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Background: Neurofibromatosis 1 (NF1) is a relatively common genetic disorder linked to skeletal abnormalities and elevated risk of
cancer. Early onset scoliosis is common in patients with NF1 although severe scoliosis is rare. Scoliosis complicates the normal
development and growth and may lead to thoracic insufficiency syndrome. The increased risk for breast cancer in young NF1 female
patients has been recently identified.

Case Presentation: We describe a NF1 patient with dystrophic scoliosis symptoms emerged at childhood. At 37 years of age major
scoliosis curve in the thoracolumbar region was 80 degrees. The patient was diagnosed with breast cancer at the age of 37 years,
histologically the breast cancer was ductal, hormone receptor positive and Her2-positive.

Results: A novel pathogenic variant in NFI p.(Trp2348*) was identified by next-generation sequencing method. The patient did not
have pathogenic variants in BRCA genes or in other currently known hereditary breast cancer genes.

Conclusion: Here, we describe a novel pathogenic variant in NF/ named p.(Trp2348*) which may cause severe dystrophic scoliosis
and deteriorate the quality of life and physical function, as well as Her-2 positive breast cancer. Untreated dystrophic scoliosis in
patients with NF1 may result in significant spinal deformity and deteriorate the quality of life and physical function. Genetic
counseling is recommended in all patients with NF1. Patients need routine follow-up throughout life. Multidisciplinary consulting
is warranted in patients with neurofibromatosis 1.
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Introduction

Type 1 neurofibromatosis (NF1) is an autosomal dominant disorder caused by a pathogenic variant in the NF/
gene in chromosome 17q11.2." NFI gene works as tumor suppressor gene by producing neurofibromin protein
which controls cellular growth and differentiation. Abnormal function caused by a pathogenic variant of the NF/
gene leads to abnormal cell proliferation, which leads to multisystemic manifestation including abnormalities of
the nervous tissue, soft tissue, skin, and bone. Café au lait spots and plexiform neurofibromas are common
clinical manifestations (Box 1). NF1 is one of the most common genetic disorders, with prevalence approxi-
mately 1:2500-3000."

NF1 patients may have skeletal manifestations such as short stature, osteopenia or osteoporosis, tibial bowing,
congenital pseudoarthrosis (false joint), and scoliosis.! Spinal deformities are common in patients with NF1.>* Often
NF1 patients have mild scoliosis. However, some NF1 patients have dystrophic scoliosis, a more severe type of scoliosis.
Dystrophic scoliosis is a rapidly progressing early onset scoliosis with characteristic spinal changes.”> Dystrophic
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Box | Revised NFI Diagnostic Criteria Proposed by International Consensus Group on Neurofibromatosis Diagnostic Criteria VWere
Published in August 2021 (Legius, 2021). Criteria Proposals Aim is to Incorporate New Clinical Features and Genetic Testing and for
Better Separation of NFI from Other Diseases with Spot Symptoms

A Clinical Diagnosis of NFI 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 |5 mm after puberty

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

Freckles in axillary or inguinal regions

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

Neurofibroma, at least 2 regular or | plexiform

Optic glioma

Lisch nodules of the iris,
® At least 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 NF|
® Parent has been diagnosed with NFI

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

scoliosis often presents a striking curvature (short and angular) in the thoracolumbar spine and is often associated with
extensive kyphosis.

Spinal tumors are common in dystrophic scoliosis.** Severe dystrophic scoliosis may lead to neurologic injury.
Dystrophic scoliosis does not typically respond to conservative treatment. Surgical treatment is warranted with growth-
friendly instrumentation in infantile patients and spinal fusion in adolescent patients. Untreated scoliosis may lead to
decreased quality of life and pulmonary compromise. Surgical treatment in patients with NF1 is complicated due to poor
bone quality, sharp angular curvatures, vertebral rotation, and dural ectasia.* Male-to-female ratio of 4:1 was reported for
surgically treated dystrophic scoliosis in NF1 child patients.*

Case Presentation
A 38-year-old woman originally from the Middle East received referral to the Department of Clinical Genetics after
moving to Finland at the age of 37 years. She had a clinical diagnosis of neurofibromatosis 1. Skin freckles were
observed in the upper body along with six café au lait spots, large plexiform neurofibroma was observed in the right sided
chest area which was surgically removed at the age of 37 years. Neurological status was normal. Patient is 142 cm tall.
Patient was evaluated with native radiographs, computer tomography, and magnetic resonance imaging (MRI). Severe
dystrophic kyphoscoliosis was present in the plain radiographs. Imaging revealed severe kyphoscoliosis with major scoliosis
curve in the thoracolumbar region of 80 degrees and a marked kyphosis. Thoracic height (T1-T12) was 185 mm. MRI scan
revealed three masses in the abdominal cavity which were suspected as neurofibromas. Anomaly in T12 vertebra and severe
lumbar vertebra rotation was observed in CT and MRI scans. Patient had no spinal tumors and no compression of the spinal cord.
Patient had worn an orthopedic cast at the age 3 to 4 for early onset scoliosis. Operative treatment was suggested but
the family had refused the treatment. Currently, the patient is able to walk for 10 minutes before muscle cramps forces
her to rest. Patient has pain in the lower extremities and experienced shortness of breath during minor physical
performance. Patient does not experience back pain at rest or when moving. Patient manages light physical activities
and work but lifting of heavy objects is not possible and rotational movements are not recommended. The patient was
recently evaluated by an orthopedic surgeon in our university hospital. Despite the marked deformity, surgical treatment
was not recommended to the patient as it would be unlikely to improve the symptoms. Patient is being monitored for
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Figure 2 3-D reconstruction of the patient. Severe kyphosis is seen.

progression of the deformity. Patient did not either want surgical treatment. Physiotherapy was organized for the patient.
Spinal deformity has not progressed during the 6-year follow-up in Finland (Figures 1-3).

At the age of 37 patient was diagnosed with ductal breast carcinoma. The carcinoma was estrogen, progesterone
receptor, and HER2 positive by immunohistochemistry. Patient was treated with surgery (mastectomy and reconstruction)
combined with radiotherapy and adjuvant therapy. Patient has remained disease free.

Family

The patient’s mother and aunt have reportedly similar clinical signs and symptoms suggesting NF1. None of the family
members had severe scoliosis. There were no other breast cancer cases in the near family. Family members did not
participate in NF1 genetic investigations.

Result of Genetic Studies
Patient’s DNA from peripheral blood was analyzed using neurofibromatosis next-generation sequencing gene panel
which presented a heterozygous nonsense variant in the NF/ gene c.7044G>A in exon 47, GenBank reference sequence
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Figure 3 MRI of the patient’s thorax. Paraspinal neurofibromas are seen.

(NM_000267.3(NF1). Variant is also named c.7107G>A, p.Trp2369Ter according to GenBank reference sequence
NM_001042492.3(NF1). Variant was confirmed by bi-directional Sanger sequencing. This variant has not been observed
in the large reference population cohort in Genome Aggregation Database (gnomAD) or in Sequencing Initiative Suomi
(SISu) database which refers to the pathogenicity of the variant. This variant changes the amino acid from a tryptophan to
a premature stop codon [p.(Trp2348%*)], and is expected to result in an absent or disrupted protein product and is
predicted to cause loss of normal protein function either through protein truncation or nonsense-mediated mRNA decay.
Loss-of-function variants in NF'/ are known to be pathogenic. The variant described here has been previously reported
twice in NF1 patients by laboratory of Invitae (classified as pathogenic, ClinVar database, ID: 404475) and by laboratory
of Ambry Genetics (classified as pathogenic, ClinVar database, ID: 404475). In silico MUTTASTER analysis evaluated
the pathogenicity of the variant as disease causing. The same variant has been recently associated also with somatic
variant in brain tumors.’ So far, there is no functional evidence in ClinVar for this genetic NF1 variation. The American
College of Medical Genetics and Genomics and the Association for Molecular Pathology (ACMG/AMP) classification
system is an important interpretation standardization system for variants and, according to this system the variant is
classified as likely pathogenic.® We suggest here, that the NF1 variant identified here should be classified too pathogenic.
This is because the variant presents a nonsense mutation, and it is rare in control populations and has been found earlier
in two individuals with a NF1 phenotype. No other pathogenic variants were found in BRCA genes or in currently known
other hereditary breast cancer genes.

Discussion

Skeletal deformities are common in NF1. However, there are fewer published reports about severe scoliosis in NF1.2
Here, we describe an adult NF1 patient with dystrophic early onset scoliosis, her performance status and found
pathogenic variant in NF1. The presently described patient had poor physical performance and shortness of breath
during normal ambulation which is likely to partly be caused by the spinal deformity. Despite of severe thoracolumbar
deformity the patient’s physical performance is good. She manages light physical activities and work. Surgical treatment
for early onset scoliosis during adult age is unlikely to significantly improve the pulmonary symptoms. Patient als did not

want surgical treatment.
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Approximately 10% of NF1 children have early onset scoliosis.*’ Dystrophic scoliosis often progresses even after
skeletal maturity to a severe deformity thus requiring surgical treatment. Growth-friendly treatment is used to prevent the
progression of the deformity while allowing further spinal growth in young patients with early onset scoliosis.**"
Thoracic height of 18 cm is considered satisfactory to prevent thoracic insufficiency syndrome.' Spinal fusion is used in
adolescent and adult patients. Severe early onset scoliosis may complicate normal cardiopulmonary development and
lead to decreased pulmonary function.'' Most cases of NF1 associated dystrophic scoliosis are progressive. Due to the
risk of severe progression surgical treatment in childhood is often recommended, although there is no clear consensus on
the indications of the surgical treatment.* Operative treatment of dystrophic scoliosis remains a significant challenge.
Complications and need of revision surgery are common in patients with dystrophic scoliosis. NF1 patients have an
increased risk for osteoporosis'? and risk increases with age. Bisphosphonate and asfotase alfa in combination have been
used after spinal surgery in NF1 patient at her Middle Ages after to enhance bone healing.'

The patient described here had neurofibromas typical to NF1 and ductal breast carcinoma at relatively young age similarly as
recently observed in NF1 patients without familial breast cancer risk.'* NF1 gene functions as tumor suppressor. Patients with
NF1 have increased prevalence of both benign and malignant tumors. Recently it has been reported that ductal breast carcinoma in
patients under 50 years is significantly more common in female NF1 patients than in the general population.'>'® Elevated risk of
breast cancer should be assessed in patients with NF1.'® Our patient has been organized annual mammography and breast MRI for
the evaluation of the collateral breast until the age of 50 years.

Our study emphases that the identified NF'/ variant is pathogenic 1) because this variant is found in our patient having
a typical NF1 phenotype, 2) the same variant has previously reported in two other patients with NF1 phenotype, 3) the
variant is exceptionally rare and not found in control populations, 4) the variant is a nonsense variant, and 5) it is in silico
MUTTASTER analysis a disease-causing variant. Previously, nearly 700 nonsense mutations have been reported in NF'1.
Genotype-phenotype correlation in NF1 is not well understood.*'” Previously, only a few clear genotype-phenotype
correlations have been observed.'® In a recent study skeletal abnormalities were associated with frameshift variants.'
The variant in our patient changes the amino acid from a tryptophan to a premature stop codon [p.(Trp2348%*)], and is
expected to result in an absent or disrupted protein product and is predicted to cause loss of normal protein function
either through protein truncation or nonsense-mediated mRNA decay. Our study provided a new potential finding on the
genotype-phenotype correlation in NF1. Thus, further studies on this topic are urgently warranted.

In a recent study it was shown that in mice that NF1 expression in bone marrow osteoprogenitors is required for the
maintenance of the adult skeleton.”® Recent studies suggest that a somatic NF1 second hit mutation contributes to
dystrophic scoliosis.*'**

Based on the ClinVar database the other of the two previously reported NF1 patients had a cardiovascular phenotype.
In some NF1 patients the hypertrophic cardiomyopathy has been seen®. Cardiac ultrasound was also performed with our
patient because of the Herceptin treatment due to her Her-2 positive ductal breast carcinoma. No abnormalities were
found in the ultrasound. Currently, cardiac ultrasound screening is not a routine in NF1 patients.

Conclusion

We described a novel pathogenic variant in NF/ named p.(Trp2348*) which may cause severe dystrophic scoliosis and
deteriorate the quality of life and physical function, as well as Her-2 positive ductal breast carcinoma. Untreated
dystrophic scoliosis in patients with NF1 may result in significant spinal deformity and deteriorate the quality of life
and physical function. Genetic counseling is recommended in all patients with NF1. Patients need routine follow-up
throughout life to detect possible associated diseases at early stage. Multidisciplinary consulting is warranted in
management of patients with neurofibromatosis 1.

Consent for Publication

This study is a case report and informed consent was obtained from the patient regarding the use of information obtained
during clinical treatment included consent for case details and accompanying images to be published. The patient had
been treated at the hospital. As no new samples were required a separate ethics board permit was not required.
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