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Introduction. Few studies have described the characteristics and prognostic factors of patients with malignant peripheral nerve sheath
tumour (MPNST). In this study, we retrospectively investigated the clinicopathological features, clinical outcomes, and prognostic
factors of these patients. Patients and Methods. We recruited patients with MPNST who were treated at our institutions from 1991 to
2020. We collected and statistically analysed information on patient-, tumour-, and treatment-related factors. The median follow-up
period was 61 months (range, 1–335.8 months). Results. A total of 60 patients (31 males, 29 females) with a median age of 55 years (range,
8–84 years) at initial diagnosis were included. The median tumour size was 7 cm (range, 1.6–30 cm) in the greatest dimension. The 5-year
overall survival (OS) rate of all patients was 69.5%. Univariate analysis revealed that large-sized tumour, metastasis at diagnosis, and no
surgery of the primary tumour were signiﬁcantly associated with patients with worse OS. Multivariate analysis identiﬁed surgery of the
primary tumour as an independent prognostic factor for improved OS. Among patients with localised disease at diagnosis who
underwent surgery of the primary tumour at our institutions, the 5-year OS, local recurrence-free survival (LRFS), and metastasis-free
survival (MFS) rates were 81.1%, 78.2%, and 70.3%, respectively. Univariate analysis revealed that positive surgical margin was signiﬁcantly correlated with unfavourable OS and LRFS, and high grade was a poor prognostic indicator for MFS. Conclusion. Complete
surgical resection with negative surgical margins is necessary for a successful MPNST treatment. Multidisciplinary management of
MPNST with aggressive features is important for optimising patient outcomes.

1. Introduction
Malignant peripheral nerve sheath tumour (MPNST) is highly
malignant and accounts for approximately 5%–10% of all soft
tissue sarcomas [1–10]. It typically occurs in patients between
the ages of 20 and 50 years [1–3, 9]. Pathologically, MPNST is
derived from the peripheral nerve and shows nerve sheath
malignant diﬀerentiation [4, 9]. Usually, it clinically presents as
an enlarging soft tissue mass emerging in the trunk, extremities,
or head and neck region, with or without pain and dysesthesia.

Malignant lesions occur either sporadically or in association with neuroﬁbromatosis Type 1 (NF1). NF1 results
from a gain-of-function mutation in the NF gene and is
inherited in an autosomal dominant fashion. Whereas
earlier studies have estimated that NF1 patients’ lifetime risk
of developing MPNST is 1%–2%, more recent analyses have
estimated the risk to be 8%–13% [3, 11, 12]. Moreover, NF1
may be underdiagnosed or unrecognised; ultimately, 20%–
50% of patients with MPNST have been found to have NF1
[5, 9, 11–14].
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MPNST may behave aggressively, with a high rate of
local recurrence and distant metastasis [13, 15, 16].
Despite multidisciplinary therapy, the prognosis of
MPNST is poor, with 5-year survival rates between 30%
and 60% [3, 9, 12–23]. To date, surgery is the only proven
therapy that increases survival in localised MPNST
[13, 16].
The dismal outcome points to the urgent need to establish better therapeutic strategies for patients with MPNST
and highlights the importance of identifying clinicopathological factors that aﬀect prognosis. However, information
obtained from a large cohort of Japanese patients with
MPNST is lacking.
This retrospective study aimed to investigate the clinicopathological features, clinical outcomes, and prognostic
factors in patients with MPNST treated at our aﬃliated
hospitals.

2. Materials and Methods
We designed a multi-institutional retrospective study that
was conducted in our institutions. We reviewed the
records of each institute between January 1991 and June
2020. The patient eligibility criteria included MPNST
diagnosis, as pathologically conﬁrmed by an expert
musculoskeletal tumour pathologist at each institute.
MPNST usually consists of spindle cells demonstrating
nuclear atypia, increased mitotic activity, and geographic
areas of necrosis. MPNST demonstrates variable expression of immunohistochemical neural markers such as
S100 and SOX10. All cases were diagnosed as MPNST.
This study was approved by the Institutional Review
Boards of each institution.
A total of 60 patients with MPNST who were treated at
our hospitals were included in this study. Information on
patient-related factors (age, sex, and NF1 status), tumourrelated factors (site of primary lesions; tumour size, depth,
and histological grade; and presence or absence of metastasis
at initial diagnosis), treatment-related factors (surgery of the
primary tumour and metastatic lesions, tumour surgical
margin, and chemotherapy and radiotherapy status), local
and distant relapse, follow-up period, and oncological
outcome at ﬁnal follow-up were anonymously collected
from the medical charts of the patients. We were unable to
obtain data on tumour size, histological grade, and surgical
margin in three patients who received their ﬁrst surgery at
other hospitals. Data on tumour depth could not be collected
in one patient.
We calculated the overall survival (OS) from the date of
diagnosis to the date of death from any cause or the last
follow-up visit. In patients who underwent surgery, we
calculated the local recurrence-free survival (LRFS) from the
date of surgery to the date of local recurrence or the last
follow-up. In patients without distant metastasis at presentation, we calculated the metastasis-free survival (MFS)
from the date of diagnosis to the date of metastasis or the last
follow-up. Patients without surgery of the primary lesion
and with metastasis at initial referral were excluded from the
LRFS and MFS analysis, respectively. We calculated the OS,
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Table 1: Patient-, tumour-, and treatment-related characteristics
and univariate analysis of prognostic factors for OS in 60 patients
with MPNST.
Factors
≤50
Age
>50
Male
Gender
Female
Present
NF1 status
Absent
Extremity
Location
Trunk
Head and neck
≤5 cm
Size
>5 cm
NA
Superﬁcial
Depth
Deep
NA
1
Grade
2 or 3
NA
Localised
Stage
Metastatic
Yes
Surgery
No

N (%) 5-year OS (%) p value
27 (45)
59.6
0.598
33 (55)
77.6
31 (51.7)
60.3
0.059
29 (48.3)
79.7
32 (53.3)
63.4
0.342
28 (46.7)
76.8
19 (31.7)
89.5
35 (58.3)
56.8
0.164
6 (10)
83.3
24 (42.1)
90.3
0.045
33 (57.9)
57
3
—
—
20 (33.9)
82.5
0.367
39 (66.1)
62.6
1
—
—
12 (21.1)
100
0.095
45 (78.9)
62.6
3
—
—
55 (91.7)
74.1
0.006
5 (8.3)
20
52 (86.7)
78.9
<0.001
8 (13.3)
0

OS, overall survival; MPNST, malignant peripheral nerve sheath tumour;
NF1, neuroﬁbromatosis Type 1; NA, not available.

LRFS, and MFS using the Kaplan–Meier method and
evaluated the impact of prognostic factors using the log-rank
test in a univariate analysis.
We conducted a multivariate analysis using the Cox
proportional hazards model, with variables chosen by using
a forward conditional stepwise approach. Diﬀerences were
considered signiﬁcant when p values were <0.05. The EZR
software (Saitama Medical Center, Jichi Medical University,
Saitama, Japan), a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria), was
used in the statistical analyses.

3. Results
3.1.
Patient-,
Tumour-,
and
Treatment-Related
Characteristics. The median follow-up period was 61.2
months (range, 1–335.8 months) for all patients. The patient-, tumour-, and treatment-related characteristics of the
60 cases are presented in Table 1. The 31 male (51.7%) and 29
female (48.3%) patients had a median age of 55 years (range,
8–84 years) at initial diagnosis. A total of 27 patients (45%)
were ≤50 years of age, and 33 patients (55%) were >50 years.
Thirty-two patients (53.3%) had tumours that were related to
NF1, and 28 (46.7%) had sporadic tumours.
The sites of primary lesions were the extremities in 19
patients (31.7%), the trunk in 35 (58.3%), and the head and
neck in 6 (10%). The tumour size was ≤5 cm in the greatest
dimension in 24 patients (42.1%) and >5 cm in 33 patients
(57.9%), with a median size of 7 cm (range, 1.6–30 cm). The
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tumour depth was categorised as either superﬁcial or deep in
the investing fascia. A total of 20 patients (33.9%) had superﬁcial tumours, and 39 (66.1%) had deep tumours.
Using the Fédération Nationale des Centres de Lutte
Contre le Cancer (FNCLCC) grading system, we determined
the histological grade [24]. FNCLCC Grade 1 tumours were
considered low grade, whereas FNCLCC Grade 2 or 3 tumours were considered high grade. Twelve patients (21.1%)
had low-grade tumours, and 45 (78.9%) had high-grade
tumours. Fifty-ﬁve patients (91.7%) had localised disease,
and ﬁve (8.3%) had metastatic disease at initial diagnosis.
Fifty-two patients (86.7%) underwent surgery for the
primary tumour. The surgical margin was described as
negative when the pathologist found no tumour cells at the
edge of the material removed. In contrast, the margin was
described as positive when tumour cells were found at the
outer edge. Among them, a negative surgical margin was
achieved in 36 patients, a positive margin was noted in 13
patients, and a surgical margin could not be obtained in 3
patients. The remaining eight patients (13.3%) could not
undergo surgery due to inoperative local conditions for
surgical treatment. Among these, three patients with
localised disease who were judged as medically inoperable
received carbon ion radiotherapy, and ﬁve patients received
palliative chemotherapy and/or radiotherapy at the primary
tumour site.
Chemotherapy and radiotherapy were given to 27 (45%)
and 24 (40%) patients, respectively. Various chemotherapy
regimens, including doxorubicin (DXR), ifosfamide (IFM),
DXR/IFM, gemcitabine/docetaxel, trabectedin, eribulin, and
pazopanib, were administered. DXR/IFM was the most
commonly used regimen and demonstrated an objective
response rate (ORR) of 27.3% and a disease control rate
(DCR) of 81.8%. Among the 50 patients who had no metastasis at initial diagnosis and received surgery of their
primary tumour, 11 and 8 patients received neoadjuvant
and/or adjuvant chemotherapy and radiotherapy,
respectively.
3.2. Survival and Outcomes. At the ﬁnal follow-up, 26 patients (43.3%) were continuously disease-free, 5 (8.3%) had
no evidence of disease, 3 (5%) were alive with the disease, 23
(38.3%) were dead from the disease, and 3 (5%) had died
from other causes. The 5-year OS rate of all patients was
69.5%, with a median OS period of 132.5 months (range,
1–335.8 months).
Among the 55 patients with localised disease, distant
metastasis occurred in 20 patients during follow-up, with a
median MFS duration of 22.7 months (range, 3–189.7
months). The most common metastatic sites were the lungs,
followed by bone, lymph nodes, and liver. Among the 52
patients who underwent surgery of the primary tumour,
local recurrence developed in 17, with a median LRFS period
of 12.9 months (range, 2.4–120.4 months). In 16 patients,
surgical removal of the local recurrent tumour was
performed.
A total of 50 patients (83.3%) had no distant metastasis at
initial diagnosis and underwent surgery of the primary
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tumour. Among them, eight who received unplanned surgery at other hospitals were referred to our institutions after
developing local recurrence and then underwent surgery of
the recurrent tumour. Therefore, the remaining 42 patients
with localised disease at diagnosis underwent surgery of the
primary tumour at our hospitals. Among these, local recurrence and distant metastasis occurred in 9 (21.4%) and 12
patients (28.6%), respectively. The 5-year OS, LRFS, and
MFS rates for these patients were 81.1%, 78.2%, and 70.3%,
respectively.
3.3. Prognostic Factor Analyses. For all 60 patients with
MPNST, tumour size >5 cm (p � 0.045), metastatic disease
at initial diagnosis (p � 0.006), and no surgery of the primary tumour (p < 0.001) were signiﬁcant prognostic factors
for unfavourable OS in univariate analyses (Table 1;
Figures 1(a)−1(c)). The 5-year OS rate of patients without
distant metastasis at initial diagnosis was 74.1%, whereas
that of patients with initial metastasis was 20%. The median
OS duration for patients with initial metastasis was 15
months (range, 1–152.5 months). The 5-year OS rate of
patients who received surgery for the primary tumour was
78.9%, whereas that of patients with unresectable diseases
was 0%. The median OS period for patients with inoperable
tumours was 10.7 months (range, 3.3–16.8 months).
Multivariate analysis revealed that primary tumour
surgery (hazard ratio (HR) 24.66; 95% conﬁdence interval
(CI) 4.972−122.3; p < 0.001) was the most signiﬁcant
prognostic factor for improved OS in all patients (Table 2).
For 42 patients who had no distant metastasis at diagnosis and who underwent surgery of the primary tumour at
our hospitals, a positive surgical margin was signiﬁcantly
associated with poor prognosis for OS (p < 0.001) and LRFS
(p < 0.001) in univariate analysis (Table 3; Figures 2(a) and
2(b)). Moreover, patients with high-grade tumours signiﬁcantly exhibited a poorer prognosis for MFS compared with
those with low-grade tumours (p � 0.047, Figure 2(c)).
Among the 52 patients who underwent surgical removal
of the primary tumour, 2 had distant metastasis at initial
diagnosis, and 18 developed distant metastasis during follow-up; their 5-year postmetastatic survival rate was 27.4%.
As shown in Table 4, the number of metastatic lesions at
diagnosis of metastasis was ≤3 in 14 patients. Among them, 7
patients underwent surgical resection of metastatic lesions,
such as the lungs and lymph nodes. Systemic chemotherapy
after the development of metastasis was performed in 10
patients. The number of metastases was not a signiﬁcant
prognostic factor for postmetastatic survival (p � 0.161). As
presented in Figure 3, the 5-year postmetastatic survival rate
in 13 patients who were treated with surgery and/or chemotherapy for metastatic lesions, which was 42.2%, was
signiﬁcantly higher than that in seven patients who were not,
which was 0% (p < 0.001).

4. Discussion
In patients with MPNST, the prognosis has remained poor,
with 5-year survival rates ranging from 30% to 60%
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Figure 1: Kaplan–Meier survival curves in all 60 patients with MPNST. (a) OS according to tumour size (≤5 cm versus >5 cm). (b) OS
according to stage (localised versus metastatic disease). (c) OS according to surgery of the primary tumour (presence versus absence of
surgery). MPNST, malignant peripheral nerve sheath tumour; OS, overall survival.
Table 2: Multivariate analysis of prognostic factors for OS in 60
patients with MPNST.
Factors
Size >5 cm
Metastasis at diagnosis
No surgery

HR
1.961
1
0.751
1
24.66
1

95% CI
0.7–5.491

p value
0.2

0.182–3.105

0.693

4.972–122.3

<0.001

OS, overall survival; MPNST, malignant peripheral nerve sheath tumour;
HR, hazard ratio; CI, conﬁdence interval.

[3, 9, 12–23]. lThe reported long-term outcomes vary widely
across published studies. The notable diﬀerence in our study
from prior research is the higher OS. The 5-year OS rates of
69.5% among all patients and 81.1% among patients with

localised disease at diagnosis who underwent surgery of the
primary tumour at our institutions are higher than the rates
previously reported in other studies. Several factors, such as
metastatic disease; tumour grade, size, location, and surgical
margin status; and NF1, have been indicated as signiﬁcant
prognostic predictors [9, 12–20, 22, 23, 25, 26].
Our study aimed to determine the factors aﬀecting the
clinical outcome in patients with MPNST who were
treated at our institutions. Large-sized tumour, metastasis
at diagnosis, and not having surgery of the primary tumour signiﬁcantly predicted poor OS among all patients
in the univariate analysis. Previous studies have
emphasised the importance of surgery in MPNST treatment [13, 16]. Surgical resection of the primary tumour
was also found to be the most signiﬁcant independent
prognostic factor for favourable OS in the multivariate
analysis.
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Table 3: Patient-, tumour-, and treatment-related characteristics and univariate analysis of prognostic factors for OS, LRFS, and MFS in 42
patients with nonmetastatic MPNST who underwent surgery of the primary tumour at our institutions.
Factors
Age
Gender
NF1 status
Location
Size
Depth
Grade
Margin status
N/A CT
N/A RT

≤50
>50
Male
Female
Present
Absent
Extremity
Trunk
Head and neck
≤5 cm
>5 cm
Superﬁcial
Deep
1
2 or 3
Negative
Positive
Yes
No
Yes
No

N (%)
20 (47.6)
22 (52.4)
18 (42.9)
24 (57.1)
21 (50)
21 (50)
17 (40.5)
21 (50)
4 (9.5)
19 (45.2)
23 (54.8)
16 (38.1)
26 (61.9)
10 (23.8)
32 (76.2)
35 (80)
7 (20)
11 (26.2)
31 (73.8)
8 (19)
34 (81)

5-year OS (%)
71.7
90
76
84.8
79.1
83.1
94.1
73.2
75
87.7
77.3
84.4
79.5
100
76.4
90.5
35.7
78.7
82.1
75
82.6

p value
0.522
0.34
0.531
0.896
0.389
0.644
0.07
<0.001
0.692
0.691

5-year LRFS (%)
83.9
73.2
76.7
80.3
73.7
83.6
78.7
78.5
75
87.5
72.1
80.8
75.5
100
72.1
86.5
38.1
80.8
76.9
75
78.4

p value
0.294
0.981
0.73
0.913
0.576
0.836
0.095
<0.001
0.621
0.851

5-year MFS (%)
72.1
68.3
58
80.7
58.6
83.6
68.4
72.8
75
82
63.4
71.4
70.4
100
62.5
74
47.6
77.9
67.3
70
69.9

p value
0.665
0.26
0.067
0.705
0.233
0.992
0.047
0.229
0.818
0.715

OS, overall survival; LRFS, local recurrence-free survival; MFS, metastasis-free survival; MPNST, malignant peripheral nerve sheath tumour; NF1, neuroﬁbromatosis Type 1; N/A CT, neoadjuvant and/or adjuvant chemotherapy; N/A RT, neoadjuvant and/or adjuvant radiotherapy.

Among the 42 patients who had nonmetastatic diseases
at the time of diagnosis who underwent surgery of the
primary tumour at our institutions, local recurrence developed in 9 (21.4%). The local tumour recurrence in the
present study was comparable with other studies, where
values between 20% and 65% have been described
[9, 12–14, 16–19, 21, 25–29].
Previous studies have shown that the rate of negative
margins was 46.1%–87.9% [9, 14, 16, 18, 22, 23, 25]. Thirtyﬁve patients (80%) who underwent resection with negative
margins had better OS and LRFS outcomes in the current
study. We believe that the survival outcomes reported in the
present study are probably related to the relatively high rate
of negative margins. However, complete surgical excision
with negative margins is not always feasible due to tumour
location or size. Several authors have recommended adjuvant radiotherapy to prevent local recurrence, but others
have reported that radiotherapy was ineﬀective
[8, 13, 14, 30].
All studies were based on retrospective settings, as no
prospective randomised trials that speciﬁcally examine radiotherapy in the context of MPNST have been conducted.
In our study, improvement in the rates of local control was
not observed with adjuvant radiotherapy. The rate of adjuvant radiotherapy use in our study was lower than that in
previous studies, probably due to the low rate of positive
margins. Our results indicate that the mainstay of therapy
for MPNST is surgical resection, with the goal of achieving
complete removal with negative margins, and that the addition of radiotherapy following surgery may be considered
in the adjuvant setting, especially when the surgical margins

are positive due to the deep location of the tumour or its
large size.
Despite the curative intent of treatment in localised
MPNST, survival remains poor due to high metastatic potential. In the present study, among 42 patients with
localised disease at diagnosis who underwent surgery of the
primary tumour at our institutions, 12 (28.6%) developed
distant metastases, mainly in the lungs. Tumour grade was
described as a signiﬁcant prognostic factor for MFS. In
general, high-grade tumours have a greater propensity to
metastasise and may, in principle, have a greater chance of
beneﬁting from chemotherapy. MPNST appears to have
intermediate chemosensitivity to various chemotherapeutic
regimens adopted over the years, with response rates ranging
from 21% to 45% [8, 15, 31–33]. In the present study, DXR/
IFM showed an ORR of 27.3% and a DCR of 81.8%.
The use of neoadjuvant and/or adjuvant chemotherapy
for MPNST has been debated. Several studies have failed to
demonstrate a survival beneﬁt for chemotherapy in MPNST
treatment [9, 12, 19]. However, most of these studies were
small and retrospective, encompassing patients treated with
diﬀerent regimens and often pooling data from multiple
trials at multiple institutions. The use of neoadjuvant and/or
adjuvant chemotherapy was also not signiﬁcantly associated
with an improvement in survival in our study.
Recent studies have demonstrated that neoadjuvant and/
or adjuvant chemotherapy may be considered in high-grade,
large, and deep MPNST [15, 31, 32, 34]. In the present study,
neoadjuvant and/or adjuvant chemotherapy also tended to
be administered more often to tumours exhibiting aggressive
features. Our results indicate that neoadjuvant and/or
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Figure 2: Kaplan–Meier survival curves in 42 patients with nonmetastatic MPNST who underwent surgery of the primary tumour at our
institutions. (a) OS according to surgical margin status (negative margin versus positive margin). (b) LRFS according to surgical margin
status (negative versus positive margin). (c) MFS according to histological grade (low grade versus high grade). MPNST, malignant
peripheral nerve sheath tumour; OS, overall survival; LRFS, local recurrence-free survival; MFS, metastasis-free survival.

adjuvant chemotherapy may not consistently provide a
signiﬁcant survival beneﬁt for patients with MPNST but
should be performed in patients with tumours with higher
grade, larger size, and deeper location. Additional research is
required to identify predictive biomarkers for therapeutic
response to improve outcomes for patients with MPNST.
The survival rate of patients with metastatic MPNST is
extremely poor, and thus, the disease remains diﬃcult to
manage. In previous reports, more than 10% of patients with
MPNST present with unresectable or metastatic disease
[15, 16, 19]. In addition, 20%–65% of patients receiving
treatment with curative intent will develop metastatic disease [9, 12, 14, 17–19, 21, 25–28, 35]. In the present study,
16.7% of all patients presented with unresectable or metastatic disease, and 28.6% of those with localised disease
receiving surgery of the primary tumour with curative intent

at our institutions developed metastatic disease during
follow-up.
Previous studies have shown 5-year survival rates in
patients with metastatic MPNST ranging from 0% to 25%
[9, 12, 14, 18, 21, 29]. However, prognostic factors for
survival in those patients remain unclear. Complete resection of metastases has been considered as an important
determinant of outcomes. The literature has demonstrated
that selected patients with MPNST could beneﬁt from resection of pulmonary metastases in particular [36, 37].
Complete resection of the metastatic lesions in the lungs and
lymph nodes should be the most eﬀective treatment to
achieve long-term survival or even to cure selected patients.
In patients who are not eligible for resection of metastases, systemic chemotherapy has been employed in palliation to improve their quality of life by reducing the
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Table 4: Patient-, tumour-, and treatment-related characteristics and univariate analysis of prognostic factors for postmetastatic survival in
20 patients with metastatic MPNST who underwent surgery of the primary tumour.
Factors
Age
Gender
NF1 status
Location

Size

Depth
Margin status
Number of metastases
Surgery for metastases
Chemotherapy for metastases
Surgery and/or chemotherapy for metastases

≤50
>50
Male
Female
Present
Absent
Extremity
Trunk
Head and neck
≤5 cm
>5 cm
NA
Superﬁcial
Deep
NA
Negative
Positive
≤3
>3
Yes
No
Yes
No
Yes
No

N (%)
6 (30)
14 (70)
14 (70)
6 (30)
12 (60)
8 (40)
8 (40)
9 (45)
3 (15)
5 (29.4)
12 (70.6)
3
6 (31.6)
13 (68.4)
1
10 (50)
10 (50)
14 (70)
6 (30)
7 (35)
13 (65)
10 (50)
10 (50)
13 (65)
7 (35)

5-year postmetastatic survival (%)
50
17.9
28.6
25
27.8
25
31.2
22.2
33.3
20
31.2
—
0
38.5
—
33.3
20
34.3
0
53.6
11.5
25
30
42.2
0

p value
0.444
0.855
0.666
0.48
0.693
—
0.384
—
0.149
0.161
0.059
0.366
<0.001

MPNST, malignant peripheral nerve sheath tumour; NF1, neuroﬁbromatosis Type 1; NA, not available.
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Figure 3: Kaplan–Meier survival curve of postmetastatic survival according to surgery and/or chemotherapy for metastatic lesions in 20
patients with metastatic MPNST who underwent surgery for their primary tumour (presence versus absence of surgery and/or chemotherapy for metastatic lesions). MPNST, malignant peripheral nerve sheath tumour.

symptoms. Cytotoxic chemotherapy comprising anthracycline-containing regimens has long been the mainstay of
treatment for unresectable and/or metastatic soft tissue
sarcomas, including MPNST [34]. In the current study,
among patients with MPNST with localised disease at diagnosis who received surgical resection of the primary

tumour but developed distant metastases, one had a complete response to chemotherapy, indicating that chemotherapy can be signiﬁcantly beneﬁcial for selected patients.
Moreover, four patients who were treated with surgery and/
or systemic chemotherapy for metastatic lesions survived for
more than 5 years after the development of distant
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metastases. The 5-year postmetastatic survival rate of patients who received surgery and/or chemotherapy for
metastatic lesions was 42.2%, whereas that of patients who
did not was 0%. The available treatment options for patients
with metastatic MPNST are limited. However, our results
indicate that, even if distant metastases occur, these treatments are essential for favourable outcomes and can likely
result in prolonged survival in selected patients.
MPNST is the leading cause of death in patients with
NF1 as these patients were reported to have an 8%–13%
lifetime risk of developing MPNST [3, 11, 12]. Some studies
have demonstrated that patients with NF1-related tumours
have a worse OS than those with sporadic tumours
[14, 15, 20, 23]. The larger size and deeper location of the
tumour and more frequent truncal location of NF1-related
MPNST have accounted for poor outcomes. Conversely,
other studies have failed to demonstrate a reduction in
survival [9, 12, 13, 16, 18, 19, 21, 22, 25].
The outcome diﬀerences between NF1-related and
sporadic MPNST remain controversial due to the existence
of conﬂicting data. In our analysis of 60 patients, we found
no signiﬁcant diﬀerence in survival between those with
sporadic tumours and those with NF1-related tumours.
Patients without NF1 seemed to present at an early stage,
whereas patients with NF1 tended to present late, as they
likely failed to recognise a malignancy early among the
benign tumours they already had and developed over the
years. Therefore, to discover MPNST as early as possible,
patients with NF1 should be followed up carefully, given the
likelihood that they will develop MPNST.
The present study has several limitations, such as its
retrospective nature and the small number of patients. Thus,
deﬁnitive conclusions could not be drawn. We were not able
to obtain data on tumour size and grade as well as surgical
margin in three cases or tumour depth in one case. Patients
were not randomised to receive chemotherapy or radiotherapy, and administration regimens were not uniform.
Selection bias regarding receipt of neoadjuvant and/or adjuvant chemotherapy and radiotherapy was possible. We
tended to perform neoadjuvant and/or adjuvant chemotherapy on high-risk patients and failed to evaluate the
eﬀects of each appropriately.

5. Conclusions
The 5-year OS rate of all patients with MPNST was 69.5%. In
the multivariate analysis, surgery of the primary tumour was
signiﬁcantly associated with favourable OS. The 5-year OS,
LRFS, and MFS rates of patients with localised disease at
diagnosis who underwent surgery of their primary tumour at
our institutions were 81.1%, 78.2%, and 70.3%, respectively.
Negative surgical margin was signiﬁcantly associated with
better OS and LRFS, and patients with high-grade tumours
exhibited more unfavourable MFS.
Surgery and/or systemic chemotherapy for metastatic
lesions could increase the survival of patients with distant
metastases who underwent surgical resection of the primary
tumour. Complete surgical excision of the primary tumour
with negative margins remains the only proven curative
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treatment. We recommend a multidisciplinary treatment for
patients with MPNST with aggressive features to maximise a
good prognosis.

Data Availability
The datasets used in this study are available from the corresponding author upon reasonable request.

Ethical Approval
This study was approved by the Osaka University Clinical
Research Review Committee (certiﬁcate no. 14240-2).

Conflicts of Interest
The authors declare that there are no conﬂicts of interest
regarding the publication of this paper.

Acknowledgments
This work was supported by JSPS KAKENHI Grant no.
JP19K18481. The authors thank Enago for providing highquality editing services.

References
[1] J. J. Lewis, D. Leung, J. M. Woodruﬀ, and M. F. Brennan,
“Retroperitoneal soft-tissue sarcoma,” Annals of Surgery,
vol. 228, no. 3, pp. 355–365, 1998.
[2] P. W. Pisters, D. H. Leung, J. Woodruﬀ, W. Shi, and
M. F. Brennan, “Analysis of prognostic factors in 1,041 patients with localized soft tissue sarcomas of the extremities,”
Journal of Clinical Oncology, vol. 14, no. 5, pp. 1679–1689,
1996.
[3] S. R. Grobmyer, J. D. Reith, A. Shahlaee, C. H. Bush, and
S. N. Hochwald, “Malignant peripheral nerve sheath tumor:
molecular pathogenesis and current management considerations,” Journal of Surgical Oncology, vol. 97, no. 4,
pp. 340–349, 2008.
[4] B. Fuchs, R. J. Spinner, and M. G. Rock, “Malignant peripheral
nerve sheath tumors: an update,” Journal of Surgical Orthopaedic Advances, vol. 14, pp. 168–174, 2005.
[5] P. F. Doorn, W. M. Molenaar, J. Buter, and H. J. Hoekstra,
“Malignant peripheral nerve sheath tumors in patients with
and without neuroﬁbromatosis,” European Journal of Surgical
Oncology, vol. 21, no. 1, pp. 78–82, 1995.
[6] E. S. Amirian, J. C. Goodman, P. New, and M. E. Scheurer,
“Pediatric and adult malignant peripheral nerve sheath tumors: an analysis of data from the surveillance, epidemiology,
and end results program,” Journal of Neuro-Oncology,
vol. 116, no. 3, pp. 609–616, 2014.
[7] T. Tucker, P. Wolkenstein, J. Revuz, J. Zeller, and
J. M. Friedman, “Association between benign and malignant
peripheral nerve sheath tumors in NF1,” Neurology, vol. 65,
no. 2, pp. 205–211, 2005.
[8] R. E. Ferner and D. H. Gutmann, “International consensus
statement on malignant peripheral nerve sheath tumors in
neuroﬁbromatosis,” Cancer Research, vol. 62, pp. 1573–1577,
2002.
[9] M. Anghileri, R. Miceli, M. Fiore et al., “Malignant peripheral
nerve sheath tumors,” Cancer, vol. 107, no. 5, pp. 1065–1074,
2006.

Sarcoma
[10] E. Stoeckle, J.-M. Coindre, S. Bonvalot et al., “Prognostic
factors in retroperitoneal sarcoma,” Cancer, vol. 92, no. 2,
pp. 359–368, 2001.
[11] D. G. R. Evans, M. E. Baser, J. McGaughran, S. Sharif,
E. Howard, and A. Moran, “Malignant peripheral nerve
sheath tumours in neuroﬁbromatosis 1,” Journal of Medical
Genetics, vol. 39, no. 5, pp. 311–314, 2002.
[12] C. Zou, K. D. Smith, J. Liu et al., “Clinical, pathological, and
molecular variables predictive of malignant peripheral nerve
sheath tumor outcome,” Annals of Surgery, vol. 249, no. 6,
pp. 1014–1022, 2009.
[13] C.-C. H. Stucky, K. N. Johnson, R. J. Gray et al., “Malignant
peripheral nerve sheath tumors (MPNST): the mayo clinic
experience,” Annals of Surgical Oncology, vol. 19, no. 3,
pp. 878–885, 2012.
[14] R. Miao, H. Wang, A. Jacobson et al., “Radiation-induced and
neuroﬁbromatosis-associated malignant peripheral nerve
sheath tumors (MPNST) have worse outcomes than sporadic
MPNST,” Radiotherapy & Oncology, vol. 137, pp. 61–70, 2019.
[15] M. Carli, A. Ferrari, A. Mattke et al., “Pediatric malignant
peripheral nerve sheath tumor: the Italian and German soft
tissue sarcoma cooperative group,” Journal of Clinical Oncology, vol. 23, no. 33, pp. 8422–8430, 2005.
[16] T. Valentin, A. Le Cesne, I. Ray-Coquard et al., “Management
and prognosis of malignant peripheral nerve sheath tumors:
the experience of the French Sarcoma Group (GSF-GETO),”
European Journal of Cancer, vol. 56, pp. 77–84, 2016.
[17] B. S. Ducatman, B. W. Scheithauer, D. G. Piepgras,
H. M. Reiman, and D. M. Ilstrup, “Malignant peripheral nerve
sheath tumors. A clinicopathologic study of 120 cases,”
Cancer, vol. 57, no. 10, pp. 2006–2021, 1986.
[18] Z. Yuan, L. Xu, Z. Zhao et al., “Clinicopathological features
and prognosis of malignant peripheral nerve sheath tumor: a
retrospective study of 159 cases from 1999 to 2016,” Oncotarget, vol. 8, no. 62, pp. 104785–104795, 2017.
[19] W. W. Wong, T. Hirose, B. W. Scheithauer, S. E. Schild, and
L. L. Gunderson, “Malignant peripheral nerve sheath tumor:
analysis of treatment outcome,” International Journal of
Radiation Oncology, Biology, Physics, vol. 42, no. 2, pp. 351–
360, 1998.
[20] D. E. Porter, V. Prasad, L. Foster, G. F. Dall, R. Birch, and
R. J. Grimer, “Survival in malignant peripheral nerve sheath
tumours: a comparison between sporadic and neuroﬁbromatosis type 1-associated tumours,” Sarcoma, vol. 2009,
Article ID 756395, 2009.
[21] Q. Fan, J. Yang, and G. Wang, “Clinical and molecular
prognostic predictors of malignant peripheral nerve sheath
tumor,” Clinical and Translational Oncology, vol. 16, no. 2,
pp. 191–199, 2014.
[22] K. L. Watson, G. A. Al Sannaa, C. M. Kivlin et al., “Patterns of
recurrence and survival in sporadic, neuroﬁbromatosis Type
1-associated, and radiation-associated malignant peripheral
nerve sheath tumors,” Journal of Neurosurgery, vol. 126, no. 1,
pp. 319–329, 2017.
[23] E. Martin, J. H. Coert, U. E. Flucke et al., “A nationwide cohort
study on treatment and survival in patients with malignant
peripheral nerve sheath tumours,” European Journal of
Cancer, vol. 124, pp. 77–87, 2020.
[24] M. Trojani, G. Contesso, J. M. Coindre et al., “Soft-tissue
sarcomas of adults; study of pathological prognostic variables
and deﬁnition of a histopathological grading system,” International Journal of Cancer, vol. 33, no. 1, pp. 37–42, 1984.
[25] J. LaFemina, L.-X. Qin, N. H. Moraco et al., “Oncologic
outcomes of sporadic, neuroﬁbromatosis-associated, and

9

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

radiation-induced malignant peripheral nerve sheath tumors,” Annals of Surgical Oncology, vol. 20, no. 1, pp. 66–72,
2013.
R. H. Hruban, M. H. Shiu, R. T. Senie, and J. M. Woodruﬀ,
“Malignant peripheral nerve sheath tumors of the buttock and
lower extremity. a study of 43 cases,” Cancer, vol. 66, no. 6,
pp. 1253–1265, 1990.
O. Goertz, S. Langer, D. Uthoﬀ et al., “Diagnosis, treatment
and survival of 65 patients with malignant peripheral nerve
sheath tumors,” Anticancer research, vol. 34, pp. 777–783,
2014.
H. P. Kourea, M. H. Bilsky, D. H. Y. Leung, J. J. Lewis, and
J. M. Woodruﬀ, “Subdiaphragmatic and intrathoracic paraspinal malignant peripheral nerve sheath tumors,” Cancer,
vol. 82, no. 11, pp. 2191–2203, 1998.
K. Okada, T. Hasegawa, T. Tajino et al., “Clinical relevance of
pathological grades of malignant peripheral nerve sheath
tumor: a multi-institution TMTS study of 56 cases in
Northern Japan,” Annals of Surgical Oncology, vol. 14, no. 2,
pp. 597–604, 2007.
J. Kahn, A. Gillespie, M. Tsokos et al., “Radiation therapy in
management of sporadic and neuroﬁbromatosis type 1-associated malignant peripheral nerve sheath tumors,” Frontiers
in Oncology, vol. 4, p. 324, 2014.
J. R. Kroep, M. Ouali, H. Gelderblom et al., “First-line chemotherapy for malignant peripheral nerve sheath tumor
(MPNST) versus other histological soft tissue sarcoma subtypes and as a prognostic factor for MPNST: an EORTC soft
tissue and bone sarcoma group study,” Annals of Oncology,
vol. 22, no. 1, pp. 207–214, 2011.
C. S. Higham, S. M. Steinberg, E. Dombi et al., “SARC006:
phase II trial of chemotherapy in sporadic and neuroﬁbromatosis type 1 associated chemotherapy-naive malignant
peripheral nerve sheath tumors,” Sarcoma, vol. 2017, Article
ID 8685638, 2017.
A. Ferrari, R. Miceli, A. Rey et al., “Non-metastatic unresected
paediatric non-rhabdomyosarcoma soft tissue sarcomas: results of a pooled analysis from United States and European
groups,” European Journal of Cancer, vol. 47, no. 5,
pp. 724–731, 2011.
A. Gronchi, S. Ferrari, V. Quagliuolo et al., “Histotype-tailored neoadjuvant chemotherapy versus standard chemotherapy in patients with high-risk soft-tissue sarcomas (ISGSTS 1001): an international, open-label, randomised, controlled, phase 3, multicentre trial,” The Lancet Oncology,
vol. 18, no. 6, pp. 812–822, 2017.
O. Zehou, E. Fabre, L. Zelek et al., “Chemotherapy for the
treatment of malignant peripheral nerve sheath tumors in
neuroﬁbromatosis 1: a 10-year institutional review,” Orphanet
Journal of Rare Diseases, vol. 8, no. 1, p. 127, 2013.
T. Minagawa, R. Shioya, C. Sato et al., “Advanced epithelioid
malignant peripheral nerve sheath tumor showing complete
response to combined surgery and chemotherapy: a case
report,” Case reports in oncological medicine, vol. 2011, Article
ID 705345, 2011.
K. Shimizu, R. Okita, Y. Uchida, and J. Hihara, “Long survival
after resection for lung metastasis of malignant peripheral
nerve sheath tumor in neuroﬁbromatosis 1,” Annals of
Thoracic and Cardiovascular Surgery: Oﬃcial Journal of the
Association of Thoracic and Cardiovascular Surgeons of Asia,
vol. 14, pp. 322–324, 2008.

