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Neurofibromatosis 1 (NF1) is a hereditary monogenic disorder. Common symptoms are cafe au lait spots and / or axillary or inguinal freckles, and cutaneous neurofibromas. In a
recent population-based study the cancer risk of NF1 patients was twice compared to average population. This is a case report of patients with variable disease in three generations

with GIST and various neuropsychologic symptoms in family, and in which the pathogenic NF1 variant was identified first at the RNA level and then at the DNA level. The case report

confirms that GIST tumor is a universal symptom in different NF1 PVs and good academic skills can be achieved even if neuropsychological symptoms are challenging.

INTRODUCTION

Neurofibromatosis1(NF1)isahereditarymonogenicdisorder.
Common symptoms are cafe au lait spots (hyperpigmented
lesions that are flat coffee-colored skin lesions, borders may
be smooth or irregular) and cutaneous neurofibromas (benign
Schwann cell tumors affected nerve on or under the skin) (Table
1). NF1 results in variable expression with variable onset of
diagnosis, variable severity of the disease and varying symptoms.
NF1 gene is a RASopathy gene and a tumor suppressor gene,
in which more than 2000 pathogenic variants (PV) are known.
Most of the germline pathogenic variants in NF1 patients are
frameshift mutations that usually cause severe truncation of the
gene product followed by splice-site mutations altering mRNA
splicing and affecting the correct splicing [1]. Pathogenic variant
in NF1 gene is identified in approximately 95% of cases by using
double characterization at the DNA and RNA levels [1]. This is a
case report of patients with variable disease in three generations
with different tumors and various neuropsychologic symptoms
in family, and in which the pathogenic NF1 variant was identified
first at the RNA level and then at the DNA level. Compared to
average population the cancer risk is double for NF1 patients
based on a population-based series of more than 1400 patients
over 25 years’ follow-up [2]. Nowadays NF1 is attempted to be
diagnosed and surveillance started as early as possible.

NF1 CASES IN THE FAMILY
Patient

When the patient was 9 years old, the doctor noted cafe au

lait spots and axillary freckling and sent a referral to a clinical
geneticist for further diagnostic examinations. The patient had no
learning difficulties in academic skills, but she gets tired during
the school day compared to her sibling, who does not have a NF1
diagnosis. There is a soft tissue lump on her neck, and there are
freckles on her neck near this lump. MRI scan revealed the lump
as the plexiform neurofibroma. The daughter has difficulties in
executive function: starting and maintaining activities when the
activities are not personally motivating, or the subject is difficult.
During remote school (due to COVID-19), it has been particularly
difficult to finish things.

Mother

The mother has more than 6 pieces of café au lait spots, as
well as axillary freckles and skin freckles throughout her body.
The mother has not had neurofibromatosis findings on the
skin, or neurofibromatosis type pains or side differences. She
does not have learning difficulties in academic skills except in
mathematics. The mother has difficulties with visual-spatial
performance. This causes challenges for example in finding her
parked car in a parking lot. She has also been diagnosed with
ADHD as an adult.

Mother’s father

The mother’s father was diagnosed with NF1 at the age of 48
based on his symptoms. He has café au lait sports and several skin
neurofibromas, which have been removed a dozen times. He has
had a plexiform neurofibroma in the right upper arm, which has
been removed due to nerve symptoms in the upper limb. At the
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Table 1: Revised NF1 diagnostic criteria proposed by International Consensus Group on Neurofibromatosis Diagnostic Criteria were published in
August 2021 (Legius, 2021). Revised changes to the previous criteria (Legius, 2021) are shown in indented bullet (UPDATED:). Criteria proposals
aim is to incorporate new clinical features and genetic testing and for better separation of NF1 from other diseases with spot symptoms.

A clinical diagnosis of NF1 is based on agreed criteria. The diagnosis can be considered certain if the patient has at least two of the following

symptoms:

At least 6 cafe au lait spots (flat coffee-colored skin lesions) with a size exceeding 5 mm before puberty or exceeding 15 mm after puberty

o UPDATED: At least one of the two pigmentary findings (café-au-lait macules or freckling) should be bilateral.

Freckles in axillary or inguinal regions

o UPDATED: At least one of the two pigmentary findings (café-au-lait macules or freckling) should be bilateral.

Neurofibroma (at least 2 regular or 1 plexiform)

Optic glioma

Lisch nodules of the iris (at least 2)

o UPDATED: or two or more choroidal abnormalities (CAs)—defined as bright, patchy nodules imaged by optical coherence tomography

(OCT)/near-infrared reflectance (NIR) imaging

Skeletal development disorder such as sphenoid wing dysplasia or thinning of long bone cortex, with or without pseudarthrosis

A first-degree relative (parent, child or sibling) has been diagnosed with NF1

o UPDATED: Parent has been diagnosed with NF1

Genetic research has shown an NF1 genetic defect (pathogenic variant)

age of 74 years an MRI scan showed diffusion thickness of spinal
nerves in the spinal canal. On the left side, a small thickening
suitable for neurofibroma attached to the L4 nerve root. At C1-
C2 level there are neurofibromas that spread extraspinal. In both
brachial plexuses plexiform neurofibromas have been identified.
The mother’s father is not using pain medication. The symptoms
have not progressed during surveillance of the last 5 years.
The patient has numbness in the right arm. ENMG examination
indicated a peripheral symptom that fits a conclusion that
neurofibromas have affected nerve roots and distal nerves.
Operational treatment has not been recommended. Regular
magnetic control of the cervical spine is arranged. The father has
been treated for GIST in 2008 when he was 65 years old. Three
synchronous GISTs were removed from ileum, jejunum and
stomach. All three GIST were primary and were low or very low
risk tumors and were KIT positive.

The family’s pathogenetic variant in NF1 gene and the
method to found it

Clinical geneticist conducted a clinical examination of the
9-year-old girl, mother and mother’s father. Based on a clinical
examination of the 9-year-old patient and verified family medical
history, the girl and the mother were diagnosed with NF1. The
mother’s father was diagnosed at 80’s on the basis of his clinical
picture. Gene tests were done from the patient’s sample to
identify the family’s pathogenic variant. NF1 gene sequencing,
MLPA-analysis of copy number variation and neurofibromatosis
next-generation sequencing (NGS) panel were unable to find a
pathogenic variant. The pathogenic variant was observed at the
RNA level. Sequence analysis of this patient’s cultured lymphocyte
cDNA sample using an RNA-based long-range PCR and next
generation sequencing screening protocol identified aberrant
inclusion of 86 base pairs (r.8113_8114ins8113+18113+85
p-(Ser2705SerfsTer3)). The addition of 86 base pairs causes
a shift in the reading frame of the codons in the mRNA, which
lead to the alteration in the amino acid sequence at protein
translation. The variant was confirmed in the cDNA of the NF1
gene, and is c.8113+86A>G. This is causative and clinically

important heterozygous pathogenic variant (ACMG Class 5). No
other variants of clinical relevance were detected in the NF1
transcript.

DISCUSSION

This family’s NF1 PV was found by RNA/DNA method. This
method was selected, because the double characterization of the
pathogenic variant at the DNA and RNA levels has been shown
to be highly effective in the detection of frameshift mutations
and splice-site mutations [1]. RNA sequencing is routine used
in NF1 molecular diagnosis, but it is not a routine in monogenic
disorders mainly due to the problems with RNA stability
and availability [3]. In NFI1 many of the identified splice-site
mutations are located outside the canonical splicing sites and not
be found by DNA analysis [3]. The combined RNA/DNA method
plus deletion/duplication screening using MLPA increase PV
detection sensibility up to approximately 97% [4]. The family
was initially diagnosis as NF1 by clinical picture, until it was
possible to confirm this via RNA / DNA method.

The family has been diagnosed NF1 in at least three
generations, and, as far as we know, also most likely in a fourth
generation in the patient’s mothers’ fathers’ parent. This family
case is typical in the sense that the NF1 pathogenic variant has
caused a variable phenotype and all relatives with the pathogenic
variant have some NF1 symptoms. The mother has noticed
neuropsychiatric challenges in her herself and in her daughter
(patient). The patient and her mother’s father both have plexiform
neurofibroma. Plexiform neurofibromas develop within
peripheral nerves and their perineurial sheaths, and can invade
adjacent tissue by disrupting the perineurium, remaining non-
metastatic and benign [5]. Plexiform neurofibromas may cause
pain with an increased mortality risk due to the transformation
to malignant tumor [5] (Table 2). In addition, in this family there
has been a predisposition to NF1 related malignant tumors.

Regular surveillance is important for NF1 patients, because
the patients have a greater risk for malignant tumors than general
population. Crucial in surveillance is that the NF1 patients are
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Table 2: Typical age of onset and penetrance of selected NF1 symptoms. (Legius 2021, Blanchard 2016, Heerva 2013, Elefteriou 2009, P6yhonen

1997).

Symptom Appearance Penetrance
Long bqne d.yspla51a su_ch as anteriolateral tibial bowing and Congenital Less than 5 %
sphenoid wing dysplasia

Diffuse plexiform neurofibromas of the By the age of 1 year Less than 5 %
face and neck

Cafe au lait spots (flat coffee-colored By the age of 5 years More than 95 %

skin lesions)

Freckles in axillary and inguinal regions

Approx. at the age of 6 years

Approx. 70 %

Optic glioma (most patient conditions can be managed conservatively)

By the age of 6 years

15-20 % to 5 % Penetrance starts to
decline at the age of 10 spontaneously

Lisch nodules

At the age of elementary
school

Approx. 95 %

Rapidly progressive form of scoliosis

Between ages six and ten
years

Not available

Diffuse plexiform neurofibromas of other parts than face and neck

By adolescence

Approx. 50 %

Neurofibromas on or under skin from
few to thousands

Adolescence

Approx. 95 % by adulthood

Osteoporosis, increased risk of fractures

Young adulthood

Approx. 30 %

Table 3: Increased cancer risk in NF1. (Petr 2018, Evans 2017, Gruber 2017, Uusitalo 2016, Agaimy 2012, Rodriguez 2008).

Cancer

Cancer risk

Typical onset

Malignant pheochromosytoma and paraganglioma

Less than 10 %

42 years

GIST (Gastrointestinal Stromal Tumors)

25 % years

average 49 years

MPNST (malignant peripheral nerve sheath tumor) 10-15 % 20 - 40 years
Diffusely infiltrating astrocytoma or other malignant CNS tumor | Rare Not available
Breast cancer 10x when under 40-years

aware of their cancer risk and other symptoms that should be
paid attention to and informed to doctor. Increasing clinical
knowledge and awareness on NF1 also helps the surveilling
doctor to identify possible malignant tumors early allowing for
better treatment. For these reasons it is important to arrange
surveillance for all NF1 patients.

During surveillance removal of benign tumors that are
painful or cosmetically harmful can be planned. It is also possible
to discuss on neuropsychological symptoms and receive required
support and rehabilitation. Blood pressure should be monitored
annually due to the risk of increased diastolic blood pressure [6]
and skin examination due to the risk of a rapid increase in the
number and size of neurofibromas. NF1 patient’s assessments of
quality of life are diminished in both children and adults [7].

Malignant tumor risk in NF1

Usually, NF1 tumors are benign. Still treatment of benign
tumors can be challenging depending on their location as was
the case in the patient’s mother’s father where they affected his
quality of life. New information has been published on risk for
malignant tumor in NF1 (Table 3). The risk of breast cancer in
the average population of a Finnish woman is approximately
13%. The incidence of breast cancer in NF1 patients under the
age of 40 is more than tenfold and in patients under 50 about
five times greater than in average population [2,8]. Compared
to the average population, breast cancers in NF1 patients are
more often estrogen and progesterone receptor negative and

HER2 gene amplification positive. NF1 patient’s breast cancers
tend to be more advanced and may have an increased breast
cancer related mortality [2,9]. In 2019 a surveillance guideline
for NF1 women aged 30-50 years on annual breast magnetic
resonance imaging (MRI) and mammogram was published in
2019 [10]. This recommendation has been given to the mother.
After 50 years the breast cancer risk of NF1 women starts to
decline towards the risk of average population [11]. In Finland
there is a biannual mammography breast cancer screening for all
women aged 50-69. There is no evidence in the benefit of risk-
reducing mastectomy, but GIST tumor occurs more frequently
in NF1 patients than in average population, and the tumor is
located more often in the small intestine (duodenal, jejuno-ileal)
[12]. NF1 patient’s GIST usually does not contain KIT or PDGFR
mutations, which reduces the options for targeted treatment
such as imatinib [13]. In this case the father was diagnosed with
GIST at a later age (64 years) that the average onset age for NF1
patients (45 years). GIST tumor is a common malignant tumor
in NF1 patients in all NFI PVs. Also, neuroendocrine tumors,
particularly of the periampullary duodenum, are characteristic
to NF1 [12]. Pheochromocytoma and paraganglioma in NF1 are
usually benign, but often hormone producing causing significant
morbidity and mortality excess catecholamine secretion
and cardiovascular crises [14]. A combination of GIST and
neuroendocrine tumors such as somatostatinoma raises a strong
suspicion of NF1 [15].

Malignant peripheral nerve sheath tumor (MPNST) are

JSM Clin Oncol Res 9(1): 1068 (2021)

3/6



@SCiMedCentral

Kankuri-Tammilehto M (2021)

nerve-associated sarcomas, most of which arise in pre-existing
plexiform neurofibromas of NF1 patient. MPNST is suspected
when a rapidly growing and hardening plexiform neurofibroma
related unexpected pain is identified, and unexplained
neurological symptoms are observed. The incidence of MPNST in
NF1 patients is more than a thousand times greater than in the
general population [16,17]. In NF1 related MPNST the prognosis
is worse than in sporadic MPNSTs, and NF1 related MPNSTSs are
quite aggressive and tend to metastasize, however the five-year
survival has risen from 30 % to about 50% [18,19]. The best
way to improve the prognosis is an early diagnosis as complete
surgical resection is required to cure.

At least 15% of patients with NF1 develop optic pathway
glioma, which are mainly benign grade I pilocytic astrocytoma
[20]. Radiotherapy of benign gliomas of the optic nerve has
been shown to increase the risk of second cancer in the treated
area. For this reason, active treatment is recommended only in
those rare cases when optic glioma behaves aggressively, and
conservative treatment is not sufficient [21]. Because of this MRI
of the head for screening purposes is not recommended for NF1
children [20], but at the age of 8 medical doctors can arrange the
MRI imaging from the brain. High grade gliomas are rare [22].

Rhabdomyosarcoma, an uncommon malignant soft tissue
sarcoma, in which urogenital system is usually involved [23], and
juvenile myelomonocytic leukemia (JMML) [24], are rare or very
rare in NF1 patients. There is insufficient data to recommend any
routine screening for them [22].

NF1 patient’s surveillance should be done in specialist
centers familiar with their wide spectrum of symptoms and
with multidisciplinary care. Imaging technological advances
may improve the screening of hard to detect malignant tumors
in NF1 patients [25,26]: whole-body screening for malignancy or
malignant transformations for NF1 patients is a topic of current
discussion but is not currently recommended.

Neuropsychological risks in NF1

Approximately half (40-60%) of NF1 patients have learning
difficulties [27,28], which are seen also in elderly NF1 patients
[29].NF1 patients with learning disabilities have more depression,
sensitivity to stress and uncertainty on NF1 symptoms [30].
Problems in visual- spatial skills and auditory long-term memory
seem to be specific NF1 related deficits [31]. Deficits in attention,
visual-spatial performance, and social competence, are most
commonly seen in NF1 patients, but in addition problems with
executive function, and memory are frequently seen [32]. In
this case the families view is that neuropsychological difficulties
clearly affect negatively everyday life.

Visual deficits are expansive and can be responsible for
severe difficulties in everyday life, such as interpreting social cues
and learning academic skills [33]. NF1 visual-spatial difficulties
includes problems with perception and interpretation, difficulty
in assessing spatial relationships and directions, problems with
visual motoric coordination, and difficulty in perceiving parts of
the whole. Deficits in visual spatial skills make it difficult to read
map and learn routes, understand the mechanisms and operation
of devices, and spatial reasoning of geometry. Spatial learning
deficits may be an important target for cognitive interventions

in children with NF1. Lovastatin administered once daily for
16 weeks was investigated but it did not improve visuospatial
learning or attention in children, and it is not recommended for
amelioration of cognitive deficits [34].

Auditory memory problems are possibly related to deficits in
language use and comprehension, this support observations of
problems in processing social information [31,35].

In general attention deficit hyperactivity disorder (ADHD)
may influence motor performance, but recent research pointed
that motor problems in NF1 seem to be independent from
attention deficit [36]. At least 30% and maybe approximately
50% of children with NF1 fulfill ADHD or poor attention criteria,
and ADHD was much more common in children with NF1 than in
their siblings or parents [27,37,38].

Executive function is a set of mental skills and processes that
allows an individual to function with focus and according to the
situation [39]. Executive functions include planning, organization,
abstract concept formation, acting according to plan, problem-
solving, flexible thinking, inhibitory processes, tolerance to
distractions, rule deduction, sustained attention, and working
memory [32,39]. Evaluation of executive function is difficult in
studies, often questionnaires are used [40], interviewing the
subject and his/her inner circle and additional observational
measures [32]. Problems with organizational skills are often
mentioned in NF1 patients [41].

Children with NF1 seem to have more errors in working
memory tasks compared to other children, although the reaction
times does not differ between these two groups [35,37].

The mother says that she and her daughter have some of these
difficulties. The mother has difficulties in visual observations, for
example she does not remember people’s faces well. Patients
with NF1 have described to have difficulties in academic skills,
but there have been no such difficulties in this family, except in
mathematics in the mother. Patients with NF1 have more fatigue
than population on average and this is also the case in this family.

The mother has an ADHD diagnosis. She says: “If the
environment or external activity is not highly structured, it is
difficult to act. In everyday life this has appeared as difficulties
with cleaning and other household chores, especially finishing
them. As younger when studying there were difficulties in larger
projects. Now, as an adult, university studies seem to be going
well again, but this requires strong scheduling, etc. structure, the
making of which I myself have learned to do as an adult.”

NF1 children who are diagnosed early can have well planned
surveillance since early childhood, support learning at home
and in enable earlier detection of emerging academic problems
in school and efficiently react to them [42]. Neuropsychiatric
examinations and support measures should be arranged as soon
as they become necessary. However, arranging this support also
for those who have been diagnosis as adults is justified [30,31].

Blood pressure and osteoporosis

NF1 is associated with increased blood pressure, especially
due to renal artery stenosis or pheochromocytoma and therefore
annual blood pressure monitoring is warranted [6]. In adults for

JSM Clin Oncol Res 9(1): 1068 (2021)

4/6



@SCiMedCentral

Kankuri-Tammilehto M (2021)

the risk of osteoporosis calcium and vitamin D -treatment should
be considered and if required density boney measurements
arranged [43].

CONCLUSION

In conclusion, the incidence of NF1 is about 1/2000 [44],
so among rare diseases it can be categorized as a common rare
disease. It is known that NF1 PV may appear de novo, in which
case there are no NF1 cases in the family’s previous generations.
It is known that some adult NF1 patients are not in surveillance
because the patienthas notbeen diagnosed due to mild symptoms.
However, she or he may be at risk of malignant tumors and may
have psychosocial problems for which surveillance and supportive
treatment would be beneficial. A clinician should refer to a clinical
geneticist if NF1 suitable symptoms are found even if treatment
is provided for other diagnoses. If an adult patient has had two
diagnosed neurofibromas on or under the skin even if she or he
does not have other symptoms, diagnostic neurofibromatosis
gene panel test [45] is warranted to be considered. Nowadays,
a child patient is usually diagnosis early in life because almost
all NF1 patients show up with cafe au lait spots by the age of 5
years. RNA/DNA method plus deletion/duplication screening
using MLPA have enabled to diagnose molecular NF1 early in life.
A child who meets one or more clinical criterion (Table 1) should
have NF1 molecular genetic testing offered to confirm if NF1
is the correct diagnosis, as a misdiagnosis most likely leads to
incorrect surveillance. Co-existence of GIST and neuroendocrine
tumor, such as somatostatin, should raise the possibility of NF1,
and lead to diagnostic genetic testing.

Previously very few clear genotype-phenotype correlations
have been observed [46]. Best known is NF1 microdeletion
syndrome, where the whole NF1 gene is deleted in the other allele
and that causes a difficult disease with greater risk for malignant
tumor, particularly MPNST risk, and severe cognitive problems
compared to other PVs. A higher number of café au lait spots seem
to associate with truncated mutations compared to missense
mutations [4]. Up to now contradictory NF1 neuropsychological
symptoms have been reported that may be caused by differences
in genotype- phenotype. In a recent GWAS study potential
modifier genes that might example NF1 phenotype variability
have been observed, including potential genes in RAS pathway,
myelination process of Schwann cells and cell cycle genes [47].
Phenotype variability according to neuropsychological factors
are not explained only by hereditary PVs, but differences in
cognitive skills are also affected by the environment where the
child grows up [33,42]. This case report pointed that in the family
with a novel splice-site mutation NF1 patients’ experience is
that neuropsychological symptoms influence significantly their
everyday life. Tumor profile evaluation in this family confirmed
previous observation that GIST tumor is universal symptom in
different NF1 PVs. In this family the GISTs were KIT-positive even
though in most reported NF1 cases GISTs are KIT-negative. In
future, more evaluation of tumor profile and neuropsychological
factors affecting in different NF1 PVs are warranted.

In near future, new targeted anti-cancer medication affecting
the Ras-signaling pathway may also help NF1 patients. Anti-Ras
inhibitors for cancer treatment are under evaluation in NF1
patients [48].
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