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ABSTRACT Objective: Malignant peripheral nerve sheath tumors (MPNSTs) are rare soft tissue sarcomas with poor prognosis. The treat-
ment options, especially in metastatic cases, are limited. In this study, we aimed to investigate the treatment outcomes along with programmed
death-ligand 1 (PD-L1) expression as a potential surrogate for immunotherapy benefit in our patients with MPNST. Material and Methods:
In this retrospective study, 27 patients diagnosed with MPNST and treated at the Hacettepe University Cancer Institute between 2000 and 2016
were evaluated. Patient and tumor characteristics, survival data and treatment modalities were obtained from medical charts. The patient out-
comes were assessed based on the treatment modality. Slides prepared from 4-mm diameter microarray tissue were stained for the PD-L1 an-
tibody using Leica Bond Autostainer (Cell Signaling, EIL3N®). Membranous staining more than 5% of the cells were accepted as positive.
Results: The median age of the patients was 36 years (range 19-89 years), and 37% of patients were male. The median tumor size was 8.7
cm, and 62% of patients had high-grade tumors. The most common tumor localizations were extremities (41%), trunk (48%), and the head-
neck region (11%). Only two patients (7%) had distant metastases at the time of diagnosis. Seven patients (26%) had neurofibromatosis type
1 (NF1) and the presence of NF-1 was associated with partially worse overall survival (p=0.056). The majority of the patients underwent pri-
mary surgery (96.3%), and RO-R1 resection was achieved by 76% of patients. The median follow-up was 16 months (range 1 to 178 months).
During the follow-up, 16 patients (59%) had recurrence (37% local, 22% distant recurrence). A 3-year disease-free survival (DFS) rate ac-
cording to RO-R1 and R2 resection was 57% vs. 17%, respectively (p<0.001). After surgery, 48% of the patients received adjuvant therapy.
Two patients (7%) received only chemotherapy, five patients (19%) received only radiotherapy (RT), and six patients (22%) received both.
Patients who received both chemotherapy and RT had longer DFS compared to those who received either therapy alone and to those who re-
ceived no adjuvant therapy (3-year DFS 100% vs. 14% vs. 44%, respectively, p=0.003) (Figure 3). PD-L1 expression was positive in 6 of 15
patients (40%) and was not associated with DFS. Conclusions: Multimodality treatment with surgery, chemotherapy, and RT may improve
DFS in patients with MPNSTs. The PD-L1 expression is not associated with DFS.
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Malignant peripheral nerve sheath tumor ondary to prior radiation exposure and in patients with
(MPNST) is an uncommon soft tissue sarcoma that neurofibromatosis type 1 (NF1).** In the NF1 pa-
originates from the peripheral nerves and is hypothe- tients, MPNST usually originates from plexiform neu-
sized to be of neural crest origin.'! The incidence of  rofibromas and atypical neurofibromas. The lifetime
MPNST is 1:100.000/year and accounts for 5-10% of  risk of developing MPNST in these patients is around
all soft tissue sarcomas.” Approximately 50% of MP- 8-13%.>* MPNSTs often arise from large and

NSTs occur sporadically, the remaining arises sec- medium-sized nerves, located in the extremities in 33-
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46% of the patients, the truncal region in 31-41% and
the head/neck region in 17-25%. MPNSTs are mostly
high-grade with aggressive behavior.” For all patients
with high-grade MPNST, overall 5-year survival rates
range from 20% to 50% and with a mortality rate of
up to 75%."1° Current treatment for high grade local-
ized MPNSTs is surgical resection with wide negative
margins and adjuvant radiotherapy (RT). However,
RT only reduces local recurrence risk but does not im-
prove overall survival (OS).!" Administration of adju-
vant or neoadjuvant chemotherapy in the treatment of
MPNSTs is still controversial.!>!> Despite all these
treatments, the local recurrence rate is 40-65% and the
distant metastasis rate is 30-60%. Distant metastases
are usually seen in the lungs.'*!%!8 Novel treatment
agents and strategies are needed for this poor prog-
nostic disease. But the rarity of the disease precludes
conducting randomized controlled trials. Therefore,
information related to treatment can be obtained from
retrospective studies.

Programmed death-ligand 1 (PD-L1), CD274 or
B7 homolog (B7-H1) is a transmembrane protein
found mainly on lymphocytes and macrophages and
plays a pivotal role in the regulation of cellular im-
mune response. Activation of PD-1/PD-L1 complex
leads to inhibition of antigen-specific T cell prolifer-
ation and induces apoptosis of these antigen-specific
T cells, therefore, negates the cellular immune re-
sponse. Neoplastic cells may express PD-L1 in order
to escape from the immune system. Also, many stud-
ies showed PD-L1 expression in various cancer types,
including sarcomas.'*2°

In this study, we aimed to investigate patient and
tumor characteristics, treatment outcomes in our pa-
tients with MPNST. We also assessed programmed
death ligand-1 (PD-L1) expression and its associa-
tion with survival.

I MATERIAL AND METHODS

Patients with pathologically confirmed MPNST diag-
nosed and treated between 2000 and 2016 in Hacettepe
University Cancer Institute were reviewed. Patients’
demographic features, tumor characteristics including
size, location, grade, stage, resection margin status, the
presence of NF-1, and treatment protocols were ob-
tained from patient files. The diagnosis of NF1 was
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confirmed by the presence of two or more clinical
manifestations that met the National Institute of Health
(NIH) consensus criteria.>*! The PD-L1 expression
was determined using slides of microarray tissue that
was stained for the PD-L1 antibody using Leica Bond
Autostainer (Cell Signaling, EIL3N®). Membranous
staining of more than 5% of the cells was accepted as
positive. This study was approved by the Institutional
Ethics Committee of Hacettepe University.

STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS ver-
sion 21.0 (IBM, Chicago, IL, USA). We used the chi-
square test for the comparison of categorical variables
and the Mann-Whitney U-test and Student’s ¢-test for
numerical variables. The missing values were ignored
in data analysis. The Kaplan-Meier analysis was used
for estimating survival rates and the long-rank test for
comparison of outcomes. Two-sided p values <0.05
were considered as statistically significant. DFS was
defined as the time interval from the time of diagno-
sis to the first recurrence or death of any cause and
OS was defined as the time period from diagnosis to
death due to disease or any reason.

I RESULTS

Twenty-seven patients were identified and evaluated,
of whom 20 (74%) patients were sporadic and 7
(26%) were NF-1 associated. The patients mostly had
localized disease (93%), high-grade tumors (63%),
located in the trunk (48%) and median tumor size was
8.7 cm (range 2-20 cm). Patient characteristics are
summarized in Table 1. Two patients (7%) had dis-
tant metastases at the time of diagnosis, at both the
lungs. Surgery for the primary tumor was performed
in 26 patients (96%) and RO or R1 resection was
achieved in 19 (76%) of the patients.

The median follow-up was 16 months (range 1
to 178 months). On follow-up, 16 patients (59%) ex-
perienced recurrence, 10 being local (37%), and 6
being at distant sites (22%). All distant recurrences
were located in the lungs. The median DFS was 20
months [95% confidence interval (Cl), range 5 to 168
months]. Disease-free survival was worse in NF1 pa-
tients but this difference did not reach statistical sig-
nificance (43 vs. 9 months, p=0.056) but clinically
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TABLE 1: Demographic characteristics of malignant peripheral nerve sheath tumor patients.

Characteristics n (%)
Age (year) [Median (min-max)] [36 (19-39)]
Gender Male 10 (37)
Female 17 (63)
Genetic Background Sporadic 20 (74)
Neurofibromatosis type-1 associated 7 (26)
Grade Low- Intermediate 9(37)
High 15 (63)
Location Extremity 11 (41)
Trunk 13 (48)
Head and Neck 3(11)
Tumor Size (cm) [Median (min-max)] [9 (2-20)]
Stage Localized 25(93)
Metastatic 2(7)
PD-L1 expression Positive™* 6 (40)
Negative 9 (60)
*** Membranous staining over 5% of the cells was regarded as positive.
remarkable. The 3-year DFS rate according to RO-R1 p<0.001

and R2 resection was 57 vs. 17%, respectively
(»<0.001) (Figure 1). The median OS was 56 months.

None of the patients received neoadjuvant treat-
ment. After surgery, 13 patients (48%) received ad-
juvant treatment. Two patients (7%) received
chemotherapy, five patients (19%) received radio-
therapy, and six patients (22%) received both. Pa-
tients who received both chemotherapy and
radiotherapy (chemoradiotherapy group, n=6) had
longer 3-year DFS compared to those who received
chemotherapy or radiotherapy alone (unimodality
group, n=7) and to those who did not receive any ad-
juvant treatment. The 3-year DFS rates were 100%
in the chemoradiotherapy group vs. 14% in the uni-
modality group and 44% in the surgery alone group
(»=0.003) (Figure 2). Ten out of 16 patients who de-
veloped recurrence underwent surgery. The patients
who underwent surgery after recurrence had better 3-
year survival than those who did not (66% vs. 0%,
respectively, p=0.02). Among the 15 patients in
whom tumor PD-L1 expression was assessed, PD-L1
was positive in six patients (40%) (Figure 3). Even
though the survival of PD-L1 positive and negative
groups showed a clear separation especially after the
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FIGURE 1: Disease-free survival according to the resection margin.

16th month of follow-up, the relationship between
PD-L1 expression and DFS was not statistically sig-
nificant (p=0.2) (Figure 4).

I DISCUSSION

In this study, we have shown that multimodality
treatment including surgery, chemotherapy, and ra-
diotherapy is associated with improved DFS in pa-
tients with MPNST. Previous data on MPNST have
principally been collected from single-center retro-
spective trials and the 5-year survival range is be-
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FIGURE 2: Disease-free survival according to adjuvant treatment.
CT: Chemotherapy, RT: Radiotherapy.
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FIGURE 3: Membranous PD-L1 expression in neoplastic cells of MPNST (400x).
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FIGURE 4: Disease-free survival according to the PD-L1 expression.
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tween 15% and 50%, consistent with our results. In
those studies, large tumor size (>5 cm), high tumor
grade, truncal location, surgical marginal status, and
local recurrence have been accepted as poor prog-
nostic factors.?>?* NF1 is an important risk factor for
the development of MPNST, approximately 10% of
all NF1 patients eventually develop MPNST but the
prognostic impact of NF1 is controversial.® Previ-
ously, several studies have reported poorer outcomes
among patients with NF1-MPNSTs, however, with
the advent of imaging and diagnostic techniques,
better surveillance, rapid intervention, prognosis
have improved drastically.’® The only definitive
treatment for MPNST is surgical resection with wide
negative margins. Almost all of our patients (96%)
had undergone surgical resection. A better 3-year
DFS rate was associated with total resection (R0-R1)
compared with subtotal (R2) resection. However, in
some patients, resection is not possible due to tumor
size, localization, or patient morbidities.”” The role
of chemotherapy is not well-defined. In a retrospec-
tive study conducted by the European Organization
for Research and Treatment of Cancer (EORTC) Soft
Tissue and Bone Sarcoma Group, first-line
chemotherapy was evaluated in MPNST patients and
the median progression-free survival was 17 weeks
and the overall survival was 48 weeks. The doxoru-
bicin-ifosfamide regimen had better response rates
compared with doxorubicin alone.?® Radiotherapy
improves local control; the effect on survival has not
been demonstrated.'*!* Stucky et al. recommend the
use of postoperative radiotherapy for tumors with
greater than or equal to 5 cm, high grade, and R1 re-
section (microscopically positive), the closest margin
within 2 mm, or R2 (macroscopically positive mar-
gin) margin status.’* Both neoadjuvant chemother-
apy and radiotherapy could be used to downstage
borderline unresectable tumors and to determine in
vivo chemosensitivity in selected cases.?’*? Hirbe et
al. showed in a retrospective study that patients re-
ceiving neoadjuvant chemotherapy had a response
rate of 60% and a clinical benefit rate of 100%.%'
Similarly, in our study, a 3-year DFS rate was 100%
in patients who received multimodal treatment.
There are reports supporting our results and sug-
gesting that multimodality treatment provides better
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recurrence-free survival.*> Randomized controlled
trials are needed to prove the efficacy of this treat-
ment.

Preclinical studies assessed tumor protein p53,
retinoblastoma gene (RB1), phosphoinositide 3-ki-
nase (PI3K), protein kinase B-mammalian target of
rapamycin (Akt-mTOR), RAS-ERK and Wnt signal-
ing pathways in the pathogenesis of MPNST.** Sev-
eral targeted therapies such as erlotinib, sorafenib,
imatinib, and dasatinib were investigated in histol-
ogy-specific phase II trials but no clinical benefit was
detected.’® Recently, Ki et al. demonstrated that wild-
type platelet-derived growth factor receptor alpha
(PDGFRA) overexpression may be a key driver of
MPNST development. Also, they found that sunitinib
decreased tumor progression and increased apopto-
sis in PDGFRA wild-type transgenic fish model.
Sunitinib can be a promising agent for this disease.
There are also ongoing studies with MEK inhibitors,
small molecule inhibitors of colony-stimulating fac-
tor 1 and KIT.”

Immune-based treatments have shown signifi-
cant therapeutic efficacy in numerous tumor types,
such as advanced melanoma, Hodgkin lymphoma,
and non-small cell lung cancer.*® The PD-L1 expres-
sion is associated with a higher response to im-
munotherapy in some tumors including lung cancer.
PD-L1 expression in sarcomas was reported to be
present in a wide range of cases (6-65%).'%2%3* This
wide difference may be due to the use of different an-
tibodies, the cut-off points varying between 1% to
10%, and the types of sarcomas studied. However, in
most of them, MPNSTs are included in high PD-L1
expressing sarcomas (13-39%). In our series, the re-
lationship between PD-L1 expression and DFS did
not reach the statistical significance level (p=0.2), al-
though there was a clear separation of survival curves
after 16 months of follow-up, a larger series may help
prove a possible correlation. Shurell et al. also inves-
tigated the relationship between PD-L1 status and
clinical outcomes in patients with MPNST. PD-L1
staining in at least 5% cases was seen and it was 13%
and more in MPNST compared with benign lesions
(7/53 vs. 2/68, p=0.033). Consistent with our results,
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they did not find any association between PD-L1 ex-
pression and disease-specific and disease-free sur-
vival.®

In conclusion, MPNST is an entity with a poor
prognosis. Surgery is the mainstay of treatment. We
demonstrated that combined modality adjuvant ther-
apy might improve outcomes. Previous studies on ad-
juvant treatment for soft tissue sarcomas are
heterogeneous and include several histological sub-
types. Further determination of the efficacy of
chemoradiotherapy specifically in MPNST is needed.
At present, PD-L1 expression appears to be unrelated
to prognosis and survival in MPNST.
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