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Abstract

Purpose This study sought to investigate the role of radiotherapy (RT) in addition to surgery for oncological outcomes in
patients with malignant peripheral nerve sheath tumors (MPNST).

Methods In this single-center, retrospective cohort study, histopathologically confirmed MPNST were analyzed. Local
control (LC), overall survival (OS), and distant metastasis-free survival (DMFS) were assessed using the Kaplan—Meier
estimator. Multivariable Cox regression analysis was performed to identify factors associated with LC, OS, and DMFS.
Results We included 57 patients with a median follow-up of 20.0 months. Most MPNSTs were located deeply (87.5%),
were larger than 5 cm (55.8%), and had high-grade histology (78.7%). Seventeen patients received surgery only, and 25
patients received surgery and pre- or postoperative RT. Median LC, OS, and DMFS after surgery only were 8.7, 25.5, and
22.0 months; after surgery with RT, the median LC was not reached, while the median OS and DMFS were 111.5 and
69.9 months. Multivariable Cox regression of LC revealed a negative influence of patients presenting with local disease recur-
rence compared to patients presenting with an initial primary diagnosis of localized MPNST (hazard ratio: 8.86, p =0.003).
Conclusions The addition of RT to wide surgical excision appears to have a beneficial effect on LC. Local disease recurrence
at presentation is an adverse prognostic factor for developing subsequent local recurrences. Future clinical and translational
studies are warranted to identify molecular targets and find effective perioperative combination therapies with RT to improve
patient outcomes.

Keywords Malignant peripheral nerve sheath tumor - MPNST - Radiotherapy - Local control - Survival - Prognostic factor

< Siyer Roohani 5 Charité — Universititsmedizin Berlin, Corporate Member

siyer.roohani@charite.de of Freie Universitit Berlin and Humboldt-Universitét zu
Berlin, Department of Surgery, Berlin, Germany

Charité - Universitdtsmedizin Berlin, Corporate Member 6

of Freie Universitidt Berlin and Humboldt-Universitit zu

Berlin, Department of Radiation Oncology, Augustenburger

Platz 1, 13353 Berlin, Germany

Charité — Universitdtsmedizin Berlin, Corporate Member
of Freie Universitit Berlin and Humboldt Universitét zu
Berlin, Department of Hematology, Oncology and Tumor
Immunology, Berlin, Augustenburger Platz 1, 13353,
Berlin Institute of Health at Charité - Universitdtsmedizin Germany

Berlin, BIH Biomedical Innovation Academy, BIH Charité 7
(Junior) Clinician Scientist Program, Charitéplatz 1,

10117 Berlin, Germany

Charité — Universitdtsmedizin Berlin, Corporate Member
of Freie Universitit Berlin and Humboldt-Universitit zu
Berlin, Center for Musculoskeletal Surgery, Augustenburger
Charité — Universitdtsmedizin Berlin, Berlin, Germany, Platz 1, 13353 Berlin, Germany

German Cancer Consortium (DKTK), partner site Berlin,

and German Cancer Research Center (DKFZ), Heidelberg,

Germany

Charité — Universitdtsmedizin Berlin, Corporate Member
of Freie Universitit Berlin and Humboldt-Universitit zu
Berlin, Institute of Pathology, Berlin, Charitéplatz 1, 10117,
Germany

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00432-023-05449-9&domain=pdf

Journal of Cancer Research and Clinical Oncology (2023) 149:17739-17747

17740

Abbreviations

CT Computed tomography

DMFS Distant metastasis-free survival

FNCLCC Fédération Nationale des Centres de Lutte
Contre le Cancer

IQR Interquartile range

LC Local control

MPNST  Malignant peripheral nerve sheath tumor
MRI Magnetic resonance imaging

N/A Not available

NF1 Neurofibromatosis type 1

(0N} Overall survival

PFS Progression-free survival

RHT Regional hyperthermia

RT Radiotherapy

Introduction

Malignant peripheral nerve sheath tumors (MPNST) are
malignant spindle cell tumors sporadically arising from
peripheral nerves, a pre-existing benign nerve sheath
tumor, after radiation exposure or in patients with neu-
rofibromatosis type 1 (NF1) LaFemina et al. 2013; WHO
Classification of Tumours Editorial Board 2020). MPNST
account for 3—5% of all soft-tissue sarcomas (WHO Clas-
sification of Tumours Editorial Board 2020). Typically,
20- to 50-year-old patients present with an enlarging pain-
ful or painless mass most commonly located in the trunk
or the extremities (WHO Classification of Tumours Edito-
rial Board 2020). MPNSTs are aggressive tumors with an
unfavorable prognosis and a high risk of distant metastatic
spread (WHO Classification of Tumours Editorial Board
2020; Callegaro et al. 2016; Valentin et al. 2016; Ang-
hileri et al. 2006). Adverse prognostic factors are truncal
location, tumor size > 5 cm, local disease recurrence at
presentation, high-grade histology according to the Fédé-
ration Nationale des Centres de Lutte Contre le Cancer
classification, NF1-associated MPNST, radiation-induced
MPNST, and heterologous rhabdomyoblastic differentia-
tion (triton tumor) (LaFemina et al. 2013; WHO Classi-
fication of Tumours Editorial Board 2020; Guellec et al.
2016; Miao et al. 2019). Multiple retrospective studies
confirmed wide surgical excision with clear margins as an
essential positive prognostic factor for local control (LC)
and overall survival (OS) (Valentin et al. 2016; Miao et al.
2019; Stucky et al. 2012; Dunn et al. 2013). The role of
pre- or postoperative radiotherapy (RT), however, remains
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unclear. This study aims to analyze prognostic factors for
the oncological outcomes and the role of RT in addition
to surgery in a single-center cohort of MPNST patients.

Methods

This retrospective, single-center cohort study included adult
patients with the histopathologically confirmed diagnosis of
MPNST, who received treatment at our institution between
1997 and 2023. We included patients presenting with pri-
mary diagnosed, locally recurrent, metastatic or metastatic
recurrent MPNSTs. We excluded patients below 18 years
of age. We reviewed data on the patient characteristics,
imaging, pathology, surgical, oncological, and RT treat-
ment characteristics, and oncological outcome data. End-
points included LC, OS, and distant metastasis-free survival
(DMES). LC was defined as an unchanged or decreased
MPNST volume after surgical excision or last RT treatment
(if not resected) or last chemotherapy cycle (if not resected
or irradiated) assessed by a board-certified radiologist on
follow-up imaging with magnetic resonance imaging (MRI)
or computed tomography (CT). OS was defined as the time
from primary diagnosis to death by any cause. DMFS was
defined as the time from surgical excision or last RT treat-
ment (if not resected) or last chemotherapy cycle (if not
resected or irradiated) to radiographic or histopathological
evidence of distant metastasis or death by any cause. Radi-
ographic follow-up was calculated from the day of initial
therapy until the last available CT or MRI. Clinical follow-
up was calculated from the date of initial therapy until the
last clinical visit. Patients were censored at the last available
follow-up if no local recurrence, death, or distant metastases
were observed.

For descriptive statistics, ranges, medians, interquartile
ranges, and means for continuous variables were used. LC,
OS, and DMFS were assessed using the Kaplan—-Meier
estimator. Multivariable Cox regression was performed to
analyze factors associated with LC, OS, and DMFS. A p
value of <0.05 was considered statistically significant. The
proportional hazards assumption was tested with a global
test using Schoenfeld residuals. Statistical analysis was
performed with GraphPad Prism v.9.3.1 (GraphPad Soft-
ware, San Diego, CA, USA) and STATA MP 16.0 (Stata-
Corp, College Station, TX, USA). Figures were created
with GraphPad Prism v.9.3.1 (GraphPad Software, San
Diego, CA, USA). The study was approved by the institu-
tional review board (EA1/072/23).
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Results
Patient and treatment characteristics

The entire cohort comprised 57 patients, of which 17
received surgery alone, 25 received surgery and RT, and
15 patients received other therapies (RT alone, chemother-
apy alone, palliative care, etc.). Patient and treatment char-
acteristics are summarized in Table 1. The median age at
primary diagnosis was 48 years (range 18—86 years), with
more female than male patients (57.9% vs. 42.1%, respec-
tively); patients in the surgery only arm were younger
than in the surgery with RT arm (median age 39 years
vs. 51 years, respectively). The majority of patients
(80.7%) were treated between 2010 and 2023. The most
common primary locations were the head and neck area
(26.3%), followed by the extremities (22.8%), trunk wall
(15.8%), and other locations (35.1%). More than half of
tumors (55.8%) had a maximum diameter larger than 5 cm.
The proportion of tumors greater than 5 cm was larger
in the surgery only group compared to the patients who
received surgery and RT (81.2% vs. 72%, respectively).
Most MPNSTs were located deeply (87.5% in the entire
cohort) and were similarly distributed in both treatment
groups. More than half of tumors in the surgery and RT
group had grade 3 histology, while the majority of tumors
in the surgery only group were grade 2. At initial presenta-
tion, most patients (70.2%) had the primary diagnosis of
a localized MPNST. Locally recurrent tumors represented
14% of the entire cohort and were similarly distributed
between the surgery only and the surgery with RT group.
Nine patients with synchronous metastatic disease at
presentation received palliative systemic therapy or pal-
liative RT only. NF1-associated MPNST were present in
15 patients (26.3%) in the entire cohort, and the proportion
that received surgery only was higher (23.5%) than the
proportion in the surgery with RT group (12%). Six cases
(10.5%) of all MPNST were associated with prior radiation
exposure. The median time between radiation exposure
and the development of MPNST was 13.9 years. Two of
these patients were treated with surgery only, and three
with surgery and RT. One patient in the entire cohort had
a heterologous rhabdomyoblastic differentiation (triton
tumor) for which he received surgery with RT.

RT was mostly delivered postoperatively, with a median
dose of 2 Gy per fraction and a total median dose of 60.0 Gy.
Twenty-four patients received anthracycline-based chemo-
therapy, nine in the surgery only group and nine in the sur-
gery with RT group. Four patients received regional hyper-
thermia and chemotherapy, three combined with surgery and
RT, one without surgery or RT.

Oncological outcomes

Oncological outcomes are summarized in Table 2.
The median clinical follow-up in the entire cohort was
20 months, with longer follow-up periods in the surgery
with RT group (53.8 months) compared to the surgery only
group (16.7 months). The median radiographic follow-up
was 18.0 months.

Data on local disease control were available in 43 out of
57 patients. In all patients with available follow-up data on
local disease control, median LC was not reached (Fig. 1A).
Two patients were treated with RT only and one patient with
chemotherapy only. In the remaining 40 patients, LC was
higher in the patients treated with surgery and RT than in the
surgery only group, with a median LC of 8.7 months in the
surgery only group and not reached in the surgery with RT
group (Fig. 1B). Patients initially presenting with localized
disease had longer LC times than patients presenting with
local disease recurrence or metastatic disease (not reached
in localized disease vs. 18.3 months in locally recurrent or
metastatic disease at presentation, Fig. 1C). Additionally,
locally recurrent disease vs. localized disease at initial pres-
entation was significantly associated with poorer LC in the
multivariable Cox regression (hazard ratio: 8.86, p=0.003,
Table 3). The rate of clear surgical margins was higher in
the surgery with RT group than in the surgery only group
(89.5% vs. 64.3%, respectively).

The median OS in the entire cohort was 56.9 months
(Fig. 2A). Between the surgery only and the surgery with RT
group, OS curves showed diverging trends with a median OS
of 25.5 months in the surgery only group and 111.5 months
in the surgery with RT group (Fig. 2B). No significant prog-
nostic factors for OS were found in the multivariable Cox
regression (supplementary Table 1). The median DMFS
for the entire cohort 35.9 months (Fig. 3A). Similar to the
diverging trends in OS, the surgery with RT group also
showed longer median DMFS compared to the surgery only
group (69.9 months vs. 22 months, Fig. 3B). The multivari-
able Cox regression analysis did not detect prognostic fac-
tors for DMFS (supplementary Table 2).

Discussion:

Herein, we report our single-institutional retrospective
cohort study on 57 MPNST patients. The combination of
surgery and RT showed favorable trends in LC over surgery
alone and appears to have a beneficial effect on LC. Locally
recurrent disease at presentation was a significant adverse
prognostic factor for developing subsequent local disease
recurrences.
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Table 1 Patient and treatment characteristics

All (N=5T7) Surgery (N=17) Surgery +RT (N=25)
Characteristics N % N % N %
Median age in years (range) 48.0 (18-86) 39.0 (21-69) 51.0 (18-78)
Sex
Female 33 57.9 10 58.8 11 44.0
Male 24 42.1 7 41.2 14 56.0
Site
Trunk wall 9 15.8 3 17.6 4 16.0
Extremity 13 22.8 3 17.6 6 24.0
Head and neck 15 26.3 3 17.6 8 32.0
Thoracic 6 10.5 0 0.0 3 12.0
Retroperitoneum 3 53 3 17.6 0 0.0
Abdominal 5 8.8 1 5.9 2 8.0
Spinal 6 10.5 4 235 2 8.0
Size
<5cm 23 442 3 18.8 17 68.0
>5cm 29 55.8 13 81.2 8 32.0
N/A 5 - 1 - 0 -
Location
Deep 49 87.5 15 88.2 19 79.2
Superficial 7 12.5 2 11.8 5 20.8
N/A 1 - 0 - 1 -
Grade (FNCLCC)
Gl 6 15.4 2 15.4 2 9.5
G2 17 43.6 6 46.2 8 38.1
G3 16 41.0 5 38.4 11 52.4
N/A 18 - 4 - 4 -
Presentation status
Localized, primary diagnosis 40 70.2 12 70.6 20 80.0
Localized, recurrent disease 8 14.0 3 17.6 5 20.0
Metastatic, primary diagnosis 9 15.8 2 11.8 0 0.0
NF1-associated MPNST 15 26.3 6 353 6 24.0
Radiation-induced MPNST 6 10.5 2 11.8 3 12.0
Median time in years between radiation and 13.9 (5.6-25.4) 16.7 (11.2-22.2) 16.0 (11.8-25.4)
primary diagnosis MPNST (range)
Triton tumor 1 1.8 0 0.0 1 100
Radiotherapy 27 47.4 0 0.0 25 100
Preoperative radiotherapy 7 259 0 0.0 7 28.0
Postoperative radiotherapy 17 63.0 0 0.0 17 68.0
Radiotherapy only 2 11.1 0 0.0 0 0.0
Radiotherapy timing N/A 1 3.6 0 0.0 1 4.0
Median dose per fraction (range) 2.0 Gy (1.8-15) - 2.0 Gy (1.8-3.8)
Median total dose (range) 60.0 Gy (49.4-70) - 60.0 Gy (49.4-66 Gy)
Chemotherapy (anthracycline-based) 24 42.1 9 52.9 9 36.0
Preoperative chemotherapy 11 45.8 5 55.6 6 66.7
Postoperative chemotherapy 6 25.0 4 44.4 2 222
Concurrent radiochemotherapy 1 42 0 0.0 1 11.1
Chemotherapy only 6 25.0 0 0.0 0 0.0
RHT 4 7.0 0 0.0 3 12.0
Preoperative RHT and Chemotherapy 2 50.0 0 0.0 2 66.7
Postoperative RHT and Chemotherapy 1 25.0 0 0.0 1 333
Chemotherapy and RHT only 1 25.0 0 0.0 0 0.0

FNCLCCFédération Nationale des Centres de Lutte Contre le Cancer, MPNSTMalignant peripheral nerve sheath tumor, N/Anot available,
NF I neurofibromatosis type 1, RHTregional hyperthermia, RT radiotherapy
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Table 2 Oncological outcomes

All (n=57) Surgery only (n=17) Surgery +RT (n=25)
Median follow-up, months (IQR) 20.0 (46.8) 16.7 (9.8) 53.8 (78.1)
Median LC, months Not reached 8.7 Not reached
Resection margin n=33 n=14 n=19
RO (%) 78.8 64.3 89.5
R1 (%) 12.1 21.4 5.3
R2 (%) 9.1 14.3 53
N/A (n) 9 3 6
Median OS, months 56.9 25.5 111.5
Median DMFS, months 35.9 22.0 69.9
A B
e
100 100 Surgery
< g Surgery + RT
= 757 = 754
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§ 50 9 50
E 3 =
S 254 S 254
0 T T T T T 0 T T T T T
0 12 24 36 a8 60 o 12 24 36 48 60
Number at risk Follow-up (months) Number at risk Follow-up (months)
43 23 14 14 13 9 Surgery 16 6 4 4 3 2
Surgery + RT 24 17 10 10 10 7
C
100- —— Localized
—_ —— Other
X
<= 754
2
s
c
S 50-
©
]
— 25_
0 T T T T T
0 12 24 36 48 60
Number at risk Follow-up (months)
Localized 30 18 1 1 10 7
Other 13 6 4 4 4 3

Fig.1 A Local control in all patients with available follow-up data. B
Local control between surgery alone (Surgery) and surgery with radi-
otherapy (Surgery+RT). C Local control between primary localized

Our findings support previous evidence showing posi-
tive effects of surgery and RT for local disease control.
A comprehensive retrospective study overlooking 280
patients from the Massachusetts General Hospital by
Miao et al. confirmed that pre- or postoperative RT was a

disease at presentation (Localized) and locally recurrent or metastatic
disease at presentation (Other)

significant positive prognostic factor for LC (Miao et al.
2019). Notably, in the present study, the rate of positive
surgical margins, as an established risk factor for local
recurrences, was higher in the surgery with RT group,
than in the surgery only group (WHO Classification of
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Surgery 17 9 5 5 4 4
Surgery + RT 25 22 18 12 10 7

Fig.2 A Overall survival in the entire study cohort. B Overall survival between surgery alone (Surgery) and surgery with radiotherapy (Sur-

gery +RT)

Tumours Editorial Board 2020; Anghileri et al. 2006; Cai
et al. 2020; Sobczuk et al. 2020; Martin et al. 2020). An
important factor associated with LC in the present study
was the presentation status of patients. Initial presentation
with locally recurrent disease was a significant adverse
prognostic factor for LC in the multivariable regression
analysis. Our findings confirm the previous literature

Table 3 Multivariable Cox proportional hazards model for local con-
trol

Multivariable Cox proportional
hazards model

Variable Hazard ratio Confidence  p value
interval
(95%)

Treatment

Surgery alone Reference

Surgery +RT 0.42 0.09-2.00 0.276
Size

<5cm Reference

>5cm 0.56 0.1-3.22 0.52
Surgical margin

RO Reference

R1 3.8 0.88-16.42  0.07
Presentation status

Localized primary diagnosis Reference

Locally recurrent 8.86 2.13-36.8 0.003
Grade

Low-grade Reference

High-grade 1.92 0.16-23.45 0.61

Unknown 0.42 0.02-9.32 0.59
DMFSdistant metastasis-free survival, IQRinterquartile range,

LClocal control, N/A not available, OSoverall survival, RTradiother-
apy

@ Springer

describing local disease recurrence at presentation as a
risk factor for subsequent relapses and mortality (WHO
Classification of Tumours Editorial Board 2020).
Whether an improvement in LC by the addition of RT
translates into an OS benefit remains controversial. In a large
national database study from the Netherlands comprising
333 not irradiated and 261 irradiated patients, the multi-
variable Cox regression did not find RT to be a significant
prognostic factor for OS (Anghileri et al. 2006; Martin et al.
2020). Similarly, RT was not a positive prognostic factor
for OS in the analysis of 353 patients from the French Sar-
coma Group and 239 patients from the Warsaw sarcoma
center (Valentin et al. 2016; Sobczuk et al. 2020). In contrast
to that, RT was a significant positive prognostic factor for
disease-specific mortality in the Italian national cancer insti-
tute analysis of 205 MPNST patients (Anghileri et al. 2006).
Moreover, a comprehensive meta-analysis on prognostic
factors for MPNST found a number of studies showing OS
benefits by RT (HR: 0.65, p=0.005) (Anghileri et al. 2006;
Cai et al. 2020; Fan et al. 2014; Yuan et al. 2017). In our
study cohort, an initial trend in OS benefit was also visible
in the RT with surgery group (Fig. 2B). However, the multi-
variable Cox regression analysis could did not confirm this
hypothesis (supplementary Table 1). In addition, the propor-
tion of tumors greater than 5 cm in maximum diameter was
higher in the surgery with RT group and is an established
adverse prognostic factor for survival outcomes (Cai et al.
2020; Martin et al. 2020; Longhi et al. 2010; Mowery and
Clayburgh 2019). The distribution of disease sites in the
present cohort is unusual. MPNSTSs of the head and neck
were the most common, while most literature describe the
extremities and the trunk as the most common disease sites
(WHO Classification of Tumours Editorial Board 2020;
Guellec et al. 2016; Ducatman et al. 1986). In the present
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Fig.3 A Distant metastasis-free survival in the entire study cohort. B Distant metastasis-free survival between surgery alone (Surgery) and sur-

gery with radiotherapy (Surgery +RT)

study, more head and neck MPNST received surgery and RT
and this tumor location is known to have a poorer prognosis
than MPNSTSs of the extremities (Anghileri et al. 2006; Cai
et al. 2020; Fan et al. 2014; Yuan et al. 2017).

The present findings on RT for DMFS were comparable
to the present results on OS. The median DMFS of surgery
with RT was 69.9 months vs. 22 months with surgery only;
however, it did not prove to be a significant prognostic fac-
tor in the multivariable Cox regression analysis. The Italian
MPNST study could not find a DMFES benefit by RT either
(Anghileri et al. 2006). In the study from Warsaw, periopera-
tive RT was significantly associated with a negative DMFS
outcome (HR: 2.08, p=0.026) (Sobczuk et al. 2020). Six
patients (10.5%) in our study developed radiation-induced
MPNST after a median time of 13.9 years after radiation
exposure. These findings correlate well with the previous
literature where an average latency of 13.5 years between RT
and the development of an MPNST is described (Yamanaka
and Hayano 2017). Moreover, 15 (26.3%) NF1-induced
MPNST were found in the present study. Although no firm
conclusions can be drawn from our small sample size, radi-
ation-induced and NF1-induced MPNST are known to carry
unfavorable prognoses compared to sporadic MPNST (Miao
et al. 2019; Yamanaka and Hayano 2017).

For unresectable and metastasized MPNST, doxorubicin
remains first-line chemotherapy, although larger retro-
spective studies suggest improvements in oncological out-
comes by combining ifosfamide with doxorubicin (Kroep
et al. 2011; Higham et al. 2017; Yao et al. 2023). Multiple
preclinical studies on cell clines and murine models iden-
tified molecular targets for MPNST such as EGF and the
mTOR signaling pathway with effective in vitro responses
to targeted antagonization (Li et al. 2002; Johansson et al.

2008; Endo et al. 2013). Unfortunately, subsequent prospec-
tive clinical trials failed to demonstrate clinically relevant
responses to targeted therapies (Albritton et al. 2006; Wide-
mann et al. 2016, 2019). MEK inhibitors also displayed pre-
clinical antitumor activity and prospective clinical studies as
well as case studies found promising responses, particularly
in patients with NF1-associated plexiform neurofibromato-
sis, a precancerous lesion for MPNST (Gross et al. 2018;
Vaassen et al. 2019; Nagabushan et al. 2021; Peacock et al.
2018). The ongoing SARCO31 clinical trial (NCT03433183)
combines the MEK inhibitor Selumetinib with the mTOR
inhibitor Sirolimus in unresectable or metastasized MPNST
patients and is expected to complete completion in the near
future (Sarcoma Alliance for Research through C, United
States Department of D, AstraZeneca 2023). Our sample
size of patients receiving systemic therapy for metastasized
MPNST only is too small to draw firm conclusions. Thus far,
no data are available on effective combination therapies of
RT with targeted therapies functioning as radiosensitizers for
MPNST, although the synergistic effects on tumor control
have been described for other tumor entities (Willers et al.
2021; Willers and Eke 2020; Coleman et al. 2016). Future
studies combining targeted therapies with RT are warranted
to investigate potential outcome benefits for patients.

The present study carries the intrinsic limitations of retro-
spective, single-center cohort studies. Within the long study
period of 26 years, many new techniques and improvements
in the delivery of RT were introduced, which advanced the
efficacy and functional outcomes for STS patients (Roeder
2020; Alektiar et al. 2008; Leachman and Galloway 2016).
Moreover, the imbalances between both groups may intro-
duce bias in detecting and evaluating oncological outcomes.
The follow-up times between groups differed remarkably.
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Patients receiving surgery with RT had fewer positive sur-
gical margins, were older, had smaller lesions, more head
and neck MPNSTs, and more G3 graded tumors than in the
surgery only group. Additionally, our study also included
patients presenting with locally recurrent or metastatic
disease.

MPNSTs are aggressive soft-tissue sarcomas carrying
unfavorable prognoses. Wide surgical excision remains the
cornerstone of effective local therapy (Dunn et al. 2013).
The addition of RT appears to have a beneficial effect on LC.
Local disease recurrence at presentation is an adverse prog-
nostic factor for developing subsequent local recurrences.
Future collaborative clinical and translational studies are
warranted to pool larger datasets, identify molecular targets,
and find effective perioperative combination therapies with
RT to improve outcomes for patients.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00432-023-05449-9.

Acknowledgements Siyer Roohani is a participant in the BIH Charité
Junior Clinician Scientist Program and Tomasz Dziodzio in the BIH
Charité Clinician Scientist Program funded by the Charité—Univer-
sitditsmedizin Berlin, and Berlin Institute of Health (BIH).

Author contributions SR acquired and analyzed the data and wrote
a substantial part of the manuscript. NMC acquired and analyzed
the data. DK planned part of the study. DK supervised the project.
All authors have read and agreed to the published version of the
manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The authors acknowledge financial support from the Open
Access Publication Fund of Charité — Universitdtsmedizin Berlin and
the German Research Foundation (DFG). This research received no
external funding. Open-access funding enabled and organized by Pro-
jekt DEAL.

Data availability Data are available on request from the correspond-
ing author.

Declarations

Conflict of interest DK received travel grants from Accuracy and is
a member of the advisory board for Novocure; he has no competing
interests related to the presented work. The other authors declare that
they have no competing interest related to the presented work.

Ethics approval and consent to participate The study was conducted in
accordance with the Declaration of Helsinki and approved by the local
institutional review board (EA1/072/23).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not

@ Springer

permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Albritton KH, Rankin C, Coffin CM, Ratner N, Budd GT, Schuetze SM
et al (2006) Phase II study of erlotinib in metastatic or unresect-
able malignant peripheral nerve sheath tumors (MPNST). J Clin
Oncol 24(18_suppl):9518

Alektiar KM, Brennan MF, Healey JH, Singer S (2008) Impact of inten-
sity-modulated radiation therapy on local control in primary soft-
tissue sarcoma of the extremity. J Clin Oncol 26(20):3440-3444

Anghileri M, Miceli R, Fiore M, Mariani L, Ferrari A, Mussi C et al
(2006) Malignant peripheral nerve sheath tumors: prognostic fac-
tors and survival in a series of patients treated at a single institu-
tion. Cancer 107(5):1065-1074

Board WCoTE (2020) Soft tissue and bone tumours, Sth edn. WHO
Classification of Tumours (Volume 3)

Cai Z, Tang X, Liang H, Yang R, Yan T, Guo W (2020) Prognosis
and risk factors for malignant peripheral nerve sheath tumor:
a systematic review and meta-analysis. World J Surg Oncol
18(1):257

Callegaro D, Miceli R, Bonvalot S, Ferguson P, Strauss DC, Levy A
et al (2016) Development and external validation of two nomo-
grams to predict overall survival and occurrence of distant metas-
tases in adults after surgical resection of localised soft-tissue sar-
comas of the extremities: a retrospective analysis. Lancet Oncol
17(5):671-680

Coleman CN, Higgins GS, Brown JM, Baumann M, Kirsch DG, Will-
ers H et al (2016) Improving the predictive value of preclinical
studies in support of radiotherapy clinical trials. Clin Cancer Res
22(13):3138-3147

Ducatman BS, Scheithauer BW, Piepgras DG, Reiman HM, Ilstrup DM
(1986) Malignant peripheral nerve sheath tumors. A clinicopatho-
logic study of 120 cases. Cancer 57(10):2006-2021

Dunn GP, Spiliopoulos K, Plotkin SR, Hornicek FJ, Harmon DC, Dela-
ney TF et al (2013) Role of resection of malignant peripheral
nerve sheath tumors in patients with neurofibromatosis Type 1:
clinical article. Journal of Neurosurgery JNS 118(1):142-148

Endo M, Yamamoto H, Setsu N, Kohashi K, Takahashi Y, Ishii T et al
(2013) Prognostic significance of AKT/mTOR and MAPK path-
ways and antitumor effect of mTOR inhibitor in NF1-related and
sporadic malignant peripheral nerve sheath tumors. Clin Cancer
Res 19(2):450-461

Fan Q, Yang J, Wang G (2014) Clinical and molecular prognostic pre-
dictors of malignant peripheral nerve sheath tumor. Clin Transl
Oncol 16(2):191-199

Gross AM, Wolters P, Baldwin A, Dombi E, Fisher MJ, Weiss BD
et al (2018) SPRINT: Phase II study of the MEK 1/2 inhibitor
selumetinib (AZD6244, ARRY-142886) in children with neurofi-
bromatosis type 1 (NF1) and inoperable plexiform neurofibromas
(PN). Am Soc Clin Oncol 36:10503

Higham CS, Steinberg SM, Dombi E, Perry A, Helman LJ, Schuetze
SM et al (2017) SARCO006: Phase II trial of chemotherapy in spo-
radic and neurofibromatosis type 1 associated chemotherapy-naive
malignant peripheral nerve sheath tumors. Sarcoma 2017:8685638

Johansson G, Mahller YY, Collins MH, Kim M-O, Nobukuni T, Per-
entesis J et al (2008) Effective in vivo targeting of the mammalian
target of rapamycin pathway in malignant peripheral nerve sheath
tumors. Mol Cancer Ther 7(5):1237-1245

Kroep JR, Ouali M, Gelderblom H, Le Cesne A, Dekker TJA, Van
Glabbeke M et al (2011) First-line chemotherapy for malignant


https://doi.org/10.1007/s00432-023-05449-9
http://creativecommons.org/licenses/by/4.0/

Journal of Cancer Research and Clinical Oncology (2023) 149:17739-17747

17747

peripheral nerve sheath tumor (MPNST) versus other histologi-
cal soft tissue sarcoma subtypes and as a prognostic factor for
MPNST: an EORTC Soft Tissue and Bone Sarcoma Group study.
Ann Oncol 22(1):207-214

LaFemina J, Qin L-X, Moraco NH, Antonescu CR, Fields RC, Crago
AM et al (2013) Oncologic Outcomes of sporadic, neurofibroma-
tosis-associated, and radiation-induced malignant peripheral nerve
sheath tumors. Ann Surg Oncol 20(1):66-72

Le Guellec S, Decouvelaere AV, Filleron T, Valo I, Charon-Barra
C, Robin YM et al (2016) Malignant peripheral nerve sheath
tumor is a challenging diagnosis: a systematic pathology review,
immunohistochemistry, and molecular analysis in 160 patients
from the French Sarcoma Group Database. Am J Surg Pathol
40(7):896-908

Leachman BK, Galloway TJ (2016) The role for radiation therapy in
the management of sarcoma. Surg Clin N Am 96(5):1127-1139

Li H, Velasco-Miguel S, Vass WC, Parada LF, DeClue JE (2002) Epi-
dermal growth factor receptor signaling pathways are associated
with tumorigenesis in the Nfl:p53 mouse tumor model. Cancer
Res 62(15):4507-4513

Longhi A, Errani C, Magagnoli G, Alberghini M, Gambarotti M, Mer-
curi M et al (2010) High grade malignant peripheral nerve sheath
tumors: outcome of 62 patients with localized disease and review
of the literature. ] Chemother 22(6):413-418

Martin E, Coert JH, Flucke UE, Slooff WM, Ho VKY, van der Graaf
WT et al (2020) A nationwide cohort study on treatment and sur-
vival in patients with malignant peripheral nerve sheath tumours.
Eur J Cancer 124:77-87

Miao R, Wang H, Jacobson A, Lietz AP, Choy E, Raskin KA et al
(2019) Radiation-induced and neurofibromatosis-associated
malignant peripheral nerve sheath tumors (MPNST) have worse
outcomes than sporadic MPNST. Radiother Oncol 137:61-70

Mowery A, Clayburgh D (2019) Malignant peripheral nerve sheath
tumors: analysis of the national cancer database. Oral Oncol
98:13-19

Nagabushan S, Lau LMS, Barahona P, Wong M, Sherstyuk A, Mar-
shall GM et al (2021) Efficacy of MEK inhibition in a recurrent
malignant peripheral nerve sheath tumor. Npj Precis Oncol 5(1):9

Peacock JD, Pridgeon MG, Tovar EA, Essenburg CJ, Bowman M,
Madaj Z et al (2018) Genomic status of MET potentiates sen-
sitivity to MET and MEK inhibition in NF1-related malignant
peripheral nerve sheath tumors. Can Res 78(13):3672-3687

Roeder F (2020) Radiation therapy in adult soft tissue sarcoma-current
knowledge and future directions: a review and expert opinion.
Cancers (basel). 12(11):3242

Sarcoma Alliance for Research through C, United States Department
of D, AstraZeneca (2023) SARC031: MEK inhibitor selumetinib
(AZD6244) in combination with the mtor inhibitor sirolimus for
patients with malignant peripheral nerve sheath tumors. https://
clinicaltrials.gov/study/NCT03433183

Sobczuk P, Teterycz P, Czarnecka AM, Switaj T, Koseta-Paterczyk H,
Kozak K et al (2020) Malignant peripheral nerve sheath tumors—
outcomes and prognostic factors based on the reference center
experience. Surg Oncol 35:276-284

Stucky C-CH, Johnson KN, Gray RJ, Pockaj BA, Ocal IT, Rose PS et al
(2012) Malignant peripheral nerve sheath tumors (MPNST): the
Mayo Clinic Experience. Ann Surg Oncol 19(3):878-885

Vaassen P, Diirr N, Rohrig A, Willing R, Rosenbaum T (2019)
Trametinib induces neurofibroma shrinkage and enables surgery.
Neuropediatrics 50(05):300-303

Valentin T, Le Cesne A, Ray-Coquard I, Italiano A, Decanter G,
Bompas E et al (2016) Management and prognosis of malignant
peripheral nerve sheath tumors: the experience of the French Sar-
coma Group (GSF-GETO). Eur J Cancer 56:77-84

WHO Classification of Tumours Editorial Board (2020) Soft tissue
and bone tumours, 5th ed, vol 3. WHO Classification of Tumours

Widemann BC, Meyer CF, Cote GM, Chugh R, Milhem MM, Van
Tine BA et al (2016) SARCO016: Phase 1II study of everolimus in
combination with bevacizumab in sporadic and neurofibromatosis
type 1 (NF1) related refractory malignant peripheral nerve sheath
tumors (MPNST). Am Soc Clin Oncol 34:110503

Widemann BC, Lu Y, Reinke D, Okuno SH, Meyer CF, Cote GM et al
(2019) Targeting sporadic and neurofibromatosis type 1 (NF1)
related refractory malignant peripheral nerve sheath tumors
(MPNST) in a phase II study of everolimus in combination with
bevacizumab (SARCO016). Sarcoma 2019:1-8

Willers H, Eke I (2020) Translating Targeted Radiosensitizers into the
clinic. In: Willers H, Eke I (eds) Molecular targeted radiosensi-
tizers: opportunities and challenges, 1st ed, Chapter 2. Springer
International Publishing, Cham

Willers H, Pan X, Borgeaud N, Korovina I, Koi L, Egan R et al (2021)
Screening and validation of molecular targeted radiosensitizers.
Int J Radiat Oncol Biol Phys 111(5):e63—74

Yamanaka R, Hayano A (2017) Radiation-induced malignant periph-
eral nerve sheath tumors: a systematic review. World Neurosur-
gery 105:961-70.e8

Yao C, Zhou H, Dong Y, Alhaskawi A, Hasan Abdullah Ezzi S, Wang
Z et al (2023) Malignant peripheral nerve sheath tumors: latest
concepts in disease pathogenesis and clinical management. Can-
cers (basel). 15(4):1077

Yuan Z, Xu L, Zhao Z, Xu S, Zhang X, Liu T et al (2017) Clinico-
pathological features and prognosis of malignant peripheral nerve
sheath tumor: a retrospective study of 159 cases from 1999 to
2016. Oncotarget 8(62):104785-104795

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://clinicaltrials.gov/study/NCT03433183
https://clinicaltrials.gov/study/NCT03433183

	The role of radiotherapy in the management of malignant peripheral nerve sheath tumors: a single-center retrospective cohort study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Results
	Patient and treatment characteristics
	Oncological outcomes

	Discussion:
	Anchor 13
	Acknowledgements 
	References




