frequencies for all marker alleles were
considered to be equal (Rodenhiser et al. 1993).

The numbers of patients in the groups, as reported in the original papers I-VI are
summarized in Table 8.

Table 8. Numbers of patients(P) and families(F) considered in the original papers I-VI.
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5. Results

A total of 197 NF1, five NF2 and eight segmental NF patients were identified. The NF1
patients came from 119 families. For confidentiality reasons pedigrees are not shown but are
available at request. A total of 77 NF1 cases were sporadic and 117 familial, while three
additional NF1 cases involved mothers with segmental NF whose children suffered from
NF1. 119 patients were index cases. With 95 male patients and 102 females, the sex ratio was
0.93. The five NF2 patients, all of whom were male, were found in three families, two of these
cases being sporadic and three familial. The segmental type of NF was found in eight
patients, two of whom were men and six women. The geographical distribution of the NF1
patients, shown in Figure 5, roughly corresponds to that of the general population in the
area.

5.1. Neurofibromatosis type 1

5.1.1. Population genetics of neurofibromatosis type 1 (I)

The point prevalence for NF1 in Northern Finland on 31 December, 1996, was 23/100 000
(1/4436). Evaluation of the period prevalence calculations showed a peak prevalence of
34/100 000 (1/2983) for the age group 10-19 years (see Figure 1 in paper I).The birth incidence
calculated for the period 1960-1995 was 27/100 000 (1/3647), with corresponding incidences
per decade of 22/100 000 (1/4545) for the 1960’s and 1970’s and 34/100 000 (1/2941) for the
1980’s. The incidence for the last six-year period 1990-1995 was 37/100 000 (1/2703).

The age distribution of the NF1 patients ranged from three months to 73 years (mean 29
years). The mean age at the time of diagnosis was 20 ± 16 years, with a range from 3 months
to 60 years. This figure was significantly lower in males than in females, and lower in the
younger generations (see Table 1 in paper I).

Family data for the mutation rate were available for 116 families, and based on these a
mutation rate of 4.37 ± 0.72 x 10–5 was calculated for the NF1 gene. The mean maternal age
at the birth of a child with NF1 due to a new mutation was 30 ± 6 years (range 21 - 43 years),
while the mean overall maternal age in the area during the same period was 27.5 years
(p<0.01). The corresponding mean paternal ages were 33 ± 6 years (range 19 - 50 years) for
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Figure 5. Geographical distribution of the 197 NF1 patients in Northern Finland according to
their birthplaces. The region served by Oulu University Hospital, is marked with thin lines
and the birthplaces of the patients with NF1 with circles.       indicates one person,           5 persons
and          10 persons.

NF1 children and 30.0 years for fathers in Finland in general, respectively (p<0.01). Out of
132 offspring, 56 (42%) were affected. The ratio does not differ significantly from the
expected 0.5 (p=0.08). The mean birth order for 92 of the 96 new mutation cases was 2.6  ±
1.4. The relative genetic fitness of the individuals with NF1, analysed  for 68 index cases in
which both parents were seen by us and 46 adult index cases in which all the children were
seen, was 0.48 (0.22/0.46). Calculated for both sexes separately, it was 0.24 for males and 0.72
for females.
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Linkage studies were performed on 20 families. The inherited mutation was of paternal
origin in 6/7 of the familial cases. Two cases with a deletion of the NF1 gene were identified,
one familial case shown to have a deletion encompassing the loci from EVI-20 to INT-38 and
a sporadic case with a deletion of the INT-27 locus. Thus deletions were found in 2/66
families analysed (3%). The sporadic deletion occurred in the maternally derived
chromosome 17. No recombinants were observed for NF1, nor could any linkage
disequilibrium be demonstrated with the linked polymorphic markers used here.

 5.1.2. Clinical findings regarding neurofibromatosis type 1
(II, III, IV, V, VI)

Out of the total of 197 NF1 patients identified in the area, full clinical data were available for
164 (83%). Adequate clinical details were available for four of the five NF2 cases recognised
and for all eight segmental NF cases.

Diagnostic features according to the NIH diagnostic criteria (Table 3) could be
evaluated in 164 NF1 patients, comprising 111 probands (68%) and 53 affected relatives
(32%). All these cases were examined by the author. The figures does not include two
females who had inherited either the family’s risk haplotype (a 15-year-old girl) or different
haplotypes from their affected father ( a pair of eight and 11-year-old sisters) but showed no
clinical signs of NF1 (paper I). 85 patients were males and 79 females. A total of 56% of the
164 NF1 cases seen by the author had other affected family members (Table 9). Café au lait
spots were the most common finding (96%), followed by freckles (87%), Lisch nodules
(70%), neurofibromas (69%), plexiform neurofibromas (20%), optic glioma (20%) and
pseudarthrosis (3%). The mean number of diagnostic features present in the NF1 patients
was four (range from two to six). The frequencies of the NIH criteria in the age-groups are
shown in Table 9.

.
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CLS were detected in all the patients in the age-groups from three months up to 30 years,
but were less frequently visible in the older age-groups. A total of 129 of those who had CLS
(82%) presented with between six and 50 macules, and 22 (14%) had more than 50. Freckles
in the axillary or inguinal region were seen in all the individuals aged 11 to 20 years, 64% of
those under the age of 11 years and 95% of those aged 11 years or older. Even in the age
group under 6 years, 52% of the individuals had freckles. The number of neurofibromas
increased from 4% in the age-group under six years to 100% in that over 41 years.
Neurofibromas were recorded more often in females (75%) than in males (64%), but the
difference was not significant (p=0.7). Cutaneous and subcutaneous neurofibromas were
both seen in about 70% of cases, and pendulous neurofibromas in about 40% of the affected
patients. The number of cutaneous neurofibromas ranged from 10 to 100 in 45% of cases,
and exceeded 100 in 18%. A total of 77 patients underwent a MRI scan of the spine, and
spinal neurofibromas was observed in 26% of them. These included two patients from the
family with familial spinal neurofibromatosis. A plexiform neurofibroma was diagnosed in
33 patients (20%), the youngest being a boy aged one year and three months who had a
tumour at the back of the neck. In nine cases the skin was found to be hyperpigmented on
top of the plexiform neurofibroma, and in two the skin was also hairy.

A total of 123 NF1 patients were studied by a (neuro-)ophthalmologist, yielding findings
of Lisch nodules (≥ 2) in 92 cases (75%). In six children they were found only in one eye, at
ages of four, six, six, seven, eight and ten years. The youngest child with a diagnostic
number of iris Lisch nodules (≥ 2) was four years old. These nodules were seen in 81% of
cases in the age-group older than five years, and in 89% of those over the age of 20 years.
The number of Lisch nodules ranged from two to ten in 47% of cases, and exceeded ten in
50%. Optic glioma was found in 24/121 (20%) of patients. The mean age at diagnosis was 11
± 11 years (range two to 40 years), and in the children under 16 years (n=18) it was 6 ± 2.8
years (range two to 12 years). A total of 19 (79%) of the cases were symptomatic in the
ophthalmological examination and 5 (21%) asymptomatic.

14 cases of pseudarthrosis were ascertained and all were evaluated for other findings
suggestive of NF1. Pseudarthrosis was found in 5 males and 9 females. NF1 was further
diagnosed in 6 of them, all with the tibial bone affected and pseudarthrosis diagnosed at the
age of one year or earlier (paper VI).

Additional dermatological findings included haemangiomas in 9/164 patients (5%),
hypopigmented macules in 16/164 (10%) and hyperpigmented regions with a dark “dirty
skin“ impression in 50/164 cases (31%). Troublesome itching was reported by 30 subjects
(18%), 21 of whom suffered from atopia. A total of 23 out of these 30 patients (77%)
experienced itching of the skin above the neurofibroma or in areas where neurofibromas
appeared later. Abnormalities of the teeth were seen in 68 cases (42%), including 39 with
increased caries, nine with positional abnormalities, and 20 cases reported to have a
prosthesis by the age of about 30 years. Two patients had cysts in the jaw-bone.

Short stature ( ≤ -2SD for age and sex in Finnish children) was recorded in 18% of the
patients, 22% of the females  and 14% of the males (p=0.3). A markedly asymmetric face was
seen in 13 patients, and other dysmorphic features in seven. Five patients had features
characteristic of Noonan syndrome, although other members of these families with NF1 did
not have any signs of Noonan syndrome. Macrocephaly (head circumference ≥ +2SD for
age and sex) was diagnosed in 29% (46), this being more common in the males (36%) than in
the females (22%), (p=0.08) and there were 5 additional cases with macrocephaly who all had
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hydrocephalus as well, 3 of them because of an aqueduct stenosis and 2 because of a
tumour. These 5 patients were excluded from the macrocephaly calculations.

The MRI scan of the brain showed high-signal-intensity lesions in T
2
-weighted images

in 21 of the 31 cases of macrocephaly (68%). Twelve patients had macrocephaly and learning
difficulties, and nine of these showed high-intensity lesions. A total of 35/72 NF1 patients
with normal head circumference (47%) showed high-signal-intensity lesions in T

2
-weighted

MR images. These findings were significantly more frequent in the younger patients, being
seen in 84% of cases under 16 years of age and in 24% age 16 years or older (p=<0.001).
Other major MRI findings included one previously undiagnosed patient with
hydrocephalus and another with an adenoma of the hypophysis.

Malignant tumours were found in 11 cases (7%), the most common being a malignant
peripheral nerve sheath tumour, which occurred in five patients at the site of a previous
plexiform neurofibroma (paper II and IV). Of the total of 164 NF1 patients in the series, seven
died during the seven-year monitoring, and in three of them the cause of death was a malig-
nant peripheral nerve sheath tumour and its metastases, at ages of 23, 26 and 56 years. The
frequencies of symptoms and signs other than diagnostic features are reported in Table 10.

Learning difficulties at school and adult age and delayed developmental milestones at
pre-school age were observed in 46 patients (28%), 33 of whom were males (72%) and 13
females (28%) (p=0.001). Fine motor co-ordination problems were seen in 64 cases (39%),
and the IQ was under 85 in 22 (13%), eight of these being mentally retarded (IQ<70) and the
remaining 14 having a borderline intelligence with an IQ in the range 70-85. Only five of the
91 adults (older than 20 years) had passed the school matriculation examination (5%),
including one who was studying at university and one who had a degree in sociology.
Forty-six percentages of the adults were employed, 12% were unemployed, 4% were
housewives, 29% were receiving a disability pension and 9% were receiving a retirement
pension. One third of the adults had never worked outside their home. A psychiatric
diagnosis had been made in 17 adult patients (19%), pointing to chronic psychosis in five
and depression in 12.

A total of 106 NF1 patients (65%) suffered from one or more symptoms related to NF1
and needed either medical intervention, rehabilitation or observation. In 63 (38%) the
patient’s medical problems had been treated before NF1 was actually diagnosed. The mean
number of symptoms per patient was 2 ± 1, with a range from one to five. The findings are
shown in Table 10. Pseudarthrosis proved to be a perplexing orthopedic problem in which it
was difficult to achieve and maintain bony union and good alignment after manifestation of
the pseudarthrotic fracture. Numerous bone grafting operations and additional surgical
procedures were needed. Nails, plates, screws and fixation devices were removed, large
numbers of plaster casts and glass fibre bandages were prepared postoperatively or after
removal of the fixation devices, and various braces were used for early ambulation and the
prevention of recurrent angulation (paper VI).

About half of the patients needed hospitalisation because of NF1, and 111 (68%) had
undergone related surgery. A total of 107 (65%) had used the primary health care service 3 ±
6 times (range from one to 60) in the two years preceding the first genetic visit, and 146 (89%)
had had 4 ± 7 (range from one to 80) visits to a specialist hospital outpatient department. At
present 50 (82%) of the patients who are alive and under 16 years and 36 (38%) of the older
ones attend for regular follow-up examinations, at least once a year for children and once
every second year for older patients (p=<0.001).
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Table 10. Neurofibromatosis type 1: frequencies and percentages of symptoms
and signs other than diagnostic features in 164 patients.
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The mean severity grade of 164 NF1 patients on a scale where 2 denotes mild and 3
moderate severity was 2.6 ± 0.9. 19/164 (11%) cases were classified as minimal, 57/164 (35%)
cases as mild, 65/164 (40%) as moderate and 23/164 (14%) as severe. The severity was not
related to sex (p=0.9), but the older patients (≥16 years) (n=101) had a more severe degree of
NF1 than the younger ones (n=63), (p=0.04), the sporadic cases (n=70) were significantly
more severe than the familial ones (n=91), (p=0.008), and the probands (n=111) had a more
severe type than their affected relatives (n=53), (p<0.001) (Table 11).

Intrafamilial variability was assessed in 13 sibships including two to four affected sibs
(n=31). Two of these cases were classified as having the most severe degree of the disease
(Table 11), but they came from different families and there was no relationship between the
affected sibships and the grade of severity or number of diagnostic criteria. There were
altogether nine affected individuals belonging to two families, who had only cutaneous
features. Parental clinical status could be analysed in 107 cases. The father was affected in
21 cases and the mother in 47 cases, while in 39 cases both parents were considered healthy.
The grade of severity in the offspring was not related to whether the gene was inherited from
the mother (2.4 ± 0.9) or the father (2.4 ± 0.8) (p=0.8).

In one three-generation family seven members were affected with a rare spinal
neurofibromatosis (for pedigree, see Figure 1 in paper III) also fulfilling the NF1 clinical
criteria. The affected adults, at ages of 32, 37, 38, and 61, showed multiple spinal
neurofibromas symmetrically affecting all spinal roots (Figure 2 in paper III). In addition, all
the patients had several café au lait spots, one had numerous freckles in the axillary area, and
two had possible dermal neurofibromas, but iris Lisch nodules were not present. Other signs
of NF1 or NF2 were absent. Linkage study suggested a close linkage to the NF1 locus and
excluded it from the NF2 locus.

Altogether 64% of the adults (n=91) were or had been married, and 88% (n=51) of these
had altogether 132 children (mean 2.6, range from 1 to 11). 73% of the 34 affected women with
a history of pregnancy had reported new neurofibromas and growing of the existing
cutaneous neurofibromas during their pregnancies, and four had had toxaemia of
pregnancy. Three families had asked for a prenatal diagnosis, but none had eventually
considered the disease to be severe enough for any further prenatal analysis, although all
the cases were indicative in terms of linkage analysis.
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5.2. Neurofibromatosis type 5 (Segmental type) (II, IV, V)

Segmental NF was found in eight patients, two of whom were men and six women. Based on
these eight cases, the prevalence estimate for the segmental type of NF was 1.1/100 000 (1/
91500). The clinical findings for the eight adult individuals are shown in Table 12. In six of the
eight cases the segmental area was on the left side of the body and in four of them it was the
upper quadrant. In four patients the lesions were CLS and/or freckles, and in one these were
accompanied by neurofibromas. Three additional individuals had only a few neurofibromas
and one patient had multiple Lisch nodules as the only lesion. Three patients were mothers
of daughters suffering from classical NF1.

Table 12. Clinical findings in 8 patients with segmental neurofibromatosis (NF5).

.

5.3. Neurofibromatosis type 2 (IV, V)

Five NF2 patients, all male, were found in three families. Two of these cases were sporadic
and three were familial. Full clinical data was available for both sporadic cases and two of the
familial ones. The prevalence estimate for NF2 in Northern Finland on 31.12.1996 was
0.5/100 000 (1/183 000). In the two familial cases the first symptom was loss of balance, at
ages of 28 and 31 years. In the two sporadic cases the first sign was a cervical schwannoma
at the age of 14 years in one and a recurrent orbital meningioma from the age of 10 years in
the other one (see Table 3 in paper IV). A cranial MRI showed bilateral vestibular schwan-
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nomas and a spinal MRI numerous spinal tumours in all the patients. Three of the four cases
had several cutaneous tumours and all four between one and three café au lait spots of
diameter ≥ 1.5 cm, but no freckles. The ophthalmological examination showed an epiretinal
membrane, presenile cataract, nystagmus and corneal opacity, but no Lisch nodules.
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6. Discussion

The search for patients with NF in the Oulu University Hospital region covered a
geographically well defined area of Northern Finland with a total population of 733 037 and
an area of 155 211 square kilometres (14% of the country’s total population and 46% of its
total area) (Figure 5). Several methods of ascertainment were used and many of the index
cases were ascertained through various sources indicating that the patient search covered
the region relatively well. Mildly affected patients diagnosed and treated only in local
health centres may have been missed, however, and some undiagnosed cases and possibly
some unreported cases must certainly exist. Thus the incidences and prevalences of NF
calculated here should be taken as minimum values for Northern Finland.

6.1. Population genetics of neurofibromatosis type 1 (I)

The estimated overall prevalence of NF1 in Northern Finland was 1/4436, with the highest
period prevalence 1/2983, in the age group 10 to 19 years. Only four population-based
epidemiological studies of NF1 have been produced previously, and the prevalences in two
of them (Table 5) are of the same magnitude, being 1/4600 in Gothenburg, Sweden
(Samuelsson 1981) and 1/4150-1/4950 in Wales (Huson et al. 1989a). The third study, from
New Zealand, reported the highest overall prevalence (1/2190) (Fuller et al. 1989), which
could partly be explained by a small population effect, with a base population of  113 700.
The fourth report, from Italy allows the prevalence to be estimated, giving a lower rate than
elsewhere (1/6711) (Clementi et al. 1990). This finding is explained by the different methods
of ascertainment, as the primary material consisted only of probands referred for genetic
counselling because of CLS. In the Welsh series the observed figures were corrected by
adding extra cases to compensate for the loss of mildly affected young individuals with no
family history of NF, whereas in the present work use is made of period prevalence
calculations for different age-groups to find the most reliable prevalence estimates.
Increased mortality will obviously reduce the number of NF1 cases in the older age groups.

The overall birth incidence of NF1 was estimated to be 1/3647, but it varied from one time
period to another, being highest during the six-year period 1990-1995 (1/2703). The overall
birth incidence estimate in Wales was in the same range 1/2558 (Huson et al. 1989a). Given
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about 9000 live births per year in Northern Finland, one can estimate that there will be three
new NF1 children born annually.

The diagnosis of NF1 has clearly improved with time as shown by a drop in the mean age
at diagnosis in sporadic cases in the present material by an average of 10 years 16 ± 9 years
in the 1960’s to 6 ± 4 years in the 1980’s. The age-dependent prevalence/incidence figures
were also significantly higher in the younger age groups. This may reflect a better
awareness of the importance of diagnosing NF in suspected cases, improved knowledge of
the diagnostic features and a greater willingness to refer suspected cases for detailed
examination. The findings suggest that the incidence figures may be most reliable for
patients under 20 years of age, and the age-related period prevalences more accurate in the
same age-groups.

The mutation rate for the NF1 gene, 4.37 ± 0.72 x 10-5, is comparable to those observed in
the literature (Table 5), and confirms the very high figures reported previously. A birth order
effect, that sibs born later are more likely to be affected, was also found here suggesting that
parental age has an effect on the mutation rate. The mean paternal age in the cases with a
new mutation was significantly higher than in the general population, and the maternal age
was also much higher among the NF1 mothers as compared with the average Northern
Finland population. Similar findings have been reported previously by Riccardi (1992) and
Bunin et al. (1997), but the present linkage analysis and those in the literature have shown
that most of the new mutations are of paternal origin, suggesting that an elevated maternal
age in new mutation cases might not be so important. In the informative families examined by
linkage study, six out of the seven new mutations were of paternal origin, as has also been
observed in 28 out of the 30 previously published cases (93%) (Jadayel et al. 1990, Stephens
et al, 1992, Elyakim et al. 1994). On the other hand, more recent reports on families with
intragenic gross NF1 gene deletions have shown that the majority of them arise on the
maternal chromosome 17 (Upadhyaya et al. 1998).

As expected, no indication was found here of a founder effect for NF1 in northern
Finland. Most of the families with more than one affected individual were small, about 2/3 of
them being two-generation families, and only four four-generation families were found, an
observation wich is in accordance with previous studies (Samuelsson 1981, Huson et al.
1989a, Riccardi 1992). No uneven geographical clustering was observed, either. Studies with
close linked markers gave no indication of linkage disequilibrium.

An effect of NF1 on propagation was observed here, as previously. Genetic fitness in the
present material had decreased to about half of the expected in the presence of NF1 (0.48),
the effect being more marked in males (0.24) than in females (0.72). Interestingly, more marked
reductions in males were also found by Crowe et al. (1956) and Huson et al. (1989a), where
the observed fitnesses for all males were 0.41 and 0.31, respectively, those for all females 0.75
and 0.60 and the overall fitnesses 0.53 and 0.47. It has been suggested that the overall
reduction in genetic fitness in terms of fecundity is due partly to biological factors and partly
to non-biological factors such us selection against affected subjects marrying (Crowe et al.
1956, Huson et al. 1989a).

The segregation analysis of the NF1 families in Northern Finland agrees with autosomal
dominant inheritance, with a segregation ratio of 0.44, which is comparable to the figures
quoted by Huson et al. (1989a) and Clementi et al. (1990).

New mutations accounted for a maximum of 49% of the 197 NF1 patients when
anamnestic data obtained from the family and/or from the hospital records were also used, a
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figure that is in agreement with those published earlier (Samuelsson 1981, Huson et al.
1989a, Clementi et al. 1990). On the other hand, a group of cases identified during the period
1960-1995 in whom both parents of the index patient could be examined included only 32%
new mutations. This figure is much lower than the previously estimated overall mutation
figure of 49% and can partly be explained by the small number of parents examined (37 pairs).
However, it might also suggest that familial cases are more common than had been thought,
because mildly affected family members are easily overlooked without a systematic clinical
examination. In order to accept or reject the proposition of new mutations being less
common than was previously thought, more families with both parents available should be
studied.

In three families a daughter had classical NF1 while her mother had segmental NF. This
finding is exceptional and has been described earlier in only seven families (Rubenstein et
al. 1983, Boltshauser et al. 1989, Riccardi 1992, Moss & Green 1994, Huson & Ruggieri 1996),
in four of which the affected parent was the father and in three the mother. The findings in
these families suggest that the disorder in the parent-child pairs are of same origin and that,
in addition to segmental NF, the affected parent has mosaicism of the NF1 gene. If so the
individuals with segmental NF represent mosaics for the NF1 gene (Huson 1998).

In the linkage study of 20 NF1 families the presence/absence of the linked haplotypes
was concordant with the clinical phenotypes. Exceptional observations were seen, however,
in two families where linkage analysis showed the NF1 risk haplotype in a healthy child of an
affected parent. One explanation is that the children/adolescents were still at the
asymptomatic stage. This would be exceptional, as all the affected cases in this series had
already developed a diagnostic number of café au lait macules or some other diagnostic
features by the age of five years, as also in earlier reports (Huson et al. 1989a, Riccardi 1992,
Wolkenstein et al. 1996). Another explanation would be that the disease was not linked to
NF1 gene in these families. This is unlikely, because the affected parent in both families
fulfilled the NIH diagnostic criteria for NF1 (CLS and freckles in the first family, and
neurofibromas and Lisch nodules in the second family). A third explanation would be
mosaicism in a parent with NF1 in whom part of the germ-cells do not carry the NF1 mutation.
A fourth explanation would be non-penetrance of the NF1 mutation in the individuals in
question. Non-penetrance has previously been reported in three cases, a 50-year-old
unaffected woman who had an affected brother, son and grandson, an 45-year-old
unaffected man with an affected mother and daughter (Spence et al. 1983), and a healthy
individual with an affected father and two affected daughters (Spence et al. 1986). If the
present individuals represent non-penetrance its frequency can be estimated to be high as
3.7% (2/54). Although non-paternity is not probable one should exclude it with other
markers. Further molecular genetic studies are needed to resolve the role of this finding and
it is going to be finally answered only after the families NF1 mutation has been found.

The present intragenic linkage studies pointed to two cases with a deletion, 3% of those
investigated (n=66). Elsewhere such a mutation has been reported in only 10-20% of cases
in spite of the use of more modern techniques based on both DNA and RNA analysis (Shen
et al. 1996). A total of 246 mutations involved in NF1 had been reported to the NNFF
international NF1 mutation analysis consortium up to February 1999, 45% of them deletions.
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6.2. Clinical findings in neurofibromatosis type 1 (II-VI)

NF1 in Northern Finland showed mostly the same phenotype and clinical heterogeneity as
observed in other clinical studies.

The mean age at diagnosis in the whole material was relatively high (20 ± 16 years), but
was significantly lower in the younger generations (10 ± 9 years), those born in 1960 to 1995
(p<0.001). This is most likely due to improved diagnostic methods. According to the present
results, NF1 should be well diagnosable before the age of six years, with only a few
exceptional cases, as has been reported previously by others (Huson et al. 1988, Obringer et
al. 1989, Riccardi 1992, Cnossen et al. 1998a, Friedman & Birch 1997). The youngest patient
in this series was only three months of age, but there were no cases in the discharge records
in which NF1 was detected or reported in a newborn infant. All 27 children belonging to the
youngest age group (under six years) presented with a diagnostic number of CLS, about a
half had freckles and one out of five had Lisch nodules. It is interesting that 70% of the
children in this age group had an affected parent, as compared with the 56% in the whole
material, indicating that children of affected parents may not at present be affected any more
often earlier, but the diagnosis is suspected earlier.

It was possible to diagnose NF1 and differentiate it from NF2 and segmental NF purely
on clinical grounds and by taking into consideration the information on first degree
relatives. Additional clinical and imaging studies were useful to diagnose NF1 in some
cases, however, and in many cases they were used to extend the phenotype. The minimum
number of six CLS was observed in 96% of the cases in the present material, as compared
with 84 to 100% in the other populations studied (Table 4). CLS are important diagnostic
criteria but not pathognomonic for NF1; e.g. the prevalence of one to five CLS among
institutionalised unselected adult individuals has been reported to be as high as 10%
(Crowe & Schull 1953). On the other hand, freckles in the axillary or inguinal area were seen
in 87% of the present patients, and these have not been reported in healthy individuals and
only rarely in other diseases, with cutaneous manifestations such as Addison’s disease,
Leopard’s syndrome or Watson’s syndrome.

A total of 14 cases with pseudarthrosis were identified in Northern Finland, and six of
them had NF1, the percentage among the NF1 patients being 3%, as compared with 1% to
4% in other studies. The remaining eight cases found here confirmed that pseudarthrosis is
an independent disease which is connected with NF1 in about half of all cases, a finding also
reported in the literature (Fairbank 1994).

A common neuroimaging finding in the younger age-groups was high intensity T
2

signals, noted in 94 % of the children under the age of six years, and 84% of those under 16
years who had had a MRI head scan. This finding is so common that it could even be used
as a diagnostic criteria, as reported by Itoh et al. (1994) and North (1997). The present
findings indicate that the agreed diagnostic criteria are valid and help to achieve an early
diagnosis, but that additional features such as high intensity T

2
 signals may accelerate an

early diagnosis if accepted as diagnostic criteria.
In addition, molecular genetic analysis either by linkage analysis in familial cases or

though the finding of a mutation may be used to confirm the diagnosis in special situations.
In the present linkage study of 20 NF1 families there was concordance with the clinical
phenotype and with the family’s risk haplotype in 52 individuals. Only in two cases did
unaffected healthy young individuals who carried the family’s risk haplotype fail to show
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any signs of NF at the clinical examinations. Such cases need monitoring and
characterisation of the NF1 gene mutation in the family in question to find out whether they
in fact have NF1 or whether they represent cases of non-penetrance of the NF1 gene defect.
At present mutation analysis is not diagnostic in the major of families, and more advanced
molecular genetic techniques await development (Huson 1999). On the other hand, the
possibility of performing linkage analysis in familial cases also raises ethical questions of
predictive diagnosis in a clinically unaffected family member. Especially where a small child
or fetus is concerned, we are able to tell the family the disease status but neither the severity
of the disorder nor its prognosis.

The family in which seven members in three generations were affected with a rare spinal
neurofibromatosis (paper III) provides additional evidence that the rare form of NF1 first
reported in two families by Pulst (1991), and recently in another three-generation Spanish
family by Ars (1998) actually exists. One of the families observed by Pulst, like the family
described here, showed linkage to the NF1 locus, while a frameshift mutation in the NF1
gene was found in the Spanish family. Spinal neurofibromas were seen in MRI in 20/77
(26%) of the present cases, which was more often than had been suspected in the clinical
examination. The presence of a wide, symmetrical distribution of spinal neurofibromas is
rare, however, and the multiple spinal neurofibromas affecting all spinal roots symmetrically
in all adult members of this family are exceptional. In families with symmetrical appearance
of neurofibromas it is possible that the gene defect has a special effect on the neural crest
cells and their precursors in the nerve roots. In a case of suspected spinal
neurofibromatosis it is advisable to perform spinal MRI on all first degree relatives
suspected of having a precocious appearance of neurofibromas in the spinal areas even
without any other common features of NF1.

Another unusual clinical observation concerned eight cases with mainly cutaneous
features of NF1 in one segment or in a few dermatomes of the body. They all showed the
segmental type of NF, which has previously been described in only about 150 cases (Huson
1998).

NF1 has been considered to be a slowly progressive disorder with hamartomatous
lesions increasing in number and size with age, and the increasing appearance of diagnostic
features in older age groups found in the present material supports this opinion. In spite of
the progressive nature of the disorder in Northern Finland, its mean grade of severity was
between mild and moderate (2.6), and in about half of the individuals (47%) it remained
either a cosmetic disorder or a relatively well accepted familial disorder (Table 11). Similar
results have been reported in Wales by Huson et al. (1989a), where the mean severity was
closer to mild (2.2), and in Houston, Texas, by Riccardi (1992), with a mean severity similar
to the current result (2.6).

Even though it has been suggested that NF1 could already be diagnosable in newborn
infants, there are no case reports of this in the literature. Similarly, the youngest patient in
the present series was three months of age. On the whole, the main reason for the further
examination of young infants at the University Hospital was to confirm the diagnosis, and
only very few infants had any symptoms related to the disorder that needed medical
treatment, with the exception of those with pseudarthrosis. All the cases with
pseudarthrosis of the tibia were found before or at one year of age. The medical problems
entailed in the rare congenital plexiform neurofibroma are usually cosmetic, with possible
associated hemihypertrophy (Gutmann et al. 1997). A plexiform neurofibroma at the back of
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the neck in one infant in this series caused both a cosmetic and a diagnostic problem, but
without any symptoms at the age of one year and four months.

Optic glioma and learning difficulties were the main complications of NF1 in childhood
and adolescence with frequencies of 11/36 (31%) and 19/36 (53%), respectively. Of the
children with an optic glioma, 8/11 (73%) had vision problems. These were mild in five cases,
causing reduced visual acuity and bilateral visual field defects, but in three children the
symptoms were so serious that operative and/or radiation therapy were needed. Learning
difficulties were a common problem in childhood and adolescence and were found in 53% of
cases. Learning difficulties were observed in 28% of cases in the whole material, a lower
figure than that reported in North America (70%; Riccardi 1992), and in about the same range
as in Wales (33%; Huson 1994), or in the NNFF international database (40%; Friedman &
Birch 1997) (see Table 4 in paper II). The overall frequency of intellectual handicap (IQ<85)
seemed to be higher than in the previous reports, while that of mental retardation (IQ<70)
was 5%, i.e. comparable to that found elsewhere (Riccardi 1992, Huson 1994, Friedman &
Birch 1997).

The main features needing a medical follow-up in adulthood were psychiatric problems,
problems related to pregnancy, and the increased risk of malignant tumours. Many patients
appeared to have problems with coping with NF, including cosmetic problems. 17/91 adults
(19%) were treated for a psychiatric diagnosis, the most common being chronic depression
(12/17). Zöller (1997), in her recent 12-year follow-up study of 70 adult NF1 patients, reports
that about 1/3 of them had a mental illness. She also found that the disease had a significant
influence on psychiatric symptoms and personality variables, dysthymia being the most
common diagnosis. The present psychosocial variables describing how an affected
individual is coping with NF showed that 26/91 (29%) were receiving a disability pension, a
situation that was more common than in the general population (8%), 58/91 (64%) were or
had been married and 55/91 (60%) had children, both being in about the same range as in the
general population. The NF1 individuals as a group were less educated than the general
population, only 5/91 (5%) having passed the school matriculation examination. The
pregnancies of 34 NF1 women were mostly normal, with the exception of four cases where
toxaemia of pregnancy was reported, suggesting that there might be a small subgroup of
NF1 women who need special monitoring of pregnancy, a finding also observed earlier
(Dugoff & Sujansky 1996).

The most difficult complications were malignant tumours, which were observed in 8/91
of the adults. They were most common in the age group 21-30 years, where 3/22 (14%) died
of complications of NF during the seven-year monitoring period, indicating an increased risk
of mortality. The most common cause of death was malignant peripheral nerve sheath
tumour (MPNST), in five cases, i.e. one out of every seven plexiform neurofibromas in this
material showed malignant transformation (see paper II and IV). Similar findings are reported
in other two Scandinavian long-term follow-up studies, where a 42-year follow-up pointed to
a relative risk of 4.0 (95 % confidence limits 2.8 to 5.6) of probands with NF1 developing a
malignant neoplasm or a benign central nervous system tumour (Sorensen et al. 1986) and a
twelve-year follow-up study in Gothenburg, Sweden, by Zöller et al. (1995) reported 22
deaths among 70 adult NF1 patients and a malignancy in 55% of them, whereas 5.1 deaths
were expected in the general Swedish population (p<0.001).
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The latter authors also reported a reduction of about 15 years in the mean age at death,
to 61.6 years as compared with 75 years in the population statistics. These results reveal that
NF1 is a progressive disease with a higher risk of premature death.

6.3.  Neurofibromatosis type 2 (IV, V)

The prevalence figures obtained here and the figures from England (Evans et al. 1992b) lie in
approximately the same range. The calculated prevalence of NF2 was 0.5/100 000, but this
figure must be considered only a rough estimate, due to the small number of cases.

The diagnostic criteria and features of NF2 are more flexible than those described for
NF1, and include a subgroup of individuals who have possible NF2 and need further
monitoring to resolve the situation. In addition, it has been shown that molecular genetic
analysis is at present more helpful in the question of NF2 than with NF1, and it has been
estimated that the mutation can be found in about 50% of NF2 cases (Gutmann et al. 1997,
Huson 1999). Similar difficulties were encountered in diagnosing NF2 here as elsewhere
(Evans et al. 1992b, Parry et al. 1994). In both sporadic cases the diagnosis was reached
accidentally while treating one of the rare features of NF2 that needed medical attention. A
diagnosis was similarly reached in the familial cases only after a complication connected
with NF2 had been recognised. A clinician who is experienced with NF2 is needed to suspect
it, especially when the first sign is not a vestibular schwannoma.

NF2 as a disease in general shows remarkable interfamilial variation, but it is usually
similar in all affected family members of the same family.

6.4. Genetic counselling, care and follow-up of neurofibromatoses (II)

Due to the complexity and wide variability of NF, all affected individuals and their families
need a proper clinical examination and genetic counselling, preferably by an experienced
clinical genetic team. A special examination form as used in the present study (Appendix 1)
and by others (Friedman et al. 1993) will guarantee that all the points involved in NF are
examined carefully. It also allows a systematic follow-up of the various features
prospectively during monitoring. Careful clinical examination of first degree relatives was
shown to be the best way to acquire adequate information on their NF status. In addition it
was shown to be the only way to find those relatives who are mildly affected and those who
might present with segmental NF, but who in all probability still have the NF1 gene and thus
are at risk of passing it to the next generation. It is suggested that only if both parents are
clinically examined and found healthy is it possible to be fairly sure that the affected
individual represents a new mutation. The risk for the next child may be low, but the risk of
non-penetrance might be worth discussing. Even though non-penetrance has very seldom
been reported with NF1 (Spence et al. 1983, Spence et al. 1986), the present findings of two
possible non-penetrance cases raise the question again, and more research is needed to
reject or prove the role of possible non-penetrance in NF1.
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Early diagnosis is needed to alleviate unnecessary worries, and collaboration between
specialists such as a paediatrician, neuropaediatrician, dermatologist, neurologist,
ophthalmologist, oncologist, pathologist, audiologist, neurosurgeon, paediatric surgeon,
internist and clinical geneticist is needed to recognise those NF cases that need immediate
medical attention and to organise monitoring. In agreement with earlier reports (Riccardi
1992, Huson et al. 1989b), it was found that patients and their families appreciated genetic
counselling and follow-up visits, during which the whole picture of NF with its variability
and unpredictability was clearly explained. In an ideal system it should be every patient’s
and family’s option to visit a NF clinic at least once, while follow-up examinations can
usually be organised in the patient’s own local hospital following recommendations from the
NF team.

The results gained here show that individually scheduled monitoring is needed from the
viewpoint of both the patient and the family. In the diagnostic phase a follow-up examination
may be needed half-yearly or yearly to confirm the diagnosis and to help the family adapt to
the situation. Later on, monitoring is needed in cases of NF1 in particular, for the early
detection of possible developmental delay, macrocephaly or optic glioma (Huson et al. 1988,
Wolkenstein et al. 1996, Gutmann et al. 1997, Cnossen et al. 1998a). The value of a cranial
MRI and/or regular  neuro-ophthalmological follow-up examinations should be carefully
evaluated (Listernick et al. 1997). In young adulthood or adolescence patients may need
individual counselling on the inheritance and genetic aspects of NF. Adult patients should
be instructed to note any changes in their condition, such as a sudden increase in the size of
the existing tumour, and for this purpose individually scheduled monitoring is needed.
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7. Summary and conclusions

NF1 appeared to be as common in Northern Finland as in other geographical areas, with an
overall prevalence of about 1/4000 and a birth incidence of 1/3500. These are probably
minimum estimates, because there will always remain some undiagnosed cases and some
patients may die prematurely, and if these factors are taken into account, more reliable
prevalence and birth incidence figures would be 1/3000 and 1/2700. No clusters of patients
or founder effect were detected, and most of the families identified were small.

Genetic fitness was reduced. About half of the cases were new mutations, even though
a closer estimate might give lower figures, most of the new mutation cases were of paternal
origin and the mutation rate was similar to those reported elsewhere. The penetrance of the
NF1 gene was apparently very high, but the observed possible non-penetrant cases
suggest that it was probably not 100%. Nearly all of the cases examined had classical NF1,
with a few exceptional phenotypes observed, among them one family with spinal
neurofibromatosis, pointing to the usefulness of MRI for diagnosing NF, and eight rare
segmental NF cases, including three families in which a mother had segmental NF and her
daughter classical NF1, suggesting that these three affected parents may show a unique
mosaic form of NF1.

The established clinical diagnostic criteria for NF1 were found to be excellent. The
problem is that they are not commonly enough known, so that the diagnosis of NF is still
made too late, even though the age at diagnosis is lower nowadays than it used to be. Of the
features other than diagnostic criteria, high intensity T

2
 lesions were so common that they

could be used for early diagnostic purposes, especially in early childhood. The usefulness
of close polymorphic NF1 gene markers was also observed, confirming their profitability in
supporting the diagnosis and making prenatal diagnosis possible in informative families.
One problem is possible reduced penetrance of the NF1 gene.

NF1 was found to be of same severity in Northern Finland as elsewhere, most of the
cases being mildly or moderately affected. A constant finding was a progression of the
disease over the years, reflected in an increase in the number of clinical diagnostic criteria.
Interfamilial and intrafamilial variation was high and a number of patients needed regular
medical treatment. In addition, it was significant how much NF affected the individual’s life
through regular hospital visits, the achievement of a lower education than in the general
population, difficulties in finding a permanent job and effects on family planning. In
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addition, a higher risk of malignancy and mortality was found. In conclusion, NF proved to
be a complicated and remarkable disease even beyond its somatic symptoms.

Because of its pattern of inheritance and its great clinical and individual variability, NF1
should be recognised as early as possible, already in early childhood if possible, and the
patient and family should be conducted to genetic counselling. The above observations
considered together confirm that a multidisciplinary NF team is needed to take care of NF
patients and their families.
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Appendix 1

NF examination form [modified from Friedman et al. (1993)]

Name Date of examine

Growth
Height Weight Head circumference

Café au lait spots
Size Number

Freckling
Axillar Other

Neurofibromas
Subcutaneous Cutaneous Pendulous
Plexiform Internal

Other skin problems
Haemangiomas Xanthogranulomas Depigmentation
Hyperpigmentation Troublesome itching Other

Ocular abnormalities
Lisch nodules Proptosis Strabismus
Cataract/opacity Optic glioma Other

Auditory abnormalities
Sensory neuronal hearing loss Age at onset Other

Cardiovascular abnormalities
Congenital heart disease Hypertension Other

Gastrointestinal problems

Dentition problems

Endocrine abnormalities
Normal age at puberty Menarche Other

Neurological
Seizures Headache Hydrocephalus
Other

Intellectual/educational
Highest education completed Developmental examine results
IQ Full scale IQ Verbal IQ Performance

Orthopaedic abnormalities
Pseudarthrosis Congenitally bowed tibia Scoliosis/Kyphosis
Dysplastic vertebrae Spinal compression Dysplastic sphenoid wing
Long bone thinning Long bone bowing Bone cysts
Long bone cortical atrophy Bony overgrowth Bony asymmetry
Other

CT/MRI Scan
Brain Orbits Optic nerve
Spine Other area

Dysmorphic features
Photo on file Noonan phenotype Facial asymmetry
Soft tissue asymmetry Other
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