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Abstract

Background: Malignant peripheral nerve sheath tumors (MPNSTSs) are aggressive
soft tissue sarcomas with a 5-year survival rate of approximately 50%, secondary to
their metastatic potential and resistance to therapy. MPNSTSs can arise sporadically,
as a late toxicity from therapeutic radiotherapy, or in patients with neurofibroma-
tosis type 1 (NF1). Prior studies have demonstrated conflicting results regarding the
prognosis of NF1 associated MPNST compared to non-NF1 associated MPNST
(NFO). The authors hypothesized that NF1-associated MPNSTs metastasize at a
higher rate and are therefore associated with worse clinical outcomes.

Methods: The authors collected data from 166 MPNST patients included in the
Canadian Sarcoma Research and Clinical Collaboration (CanSaRCC) database. Of
these, 54 had NF1. Patient demographics, overall survival (OS), cumulative inci-
dence of progression or relapse (CIPR), and cumulative incidence of disease
metastasis (CIDM) were assessed.

Results: Patients with NF1 were younger (p < .001) and had larger tumors at
MPNST diagnosis (p < .001). Two-year OS was lower, and CIPR and CIDM were
higher in NF1-associated compared to NFO MPNST. NF1 status, stage at diagnosis,
tumor size, and positive surgical margins were adversely correlated to OS. Tumor
location was an adverse prognostic factor for CIPR, and tumor size was the only
adverse predictor for the CIDM in patients who underwent surgery.

Conclusion: In summary, this study suggests that patients with NF1-associated
MPNSTs experience worse outcomes. NF1 associated MPNSTs were larger and
arose in locations less amenable to negative (RO) resections. Among resectable
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MPNST OUTCOMES IN NF1 AND NFO PATIENTS

tumors, CIDM, the primary driver of survival in patients initially diagnosed with

localized disease, was correlated to tumor size but not NF1 status.
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INTRODUCTION

Malignant peripheral nerve sheath tumors (MPNSTs) are rare
mesenchymal malignancies that comprise 3%-10% of all soft tissue
sarcomas.® MPNSTSs arise from Schwann cells and other peripheral
nerve cell types.? They carry a poor prognosis, with a 5-year overall
survival (OS) rate of 30%-60% due to their metastatic potential and
resistance to conventional therapies.! These features make the
diagnosis and management of MPNSTSs clinically challenging, under-
scoring the need for improved stratification and treatment.

In 40%-50% of cases, MPNSTs develop spontaneously, whereas
10%-13% arise in the setting of radiation exposure as a latent
toxicity.> The remainder arise in patients with neurofibromatosis
type 1 (NF1), a hereditary, autosomal-dominant condition that af-
fects one in 3000 individuals worldwide*® that is characterized by
deleterious germline mutations in NF1, which encodes neurofibromin,
a tumor suppressor.® Neurofibromin is a negative regulator of the
tumorigenic RAS-MAPK pathway, and its loss leads to uncontrolled
cellular proliferation and neoplastic development.” In NF1 patients,

MPNSTSs often arise within transformed plexiform neurofibromas®?

a
process thought to be driven by pathological molecular events
including the inactivation of CDKN2A/p16.%°

Conflicting evidence has led to a lack of consensus regarding
whether NF1 patients with MPNST experience inferior outcomes
compared to non-NF1-associated MPNST (NFO) patients and if NF1-
associated MPNSTs are more aggressive or biologically distinct in a
way that is clinically relevant. In some reports, NF1 correlated with
worsened 0S.117%¢ For example, a 2009 study of 135 MPNST pa-
tients at two centers in the United Kingdom reported that MPNST
patients with NF1 had a 5-year overall survival rate of 32%,
compared to 60% in NFO patients.>* Conversely, other groups have
reported equivalent survival between NF1 and NFO cohorts.'” 2?
Hruban et al.?? analyzed the outcomes of 43 MPNST and found no
difference in the percentage of tumor-related deaths among NF1
versus NFO patients (65% and 60%, respectively). Some studies have
reported that NF1 was an independent prognostic factor for addi-

11121421 \vhereas some

tional unfavorable disease-specific outcomes,
studies have reported it is not.1”?>2%-25 Beyond NF1, prognostic
factors for MPNST include metastatic disease at diagnosis, location
of the primary tumor, size, margin status, or the addition of radiation
and chemotherapy.

These conflicting observations raise questions regarding the
relationship between NF1 status and MPNST outcomes. To address
this, our group completed a study of 166 MPNST patients who
presented to two hospitals in Toronto, Canada, between 1999 and

2021. We assessed and compared the clinical outcomes of patients

with NF1-associated MPNST and NFO MPNST and identified
prognostic factors for OS, progression or relapse, and distant

metastases.

MATERIALS AND METHODS
Patients

Data were collected and retrospectively analyzed from patients
with MPNST who presented to Princess Margaret Hospital and
Mount Sinai Hospital in Toronto, Canada. Patients were diagnosed
between August 1, 1991, and May 1, 2022. Patient demographics,
treatment, and disease outcomes were extracted following data
cleansing from the Canadian Sarcoma Research and Clinical
Collaboration (CanSaRCC) Database. Ethics approval was obtained
under the CanSaRCC consortium agreement. Cases of MPNST
identified from the database were then confirmed based on the
original pathology reports. The pathological diagnosis of MPNST
was based on variable criteria by multiple pathologists in the
context of clinical management. In general, tumors had a morpho-
logical appearance of high-grade soft tissue sarcoma. In some cases,
immunohistochemistry findings supported MPNST (e.g., tumors
were positive for S100 and negative for H3K27me3). In some in-
stances, genetic testing was performed to identify evidence sup-
porting other soft tissue sarcoma subtypes (i.e., liposarcoma,
synovial sarcoma, or Ewing sarcoma) and was negative. In some
cases, diagnosis was based primarily on anatomic, morphologic, or
ultrastructural (electron microscopy) features. NF1 status was
confirmed based on declaration of NF1 diagnosis within a patient’s
medical record. Among patients who did not undergo surgery,
progression of the primary tumor in isolation of other events was
not considered local disease relapse or recurrence. All patients who
were alive and available for follow-up consented to their data being

entered into the database.

Statistical analysis

Patient characteristics were compared using the Wilcoxon rank-
sum test for continuous variables and x? tests for categorical
variables. Patient characteristics associated with risk groups were
evaluated using univariable and multivariable logistic regression.
OS was calculated using the Kaplan-Meier method, and log-rank
tests were used to compare cohorts. Survival was measured from

the date of diagnosis. Rates of progression or relapse and distant
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metastasis (DM) were assessed through cumulative incidence
analysis with death as a competing risk and compared between risk
groups using Gray’s test. To assess risk factors for survival and
event outcomes, univariable and subsequent multivariable Cox
proportional hazards models and Fine-Gray sub distribution haz-
ards models were performed, respectively. For outcomes with two
possible multivariable models, Akaike information criterion (AIC)
values indicated models including surgery margins and excluding
surgery were a better fit. Statistical analyses were performed using
R version 4.5.0.

RESULTS
Patient and tumor characteristics

Clinical, tumor, and treatment characteristics for 166 MPNST pa-
tients are presented in Table 1; 54 (33%) had NF1. Most primary
tumors presented in the extremities (45.8%), followed by the
abdomen/pelvis (30.1%) or the trunk, head, or neck (24.1%). Most
patients underwent surgery (89.8%), 83.7% underwent limb-sparing
surgery; 14.5% received neoadjuvant (6%), adjuvant (4.2%) or palli-
ative chemotherapy (4.2%); and 68.1% of patients received either
pre- or postoperative (43.4% and 18.7%, respectively) or palliative
radiotherapy (6%). NF1 patients were younger at diagnosis (median
[range] = 36 [11-84]) compared to NFO patients (median
[range] = 51.5 [16-86]; p < .001). The median diameter of the pri-
mary MPNST tumors in NF1 patients was 8.4 cm (range = 1.8-20.7)
versus 6.0 cm (range = 1.2-29.0) in NFO patients (p < .001). In
addition, primary tumors in NF1 patients were more likely to be
found in the trunk/head/neck regions. There were no significant
differences in the stage at diagnosis between NF 1/0 groups, or with
treatment patterns (surgery, chemotherapy, or radiotherapy). How-
ever, NF1 patients were more likely to have a positive resection
margin (R1 or R2) (p = .006). Following univariable and multivariable
logistic regression, age at diagnosis (adjusted odds ratio [adj. OR],
0.95; 95% confidence interval [Cl], 0.93-0.98; p < .001), trunk/head/
neck primary tumor sites (adj. OR, 3.92; 95% Cl, 1.19-12.90;
p = .025), and primary tumor diameter (adj. OR, 1.10; 95% ClI,
1.02-1.19]; p = .011) correlated with NF1 status (Table S1). Surgery
margin status was found to be significantly correlated on univariable
logistic regression only (odds ratio [OR], 3.40; 95% Cl, 1.49-7.85;
p = .004) (Table S1).

OS and survival prognostic factors

All patients

OS was significantly lower in patients with NF1 (Figure 1). Median OS
in NF1 patients was 22 months (95% Cl, 15-41), compared to 162

months (95% Cl, 121-not reached) for patients with NFO (p < .001).
The 24-month survival probability was lower in NF1 patients, 48%
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TABLE 1 Patient and tumor characteristics.
Full sample NFO NF1
(n = 166) (h=112) (n=54) p
Stage at diagnosis .084
Localized 147 (88.6) 103 (92.0) 44 (81.5)
Metastatic 19 (11.4) 9 (8.0) 10 (18.5)
Age at diagnosis, <.001
years
Mean (SD) 47.9 (18.9) 51.8 (18.3) 39.7
(17.6)
Median (min, max) 46 (11, 86) 515 36
(16.0, 86.0) (11, 84)
Tumor diameter at <.001
diagnosis
Mean (SD) 8.2 (5.2) 7.6 (5.3) 9.7 (4.7)
Median (min, max) 7.2 (1.2,29.0) 6.0 8.4
(1.2,29.0) (1.8,20.7)
Missing 5 2 3
Site of primary .010
Extremities 76 (45.8) 59 (52.7) 17 (31.5)
Trunk/head/neck 40 (24.1) 20 (17.9) 20 (37.0)
Abdomen/pelvis 50 (30.1) 33 (29.5) 17 (31.5)
Surgery .60
No 17 (10.2) 10 (8.9) 7 (13.0)
Yes 149 (89.8) 102 (91.1) 47 (87.0)
Surgery margins .006
RO (negative) 113 (78.5) 86 (85.1) 27 (62.8)
R1 and R2 31 (21.5) 15 (14.9) 16 (37.2)
(positive)
Unknown 5 1 4
Chemotherapy 1.00
None 142 (85.5) 96 (85.7) 46 (85.2)
Yes 24 (14.5) 16 (14.3)  8(14.8)
Radiation therapy .54
None 53 (31.9) 38 (33.9) 15 (27.8)
Yes 113 (68.1) 74 (66.1) 39 (72.2)

Abbreviations: NFO, non-NF1 MPNST; NF1, neurofibromatosis type
1-associated MPNST; RO, negative margins; R1, microscopic positive
margins; R2, macroscopic positive margins; SD, standard deviation.

(95% Cl, 36%-63%), compared to NFO, 79% (95% Cl, 72%-87%;
p < .001).

On univariable analysis (Table 2), NF1 status (hazard ratio
[HR], 2.79; 95% Cl, 1.81-4.30, p = <.001), metastatic stage at diag-
nosis (HR, 3.93; 95% Cl, 2.28-6.78, p = <.001), large maximum tumor
dimension at diagnosis (HR, 1.05; 95% CI, 1.02-1.09, p = .001), pri-
mary site in the trunk/head/neck (HR, 3.41; 95% Cl, 2.02-5.75, p =
<.001) or abdomen/pelvis (HR, 1.81; 95% ClI, 1.07-3.05, p = .026),
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Kaplan-Meier Curves of Overall Survival in All Patients
Risk Group NFO == NF1
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FIGURE 1 Kaplan-Meier curves of overall survival in all patients (n = 166), with non-NF1-associated MPNST (NFO) patients represented

in red and NF1-associated MPNST patients (NF1) represented in blue.

positive surgical margins (HR, 2.25; 95% Cl, 1.33-3.79, p = .002), and
receiving chemotherapy (HR, 2.47; 95% Cl, 1.48-4.13, p = <.001)
were significantly correlated to worse OS. Tumor resectability
correlated with improved OS (HR, 0.13; 95% Cl, 0.07-0.24, p =
<.001). On multivariable analysis, NF1 (adjusted HR [ad]. HR], 2.02;
95% Cl, 1.12-3.65, p = .019), metastatic disease at diagnosis (adj. HR,
3.40; 95% Cl, 1.42-8.16, p = .006), maximum diameter of primary at
diagnosis (adj. HR, 1.06; 95% Cl, 1.02-1.11, p = .005), and positive
surgical margins (adj. HR, 2.15; 95% Cl, 1.15-4.04, p = .017)
remained correlated with OS (Table 2).

Patients with localized disease at diagnosis who did not
develop distant metastasis

Because metastatic disease is a major driver of survival in MPNST,
we assessed OS in patients who were diagnosed with localized dis-
ease who never developed DM (n = 102). In this subgroup, NF1
patients had a lower 24-month median survival probability, 71%
(95% Cl, 55%-92%), compared to 89% (95% Cl, 82%-97%; p = .026)
in NFO patients (Figure S1). Among the patients with local disease at
diagnosis who died without experiencing any form of local relapse or
distant metastasis (n = 15), the cause of death was unknown (n = 8),
related to another cancer diagnosis (n = 5), or due to an aneurysm
(n = 1) or surgical complication (n = 1). In addition, a subset of six
patients (three NF1 and three NFO) only had local tumor growth
before death, but they were not classified as local relapse because
they did not receive a primary definitive operation.

Among those patients who never developed metastases, uni-
variable analysis identified NF1 (HR, 2.30; 95% Cl, 1.08-4.89,
p = .030), age at diagnosis (HR, 1.02; 95% Cl, 1.00-1.04, p = .038),

max diameter of the primary at diagnosis (HR, 1.05; 95% ClI,
1.00-1.11, p = .048), trunk/head/neck primary sites (HR, 5.45; 95%
Cl, 2.31-12.85, p = <.001), receiving chemotherapy (HR, 4.36; 95%
Cl, 1.77-10.74, p = .001), and positive surgical margins (HR, 3.51;
95% Cl, 1.45-8.50, p = .005) to be associated with worse OS. Surgery
correlated with improved OS (HR, 0.08; 95% Cl, 0.03-0.21, p =
<.001) (Table S2). On multivariable analysis, age at diagnosis (adj. HR,
1.04; 95% Cl, 1.01-1.07, p = .017), positive surgical margins (adj. HR,
3.38; 95% Cl,1.25-9.12, p = .016), and receiving chemotherapy (adj.
HR, 16.88; 95% Cl, 2.52-113.18, p = .004) remained correlated with
worse OS (Table S2).

Cumulative incidence of events and corresponding
prognostic factors

Among the full cohort, 74 patients experienced disease progression or
relapse: 14 with metastatic, and 60 with localized disease at diagnosis
(Table S3). Localized events occurred in five (9.26%), and 14 (12.5%)
of the NF1 and NFO cohorts, respectively. Among patients who did
not undergo surgery, progression of the primary tumor in isolation
of other events was not considered local disease relapse or recurre-
nce. Metastatic failure was the first event in 29 NFO patients (25.9%)
and 26 NF1 patients (48.1%). For patients whose first event was local
(n = 19), three had a later metastatic event (NF1 = 1, NFO = 2).

Progression and relapse

Among patients with localized disease at diagnosis (n = 147), the
24-month cumulative incidence of progression or relapse (CIPR)
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TABLE 2 Cox regression for factors associated with overall
survival in all patients.

Univariable Multivariable
Adj. HR

Variable HR (95% Cl) p (95% ClI) p

Risk group <.001 .019
NFO Reference Reference
NF1 2.79 2.02

(1.81-4.30) (1.12-3.65)

Stage at diagnosis <.001 .006
Localized Reference Reference
Metastatic 3.93 3.40

(2.28-6.78) (1.42-8.16)

Age at diagnosis 1.00 .63

(0.99-1.01)

Tumor diameter at 1.05 .001 1.06 .005

diagnosis (1.02-1.09) (1.02-1.11)

Surgery <.001
No Reference
Yes 0.13

(0.07-0.24)

Site of primary <.001 .36
Extremities Reference Reference
Trunk/head/neck 341 <.001 1.77 .15

(2.02-5.75) (0.82-3.84)
Abdomen/pelvis 181 026 1.23 49
(1.07-3.05) (0.68-2.20)

Surgery margins .002 .017
RO (negative) Reference Reference
R1 and R2 (positive)  2.25 2.15

(1.33-3.79) (1.15-4.04)

Chemotherapy <.001 .52
No Reference Reference
Yes 247 1.33

(1.48-4.13) (0.56-3.19)

Radiation therapy .58 17
No Reference Reference
Yes 0.88 0.64

(0.55-1.39) (0.34-1.21)

Abbreviations: Adj. HR, adjusted hazard ratio; Cl, confidence interval;
HR, hazard ratio; NFO, non-NF1 MPNST; NF1, neurofibromatosis type
1-associated MPNST; RO, negative margins; R1, microscopic positive
margins; R2, macroscopic positive margins.

was 45% (95% Cl, 30%-59%) and 26% (95% Cl, 18%-35%) in NF1
and NFO patients, respectively (p = .072) (Figure S2). Factors asso-
ciated with increased risk of relapse or progression on multivariable
analysis were primary tumor sites of the trunk, head, and neck
(adjusted subdistribution hazard ratio [adj. sHR], 2.47; 95% ClI,

1.23-4.99, p = .011) (Table S4). Positive surgical margins (sub-
distribution hazard ratio [sHR], 2.09; 95% ClI, 1.20-3.62, p = .009)
and primary tumor sites of the abdomen and pelvis (sHR, 2.02; 95%
Cl, 1.12-3.62, p = .019) were adverse-prognostic correlates on uni-
variable analysis only (Table S4).

Distant metastasis

Of patients with localized disease at diagnosis, NF1 patients experi-
enced a higher 24-month cumulative incidence of distant metastasis
at 39% (95% Cl = 24%-53%) compared to the 17% (95%
Cl = 10%-25%) for NFO patients (p = .020) (Figure 2).

Univariable analysis identified two factors associated with an
increased risk for metastatic failure, NF1 status (sHR, 2.02; 95% Cl,
1.12-3.64, p = .020) and primary tumor size at diagnosis (sHR, 1.05;
95% Cl, 1.00-1.10, p = .035) (Table 3). Neither factor remained
significantly correlated in the multivariable model.

To further explore DM risk, CIDM and corresponding prognostic
factors were assessed within the subset of patients with localized
disease at diagnosis who underwent surgery. Within this sample, NF1
patients experienced a higher 24-month cumulative incidence of DM:
36% (95% ClI = 21%-51%) compared to the 17% (95%
Cl = 10%-26%) in NFO patients (p = .064) (Figure S3). In a univariable
analysis, tumor size (sHR, 1.05; 95% ClI, 1.00-1.10, p = .043) was
significantly correlated to DM risk (Table S5), whereas NF1 was not.

DISCUSSION

MPNSTSs are rare soft tissue sarcomas with a high risk of mortal-
ity.2 There is a lack of consensus regarding the prognosis for pa-
tients with NF1-associated MPNSTs compared to non-NF1 patients.
In the present study of 166 individuals diagnosed with MPNST, we
demonstrate that patients with NF1-associated MPNST experienced
higher risks of death and disease progression, in alignment with
several prior reports.tt1214-162327 However, NF1 patients pre-
sented with larger tumors that more commonly arose in the trunk,
head, and neck, common sites for neurofibromas.?® These sites are
challenging to resect,'??? and surgeries of NF1 MPNSTs were more
likely to result in a positive surgical margin, itself a correlate to
worse survival. Among patients who underwent surgery to their
primary tumor, tumor size alone correlated with the incidence
of DM.

A review of 12 retrospective studies on patients with MPNST is
summarized in Table 4; NF1 correlated to OS in four. Only two of the
nine studies that assessed prognostic factors for DM identified NF1
on multivariable analysis.***° Large tumor size was the most com-
mon factor significantly associated with worse survival (7 of 12) and
risk for DM (five of nine). Local recurrence was assessed in six

1.1 identified NF1 as a significant adverse prog-

studies. Miao et a
nostic factor for local recurrence on multivariable analysis. Positive

surgical margins were the most common adverse prognostic factor
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Cumulative Incidence of Metastasis in Patients with
Localized Disease at Diagnosis

NFO == NF1

1.00

o©
3
o

0.50

Cumulative Incidence

o
)
a

0.00 p = 0.020 (Gray's Test)
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time (years)

Number at Risk

103 69 52 39 32 26 20 14 12 9 5 4 3 1
- 44 18 15 12 6 4 4 2 0 0 0 0 0 0

FIGURE 2 Cumulative incidence of metastasis in patients with localized disease at diagnosis (n = 147), with non-NF1-associated MPNST
patients (NFO) represented in red and NF1-associated MPNST patients (NF1) represented in blue.

TABLE 3 Competing risk regression for factors associated with risk of metastasis in patients with localized disease at diagnosis.

Univariable Multivariable

Variable sHR (95% Cl) p Adj. sHR (95% ClI) p
Risk group

NFO

NF1 2.02 (1.12-3.64) .020 1.84 (0.99-3.41) .055
Age at diagnosis 0.99 (0.98-1.01) .350
Tumor diameter at diagnosis 1.05 (1.00-1.10) .035 1.04 (0.99-1.10) .087
Site of primary

Extremities

Trunk/head/neck 1.34 (0.62-2.89) 460

Abdomen/pelvis 1.77 (0.93-3.38) .084
Surgery

No

Yes 0.66 (0.21-2.10) 480
Surgery margins

RO (negative)

R1 and R2 (positive) 1.85 (0.96-3.57) 067
Chemotherapy

No

Yes 2.16 (0.97-4.82) .059
Radiation therapy

No

Yes 2.10 (0.97-4.55) 061

Abbreviations: Adj. sHR, adjusted sub distribution hazard ratio; Cl, confidence interval; NFO, non-NF1 MPNST; NF1, neurofibromatosis type
1-associated MPNST; R1, microscopic positive margins; R2, macroscopic positive margins; RO, negative margins; sHR, sub distribution hazard ratio.
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As with any institutional study, variations in methodology, pa-
tient demographics, and sample size may contribute to differences in
reported outcomes. These factors have contributed to challenges in
drawing definitive and reproducible conclusions regarding the
prognostic significance of NF1 in MPNSTs. We acknowledge the risk
of selection bias within observational studies, including loss to
follow-up, confounders not assessed, and missing data. Our multi-
institutional retrospective analysis is larger than most others on
this subject but, due to the rarity of the condition, it includes pa-
tients treated over several decades, which results in obvious
shortcomings. An additional limitation of our study is that the
criteria used for a pathological diagnosis of MPNST were variable,
which reflects real-world clinical practice. This variability impacts
the outcomes reported for MPNST patients from our cohort and
elsewhere.

In conclusion, we identified 166 patients diagnosed with
MPNSTs between 1999 and 2022 at two hospitals in Toronto,
Canada. Analysis of OS, CIPR, and CIDM revealed worse outcomes
for patients with NF1-associated MPNST. However, among tumors
that were resectable, DM, the strongest driver of OS, correlated
most strongly with tumor size. These findings support prompt
detection and diagnosis of MPNSTs in NF1 patients and reaffirm
the importance of complete surgical resections in the management
of both NF1-associated and non-NF1 associated MPNST.
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