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Epidemiology and survival of
patients with central nervous
system solitary fibrous tumors:
A population-based analysis

Taikun Lu †, Haiyang Xu †, Xuechao Dong, Zheng Jin
and Yubo Wang*

Department of Neurosurgery, First Hospital of Jilin University, Changchun, Jilin, China
Background: The objective of this study was to determine population-based

estimates of the epidemiology and prognosis of central nervous system solitary

fibrous tumors (cSFTs).

Methods: We extracted the data of patients diagnosed with cSFTs between 2004

and 2018 from the Surveillance, Epidemiology, and End Results database. We

analyzed the distribution of patients according to their demographic and clinical

characteristics. Binary logistic regression analysis was performed to predict which

patients would be diagnosed with malignant cSFT. Possible prognostic indicators

were analyzed by multivariable Cox proportional hazards models.

Results: A total of 650 cases were included. The majority of patients were

diagnosed at 50-59 years old, and the median age at diagnosis was 55 years. A

total of 13.4% of the tumors were located in the spinal canal, and 24% of the

tumors were benign. Most of the tumors were larger than 3 cm, but distant

metastasis was rare. Tumor resection was the first choice of treatment for these

patients, and total resection was achieved in 51.1%. Radiation therapy after

surgery was also administered to 42.3% of the patients. Themedian survival was

57 months. Intracranial tumors and tumors with distant metastasis tended to be

malignant. The results of the log-rank test showed that the patients who

underwent total resection had better overall survival (OS), but the effect of

radiation therapy after surgery was not significant.

Conclusion: cSFT is a rare and aggressive type of tumor. Tumor resection is the

first choice for treatment, and radiation therapy after surgery does not improve

OS. Patients older than 60 years of age who are diagnosed with intracranial

tumors, malignant tumors and distant metastasis have worse OS outcomes

than their counterparts.
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Introduction

Central nervous system solitary fibrous tumors (cSFTs), also

known as solitary fibrous tumor/hemangiopericytoma, are very

rare, accounting for only < 1% of all primary central nervous system

(CNS) tumors (1). Hemangiopericytomas were first described by

Stout and Murray in 1942 (2, 3), and the first cSFT was reported by

Carneiro in 1996 (4, 5). There is a large overlap in the

histopathological and clinical characteristics of these two tumor

types (4), and recent genetic research has shown that the majority of

SFTs and HPCs have inversions at chromosome 12q13 and exhibit

NAB2-STAT6 fusion (6). In the 2016WHO classification of tumors

of the CNS, they were integrated into a new entity, “solitary fibrous

tumor/hemangiopericytoma (SFT/HPC)” (1, 4), defined as a

mesenchymal tumor of fibroblastic type often showing a rich

branching vascular pattern, encompassing a histological spectrum

of tumors previously classified separately as meningeal SFTs and

hemangiopericytomas (1). In the 2021 WHO classification of

tumors of the CNS, the term hemangiopericytoma was retired,

with SFTs replacing the terms SFT/HPC (7). In the statistical report

published by the Central Brain Tumor Registry of the United States

(CBTRUS), because of their rarity, cSFTs are grouped with other

mesenchymal tumors of the meninges (8, 9). Because of the rarity of

SFT, we found that the epidemiology and prognosis of patients with

primary cSFTs have not been well documented and thus remain

unclear. The Surveillance, Epidemiology, and End Results (SEER)

program of the National Cancer Institute covers approximately 48.0

percent of the U.S. population (10). Therefore, we conducted this

population-based cohort analysis to explore the clinical features and

prognosis of patients with cSFT.
Method

Data extraction from the SEER database

The term solitary fibrous tumor was defined according to the

third edition of the International Classification of Diseases for

Oncology (ICD-O-3), including codes 8815 and 9150. The

research period was set from 2004 to 2018. Patients of an

unknown age were excluded. Detailed patient data were

obtained by case listing sessions using SEER 18 Regs Custom

Data (November 2018 submission) (11). All the data were

obtained with the SEER*Stat 8.3.9 program. Data on the age at

diagnosis, sex, race, tumor size, tumor location, pathology type,

presence of distant metastasis, treatment and follow-up were

extracted. The surgery codes were interpreted according to the

2022 SEER Program Coding and Staging Manual (12). Because

the data from SEER are publicly available for research purposes,

ethics committee approval and informed consent were not

necessary to perform the analyses.
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Statistical analysis

Descriptive analyses were conducted to evaluate the distribution

and tumor-related characteristics of patients with cSFTs. Binary

logistic regression analysis was performed to predict which patients

would be diagnosed with malignant tumors (8815/3 and 9150/3).

The Kaplan–Meier method was used to estimate overall survival

(OS), and the intergroup differences were assessed using log‐rank

tests. Survival was defined as the time from diagnosis to the date of

death from any cause. Possible prognostic indicators were analyzed

by the multivariable Cox proportional hazards models. Statistical

significance was defined as p < 0.05. All the data were analyzed by

IBM SPSS Statistics 25 software (IBM Corporation, Armonk, New

York, USA).
Results

A total of 655 cases of cSFTs were indexed from 256,020

cases of primary CNS tumors, accounting for only 0.26% of all

primary CNS tumors. We excluded four cases that were reported

at autopsy or on the death certificate, and we excluded one case

due to unknown treatment. Finally, 650 cases were included. The

flowchart was presented in Figure 1.

The demographic characteristics, treatment and follow-up

information for these patients are presented in Table 1. There

were 322 females and 328 males with a median age at diagnosis

of 55 years. The majority of patients were diagnosed at 50-59

years old (Figure 2). Most of the patients were non-Hispanic

(n=530, 81.5%). A total of 80.6% of the tumors were

intracranial (n=524), and 13.4% of the tumors were located

in the spinal canal. Benign tumors (8815/0 and 9150/0)

accounted for only 24% of the total (n=156) in this cohort.

In addition, 61.5% of the tumors were larger than 3 cm at

diagnosis (n=400). Distant metastasis was very rare,

accounting for only 3.1% (n=20), and the lung was the most

frequent location of metastases. A total of 94.8% of the patients

underwent tumor resection, and total resection was achieved in

51.1%. Radiation therapy after surgery was also adopted for

42.3% of the patients. In this cohort, 478 patients survived, and

172 patients died, with only 6.3% of the patients having died

due to primary cSFTs. The median survival time was

57 months.

The results of binary logistic regression analysis showed

that intracranial tumors and tumors with distant metastasis

tended to be malignant (Table 2). The OS rates at 5 and 10

years after diagnosis were 78.3% and 60.2%, respectively

(Figure 3). The results of the Kaplan–Meier curves and log-

rank test showed that patients older than 60 years of age who

were diagnosed with intracranial tumors, malignant tumors

and distant metastasis had worse OS outcomes than their
frontiersin.org
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counterparts (Figure 3). The results also showed that the

patients undergoing total resection had better OS, but the

effect of radiation therapy after surgery was not significant.

The results of multivariable Cox proportional hazard
Frontiers in Oncology 03
regression analysis showed that patients older than 60 years

of age who were diagnosed with intracranial tumors,

malignant tumors and distant metastasis had worse OS

outcomes than their counterparts (Table 3).
FIGURE 1

Flow diagram of the study.
TABLE 1 The demographic characteristics, treatment, and follow-up of these patients with CNS solitary fibrous tumors.

Variable Number Percentage (%)

Age at diagnosis (years)

Mean ± SD 52.73 ± 16.815

Median 55

<60 410 63.1

≥60 240 36.9

Survival month

Mean ± SD 62.95 ± 46.851

Median 57

(Continued)
frontiersin.org

https://doi.org/10.3389/fonc.2022.977629
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lu et al. 10.3389/fonc.2022.977629
TABLE 1 Continued

Variable Number Percentage (%)

Sex

Female 322 49.5

Male 328 50.5

Race and origin

Hispanic (All Races) 120 18.5

Non-Hispanic 530 81.5

Tumor location

Brain 524 80.6

Spine 87 13.4

Not otherwise specified (NOS) 39 6

Phenotype

Haemangiopericytoma phenotype 523 80.5

Solitary fibrous tumour phenotype 127 19.5

Behavior code ICD-O-3

Benign 156 24

Borderline malignancy 273 42.0

Malignant 221 34.0

Tumor size

≤3cm 110 16.9

>3cm 400 61.5

Unknown 140 21.5

Distant metastasis

No 557 85.7

Yes 20 3.1

Unknown 73 11.2

Surgery

No surgery 34 5.2

Partial resection 284 43.7

Total resection 332 51.1

Radiation after surgery

No radiation and/or cancer-directed surgery 375 57.7

Radiation after surgery 275 42.3

Follow-up

(Continued)
F
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Discussion

SFTs account for < 1% of all primary CNS tumors and most

commonly affect adults in the fourth to sixth decades of life (1).

The tumors are typically Dural-based and often supratentorial,

with approximately 10% being spinal (1). It has been reported to

affect males more frequently than females (13–15). Previous

reports (4, 13–15) have revealed that cSFT has a higher rate of

extracranial metastases, especially in bone, the lung, and the

liver. In clinical practice, many cases cannot get information on

distant metastasis just because they are incredibly ill.

Furthermore, the information on extracranial metastases was

unknown for 11.2% of cases in our cohort. Our study’s rate of

distant metastases may not explain the actual situation. Most of

cSFTs are WHO grade II (4, 15), and the rate of recurrence for

the hemangiopericytoma phenotype was reported to be > 75% at

10 years (1). Pathology and immunohistochemistry are the

standard diagnostic methods, but most cases of cSFT can be

confirmed by characteristic imaging findings (16). In our cohort,

most of the clinical features of cSFT were consistent with

previous reports, such as the age at diagnosis, tumor location,

tumor size, WHO grade and so on. However, we found that the

rate of distant metastases was 3.1%, which is much lower than

that in a previous report. We also did not find a significant

difference in the distribution of patients by sex, with the female:

male ratio being almost one. Because the SEER database does not
Frontiers in Oncology 05
collect information on imaging features, we could not analyze

the imaging characteristics of cSFT. The hemangiopericytoma

phenotype accounted for 80.5% of the cases in this cohort. Due

to the recent recognition of cSFT as a single entity (7), we did not

divide the patients into different groups by phenotype.

The results of the Kaplan–Meier curves showed that older

patients, patients with intracranial cSFTs, malignant tumors,

and distant metastasis had worse OS outcomes than their

counterparts. Older patients are more vulnerable to suffering

from other diseases, and they generally get worse OS than

younger patients. Furthermore, it is apparent to understand

that patients with malignant tumors get worse OS than patients

with benign tumors. Why do patients with intracranial cSFTs

have worse OS than those with spinal cSFTS? This could be

caused by an increased morbimortality for patients with

intracranial tumors. Moreover, we also found that intracranial

cSFTs are more likely to be malignant than spinal cSFTs.

Because of the aggressive nature of SFTs, in addition to the

first-line treatment choice of total resection, radiation therapy

after surgery has been adopted by an increasing number of

patients. However, the effect of radiation therapy remains

controversial (17, 18). Rutkowski et al. conducted a systematic

review of intracranial hemangiopericytoma, collecting the clinical

data of 563 patients with intracranial hemangiopericytoma, and

the results of their survival analysis showed that gross-total

resection provides the greatest survival advantage and that the
TABLE 1 Continued

Variable Number Percentage (%)

Alive 478 73.5

Dead (attributable to this tumor) 41 6.3

Dead (attributable to other cause) 131 20.2
FIGURE 2

The distribution of the patients based on age at diagnosis.
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TABLE 3 Results of multivariable Cox regression.

Variables Multivariable Cox regression

HR(95%CI) P value

Age at diagnosis (years)

<60 Reference

≥60 2.473(1.811-3.377) <0.001

Sex

Female Reference

Male 1.153(0.847-1.57) 0.365

Race

Non-Hispanic 0.938(0.626-1.407) 0.758

Hispanic Reference

Tumor location

(Continued)
F
rontiers in Oncology
 fron06
TABLE 2 Results of binary logistics regression.

Variables OR(95%CI) P value

Age at diagnosis (years)

<60 Reference

≥60 1.032 (0.724-1.471) 0.862

Sex

Female Reference

Male 0.838 (0.597-1.175) 0.305

Race

Non-Hispanic 1.329 (0.842-2.099) 0.222

Hispanic Reference

Tumor location

Intracranial Reference

Spinal cord and NOS 0.579 (0.358-0.937) 0.026

Tumor size

≤3 cm and Unknown Reference

>3 cm 1.313 (0.908-1.9) 0.148

Distant metastasis

No and unknown Reference

Yes 51.126 (6.68-391.298) <0.001
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FIGURE 3

Kaplan–Meier curve of overall survival. The patients were stratified by age at diagnosis (A), tumor behavior (B), tumor location (C), distant
metastasis (D), and surgery (E). Picture (F) showed the Kaplan–Meier curve of the whole cohort.
TABLE 3 Continued

Variables Multivariable Cox regression

HR(95%CI) P value

Intracranial Reference

Spinal cord and NOS 0.545 (0.337-0.883) 0.014

Tumor size

≤3 cm and Unknown Reference

>3 cm 0.891 (0.646-1.231) 0.485

Distant metastasis

No and unknown Reference

Yes 3.555 (1.94-6.516) <0.001

Tumor behavior

Benign and borderline Reference

Malignant 1.677 (1.194-2.354) 0.003

Surgery

No surgery and Partial resection Reference

Total resection 0.809 (0.592-1.104) 0.182

Radiation after surgey

Yes 0.769 (0.554-1.067) 0.116

No Reference
F
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addition of postoperative adjuvant radiation does not seem to

confer a survival benefit (13). Another systematic review of 523

patients with CNS hemangiopericytoma concluded that complete

resection followed by adjuvant radiation improves survival (19).

The results of a recent single-center retrospective analysis also

showed that postoperative radiotherapy did not improve overall

survival (17, 20). The results of the log-rank test and Cox

regression in our study also confirmed that radiation therapy

after surgery did not significantly improve OS in our cohort. Due

to the aggressive nature of SFT, we still believe that radiation

therapy should be considered, especially for patients in whom

total resection cannot be achieved. A more detailed study should

be conducted to further evaluate the effect of radiation therapy.

All cancer registrars in the United States began to collect

information on benign and borderline tumors of the CNS in

2004 (21). We therefore set the research period as 2004-2018 to

avoid the collection of incomplete data. The results of binary

logistic regression analysis in our study showed that intracranial

tumors and tumors with distant metastasis tended to be

malignant. We also adopted binary logistic regression analysis

to predict what kind of tumor tends to metastasize to other

organs. However, only 3.1% of the tumors had distant

metastasis, a rate far lower than that reported in previous

studies (1, 4, 19). Because the percentage of positive results

was too low to ensure the accuracy of the regression analysis, we

adopted a descriptive method to analyze the prevalence of SFT

patients with distant metastasis. At the same time, we wanted to

include cancer-specific survival in the regression and survival

analyses. Because the rate of death attributed to this CNS tumor

was 6.3%, which is much lower than 15%, we chose to investigate

overall survival instead to ensure the accuracy of the analysis.

However, our study has several limitations, such as a lack of

detailed clinical data, detailed treatment options, information on

recurrence and geographic distribution of patients. Nevertheless,

to the best of our knowledge, this is the largest cohort study on

cSFT to date. We even included more cases than the recent

systematic review published in 2021 (14). We believe that our

study can help clinicians gain a better understanding of cSFT

and make more suitable treatment decisions.
Conclusion

We conducted a population-based analysis of patients with

central nervous system SFTs. We found that cSFTs are rare, and

most of them are WHO grade II or III. Intracranial cSFTs and

cSFTs with distant metastasis tend to be malignant. Although

tumor resection is the first choice of treatment for these patients,

a more detailed study should be conducted in the future to

further evaluate the effect of radiation therapy. In conclusion,

patients older than 60 years of age who are diagnosed with
Frontiers in Oncology 08
intracranial tumors, malignant tumors and distant metastasis

were found to have worse OS outcomes than their counterparts.
Data availability statement

The raw data supporting the conclusions of this article will

be made available by the authors, without undue reservation.
Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent from

the participants' legal guardian/next of kin was not required to

participate in this study in accordance with the national

legislation and the institutional requirements.
Author contributions

TL, HX and YW drafted the manuscript. XD, ZJ and YW

acquired the data and conducted the analysis. YW designed the

study. All authors contributed to the article and approved the

submitted version.
Funding

This work was supported by the S&T Development Planning

Program of Jilin Province (YDZJ202201ZYTS073) and Health

and Wellness Technology Enhancement Project of Jilin

Province (2022LC105).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fonc.2022.977629
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Lu et al. 10.3389/fonc.2022.977629
References
1. Louis DN, Ohgaki H, Wiestler OD, Cavenee WKI.A.f.R.o. Cancer. WHO
classification of tumours of the central nervous system. Int Agency Res Cancer
(2016) 249–54.

2. Melone AG, D'Elia A, Santoro F, Salvati M, Delfini R, Cantore G, et al.
Intracranial hemangiopericytoma–our experience in 30 years: A series of 43 cases
and review of the literature. World Neurosurg (2014) 81:556–62. doi: 10.1016/
j.wneu.2013.11.009

3. Stout AP, Murray MR. Hemangiopericytoma: A vascular tumor featuring
zimmermann's pericytes. Ann Surg (1942) 116:26–33. doi: 10.1097/00000658-
194207000-00004

4. Sung KS, Moon JH, Kim EH, Kang SG, Kim SH, Suh CO, et al. Solitary
fibrous tumor/hemangiopericytoma: treatment results based on the 2016 WHO
classification. J Neurosurg (2018) 130:1–8. doi: 10.3171/2017.9.JNS171057

5. Carneiro SS, Scheithauer BW, Nascimento AG, Hirose T, Davis DH. Solitary
fibrous tumor of the meninges: A lesion distinct from fibrous meningioma. a
clinicopathologic and immunohistochemical study. Am J Clin Pathol (1996)
106:217–24. doi: 10.1093/ajcp/106.2.217

6. Fritchie KJ, Jin L, Rubin BP, Burger PC, Jenkins SM, Barthelmess S, et al.
NAB2-STAT6 gene fusion in meningeal hemangiopericytoma and solitary fibrous
tumor. J Neuropathol Exp Neurol (2016) 75:263–71. doi: 10.1093/jnen/nlv026

7. Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, et al.
The 2021 WHO classification of tumors of the central nervous system: A summary.
Neuro Oncol (2021) 23:1231–51. doi: 10.1093/neuonc/noab106

8. Ostrom QT, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS. CBTRUS
statistical report: Primary brain and other central nervous system tumors
diagnosed in the united states in 2014-2018. Neuro Oncol 23 (2021) 23:iii1–105.
doi: 10.1093/neuonc/noab200

9. Ostrom QT, Patil N, Cioffi G, Waite K, Kruchko C, Barnholtz-Sloan JS.
CBTRUS statistical report: Primary brain and other central nervous system tumors
diagnosed in the united states in 2013-2017. Neuro Oncol 22 (2020) 22:iv1–96. doi:
10.1093/neuonc/noaa200

10. Overview of the SEER program (2022). Available at: https://seer.cancer.gov/
about/overview.html (Accessed Mar 20 2022).

11. Surveillance, Epidemiology, and End Results (SEER) Program. SEER*Stat
database: Incidence - SEER research plus data, 18 registries (excl AK), Nov 2020
Sub (2000-2018) - linked to county attributes - total U.S., 1969-2019 counties,
Frontiers in Oncology 09
national cancer institute, DCCPS. Surveillance Res Program released April 2021
(2020).

12. SEER program coding and staging manual 2022 (2022). Available at: https://
seer.cancer.gov/manuals/2022/AppendixC/Surgery_Codes_Brain_2022.pdf
(Accessed Mar 20 2022).

13. Rutkowski MJ, Sughrue ME, Kane AJ, Aranda D, Mills SA, Barani IJ, et al.
Predictors of mortality following treatment of intracranial hemangiopericytoma. J
Neurosurg (2010) 113:333–9. doi: 10.3171/2010.3.JNS091882

14. Giordan E, Marton E, Wennberg AM, Guerriero A, Canova G. A review of
solitary fibrous tumor/hemangiopericytoma tumor and a comparison of risk
factors for recurrence, metastases, and death among patients with spinal and
intracranial tumors. Neurosurgical Rev (2021) 44:1299–312. doi: 10.1007/s10143-
020-01335-x

15. Kim BS, Kim Y, Kong DS, Nam DH, Lee JI, Suh YL, et al. Clinical outcomes
of intracranial solitary fibrous tumor and hemangiopericytoma: Analysis according
to the 2016 WHO classification of central nervous system tumors. J Neurosurg
(2018) 129:1384–96. doi: 10.3171/2017.7.JNS171226

16. Clarencon F, Bonneville F, Rousseau A, Galanaud D, Kujas M, Naggara O,
et al. Intracranial solitary fibrous tumor: imaging findings. Eur J Radiol (2011)
80:387–94. doi: 10.1016/j.ejrad.2010.02.016

17. Jeon SH, Park SH, Kim JW, Park CK, Paek SH, Kim IH. Efficacy of adjuvant
radiotherapy in the intracranial hemangiopericytoma. J neuro-oncology (2018)
137:567–73. doi: 10.1007/s11060-018-2746-3

18. Lee EJ, Kim JH, Park ES, Khang SK, Cho YH, Hong SH, et al. The impact of
postoperative radiation therapy on patterns of failure and survival improvement in
patients with intracranial hemangiopericytoma. J neuro-oncology (2016) 127:181–
90. doi: 10.1007/s11060-015-2030-8

19 . Ghose A, Guha G, Kundu R, Tew J , Chaudhary R . CNS
hemangiopericytoma: A systematic review of 523 patients. Am J Clin Oncol
(2017) 40:223–7. doi: 10.1097/COC.0000000000000146

20. Xiao J, Xu L, Ding Y, Wang W, Chen F, Zhou Y, et al. Does post-operative
radiotherapy improve the treatment outcomes of intracranial hemangiopericytoma?
A retrospective study. BMC Cancer (2021) 21:915. doi: 10.1186/s12885-021-08594-x

21. National cancer institute SEER training modules. non-malignant brain
tumors (2022). Available at: https://training.seer.cancer.gov/brain/non-malignant/
(Accessed Mar 23 2022).
frontiersin.org

https://doi.org/10.1016/j.wneu.2013.11.009
https://doi.org/10.1016/j.wneu.2013.11.009
https://doi.org/10.1097/00000658-194207000-00004
https://doi.org/10.1097/00000658-194207000-00004
https://doi.org/10.3171/2017.9.JNS171057
https://doi.org/10.1093/ajcp/106.2.217
https://doi.org/10.1093/jnen/nlv026
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1093/neuonc/noab200
https://doi.org/10.1093/neuonc/noaa200
https://seer.cancer.gov/about/overview.html
https://seer.cancer.gov/about/overview.html
https://seer.cancer.gov/manuals/2022/AppendixC/Surgery_Codes_Brain_2022.pdf
https://seer.cancer.gov/manuals/2022/AppendixC/Surgery_Codes_Brain_2022.pdf
https://doi.org/10.3171/2010.3.JNS091882
https://doi.org/10.1007/s10143-020-01335-x
https://doi.org/10.1007/s10143-020-01335-x
https://doi.org/10.3171/2017.7.JNS171226
https://doi.org/10.1016/j.ejrad.2010.02.016
https://doi.org/10.1007/s11060-018-2746-3
https://doi.org/10.1007/s11060-015-2030-8
https://doi.org/10.1097/COC.0000000000000146
https://doi.org/10.1186/s12885-021-08594-x
https://training.seer.cancer.gov/brain/non-malignant/
https://doi.org/10.3389/fonc.2022.977629
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Epidemiology and survival of patients with central nervous system solitary fibrous tumors: A population-based analysis
	Introduction
	Method
	Data extraction from the SEER database
	Statistical analysis

	Results
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


