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Objective

Spheno-orbital meningiomas (SOM) are rare intracranial tumors that arise at the sphenoid wing. These tumors can invade important neurovascular structures making radical resection difficult, while residual tumors often lead to recurrence. The purpose of this study was to evaluate prognostic factors influencing the recurrence and progression-free survival (PFS) rates of spheno-orbital meningiomas, with a particular focus on the role of surgery and postoperative radiotherapy.



Methods

Between 2000 and March 2020, 65 cases of spheno-orbital meningioma were included, of which 50 cases underwent surgical treatment alone, and 15 cases underwent resection and radiotherapy. A Kaplan-Meier analysis was performed to provide median point estimates and PFS rates; further, Cox regression analysis was used to identify significant factors associated with treatment.



Results

Gross total resection significantly reduced the risk of recurrence (p-value = 0.0062). There was no significant benefit for progression-free survival after postoperative radiotherapy (p-value = 0.42). Additionally, spheno-orbital meningiomas with an invasion of the cavernous sinus and intraconal invasion showed significantly worse PFS compared to other locations (p-value = 0.017).



Conclusion

The maximal safe resection remains the most important prognostic factor associated with lower recurrence rates and longer PFS in patients with spheno-orbital meningioma. The invasion of the cavernous sinus and intraconal invasion was an independent factor associated with worse PFS. Patients with postoperative high-precision radiotherapy did not show significantly better PFS due to the small number of patients.
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Introduction

Meningiomas are the most common benign intracranial tumors. They account for approximately 12-15% of intracranial neoplasm (1). Nearly 18% of these are located on the sphenoid wing (1). Spheno-orbital meningioma (SOM) account for 2-9% of all intracranial meningioma (2). They arise from the sphenoid wing and represent a unique category of invasive tumors characterized by pathological hyperostosis of the sphenoid bone. The invasion of the tumor bone together with its proximity to critical structures within the orbit, optic nerve canal, superior orbital fissure, and cavernous sinus lead to classic presentation of proptosis, deterioration of vision, abnormal eye movement, and headaches (3–6).

The surgical treatment for this type of tumor remains controversial. Some authors favor a wait and scan strategy (7). Other authors prefer a complete resection in combination with proptosis correction and visual preservation to achieve a favorable functional outcome (3, 8), despite the fact that gross total resection (Simpson grade I-III) in combination with preserving neurovascular structures is not always achievable. Therefore, this condition remains a surgical challenge with a double purpose of functional preservation and oncological resection (9).

The additional effect of postoperative radiotherapy in meningioma is still a matter of debate. Stereotactic radiotherapy/radiosurgery has been shown to be effective in controlling the growth of meningioma (9, 10), particularly for skull base meningioma (11). However, the literature on spheno-orbital meningioma is very poor regarding postoperative radiotherapy. As yet, the additional benefit of postoperative radiotherapy for spheno-orbital meningiomas is unclear and requires further investigation.

Some authors advocate postoperative radiotherapy, reporting improvement of progression-free survival (12, 13). Bowers and colleagues reported an improvement in proptosis after radiotherapy and no deterioration in visual symptoms (14). Others recommend postoperative radiation treatment only after the progression/recurrence of tumors (15). Others adopt a wait and scan strategy prior to radiotherapy or re-surgery (7, 13).

The purpose of this retrospective study was to investigate the surgical outcome and influence of additional postoperative radiotherapy after surgical resection on progression-free survival in patients with spheno-orbital meningioma. Moreover, we aimed to evaluate prognostic factors that affect the outcome and clinical course of spheno-orbital meningioma.



Materials and Methods

The present study is a retrospective, single-center study that included patients with SOM who were operated on in our department of neurosurgery between 2000 and 2020.

We only included patients over 18 years of age, histopathological diagnosis of meningioma, and presenting with spheno-orbital meningioma (SOM). SOM was defined as a meningioma involving the sphenoid bone with intraosseous tumor growth that infiltrated the orbit and was associated with a thin “carpet-like” intradural extension. Gender and age of the patients at the time of surgery were recorded. In addition, the symptoms pre- and postoperatively, cranial nerve deficits, tumor extension, extents of resection were assessed according to the Simpson scale. Time of progression/recurrence was defined as soon as tumor progress was identified in follow-up imaging. Simpson’s grade of resection was evaluated based on surgery reports and 3-month follow-up MR and CT imaging. Simpson grades I-III were defined as gross total resection, and Simpson grades IV-V were defined as subtotal resection in our study. The mean follow-up was 10.1 ± 6.4 years. Karnofsky Performance Scale (KPS) and progression-free survival (PFS) were used for oncological and neurological assessment of outcome. New lesions or a growing residual tumor on follow-up MRI scans were defined as tumor recurrence/progression. The first tumors to be diagnosed with defined as primary SOM, whereas tumors were defined as secondary if they were previously treated. Patients with incomplete data were excluded (Figure 1A).




Figure 1 | (A) Flow diagram of included patients with spheno-orbital meningioma from our database. (B) Kaplan-Meier curve for progression-free survival based on tumor location. (C) Kaplan-Meier curve for progression-free survival based on extent of resection. (D) Kaplan-Meier curve for progression-free survival based on Therapy (Surgery only vs. surgery plus radiotherapy).




Statistical Analysis

Progression-free survival analyses were conducted using Kaplan-Meier analysis, with the between-group differences analyzed using a log-rank test. Univariate and multivariate Cox regression analyses were also performed. The alpha level was defined as 5%. All statistical analyses were performed using R software (package: survival, ggplot2, MANOVA). Plots were performed by R software package ggplot2. Differences were considered significant at p < 0.05.




Results


Patient Data

A total of 69 patients with spheno-orbital meningioma were treated in our neurosurgical department between 2000 and 2020. Four patients were excluded due to a lack of follow-up data (Figure 1A). The sex ratio (male/female) was 1:3.3. The surgery group included 50 patients (11 males and 39 females) with a mean age of 56.98 years (standard deviation ±12.52). The surgery plus postoperative radiotherapy group included 15 patients (4 males and 11 females) with a median age of 48.41 years (standard deviation ±10.03) (p=0.0107). Most tumors were WHO grade I (n=50, 77%), but the remaining were WHO grade II (n=15, 23%) (p=1). Frequent symptoms at presentation were headache, exophthalmos, deterioration of vision, and abnormal eye movement. A detailed overview of all parameters is given in Table 1.


Table 1 | Patient data.





Extent of Tumor Resection

Surgical resection of the tumors was performed on all patients. Gross total resection (Simpson grade I, II, and III) was performed in 26 cases (40%), and subtotal resection (Simpson grade IV and V) was achieved in 39 cases (60%) (Figure 1C). Tumor recurrence was found in 4 (6.1%) cases after gross total resection (Simpson grade II, II, and III) and in 17 cases (26.1%) after subtotal resection (Simpson grade IV and V). The performed Kaplan-Meier analysis showed a significantly prolonged PFS in patients with GTR (p = 0.0062) (Figure 1C), and the same was seen in the univariate (p ≤ 0.0093) and multivariate analyses (p ≤ 0.0091) (Table 2).


Table 2 | Cox regression analysis.





Postoperative Radiotherapy

Fractionated high-precision radiotherapy was performed after subtotal resection or in tumors with WHO grade II. Fifteen patients (23%) were treated postoperatively with fractionated high-precision radiotherapy of the residual tumor, of which five patients showed tumor recurrence/progression (7.6%). All tumors were treated with a radiation dose between 50.4 and 54 Gray. In contrast, fifty patients (76.9%) were treated with surgery alone, of which 19 patients (29.2%) showed recurrence/progression of the tumor. The Kaplan-Meier analysis (p=0.42) (Figure 1D), as well as the univariate (p=0.7) and multivariate analyses (p=0.09), showed no significant differences between both groups (Table 2). However, five years progression-free survival was 0% in patients who were treated postoperatively with radiotherapy and 28% in patients who were treated with surgery only (p=0.0289).



Surgical Outcome

Surgical morbidities occurred in 10 patients (15.3%), including wound infection (n=4), transient aphasia (n=1), epilepsy (n=3), and CSF fistula (n=1). The mean preoperative Karnofsky Performance Scale (KPS) was 80.61 ± 11.02% (range 30-90%), and the mean postoperative KPS was 80.69 ± 11.58% (range 30-100%). The most affected cranial nerves after surgery were the optic nerve (n=13, 20%), oculomotor nerve (n=9, 13%), abducens nerve (n=10, 15%), and trigeminal nerve (n=10, 15%). Remarkably, permanent deficits of the trigeminal nerve were significantly increased after GTR (p=0.0107) (Table 3). A detailed overview of all deficits of the cranial nerves is given in Table 3.


Table 3 | Postoperative cranial nerve deficits.





Other Factors

Additional univariate and multivariate Cox regression analysis of patients with progressive disease was performed to identify potential prognostic factors for tumor recurrence/progression. The univariate analysis (p = 0.00076) and the multivariate analysis (p = 0.0029) showed an improved PFS in patients with WHO grade I compared to patients with WHO grade II tumors (Table 2).

Within the subgroup analysis, a total of 23 patients presented spheno-orbital meningioma with infiltration of the cavernous sinus and intraconal infiltration, of which 13 patients showed tumor recurrence/progression. The Kaplan-Meier analysis (p=0.017) indicated that tumors located in the cavernous sinus or/and intraconal compared with other locations were associated with worse PFS (Figure 1B).




Discussion

This study retrospectively reviewed patients with spheno-orbital meningioma who had received surgery between 2000 and 2020. To our knowledge, this is one of the largest single institutional series focusing on spheno-orbital meningiomas published to date. Our database contains 65 cases of spheno-orbital meningioma, of which 50 were treated with surgery alone, and 15 additionally received stereotactic radiotherapy after surgical resection. The aim of this study was to investigate the role of surgical resection and postoperative radiotherapy after resection to determine possible prognostic factors for tumor recurrence.


Surgery

It is believed that radical surgery has a positive effect on the PFS and prognosis of patients with all subtypes of meningioma (9). Previous studies reported various gross total resection (GTR) rates in SOM (4, 5, 8, 16, 17). In our study, 40% of cases received GTR, which is in line with other reported series, ranging between 25% and 69% GTR. Further, we were able to confirm that GTR of SOM was associated with significantly better PFS; although, increased neurological impairment of the trigeminal nerve was observed (Table 3, p=0.0107). In our study, GTR was defined as Simpson grade I-III, which was achieved in 26 patients, of whom only one patient received a Simpson grade I resection. This patient suffered from severe complications, such as global aphasia and abducens nerve palsy. Simpson grade II was achieved in only two patients, one of whom suffered from a severe lesion of the optic nerve. All other patients received a Simpson grade III resection (n=23).

In our study, STR was achieved in 60% of cases, which is in line with other reports ranging from 31% to 75% (4, 5, 8, 16, 17).

Our results emphasize the common observation in the literature that a radical resection (Simpson grade I and II) of SOM is often impossible without causing severe morbidity (4, 5, 16, 18). Therefore, in our own clinic, the operation aimed at maximal safe resection, paying particular attention to the decompression of the optic nerve canal to maximize visual acuity and the removal of the intraorbital tumor to improve proptosis. Other authors highlighted the importance of symptom-oriented surgery instead of radical surgery (7, 12).

Our results emphasize the importance of a better degree of resection to prolong PFS; however, this should be aimed at while also preserving functionality.



Radiotherapy

Only a few studies have evaluated the effectiveness of radiotherapy in spheno-orbital meningiomas; accordingly, the treatment strategy varies from institution to institution. In our institution, modern high-precision radiotherapy was performed after STR or in the case of WHO grade II tumors. A total of 15 patients (23%) received postoperative radiotherapy after surgery in this cohort (Figure 1A). The five years progression-free survival was significantly (p=0.0289) improved, whereby no significant benefit in the Kaplan-Meier analysis of patients submitted to postoperative radiotherapy due to the small number of patients treated with additional radiotherapy (p=0.42). Additionally, the character of a retrospective study does not allow a bias-free interpretation of these results based on unbalanced follow-up and a selective population that receives radiotherapy containing only STR patients.

In recent years, more and more studies have been published that recommended radiotherapy after subtotal resected meningioma (9–11). However, few reports investigated the efficacy of postoperative radiotherapy for SOMs. Most of the studies reported on small patient cohorts with SOM and postoperative radiotherapy without providing clear conclusions on the role of postoperative radiotherapy (4, 17, 19, 20). Others recommended postoperative radiotherapy in the case of atypical/rapidly progressive tumors (12, 13, 16, 21). Boari and colleagues advised treatment with radiotherapy by the invasion of the superior orbital fissure and cavernous sinus to allow for minimal surgical morbidity (3). We believe that radiotherapy after STR or high-grade meningioma (WHO grade II and III) could prolong PFS. Terpolilli et al. were able to obtain similar results (22). They showed in their retrospective study that early postoperative radiotherapy after STR of orbital-associated meningioma helps to delay tumor recurrence and the need for further treatment while maintaining or even improving visual outcome (22).



Functional Outcome

One of the goals of the operation is the aesthetic aspect and the reduction of proptosis. This has been achieved in our series by decompression of the orbit, in which tumor-infiltrated parts of the roof and lateral wall of the orbit were resected. In our series, this was achieved in 83% of patients (Table 4). Other series reported similar results (7, 13). At the last examination within this study, 79% of patients showed stable and 4% improved visual acuity. The stenosis of the optic canal caused by tumor invasion in SOM leads to a deterioration of visual acuity (23). Unroofing of the optic canal in this series led to stabilization/improvement of visual acuity. Our results are consistent with the reported results of other groups (13, 23). In our cohort, we observed a total of 10 patients with postoperative hypoesthesia in the region of the trigeminal nerve, which was significantly (p=0.0107) associated with GTR (Table 3). Other groups observed only sporadic trigeminal nerve deficits and other cranial nerve deficits (5, 8, 12, 14, 19, 24–26). This could be biased by the surgical experience of the surgeon and the aggression of the tumors.


Table 4 | Visual acuity and proptosis after surgery at last examination.





Tumor Location and Other Factors

Cavernous sinus invasion and intraconal invasion were associated with significantly (hazard ratio=0.98, p=0.017) worse PFS compared to other locations (Figure 1B). The cavernous sinus and the intraconal tumor components were not removed to avoid persistent oculomotor paralysis and venous bleeding, as mentioned by other authors in the past (4, 13, 19). Leroy et al. reported a significant reduction in PFS by an invasion of the cavernous sinus and optic canal (13). However, they found that the optic canal opening was significantly associated with improved PFS. Other groups reported similar results; furthermore, they reported that the invasion of the cavernous sinus and superior orbital fissure was associated with worsening of PFS (4, 13, 19).



Limitations of the Study

The retrospective nature of this study and the limited external validity within a single institution restricted this study. The small number of patients treated with additional radiotherapy is an additional limitation of this study. Therefore, the statistical power is inadequate in this regard. This limitation may also explain the inability of the study to demonstrate a significant benefit of postoperative radiotherapy in PFS for SOM. Additional limitations imposed by a retrospective study design, such as heterogeneous management strategies, variability in the extent of follow-up, and variability between observers in assessing the extent of resection, must be considered when interpreting the results.

Nonetheless, our study is one of the largest series to date, focusing on the extent of resection of spheno-orbital meningiomas and their postoperative radiotherapy.




Conclusions

Based on our experience, we summarize our findings:1. Important prognostic factor for determining recurrence was the maximum safe resection with preservation of function. 2. Additional postoperative radiotherapy did not significantly prolong progression-free survival. 3. Tumor invasion into the cavernous sinus and intraconal invasion were independent factors associated with worse PFS. According to our experience and the experience of other groups, the resection of these tumor parts can lead to severe complications. Therefore, postoperative radiotherapy should be considered in such cases.



Data Availability Statement

The original contributions presented in the study are included in the article/supplementary material. Further inquiries can be directed to the corresponding author.



Ethics Statement

The studies involving human participants were reviewed and approved by Albert-Ludwigs- Universtität Freiburg Institut für Ethik und Geschichte der Medizin. The ethics committee waived the requirement of written informed consent for participation. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards.



Author Contributions

WM drafted the manuscript and participated in the data collection. DH participated in the preparation of the manuscript and in the data collection. WM, DH, and MK participated in the design of the figures. OS, JB, DS, CSt and A-LG participated in the preparation of this article by revising it with regard to important intellectual content. CSc and JG coordinated the study and revised the article for important intellectual content. All authors contributed to the article and approved the submitted version.



Acknowledgments

The article processing charge was funded by the Baden-Wuerttemberg Ministry of Science, Research and Art and the University of Freiburg in the funding programme Open Access Publishing.  The clinical patient data were collected and evaluated by W. Masalha et al.



References

1. Bondy, M, and Ligon, BL. Epidemiology and Etiology of Intracranial Meningiomas: A Review. J Neurooncol (1996) 29:197–205. doi: 10.1007/BF00165649

2. Leake, D, Gunnlaugsson, C, Urban, J, and Marentette, L. Reconstruction After Resection of Sphenoid Wing Meningiomas. Arch Facial Plast Surg (2005) 7:99–103. doi: 10.1001/archfaci.7.2.99

3. Bikmaz, K, Mrak, R, and Al-Mefty, O. Management of Bone-Invasive, Hyperostotic Sphenoid Wing Meningiomas. J Neurosurg (2007) 107:905–12. doi: 10.3171/JNS-07/11/0905

4. Oya, S, Sade, B, and Lee, JH. Sphenoorbital Meningioma: Surgical Technique and Outcome. J Neurosurg (2011) 114:1241–9. doi: 10.3171/2010.10.JNS101128

5. Ringel, F, Cedzich, C, and Schramm, J. Microsurgical Technique and Results of a Series of 63 Spheno-Orbital Meningiomas. Neurosurgery (2007) 60:214–21; discussion 221. doi: 10.1227/01.NEU.0000255415.47937.1A

6. Terrier, L-M, Bernard, F, Fournier, H-D, Morandi, X, Velut, S, Hénaux, P-L, et al. Spheno-Orbital Meningiomas Surgery: Multicenter Management Study for Complex Extensive Tumors. World Neurosurg (2018) 112:e145–56. doi: 10.1016/j.wneu.2017.12.182

7. Saeed, P, van Furth, WR, Tanck, M, Kooremans, F, Freling, N, Streekstra, GI, et al. Natural History of Spheno-Orbital Meningiomas. Acta Neurochir (Wien) (2011) 153:395–402. doi: 10.1007/s00701-010-0878-0

8. Boari, N, Gagliardi, F, Spina, A, Bailo, M, Franzin, A, and Mortini, P. Management of Spheno-Orbital En Plaque Meningiomas: Clinical Outcome in a Consecutive Series of 40 Patients. Br J Neurosurg (2013) 27:84–90. doi: 10.3109/02688697.2012.709557

9. Rogers, L, Barani, I, Chamberlain, M, Kaley, TJ, McDermott, M, Raizer, J, et al. Meningiomas: Knowledge Base, Treatment Outcomes, and Uncertainties. a RANO Review. J Neurosurg (2015) 122:4–23. doi: 10.3171/2014.7.JNS131644

10. Goldbrunner, R, Minniti, G, Preusser, M, Jenkinson, MD, Sallabanda, K, Houdart, E, et al. EANO Guidelines for the Diagnosis and Treatment of Meningiomas. Lancet Oncol (2016) 17:e383–91. doi: 10.1016/S1470-2045(16)30321-7

11. Combs, SE, Farzin, M, Boehmer, J, Oehlke, O, Molls, M, Debus, J, et al. Clinical Outcome After High-Precision Radiotherapy for Skull Base Meningiomas: Pooled Data From Three Large German Centers for Radiation Oncology. Radiother Oncol (2018) 127:274–9. doi: 10.1016/j.radonc.2018.03.006

12. Freeman, JL, Davern, MS, Oushy, S, Sillau, S, Ormond, DR, Youssef, AS, et al. Spheno-Orbital Meningiomas: A 16-Year Surgical Experience. World Neurosurg (2017) 99:369–80. doi: 10.1016/j.wneu.2016.12.063

13. Leroy, H-A, Leroy-Ciocanea, CI, Baroncini, M, Bourgeois, P, Pellerin, P, Labreuche, J, et al. Internal and External Spheno-Orbital Meningioma Varieties: Different Outcomes and Prognoses. Acta Neurochir (Wien) (2016) 158:1587–96. doi: 10.1007/s00701-016-2850-0

14. Bowers, CA, Sorour, M, Patel, BC, and Couldwell, WT. Outcomes After Surgical Treatment of Meningioma-Associated Proptosis. J Neurosurg (2016) 125:544–50. doi: 10.3171/2015.9.JNS15761

15. Maroon, JC, Kennerdell, JS, Vidovich, DV, Abla, A, and Sternau, L. Recurrent Spheno-Orbital Meningioma. J Neurosurg (1994) 80:202–8. doi: 10.3171/jns.1994.80.2.0202

16. Honig, S, Trantakis, C, Frerich, B, Sterker, I, Schober, R, and Meixensberger, J. Spheno-Orbital Meningiomas: Outcome After Microsurgical Treatment: A Clinical Review of 30 Cases. Neurol Res (2010) 32:314–25. doi: 10.1179/016164109X12464612122614

17. Sandalcioglu, IE, Gasser, T, Mohr, C, Stolke, D, and Wiedemayer, H. Spheno-Orbital Meningiomas: Interdisciplinary Surgical Approach, Resectability and Long-Term Results. J Craniomaxillofac Surg (2005) 33:260–6. doi: 10.1016/j.jcms.2005.01.013

18. Nagatani, K, Takeuchi, S, Otani, N, and Nawashiro, H. Surgical Management of Spheno-Orbital Meningiomas. Acta Neurochir (Wien) (2011) 153:1541–1. doi: 10.1007/s00701-011-1037-y

19. Nagahama, A, Goto, T, Nagm, A, Tanoue, Y, Watanabe, Y, Arima, H, et al. Spheno-Orbital Meningioma: Surgical Outcomes and Management of Recurrence. World Neurosurg (2019) 126:e679–87. doi: 10.1016/j.wneu.2019.02.123

20. Shapey, J, Jung, J, Barkas, K, Gullan, R, Barazi, S, Bentley, R, et al. A Single Centre’s Experience of Managing Spheno-Orbital Meningiomas: Lessons for Recurrent Tumor Surgery. Acta Neurochir (Wien) (2019) 161:1657–67. doi: 10.1007/s00701-019-03977-3

21. Cannon, PS, Rutherford, SA, Richardson, PL, King, A, and Leatherbarrow, B. The Surgical Management and Outcomes for Spheno-Orbital Meningiomas: A 7-Year Review of Multi-Disciplinary Practice. Orbit (2009) 28:371–6. doi: 10.3109/01676830903104645

22. Terpolilli, NA, Ueberschaer, M, Niyazi, M, Hintschich, C, Egensperger, R, Muacevic, A, et al. Long-Term Outcome in Orbital Meningiomas: Progression-Free Survival After Targeted Resection Combined With Early or Postponed Postoperative Radiotherapy. J Neurosurg (2019) 14:1–11. doi: 10.3171/2019.3.JNS181760

23. Mariniello, G, Bonavolontà, G, Tranfa, F, and Maiuri, F. Management of the Optic Canal Invasion and Visual Outcome in Spheno-Orbital Meningiomas. Clin Neurol Neurosurg (2013) 115:1615–20. doi: 10.1016/j.clineuro.2013.02.012

24. Belinsky, I, Murchison, AP, Evans, JJ, Andrews, DW, Farrell, CJ, Casey, JP, et al. Spheno-Orbital Meningiomas: An Analysis Based on World Health Organization Classification and Ki-67 Proliferative Index. Ophthal Plast Reconstr Surg (2018) 34:143–50. doi: 10.1097/IOP.0000000000000904

25. Fisher, FL, Zamanipoor Najafabadi, AH, Schoones, JW, Genders, SW, and van Furth, WR. Surgery as a Safe and Effective Treatment Option for Spheno-Orbital Meningioma: A Systematic Review and Meta-Analysis of Surgical Techniques and Outcomes. Acta Ophthalmol (2021) 99:26–36. doi: 10.1111/aos.14517

26. Samadian, M, Sharifi, G, Mousavinejad, SA, Amin, AA, Ebrahimzadeh, K, Tavassol, HH, et al. Surgical Outcomes of Sphenoorbital En Plaque Meningioma: A 10-Year Experience in 57 Consecutive Cases. World Neurosurg (2020) 144:e576–81. doi: 10.1016/j.wneu.2020.09.002



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.

Copyright © 2021 Masalha, Heiland, Steiert, Krüger, Schnell, Scheiwe, Schnell, Grosu, Beck and Grauvogel. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-11-672228-g001.jpg
Lost ﬂ
Follow-up

m
easrs sz
108, STR

=

5

% 0s

H

e

:

S04

g Hazard Ratio 3.7

502 95%Cl (1.4-10)

& o

§ oo ]

B 0 2 4 6 8

Progression-free Survival
in Years

Giherfocations
patents n=s2
=<
Gavarnous Sinis
and invaconal
Inftaton
= n=23
g 10
=
2 o8
@
506
°
04
|- &) E———
£ 95401 120
§02 0017
S o0o.
&

S F i & @
Progressionree Survival
in Years

o Surgery + Radiotherapy

- —

Surgery only
o

-
é
o
Sos Hazard Rt 1.2
£ 95%C1 (045-3.3)
§ o2 Pp=0.42
§
H

¢ F i & @
Progressionree Survival
in Years





OEBPS/Images/fonc.2021.672228_cover.jpg
, frontiers
in Oncology

Progression-Free Survival,
Prognostic Factors, and Surgical
Outcome of Spheno-
Orbital Meningiomas





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Progression-Free Survival, Prognostic Factors, and Surgical Outcome of Spheno-Orbital Meningiomas

      

        		

          Objective

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Data

          



          		

            Extent of Tumor Resection

          



          		

            Postoperative Radiotherapy

          



          		

            Surgical Outcome

          



          		

            Other Factors

          



        



        



        		

          Discussion

        

          		

            Surgery

          



          		

            Radiotherapy

          



          		

            Functional Outcome

          



          		

            Tumor Location and Other Factors

          



          		

            Limitations of the Study

          



        



        



        		

          Conclusions

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Variable clinical and treatment factors

Sox
(omale vs male)

Age

(55 vs <55)

GTR vs. STR

Surgery vs. surgery plus radiotherapy
Primary vs Secondary.

Preoperative KPS

(80 vs <80)

Postoperative KPS

(80 v5 <80)

WHO 1 v5. WHO I

Prolferation Indox (21 vs <1)

GTR, Gross ot esecton.
STR, subtota resecton.

Cl, Contdonce ntna

4R Hazar o,

XER Kooy Parbmesnce scale:

Progression-free survival
HR (9% CI) pvalue
Univariate analysis

062026-14) 027
05202113 o014
3701.4-10) 00083
1204533 o7
2109349 0074
0970.4222) 094
04701912) on
0471912 000076
1506636 032

Progression-free survival

HR (95% O palue

Multvariate analysis

4041112 00091
2508679 009
43016113 00020





OEBPS/Images/table4.jpg
Worse (N, %) Stable (N, %) Improved (N, %)

Visual acuity 1(7%) 51(19%) 3 (%)
Proptosis. 2% 9(14%) 54 (83%)





OEBPS/Images/table3.jpg
Cranial  Postoperative permanent ~ GTR TR pvalue

Nerve deficits (N, %) N26  N=39

len 1(1.5%) o 1

len 11(15%) 4 7

en 913%) 3 6

ven 46%) o 4

ven 1015%) 8 2 p=00107"
Vien 11(15%) 4 7 727

cn, cranil nerv.
GTR, Gross total resocton.
STR, sublotal rosecton.
HR, Hazard rato.

el S






OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/table1.jpg
Parameter

Age (Years), Mo:
Sex (N, %)
Femalo.

Malo

Resection grade (N, %)
GTR

STR

Preoperative KPS
Mean (SD)
Postoperative KPS
Mean (5D)

WHO.

grade |

arade Il

o)

v scuered ost.
(53, Kamoshy Poromarc e
CL. Contctonco ntora.

GTR, Gross otl esecton.

STR. subvota rsecton,
pbshimsypinerrany

Surgery
5698+ 1252
39 78%)
1@e2%)

20 1%
26(69%

80211169
80711260

060%
10@20%)

672%)
1428%)

86%)
12(2%)

Surgery plus Radiotherapy N=15
484121008
1103%)
s

20%
13@7%)

821861
061703

12(60%)
30

10(666%)
5@33%)

9(60%)
60%)

pe00107
p=073"

=003

pe052"
pe098"

o

P-075"

pe032"





