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RESEARCH PERSPECTIVES

Spinal and Paraspinal Plexiform Neurofibromas in Patients
with Neurofibromatosis Type 1: A Novel Scoring System
for Radiological-Clinical Correlation

M. Mauda-Havakuk, “*'B. Shofty, “S. Ben-Shachar, ““L. Ben-Sira, ““’S. Constantini, and “*'F. Bokstein

ABSTRACT

BACKGROUND AND PURPOSE: Neurofibromatosis type 1is a common tumor predisposition syndrome. The aim of this study was to
characterize the radiologic presentation of patients with neurofibromatosis type 1 with widespread spinal disease and to correlate it to
clinical presentation and outcome.

MATERIALS AND METHODS: We conducted a historical cohort study of adult patients with neurofibromatosis type 1 with spinal
involvement. Longitudinal clinical evaluation included pain and neurologic deficits. Radiologically, spinal involvement was classified
according to a novel classification system, and a radiologic risk score was calculated.

RESULTS: Two hundred fifty-seven adult patients with neurofibromatosis type 1are followed in our center. Thirty-four of these patients
qualified for inclusion in this study. Three independent factors were found to be associated with increased risk for neurologic deficit: 1)
bilateral tumors at the same level in the cervical region that approximated each other, 2) paraspinal tumors at the lumbar region, and 3)
intradural lesions. On the basis of these factors, we calculated a combined risk score for neurologic deficits for each patient. We found a
clear correlation between patient status and the calculated radiologic risk score. Patients with neurologic deficits were found to have a
higher risk score (9 = 8.3) than patients without neurologic deficits (2.5 2.9, P < .05). Patients who progressed during the follow-up period
had significantly higher scores at presentation than patients with stable conditions (9.9 * 8.73 versus 3.9 = 5.3, respectively; P < .05).

CONCLUSIONS: In this series, neurologic deficit is correlated with tumor burden and subtype. We found no direct correlation with tumor
burden and pain. Our novel radiologic classification scoring system may be used to predict increased risk for neurologic morbidity.

ABBREVIATIONS: NF1 = neurofibromatosis type 1; PN = plexiform neurofibromas

eurofibromatosis type 1 (NF1; Online Mendelian Inheri-
Ntance in Man #162200) is a common genetic autosomal
dominant syndrome. NF1 effects approximately 1:2000 individuals
worldwide." The syndrome is characterized by a combination of
clinical traits: café au lait macules, Lisch nodules (iris hamartomas),
neurofibromas (cutaneous, subcutaneous, plexiform), optic path-
way gliomas, and bone dysplasia."
Spinal manifestations of NF1 include bone changes such as
acute kyphoscoliosis at the cervical-thoracic junction and verte-
bral body anomalies, soft-tissue abnormalities such as dural ecta-
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sia and lateral meningocele, and various spinal tumors."* Neo-
plastic spinal involvement in NF1 varies widely; patients may be
affected by nerve sheath tumors such as neurofibromas, plexiform
neurofibromas (PN), and intramedullary glial tumors. Figure 1
demonstrates a typical case of a complex spinal involvement in a
patient with NF1. To date, no association has been found between
spinal tumor burden and clinical outcome.

Generally, an operation is reserved for tumors associated with
progressive neurologic deficits.” Patients with NF1 with massive
spinal involvement present a major clinical challenge. Often the
burden of the disease is overwhelming. Thus, it is extremely dif-
ficult to follow up, even using innovative volumetric assessment
methods. It may also be difficult to identify the culprit tumor
responsible for specific clinical symptoms. Malignant transfor-
mation, though rare, poses a significant problem and usually also
necessitates surgical resection when feasible.’

Many biologically targeted therapies have been used in the
clinical and preclinical setting. A few examples are RAS (receptor
associated) targeted therapy, mTOR (mechanistic target of rapa-
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FIG 1. Complex spinal manifestation in a patient with NF1. Spinal MR imaging study of a 36-year-
old asymptomatic patient with NF1. Note that the tumors involve all the neuroforamina in the
cervical and lumbar segments (A and C). Axial T1 with gadolinium demonstrates massive paraspinal
involvement of the thoracic region (B). Sagittal T2 with fat saturation of the lumbar region
demonstrates multiple tumors in the neuroforamina and in the lumbar spine (C).

mycin) inhibitors,” interferon,® or multi kinase inhibitors.” Re-
cently, promising preliminary results were published'® demon-
strating a response to treatment with mitogen-activated protein
kinase inhibitor in a phase 1 study. The possibility of medical
treatment for PN further highlights the need to accurately prog-
nosticate patients with spinal NF1.

There is a clinical subtype of NF1, “spinal-NF1,” that is asso-
ciated with a unique phenotype and genotype and should be dif-
ferentiated from regular NFl-associated spinal involvement.
These patients (spinal-NF1) characteristically display massive
neoplastic enlargement of most of the spinal roots and multiple
paraspinal tumors, with very few of the dermal manifestations
typical of NF1."'" Molecularly, in patients with spinal-NF1, a large
deletion encompassing the NFI gene can be found.

Our study focuses on spinal involvement in patients with NF1
in general, rather than the spinal-NFI subtype. Included were
both patients with spinal-NF and those with NF who presented
with spinal manifestations.

The aim of this study was to characterize the variety of spinal
radiologic presentations of patients with NF1. In addition, we
propose a novel classification and radiologic scoring system for
patients with spinal involvement. We intended to demonstrate a
correlation between our scoring system and symptoms such as
pain and neurologic deficits.

MATERIALS AND METHODS

This study was approved by the institutional review board of Tel-
Aviv Medical Center. Records of all 257 adult patients with NF1
treated at the Gilbert Israeli NF1 Center between 2008 and 2014 were
retrospectively reviewed. Thirty-four patients with documented
NF1-associated neoplastic spinal involvement, including MR imag-
ing studies of the spine (at least 2 MR imaging studies) and sufficient
clinical follow-up data (>2 years of clinical follow-up) were included
in the analysis. Each patient’s imaging studies were evaluated and
classified with our classification method by a radiology resident
(M.M.-H.), under the supervision of a senior neuroradiologist (L.B.-
S.); both were blinded to the clinical condition of the patients.
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Patients were initially grouped ac-
cording to their clinical presentation:
asymptomatic and symptomatic (with
pain or neurologic deficits); then, we an-
alyzed specifically the groups of patients
with pain or neurologic deficits related
to their spinal manifestations.

We tried to develop a new radiologic
classification that would allow risk strat-
ification of spinal patients with NF. We
therefore classified the tumors into 4
groups:

1. Foraminal tumor: a tumor involving
the nerve roots and the neuroforamen.

2. “Kissing” tumors: bilateral-foram-
inal tumors that approximated each
other at the same level, to <2 mm,
with significant compression of the
cord or thecal sac (See Fig 2B for an
example).

3. Paraspinal tumor: a tumor epicentered lateral to the neurofo-
ramina, having a large soft-tissue component outside the spi-
nal canal.

4. Intradural tumor: a tumor epicentered inside the thecal sac.

See Fig 1 for an example of our radiologic classification system.
Tumors were counted and scored independently for each

subtype. For example, a patient with a paraspinal tumor in the
cervical segment received 1 point for this region and 0 points
for the thoracic and lumbar regions. For tumors in group 1
(foraminal), the number of spinal levels (nerves) involved was
counted for each spinal segment on each side. For example, a
patient with bilateral cervical foraminal tumors in 3 different
levels was given a score of 6 for cervical foraminal tumor. For
tumors in group 2 (kissing), 1 point was given for each level
involved. Tumors in group 4 (intradural) were rare, usually
involving a single lesion per segment; their presence or absence
was also documented for each segment. Because tumors in
group 3 (paraspinal) are manifested as bulky, massive, paraspi-
nal, soft-tissue masses that cannot be counted for multiplicity,
we decided to take into account the presence or absence of the
paraspinal tumor in each spinal segment (cervical, thoracic,
lumbosacral). See Fig 2A for a schematic representation of our
classification system. The overall clinical course was deter-
mined on the basis of the clinical documentation and then
correlated with radiologic data.

For statistical analysis, we used SPSS, Version 21 (IBM,
Armonk, New York). Differences in the mean distribution of
the tumors between groups of patients at presentation (symp-
tomatic versus asymptomatic, pain versus no pain, neurologic
deficit versus no neurologic deficit) were evaluated with the
Student independent samples ¢ test, with significance setat P <
.05. Tumor subgroups that demonstrated a significant differ-
ence (P < .05) or a trend difference in prevalence (P < .1)
among the clinical groups were further analyzed. The effect of
each tumor subtype on the outcome measures (pain, neuro-
logic deficit, neurologic deterioration), as indicated by the pre-
vious analysis, was evaluated with a logistic regression, and the
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FIG 2. Schematic representation of our classification of spinal in-
volvement in NF1 (A). A red circle represents tumors within the
neuroforamina (group 1). Blue circles represent bilateral tumors
within the neuroforamina with sac compression (kissing neurofi-
bromas, group 2). The green ellipse represents paraspinal involve-
ment (group 3). The purple ellipse represents an intradural lesion
(group 4). A patient with this imaging result would have received a
score of 6 for cervical foraminal, 2 for thoracic, 2 for lumbar fo-
raminal, 1for thoracic paraspinal, 1for intradural thoracic, and 2 for
2 pairs of lumbar kissing tumors. The spinal cord schema image has
been released as part of an open knowledge project by Cancer
Research UK and attributed to Cancer Research UK/Wikimedia
Commons. B, T2 with fat saturation coronal MR imaging study of
the lumbar region of a patient with NF1. In the yellow rectangle, we
see an example of 2 pairs of bilateral tumors approximating each
other at the same level to <1-2 mm, with significant compression
of the thecal sac (kissing PN). Note the large paraspinal component
of the tumors (group 1).

odds ratio for outcome was calculated. A radiologic risk score
was computed on the basis of the ORs of the significant cate-
gories for each patient and was correlated with neurologic and
radiologic outcome. The complete risk score calculation would
be the following:

OR, X ntumors; + OR, X n tumors, ... OR, X n tumors,,.

RESULTS

Of 257 adult patients with NF1 followed in our institution, 41
(15.9%) had documented spinal involvement based on spinal im-
aging. Thirty-four (83%) had sufficient clinical follow-up data to
be included in this study. Seventeen of the patients (50%) were
females; the median age at first spinal imaging was 31 years (range,
14-55 years). The mean follow-up time was 3.5 = 2.9 years. Sev-
enteen patients (50%) had a positive family history of NF1. Fif-
teen patients (44%) underwent an operation due to progressive
symptomatic spinal disease.

Follow-up data were available for 30 patients. Four patients
were excluded from the outcome analysis due to either surgeries
at presentation (n = 3) or insufficient follow-up data (n = 1). At
the last follow-up, 7/30 (23%) patients available for evaluation
demonstrated radiologic progression. Tumor distribution varied
widely; see the Table for detailed description of the entire group.

We analyzed tumor distribution according to the following factors:

e Symptomatic: Only 22 of 34 patients (64%) were symptomatic
at presentation due to their spinal disease. The spinal distribu-
tion of the tumors did not differ between symptomatic and
asymptomatic patients for all tumor types. The only exception
was group 2, kissing neurofibromas in the cervical region.
Those were more abundant in the symptomatic group com-
pared with the asymptomatic group (1.1 = 2.3 versus 0.3 =
0.78, respectively; P <.05). (See Fig 3 for a detailed distribution
of symptomatic and asymptomatic tumors by group.)

e Pain: Fifteen of 34 patients (44%) had pain associated with their
spinal disease. The spinal distribution of the tumors did not
differ between patients in either group (Fig 4).

Neurologic deficit: Thirteen of 34 patients (38%) presented
with neurologic deficits related to their spinal disease; 21/34
(62%) were neurologically intact. These patients had signifi-
cantly more tumors in the cervical and lumbosacral regions
(Fig 5). Kissing cervical neurofibromas were more common in
patients with neurologic deficits than in intact patients, with an
average of 1.7 £ 0.7 versus 0.2 * 0.6, respectively (P < .05). A
similar difference in the amount of kissing neurofibromas was
found for the lumbosacral area, with an average of 2.83 = 1.4
versus 0.95 * 2.2, respectively (P < .05). In addition, a differ-
ence between the groups was observed in the number of pa-
tients with cervical paraspinal tumors. In the neurologically
impaired group, more patients had cervical paraspinal tumors
(0.46 = 0.15 patients) in comparison with the neurologically
intact group (0.2 * 0.4 patients, P < .05).

We tried to quantify the impact of differences in tumor distri-

bution at different levels on clinical status (as manifested by
pain and neurologic impairment). Thus, we used a series of
logistic regressions examining the increase in associated risk of
neurologic deficit or pain with each type of tumor (stratified by
group and location). Three independent factors were found to
be associated (either statistically significant or with a trend to-
ward significance) with an increased risk for neurologic deficits:
The first was the presence of kissing neurofibromas (group 3)
in the cervical region, the second was associated with para-
spinal tumors (group 1) in the lumbar region, and the third
was related to intradural disease (group 4) (Fig 5), with re-
spective ORs of 1.7 (P = .07), 3.7 (P = .08), and 4.2 (P =
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.03). On the basis of these data, we calculated a risk score for
neurologic deficits for each patient. The risk score was cal-
culated as follows: the number of kissing neurofibromas was
multiple by 1.7, if lumbar paraspinal tumors were present we
added 3.7 and if an intradural disease was present we added
4.2.

Calculation of Radiologic Risk Score

Risk score = 1.7 X n (of cervical kissing neurofibromas) + 3.7 (if
lumbar paraspinal tumors were present) + 4.2 (if an intradural
disease was present).

For pain, no risk factors were found to be significant. In addi-
tion, no difference related to pain was found in the risk score.
Patients with neurologic deficits were found to have a significantly
higher risk score, with an average of 9 = 8.3, compared with 2.5 *
2.9 in neurologically intact patients (P < .05, Fig 6).

While a total of 34 patients were included in this study, we only
had long-term follow-up data for 30 patients. During the fol-
low-up period, 24/30 (80%) remained neurologically stable, while
the conditions of 6/30 (20%) deteriorated. The mean risk score
calculated according to the proposed method was significantly
higher for patients with deteriorating conditions (10 * 8.7) com-
pared with those with stable conditions (3.9 = 5.3, P < .05).

Detailed tumor distribution for the entire cohort (n = 34)

DISCUSSION

The main findings of this article are based on a novel radiologic
classification system that correlates well with clinical presentation
and outcome, producing a potentially useful radiologic risk scor-
ing method.

Patients with NF1 with spinal involvement present the treating
multidisciplinary team with unique difficulties. High tumor bur-
den poses a significant radiologic challenge when attempting to
assess anatomic progression. Clinically, it is often difficult to dis-
tinguish the culprit tumor responsible for the symptoms. Due to
the complexity and associated morbidity of plexiform neurofi-
broma operations, they are often kept as a last resort when all
other conservative therapeutic measures have failed and the tu-
mor responsible for neurologic deterioration is identified beyond
all doubt. In light of the novel treatment options for PN currently
being developed (at least among patients with NF1), a means of
evaluating these tumors and their course of progression is essen-
tial for treatment decision-making. "’

In a series of 149 patients with spinal neurofibromas, spinal
involvement was classified into several types according to the an-
atomic location of the tumors in the spinal canal and foramina.'?
Despite the large number of patients in the cohort, only 12 had
NF1, and only a minority of the patients had multiple spinal tu-
mors. We found 3 other studies that
looked into the incidence and variety of

Group 1: Group 2: Kissing Group 3: . Group 4'b spinal tumors in patients with NF1 more
Neuroforaminal® Neurofibromas® Paraspinal Intradural . .
specifically. Recently, a large series of
Cervical 73+ 6(0-14) 0.8 =19 (0-6) 10 (29%) 3(8%) . o .
Thoracic 4.9 *£7.5(0-24) 0 13 (38%) 3(8%) spinal findings in patients with NF1 was
Lumbo-sacral 8.8 = 7.7(0-20) 16 * 3.5(0-16) 15 (44%) 5 (14%) published, describing 97 patients with

2 The average number = SD of involved levels in each spinal region for each tumor type for the entire cohort (n = 34).

Numbers in parentheses represent the range of affected levels.

© Number of patients (%). Note that for intradural and paraspinal tumors, the number represents the total number of

patients, regardless of how many levels are affected.

baseline imaging of the spine.'” In this
series, 78 patients had spinal neurofi-
bromas, but only 26 patients had clinical

s Asymptomatic vs. symptomatic
Asymptomatic N=12
12
B Symptomatic N=22

é ° * p<0.05
5
5 8
£
2

6

*
4

T ]

Paraspinal

Foraminal Kissing Foraminal

Cervical

Thoracic

1 ..

Kissing

| e

Kissing Paraspinal Foraminal Paraspinal

Lumbo-sacral

FIG 3. Spinal tumor distribution in asymptomatic and symptomatic patients. Error bars represent the standard error of the mean.
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Pain vs. no pain
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FIG 4. Spinal tumor distribution in patients with and without pain. Error bars represent the standard error of the mean.
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FIG 5. Spinal tumor distribution in patients with neurologic deficits and in neurologically intact patients. Patients with neurologic deficits had
more paraspinal tumors in the cervical region (group 1) and more kissing NF (group 3) in the cervical and the lumbar regions. Error bars represent

the standard error of the mean.

and radiologic follow-up. The authors did not provide radiologic
correlation to neurologic deficits or to any other symptoms. The
only prognostic finding in that series was an increased risk of
spinal curvature abnormalities associated with paraspinal
PN."’ In 2 other studies of patients with NF1 with spinal in-
volvement, correlation between imaging and clinical outcome
was found only in the cervical region® or specifically for intra-
dural involvement.'*

Most of the patients in our series demonstrated a severe bur-
den of spinal disease presenting with multilevel disease. This find-
ing probably represents a selection bias because usually the more
severe cases are referred to tertiary NF1 centers such as ours, with
a strong neuro-oncologic and neurosurgical orientation. The fol-
low-up period in our series is relatively long (3.5 years) with a
good follow-up adherence by patients (~90%), allowing us to
better evaluate the clinical and radiologic outcome.
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Radiological score at presentation

Radiological score according to
clinical deterioration
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FIG 6. Radiologic risk scores for different patient groups. Symptomatic patients (with neurologic deficits and/or pain) had higher scores
compared with asymptomatic patients (A). Patients showing neurologic deterioration had higher scores compared with patients with stable

conditions (B).

Sixty-four percent of our patients were symptomatic at pre-
sentation; 24% had both pain and neurologic disability. In our
series, only 20% of patients demonstrated clinical progression.
We saw no difference in overall tumor burden at presentation
between patients with progressive or stable neurologic condi-
tions. This illustrates the lack of a simple correlation between MR
imaging tumor burden and clinical outcome. We found that in
general, the correlation among radiologic manifestations, clinical
presentation, and outcome is limited when using traditional ra-
diologic evaluation. This limitation motivated us to develop a
radiologic risk score aimed at predicting long-term neurologic
outcome.

From our data, 2 factors emerge as having a significant influ-
ence on a patient’s neurologic outcome: kissing neurofibromas in
the cervical spine and paraspinal lumbar tumors. In addition,
intradural tumors, as expected, tend to cause significant neuro-
logic morbidity as well. We incorporated all of these cardinal ra-
diologic risk factors into a simple, easy-to-use radiologic risk
score. This score has shown a good correlation with the clinical
condition at presentation, with significantly higher scores in
symptomatic patients with disease-associated neurologic deficits
(Fig 6A). In addition, individual patient scores were highly pre-
dictive of clinical progression. Patients with neurologic deteriora-
tion had an average score of ~10 compared with an average score
of ~4 in patients with clinically stable conditions (Fig 6B).

This new scoring system, though requiring further validation
in prospective, long-term follow-up studies, may aid in risk strat-
ification of a patient with complex spinal NF1, assist in determin-
ing radiologic and clinical follow-up intervals, and help clarify the
need for medical treatment. In addition, these risk factors should
be taken into account when presented independently, in cases in
which the risk score is unusable.
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This work has a few methodologic limitations. First, the his-
torical cohort design has the shortcomings of any retrospective
study. In addition, the numbers in our series are limited; this
feature necessitated minimally reduced statistical significance lev-
els in some of the analysis. Another shortcoming is the design of
our radiologic risk score, which was built for patients with high
disease burden and probably will not serve to predict neurologic
deterioration or indicate the need for surgical intervention in pa-
tients with a single spinal tumor or a limited disease burden.

We believe that our study helps to characterize and classify
the challenging population of patients with NF1 with spinal
involvement.

CONCLUSIONS

In this limited series, 3 factors were found to be highly correlated
with neurologic deficit: paraspinal tumors in the cervical region,
kissing neurofibromas in the cervical region, and intradural le-
sions. Pain was not correlated with tumor burden in any of the
spinal segments. Our innovative radiologic classification and
scoring system produces a risk score that is significantly associated
with the neurologic impairment and clinical progression. This
score may aid in identifying patients who have an increased risk of
neurologic deterioration and the need for a future operation,
based on their imaging at presentation.
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