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Abstract
Background: No available meta-analysis was printed to systematically introduce the MPNST clinic
outcome and risk factors based on largely pooled data. This systematic review and meta-analysis aimed
to investigate 5-year OS rate, 5-year EFS rate and LR rate for MPNST, and to assess potential risk factors
for prognosis.

Methods: Electronic articles published between January 1, 1966 and February 29, 2020, were searched
and critically evaluated. The authors independently reviewed the abstracts and extracted data for 5-year
OS rate, 5-year EFS rate, LR rate, and potential risk factors for prognosis.

Results: Twenty-eight literatures were �nally included for meta-analysis. The pooled 5-year OS rate, 5-year
EFS rate, and LR rate were 49%, 37%, and 38%, respectively. The signi�cant prognostic factors for survival
were NF1 status, tumor size, depth, location, malignant grade, margin status, chemotherapy, and
radiotherapy. Age and sex were not associated with survival.

Conclusion: Survival and local recurrence of MPNST are poor. Worse prognosis is mainly associated with
NF 1, large size, deep to fascia, high grade, metastases and location (trunk and head & neck). Complete
resection with adequate surgical margins is the mainstay protective factor of MPNST patients, following
necessary adjuvant therapies.

Introduction
Malignant Peripheral Nerve Sheath Tumor (MPNST) is a rare malignant mesenchymal lesion that
accounts for 5% to 10% of all soft tissue sarcoma[1, 2]. 50%-60% of patients with MPNST are associated
to neuro�bromatosis type 1 (NF1), others are radiation-induced or sporadic[3]. The behavior of MPNST is
badly aggressive with high local recurrence rate and poor survival. Resection surgery is the main therapy
for MPNST, while radiation and systemic chemotherapy was also widely use despite their uncertain
effect. Radical therapy surgery combined with adjuvant therapy have been applied past decades.
However, the prognosis for MPNST patients remains truly dissatisfactory, with 5-year overall survival (OS)
rate of 15%–66%[1, 4-10], 5-year event free survival (EFS) of 24%-53%[6, 11-17], and local recurrence (LR)
rate of 20% to 85.7%[2, 4, 18-20]. It was obvious that the reported rates varied widely in different
literatures.

As for genetic and pathology of MPNST, recurrent genetic mutations have been identi�ed in recent
studies, such as loss-of function in NF1, PRC2, TP53, CDKN2A, which may provide new opportunities for
therapeutic intervention[21]. De Raedt et al.[22] revealed the loss of SUZ12 strengthened effects of NF1
mutations by amplifying Ras-driven transcription through effects on chromatin. Zhang et al.[23] also
reported somatic mutations of SUZ12 in MPNST. Lee et al.[24] reported that PRC2 was recurrently
inactivated through EED or SUZ12 loss in MPNST. Sohier et al.[25] con�rmed the frequent biallelic
inactivation of PRC2 subunits SUZ12 and EED in MPNST, and suggests the implication of KDM2B in NF1-
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associated MPNST. Cleven et al.[26] revealed that loss of H3K27 tri-methylation was related to poorer
survival in MPNST.

Given the rarity of MPNST, there are sporadic published studies[14, 16, 27-29] reporting the prognosis and
related factors. Although poor survival may result from large tumor size[13, 30, 31], inadequate
margin[13, 15, 30], high-level tumor grade[13-15], or presence of distant metastasis[13, 31, 32], prognostic
factors have not reach an agreement in literatures. Besides, few prognostic factors were reported in each
study, and the population of these studies was not enough to indicate more detail factors. Above all, no
available meta-analysis was printed to systematically introduce the MPNST clinic outcome and risk
factors based on largely pooled data.

Therefore, we performed a systematic review and meta-analysis to provide the most up-to-date estimates
of the 5-year OS rate, 5-year EFS rate, and LR rate for MPNST. The study also assessed potential risk
factors for prognosis.

Materials And Methods
Search Strategy

This study was carried out after obtaining an approval from the institutional review board of our hospital.
A comprehensive literature search was performed using the PubMed, EMBASE, Web of Science, and
Cochrane Library databases for studies published between January 1, 1966 and February 29, 2020. The
following MeSH terms and their combinations were searched: (neuro�brosarcoma/malignant peripheral
nerve sheath tumor/MPNST) and (recurrent/recurrence/prognosis/risk/relapse). Two authors (ZYC and
XDT) independently reviewed the titles and abstracts to screen and extract relevant articles.

Selection Criteria

The PICOS criteria for inclusion and exclusion were as follows:

P (participants): Studies of MPNST with more than 30 patients were included.

I and C (intervention and control): Studies in which MPNST patients received treatments were included. If
some studies included partially duplicated patients, only the studies which used the large and advanced
data were included.

O (outcome): Studies that included the 5-year OS rate, 5-year EFS rate, or LR rate with or without the
following clinicopathologic were included: gender, age, tumor size, depth, location, tumor grade, NF1,
surgical margin, chemotherapy and radiotherapy. For risk factor analysis, only the studies reporting the
above rates with hazard radio (HR) and 95% con�dence interval (CI) were included. When a literature
reported the results on different subpopulations, we regarded it as separate studies in the meta-analysis.
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S (study type): Research articles published between 1 January 1966 and 29 February 2020, were
included. All review papers, meta-analysis, and case reports were excluded.

Quality Assessments

The quality of each eligible study was rated independently by two reviewers (ZYC and HJL) using the
modi�ed Newcastle–Ottawa scale [33]. A score of 0–9 was assigned to each study.

Data Extraction

A data collection sheet was developed to record the level of evidence, study quality, available outcomes,
and risk factors. Two investigators (ZYC and XDT) independently extracted data from these studies. For
age and tumor size, only the studies that used measurement data were included. If variable was divided
into dichotomous subgroups, the two subgroups data was included no matter what the cutoff value was.
If variable was divided into polytomous rather than dichotomous subgroups, only the date of subgroups
in both ends was included. When describing survival, some studies used cause speci�c survival (CSS) or
disease speci�c survival (DSS) instead of OS. CSS and DSS belong to OS, so both were regarded as OS
during data extraction. What’s more, some studies described event free survival (EFS) with disease free
survival (DFS), tumor free survival (TFS), progression free survival (PFS), so the related data was also
extracted.

Statistical Analysis

The analyses were performed using Stata 14.0 (StataCorp, College Station, TX, USA). We used a random-
effects model to produce a pooled overall estimate for the 5-year OS rate, 5-year EFS rate, and LR rate.
The HR was used to compare dichotomous variables. All results were reported with 95% CI. Statistical
heterogeneity between studies was assessed using the Cochran’s Q test and quanti�ed using the I2

statistic. If p≤0.1 or I2≥50%, the Heterogeneity was considered as existing and the random-effect model
was used to merge HR. If p 0.1 and I2 50%, the �xed-effect model was used to merge the HR values.
Random-effect model was used to perform subgroup analysis. When HR 1, the factors were accepted as
risk factors resulting in poor prognosis. When HR 1, the factors were accepted as protective factors
resulting in good prognosis. If there was signi�cant heterogeneity, an increased quantity of included
studies was necessary.

Sensitivity analysis and publication bias

Sensitivity analysis was handled to evaluate whether the results of meta-analysis changed after the
removal of any one study. To assess the presence of publication bias, we used Egger’s test. A value of p
0.05 was considered statistically signi�cant publication bias.

 

Results



Page 5/17

  We preliminarily screened 3725 literatures from PubMed, EMBASE, Web of Science, and Cochrane
Library databases. After reading, 3697 literatures did not conform to inclusion criteria. Therefore, 28
literatures[6, 11-18, 27-32, 34-46] were �nally included for meta-analysis (Figure 1). All the included
studies (Table 1) were retrospective and had an evidence of 3b or 4 according to the criteria of the Center
for Evidence-Based Medicine in Oxford, UK[47]. All observation studies had a quality score of 5 or higher
(Newcastle-Ottawa scale) and were considered to have high quality.

5-year OS rate, 5-year EFS rate, and LR rate

  The pooled data of 5-year OS rate consist of 22 studies[6, 11-18, 27, 28, 30-32, 34-38, 40, 42, 44] with
6742 patients. The 5-year OS rate was 49% (95%CI 45%-53%). The pooled data of 5-year EFS rate consist
of 8 studies[6, 11-17] with 1243 patients. The 5-year EFS rate was 37% (95%CI 32%-43%). The pooled
data of LR rate consist of 19 studies[11, 13, 14, 17, 27-29, 34-36, 38-46] with 1738 patients. The LR rate
was 38% (95%CI 30%-47%) (Table 2; Figure. 1S).

Prognostic factors

The prognostic factors with similar variables were pooled in the meta-analysis. The details of meta-
analysis results are shown in Table 3 and Figure 2S.

Sex

  Seven studies (including subgroups)[16, 29-31, 35] comparing the overall survival between male and
female were included. Values of I2 = 55.3% and p= 0.037 were obtained after the HR values of OS were
merged, indicating that heterogeneity existed. A random-effect model was used to merge the HR=1.09,
95% CI: 0.87-1.37 and p=0.466, suggesting that OS is of no signi�cant difference in sex.

Age

Nine studies (including subgroups)[14, 16, 29-32, 35, 37] compared the overall survival between the older
and the younger subgroups. Values of I2 = 80.3% and p= 0.000 were obtained after the HR values of OS
were merged, indicating that heterogeneity existed. A random-effect model was used to merge the
HR=1.45, 95% CI: 0.98-2.16 and p=0.065, showing no signi�cant difference in the overall survival between
the older and the younger subgroups.

NF 1 status

A total of 13 studies[11, 13-16, 18, 30, 34-37, 40, 42] assessed the association between NF 1 and OS.
Values of I2 = 34.1% and p= 0.110 were obtained after the HR values of OS were merged, indicating that
heterogeneity did not exist. The pooled result via a �xed-effect model indicated that patients with NF 1-
associated MPNST have poorer survival than patients with non-NF 1-associated MPNST (HR 1.56, 95%CI
1.35-1.79, p=0.000).
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Tumor size

  For tumor size, the terms "large" and "small" are relative concept. For example, if the tumor size was
divided into two sub-groups named “ 5cm” and “≥5cm”, the “large” represented “≥5cm” and the “small”
represented “ 5cm”. Ten studies[13, 14, 17, 28, 30, 31, 35-37, 44] evaluated tumor size (the large vs. the
small) as a risk factor for OS. Values of I2 = 44.4% and p= 0.063 were obtained after the HR values of OS
were merged, indicating that heterogeneity existed. A random-effect model was used to merge the
HR=2.08, 95% CI: 1.59-2.71 and p=0.000. The results showed that large tumor size correlated with a
signi�cantly higher risk for poor prognosis.

Tumor depth

  Five studies[14, 15, 30, 35, 40] evaluated relation between tumor depth related to fascia and OS. Values
of I2 = 0.00% and p= 0.744 were obtained after the HR values of OS were merged, indicating that
heterogeneity did not exist and a �xed-effect model was applied. Collectively, deep to fascia versus
super�cial to fascia signi�cantly increased the risk of poor prognosis (HR 2.09, 95%CI 1.52-2.89,
p=0.000).

Tumor site

  A total of 6 studies[14-16, 18, 30, 40] evaluated the relation between the tumor site and OS. Five
studies[15, 17, 18, 30, 40] compared the OS between trunk and extremity, with heterogeneity existing (I2 =
74.9% and p= 0.003) and a random-effect model applied. Trunk versus extremity had an increasing risk
of bad prognosis (HR 1.79, 95% CI 1.07-3.00, p=0.025). Six studies[14-16, 18, 30, 40]  compared the OS
between head & neck and extremity, with no heterogeneity existing (I2 = 30.3% and p= 0.208) and a �xed-
effect model applied. Head & neck versus extremity had an increasing risk of bad prognosis (HR 1.38,
95%CI 1.07-1.78, p=0.014).

Tumor grade

  A total of 6 studies (including subgroups)[13-16, 31] assessed the association between the tumor grade
and OS. Most of the studies[14, 16, 31] used AJCC 8 Stage (The American Joint Committee on Cancer
released updated cancer staging in 2017 – known as AJCC 8) to de�ne tumor grade. Six studies
(including subgroups) [13-16, 31] compared the OS between grade II and I, without heterogeneity existing
(I2 = 43.7% and p= 0.114) and a �xed-effect model applied. Grade II had an increasing risk of poor
prognosis compared to grade I (HR 1.43, 95%CI 1.06-1.91, p=0.017). Six studies (including subgroups)
[13-16, 31] compared the OS between grade III and I, with heterogeneity existing (I2 = 86.9% and p= 0.000)
and a random-effect model applied. Grade III had an increasing risk of poor prognosis compared to grade
I (HR 3.21, 95%CI 1.36-7.54, p=0.008).

Metastases
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There were 6 studies (including subgroups)[13, 16, 31, 32, 44] exploring OS and metastases included, with
heterogeneity existing (I2 = 62.3% and p= 0.021) and a random-effect model applied. Patients with
metastasis had poorer OS than those without. (HR 2.30, 95%CI 1.50-3.51, p=0.000).

Surgical margin

A total of 10 studies (including subgroups)[13-15, 18, 28-30, 35, 37]  estimated surgical margin as a
factor in�uencing OS. Most studies used R0, R1, and R2 to describe margin status, while some used
negative and positive. When performing meta-analysis, we regard negative and positive as R0 and R2,
respectively. Six studies (including subgroups)[13, 15, 28, 30, 37] compared the OS between R1 and R0,
with no heterogeneity existing (I2 =22.3% and p= 0.267) and a �xed-effect model applied. R1 had an
increasing risk of poor prognosis compared to R0 (HR 1.31, 95%CI 1.04-1.64, p=0.022). Ten studies
(including subgroups) [13-15, 18, 28-30, 35, 37] compared the OS between R2 and R0, with no
heterogeneity existing (I2 = 0.0% and p= 0.511) and a �xed-effect model applied. R2 had an increasing
risk of poor prognosis compared to R0 (HR 2.40, 95%CI 1.96-2.95, p=0.000).

Chemotherapy

Seven studies[14, 16, 18, 30, 32, 35, 40] evaluated relation between chemotherapy and OS. Values of I2

=6.3% and p= 0.379 were obtained after the HR values of OS were merged, indicating that heterogeneity
did not exist and a �xed-effect model was applied. Collectively, chemotherapy for MPNST is a
signi�cantly protective factor for OS (HR 0.70, 95%CI 0.59-0.83, p=0.000).

Radiotherapy

Seven studies[14-16, 18, 28, 30, 35] evaluated relation between chemotherapy and OS. Values of I2 =
50.0% and p= 0.062 were obtained after the HR values of OS were merged, indicating that heterogeneity
existed and a random-effect model was applied. Collectively, radiotherapy for MPNST is a signi�cantly
protective factor for OS (HR 0.65, 95%CI 0.49-0.88, p=0.005).

To test the in�uence of period on heterogeneity, the subgroup analyses were carried out to investigate the
sources of heterogeneity (Table 4 and Table 5).

Because there were rare studies discussing the risk factors of EFS and LR, so the meta-analysis
associated with risk factors of EFS and LR was not performed.

Sensitivity analysis and publication bias

  The sensitivity analysis was performed in these groups. The pooled HR of age became statistical
signi�cance when to exclude one of these studies including Yuan, Z. N. et al.[14], Hwang, I. K. et al.[37],
Fan, Q. et al.[16], and LaFemina, J. et al.[29]. The pooled HR of tumor site (Trunk vs. Extremity) became
no statistical signi�cance when to exclude one of these studies including Stucky, C. C. et al.[40], Longhi,
A. et al.[17], and Anghileri, M. et al.[18]. The pooled HR of tumor site (Head & neck vs. Extremity) became
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no statistical signi�cance when to exclude Valentin, T. et al.[15]. The pooled HR of tumor grade (Grade II
vs. I) became no statistical signi�cance when to exclude one of Mowery, A. et al.[31] and Miao, R. Y. et al.
[13]. The pooled HR of surgical margin (R1 vs. R0 resection) became no statistical signi�cance when to
exclude Ma, C. et al.[28]. The results of the other meta-analysis did not change after removal of any one
research (Figure 3S and Figure 4S).

The Egger’s test was completed to examine the existence of publication bias. The possibilities of
publication bias were found in tumor site (Trunk vs. Extremity, p=0.041; Head & neck vs. Extremity,
p=0.047), tumor grade (Grade III vs. I, p=0.006), surgical margin (R2 vs. R0 resection, p=0.019), and
radiotherapy (With vs. Without radiotherapy, p=0.006). The Egger’s test resulted in p≥0.05 in the other
groups and indicated that the possibilities of publication bias can be excluded (Figure 5S and Figure 6S).

 

Discussion
  In 2002, WHO classi�ed the original neurosarcoma, neuro�brosarcoma, and malignant schwann cell
tumor as MPNST. In 2013, MPNST was classi�ed as soft tissue tumor, including two special subtypes——
epithelioid malignant peripheral schwannoma and malignant Triton tumor (MTT). In recent years,
increasing studies[11-13, 30-32, 48] had been performed to report the prognosis of MPNST and to explore
the related factors of survival. However, the survival and recurrence of these patients were various in
different literatures. Indeed, some factors were found as risk indicators in MPNST related literatures, such
as NF1 status[11, 13, 30, 48], negative margin[13, 30], non-adoption of adjuvant therapy[28, 32], while
several literatures[7, 14, 35, 49] failed to �nd prognostic power. Considering the disagreement on
prognosis and risk factors, we performed the systematic review and meta-analysis to evaluate 5-year OS
rate, 5-year EFS and LR rate of MPNST, and to investigate the related risk factors for survival.

5-year OS rate, 5-year EFS, and LR rate

  Although the prognosis of patients with MPNST is currently reported to be various in numerous studies,
the 5-year survival of patients remains poor in general. Actually, 5-year OS rate was more than 50% in
studies[15, 30-32] in which the participants were more than 300. For an Italian study focusing on pediatric
patients (n=73) with relapsing MPNST, Bergamaschi, L. et al.[34] reported that the survival rate was 15.8%
at 5 years which was the lowest rate in our included studies. For non-NF1 MPNST children (n=44) in the
Netherlands, Martin, E. et al.[48] showed the highest 5-year survival rate (75.8%) in these cohorts. In this
study, the 5-year OS rate was 49% (range, 16%-63%), which consisted with the most published studies.

5-year EFS rate was 34%-40.6% in researches[6, 13-15] of which the number of patients exceed 150. For
Chinese MPNST patients (n=146), Fan, Q. et al.[16] indicated that the tumor free survival was 24% at 5
years with the median TFS time 25.64 months. This poor prognosis may be contributed to 41% of
patients received subtotal resection rather than wide resection, NF1 status, or large tumor size. In 2005,
the European Pediatric Soft Tissue Sarcoma Group (EpSSG) developed a protocol speci�cally dedicated
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to nonrhab-domyosarcoma soft tissue sarcoma (NRSTS). The EpSSG-NRSTS-2005 study was a
prospective European observa-tional study for localized NRSTS for patients <21 years of age, including
patients with MPNST. For the study of MPNST based on EpSSG-NRSTS-2005, van Noesel, M. M. et al.[11]
included 51 patients with MPNST and reported 52.90% of 5-year EFS rate. This study reported the similar
5-year EFS rate (37%, range 24%-53%) with other existing literatures.

  Among sarcomas, MPNST has the highest recurrence rate[50]. Bergamaschi, L. et al.[34] reported the
highest LR rate of 86.3% in 73 patients, with 64.4% only local recurrence and 21.9% local and metastatic
recurrence of MPNST. Keizman, D. et al.[43] investigated 46 patients with MPNST, indicating 13% of
patients occurred local recurrence with follow-up ranging from 3 to 120 months. This low LR rate may be
attributed to the inadequate follow-up time and small population. In our study, although we found that the
recurrence rates were currently reported to be different in numerous studies, the pooled LR rate was 37%
(range, 13%-86%). This result also revealed that aggressively effective therapy was necessary to be
applied in order to control local recurrence.

Risk factors for survival

  The role of NF 1 status as a prognostic factor for MPNST remains highly debated. Kolberg, M et al.[51]
performed a meta-analysis in 2013 and indicated that NF 1 status had no effect on survival. Some
studies[7, 18, 34, 37, 40] just identi�ed a trend and reported the negative results based on large
populations. With the improvement of survival for the NF1 patients in past years, they considered that the
survival difference was diminishing. However, NF 1 status has been reported to be a risk factor for the
prognosis of MPNST in some literatures[11, 30, 48]. Porter, D. E. et al.[42] founded that NF 1 was
independent predictor of poor outcome due to the genetic pro�le affecting aggressive potential, and
emphasized the importance of NF 1 in MPNST staging. In our study, we con�rmed that NF 1 status was
the risk factor for the survival of MPNST.

  Tumor size[13, 30, 44] and location [17, 18, 52, 53] have repeatedly been reported to affect survival,
whereas tumor depth has only been shown an independent predictor of survival in two studies[15, 30].
The pooled result also proved that patients with larger tumor size has poorer prognosis than patients with
smaller size. In our study, we found that compared with extremities site, both truncal site and head & neck
locations were independently related to worse survival. Although some literatures[14, 35, 40] failed to
show signi�cantly statistic relationship between depth and prognosis, pooled data in this study showed
that deep to fascia had poorer prognosis than super�cial to fascia, which may be associated with more
complex anatomical characteristics, larger extent of tumor, or intraoperative more massive bleeding.

  The oncologic factors, including grade and metastases, were also evaluated in this study. As for
prognosis, grade II or III were de�nitely worse than grade I, despite existing heterogeneity in meta-analysis.
This may be attributed to few studies[13-16, 31] included, small population of research and non-adoption
of unitary classi�cation like AJCC stage. Besides, we showed that patients with metastases had poorer
prognosis than these without metastases via the pooled data.
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  The main treatment for MPNST is surgical therapy[1, 18, 29], while the effect of adjuvant therapies on
prognosis remains unclear[7, 40, 52]. Adequate margin is vital to control local recurrence, and then the
survival of patients. Our study revealed that resection with negative margin was a protective factor for
better prognosis, which is in accordance with previous literatures[13, 15, 18, 30, 37]. Besides, the pooled
results also indicated chemotherapy and radiotherapy were important to improve survival. Therefore,
adjuvant therapies are recommended for patients with MPNST, especially for patients with positive
margins.

  This meta-analysis had some limitations. First, our meta-analysis was based on retrospective studies, so
selection bias cannot be avoided. Second, some studies with small sample were applied into prognostic
factors analysis, which may lead to publication bias and affect sensitivity. Further studies may be needed
to verify our conclusions. Furthermore, the follow-up time was various in each study. Besides, to review as
many articles as possible, the period of publications was set as long as possible, which may result in
heterogeneity. However, after reviewing those articles via Selection Criteria, most articles included in the
study were published between 2005 and 2020. To dispel worries about the in�uence of period, we
performed subgroup analysis. In spite of these limitations, this study applied a series of measures and
strict standard to evaluate the quality of these studies.

 

Conclusion
In conclusion, our results indicate that the survival and local recurrence of MPNST are poor. Worse
prognosis is mainly associated with NF 1 mutation, large size, deep to fascia, high grade, metastases and
location (trunk and head & neck). Complete resection with adequate surgical margins is the mainstay
protective factor of MPNST patients, following necessary adjuvant therapies.
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Figure 1

The �ow chart showed the selection of studies for meta-analysis.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.



Page 17/17

Captionsofsupplemental�gures.docx

Figure3S.jpg

Figure1S.jpg

Figure2S.jpg

Figure6S.jpg

Figure4S.jpg

Figure5S.jpg

Table5.docx

Table3.docx

Table4.docx

Table2.docx

Table1.docx

https://assets.researchsquare.com/files/rs-42720/v2/Captionsofsupplementalfigures.docx
https://assets.researchsquare.com/files/rs-42720/v2/Figure3S.jpg
https://assets.researchsquare.com/files/rs-42720/v2/Figure1S.jpg
https://assets.researchsquare.com/files/rs-42720/v2/Figure2S.jpg
https://assets.researchsquare.com/files/rs-42720/v2/Figure6S.jpg
https://assets.researchsquare.com/files/rs-42720/v2/Figure4S.jpg
https://assets.researchsquare.com/files/rs-42720/v2/Figure5S.jpg
https://assets.researchsquare.com/files/rs-42720/v2/Table5.docx
https://assets.researchsquare.com/files/rs-42720/v2/Table3.docx
https://assets.researchsquare.com/files/rs-42720/v2/Table4.docx
https://assets.researchsquare.com/files/rs-42720/v2/Table2.docx
https://assets.researchsquare.com/files/rs-42720/v2/Table1.docx

